‘ ~ THELE
VE CONG BO CONG TRINH KHOA HQC VA
PANG BAI BAO KHOA HQC TREN TAP CHi CO KHI VIET NAM

1. Khai quat vé Tap chi Co khi Viét Nam:

Tap chi Co khi Viét Nam la co quan béo chi thuc hién ngdn luan - 1y luan ctia Téng hoi Co khi Viét Nam, dong thoi la tleng
ndi, kénh thong tin chinh thong ctua nganh Co khi Viét Nam. Tap chi cung con la dién dan nghlen ctru khoa hoc ctia cdc nha quan
ly-khoa hoc- chuyen gia- nghlen ctru sinh, hoc vién cao hoc, ... trén cd nuéc, do d6 da dugc Bo Khoa hoc va Cong nghé cap ISSN
2615 - 9910 (md s6 chudn quéc té doi véi xudt ban pham nhiéu ky) va Hoi dong Chikc danh Gido sw Nha nieée cong nhdn tinh diém
cong trinh khoa hoc-bai bao khoa hoc.

Tap chi Co khi Viét Nam c6 nhi¢ém vu tuyén truyén, pho blen chu truong chinh sach cua Dang, phap luat ctia Nha nuéce va
dinh huéng phat trién, hoat dong cua nganh Co khi Viét Nam; cong bb cong trinh khoa hoc, két qua nghién ciru va chuyén giao cong
nghe chuyén dé khoa hoc va cong ngh¢ c6 ham lu'orng khoa hoc va gié trj thyc tién cao ctia nha quan ly-khoa hoc- chuyen gla giang
vién, nghién ctru sinh, hoc vién cao hoc, ... trong nganh Co khi va lién quan dén linh vuc Co khi. Ngoai ra, Tap chi ciing con 12 noi
cong bo nhirng phat minh, sang ché, két qua, thanh tich, dién hinh tién tién trong hoat déng nghién ctru khoa hoc, quan ly, dao tao va
san xuat, kinh doanh linh vuc Co khi ¢ trong va ngoai nudc téi dong dao ban doc.

2. Viée cong bd cong trinh khoa hec/ ding bai bao khoa hoc trong nganh Co khi va lién quan dén Iinh viee Co khi trén
Tap chi Co khi Viét Nam:

Tap chi Co khi Viét Nam nhén cong b cong trinh khoa hoc/ ding bai bao khoa hoc trong nganh Co khi va lién quan dén linh
vie Co khi ctia nha quan ly-khoa hoc- chuyen gia-nghién ctru ctru sinh, hoc vién cao hoc,. .. trén Tap chi Co khi Viét Nam (ban in glay)
gom: 'Co khi Ché tao may, *Co khi Quoc phong, *Co khi Giao thong, 1Co khi Nong-lam nghlep Co khi Xdy ding, °Co khi Thity san,
"Co khi Pia chat, Co khi Hoa chat, °Co khi Béio qudn ché bién nong lam thity san, "Co khi Béng co dot trong, "Co khi O 16 - May kéo,
2Co khi May thiy khi, " Co khi Cong nghé nhiét lanh, "*Co khi mdy nang lwong, >Co khi Cong nghé dét, '°Co khi Cong nghé cat may,
Co khi Co-dién tir, *Co khi Ky thudt hé théng cong nghiép, °Co khi dao tao nguon nhan huc va nghién cieu chuyén giao.

3. Thé 18 vé cong bd cong trinh khoa hoc/ diing bai bao khoa hoc trong nganh Co khi va lién quan dén linh vwe Co khi trén
Tap chi Co khi Viét Nam. Do dé, cong trinh khoa hoc/ bai bao khoa hoc khi dugc diang trén Tap chi Co khi Vi¢t Nam phai
dam bao cac yéu cau, nhu sau:

3.1. Yéu cu chung: Cong trinh khoa hoc/ bai bao khoa hoc dang trén Tap chi Co khi Viét Nam phai 1a két qua nghién ctru gdc;
bai bao tong quan hodc bai viet thong tin khoa hoc (short communications).

3.2. Ban thdo: Bai bao dang trén Tap chi Co khi Vi¢t Nam, gdm c6 cac phan:

1. Tén bai bao (bang tleng Viét va bang tleng Anh)

2. Tén tac gid, dong tac gia (kém theo ghl chu vé chire danh khoa hoc, hoc ham, hoc vi, tén co quan cong tac, emall)

3. Tém tit bai bao bang tiéng Viét va tiéng Anh khong qua 350 tir (bao gOm co tu khoa tiéng Viét va tiéng Anh, ddi voi cum
tir khoa c6 khoang 5 - 15 tir khoa).

4. bat van de.

5. Vat liéu va phuong phap nghién ctru.

6. Ket qué va thao luan (co thé tach thanh 2 phén riéng biét: Két qua, Thao luén).

7. Két luan.

8. Tai liéu tham khao (trich dan theo dung quy dinh bai bao quoc té).

Ban thao dugc soan trén may vi tinh, sir dung Unicode, kiéu chir Time New Roman, ¢& chir 14, trén gidy A4 - mot mat,
ché d6 dan dong: “1.5 lines spacing”, can 1& trai phal moi bén: 3 cm, can 1& trén dudi: 2,5 cm, ché do 1&: “Jusnﬁed” Dung lu'orng moi
bai bao khoang 1.600-2.500 tur. Céac do thi, hinh va anh cén trinh bay rd rang.

Céc thuat ngir khoa hoc néu chua dugc Viét hoa thi uu tién dung nguyén ban tiéng Anh. Céc ky hiéu viét tit cin phai giai
thich khi xuat hién lan dau.

Thu tu bang va hinh dugc danh s theo trinh tu trong bai, khong danh theo thi tu d& muc. Khong dugce viét tit cac tiéu muc,
tén bang, hinh v&. Tén bang dugc ghi bén trén bang, tén hinh vé duorc ghi bén dudi hinh. Chu th1ch in ngh1eng

Chi co nhu’ng tai liéu duoc trich dan thyg sy trong noi dung bai Vlet méi dwa vao phan tai lidu tham khdo. Tai liéu tham
khao dugc sap xép theo thu tur trich dan (tai liéu tiéng nudc ngoai dugc sap xep theo ho cua tac gla tai liéu tleng Viét sap xep theo
tén tac gia) va theo trinh tu: tén tac gia, nam xuat ban trong ngodc don (.. ), tén sach, tén nha xuat ban, noi xuat ban (d01 voi sach)
hodc tén bai bdo, tén tap chi, tap, s0 (d6i voi bai bao), trang dau va trang cudi cua tai lidu. DPbi voi nhu’ng tai liéu khong co tac g1a thi
xép theo chir cai cua tir dAu tién ctia co quan ban hanh tai liéy. Trong ban thao, & nhung noi dung tac gid da tham khao hodc str dung
két qua nghién ciru tir cac tai lidu khoa hoc khac, can danh dau bang so (dat trong ddu...]) - 1 sb tht ty cia tai liéu xép trong danh
muc c4c tai liéu tham khao. Tai liéu tham khao can ghi theo ngdn ngir gbc, khong phién am, khong dich.

3.3. Giri hodc ndp bai: Ban thao gdm 2 ban in va 1 ban dién tir, Khi ding ki nop bai, cac tac gia c6 thé dé xuat 2 phan bién. Viéc
chon céac phan bién chuyén mon phu hop thudc quyén ctia Hoi dong Bién tap Tap chi Co khi Viét Nam.

3.4. Phén bién: Sau khi nhan bai viét giri ding dang v6i Thé thirc quy dinh ciia Tap chi Co khi Viét Nam, Hoi dong Bién tap s& gui
bai viet cho cac phan bién.

Nhu'ng bai viét dugc chap nhén déng, cac tac gia s€ nhén duoc thu phan hdi cua Hoi ddng Bién tap vai thoi gian stra chira
dugc yéu cdu tiy theo chat lucng clia bai viét. Ban stra chita lan cudi cua tac gia s€ dugc coi 1a ban goc.

Bén thao co thé nop truc tiép hodc guri qua E-mail cta Tap chi.
Quy tac gia mudn biét thém thong tin, xin vui 1ong lién hé véi TOA SOAN TAP CHI CO KHI VIET NAM

Dia chi: S6 4 Pham Vian ang (trong Vién Nghién ctru Co khi), Mai Dich, Cau Giéy, Ha Noi
Dién thoai: (024) 37 920 650 - 0985 696 263 / 0982 254 465
Email: Tcckvn.bbkh@gmail.com * Website: cokhivietham.vn / tapchicokhi.com.vn
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MUC LUC
TAP CHi CO KHi VIET NAM SO 322, THANG 11 NAM 2024

NGHIEN CUU - TRAO DOI (6 — 229)

1. Tran Bui Béng, Pong Minh Tuan, Khong Van Nguyen, Pham Thé Duyét: Ung dung
Matlab — Simulink mé phong bo diéu khién dién tir hé thong treo ban tich cuc trén 6 t6 du
lich MO hinh t0AN X€. ... ..ot e e
2. ThS. Bui Minh Hoang, TS. Pham Dtrc Thién, ThS. Poan Kim Binh: Luc huéng tam va
bién phap khic phuc trong bom ly tim van tai dong chatlong cohatran. ...........................
3.Tran Thi Minh, Nguyén Thi Van: Nghién ciru phattrién mau vay thoi trang, ddnh gia do vira
vin cua san pham tmg dung phan mém Clo3D..........iiii el
4. Ha Anh Tung: Thiét ké, 1ap dat va déanh gia hiéu qua kinh té - k¥ thuat viéc chuyén doi xe
may chay xang sang xe hybrid vira Xang va di€n..............oooiiiiiiiiii i,
5. ThS. Tran Vin Thﬁ?'mg: Téi wu céac thong s6 hiéu dién thé, cuong do dong dién, thoi gian
xung dén d6 nham bé mit va niang suat boc tach vat lidu trén may xung dinh hinh khi gia
cONG VAt lIEU theP SKID T L.....oiiiiiiiieiiecieeece ettt ettt s ae et s aaeeseessaeennaens
6. Nguyén Vin Long: Thiét ké, ché tao mé hinh thuc hanh PLC di dong gia thanh thip phuc
vu dao tao sinh vién, k¥ thuat vién chuyén nganh tu dong hod vacodiéntu......................
7.Lé Hitu Linh, Nguyén Xuin Thuin, Pinh Coéng Truwong: Nghién ciru may ty dong lam
sach di vatkich thudc micro bang khi thoi siéu Am trong cong nghiep bandan.....................
8.Pham Nhit Phuong, Dang Van Hai, Dinh LéCao Ky, Vo Tuyén, Trinh Tién Tho: Nghlen
ctru anh huong cua goc dau dién cyc t6i tinh chat ctia hd quang khi han lién két giap mbi SUS
304-Ti bang cONZ NZNE GTAW........mm it e,
9. Lwong Vin T6i, Huynh Cong Lén: Nghién ctru, thiét ké, mo phong két cau hop 1y ciia gau
gap rac thuy luc 0,5m3 bang phan mém SolidWorks. ..............oeeiuueiiiie e,
10. ThS. Bui Quang Toan: Nghién ctru ing dung cong ngh¢ Al vao mo phdng gia cong trén
phan mem thuc tE 40 SSCNC......uu ittt
11. Ping Tién Hiéu: Thiét ké ché tao hé thong cat plasma CNC st dung trong dao tao.........
12. Phuing Tri Cong, Nguyén Hoai Nam: Nghién ctru thiét ké hé thdng ga va xoay phoi tu
AONE ChO MAY tAT0 TN ...ttt e e
13. Gian Thi Thu Hwong: Anh huéng ctia thong s6 cau tric vai dén do 6n dinh kich thude sau
khi gidt cua vai denim chun va khong chun.................. i
14. Nguyén Thanh Quang, Nguyén Minh Tan, Cli Xuin Phong: Tinh toan d¢ day vo gidp
xe thiét giap chd quan 8x8 san xuat tai VISt Nam. ...........oooiiiiiiiiiii e,
15.Ngo Khic Yén, Phan LAm Hai, Kim Ngoc Duy: Tinh toan dong luc hoc xe 6 t6 bi ham do
su bo cling cua ludi voi CAUTUC VA DANN X€. .o oe e,
16. Vii Vin Khoa, Ngb Viét Thuy, Tran Vin Tung, Nguyén Xuin Huén: Tinh toan sang rung
quan tinh cho cac vatlieuhat nho...........ooo
17. Ho Triét Hung, Banh Qudc Nguyén: Nghién ctru thiét ké tdi uu thong s6 chi tiét may
16t vo va cat 1at qua thanh BONG...eeviiiiiiiiiiii
18. Tran Anh Son, Banh Quéc Nguyén: Nghién ciru tdi wu héa qui dao dao cit nham nang
cao nang suét gotvo ca TOT. e
19. Ngoé Xuin Cwong, Lé Thu Quy, Nguyén Tuin Anh, Tran Vin Diing: Phun phu
plasma SiC-Cu trong Khi DA0 VE......ooviin i e
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DANH SACH

NHA KHOA HQC THAM GIA PHAN BIEN KHOA HQC CAC BAI BAO
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NGHIEN CUU - TRAO DOI

PNG DUNG MATLAB - SIMULINK MO PHONG BO PIEU KHIEN
PIEN TU HE THONG TREO BAN TiCH cu'C TREN O TO DU LICH
MO HINH TOAN XE

MATLAB — SIMULINK APPLICATION SIMULATES THE ELECTRONIC
CONTROLLER OF SEMI-ACTIVE SUSPENSION SYSTEM ON TOURIST CARS
FULL-VEHICLE MODELS

Tran Bui Bong, Pong Minh Tuin*, Khong Vin Nguyén, Pham Thé Duyét
Khoa Co khi Bong luc, Truong Pai hoc Su pham Ky thuat Hung Yén

TOM TAT

Hé thong treo ban tich cwc dd va dang dwoc cde hdng 6 t6 nghién citu va tmg dung véi muc
dich cai thién tinh ém diu chuyén dong va ndang cao tinh nang diéu khién theo diéu kién van hanh.
Bai bdo nay trinh bay nhitng két qua chinh trong viéc nghién ciru qud trinh diéu khién hé thong treo
ban tich cwc trén o to, déng thoi dé xudt thudt todn va thue hién mé phong bo diéu khién dién tir hé
thong treo ban tich cure mé hinh toan xe bang phan mém Matlab - Simulink. Bai bdo da trinh bay
két qua mé phong dé so sanh, danh gid hé thong treo bdn tich cuwc véi hé thong treo bi dong. Cdc két
quad mé phéng cho thay b diéu khién dién tir dwoce dé xudt kiém sodt hiéu qud hon hé thong treo bi
dong truyén thong trong viéc cdi thién tinh ning ém diu chuyén déng ciia 6 16.

Tw khoa: ECU dién tu; Hé thdng treo ban tich cwc mo hinh toan xe.
ABSTRACT

Semi-active suspension systems have been studied and applied by automobile manufacturers
with the aim of improving the smoothness of motion and enhancing the control performance
according to operating conditions. This paper presents the main results in the study of the control
process of semi-active suspension systems on automobiles, and proposes algorithms and simulates
the electronic controller of semi-active suspension systems on full car model using Matlab -
Simulink software. The paper presents simulation results to compare and evaluate semi-active
suspension systems with passive suspension systems. The simulation results show that the proposed
electronic controller is more effective in controlling the smoothness of motion of automobiles than

the traditional passive suspension system.

Keywords: Electronic ECU,; Semi-active suspension system on full car model.
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1. TONG QUAN

Hé thong treo 1a mot bd phan quan
trong va duoc trang bi pho bién trén 6 t6. Hién
nay, hé thong treo tiép tuc dugc nghién ciru va
hoan thién theo hudng diéu khién ty dong bang
ECU thong qua céac thuat toan méi. Bén canh
do, viéc nghién ctru va hoan thién h¢ théng treo
trén 6 t6 1a myc tiéu hang du cia cac hing xe
va mQt trong cac muc ti€u chinh la st dung cac
hé théng treo c6 diéu khién dién tir. Hé théng
treo ban tich cuc 1a h¢ thong lai giita treo tich
cuc va treo thu dong. So véi hé théng treo tich
cuc, hé théng treo ban ban tich cuc tiéu hao it
nang luong hon, cAu tao don gian va dg tin cay
cao hon. Pac biét hé théng treo ban tich cuc
d3d co ban duoc cai tién va dap ung duoc cac
tiéu chi quan trong cua hé thong treo. Trén thé
gidi, hé thong treo ban tich cuc da dugc nghién
clru, cai tién va img dung rong rai trén 6 to. Tuy
nhién, ¢ Vi¢t Nam viéc nghién ctru hé théng
treo ban tich cuc van con han ché, dic biét 1a
thuat toan diéu khién va bo diéu khién dién tir.
Do vy, viéc nghién cutru, khai thac, timg budc
tim ra nhitng giai phap cong nghé tac dong vao
qua trinh diéu khién hé thong treo ban tich cuc
gitip xe 6 t6 hoat dong phu hop véi dicu kién
giao thong & Viét Nam 1a mot yéu cu cap bach.

Bai bao nghién ctu thudt toan diéu
khién hé théng treo ban tich cuc trén 6 t6 du
lich hién nay. Dong thoi, tién hanh mé phong
bang phan mém chuyén dung nham lam 1 quy
luat diéu khién ctia hé thong.

2.CO SO LY THUYET

2.1. H¢ thong treo ban tich cwe Skyhook md
hinh toan xe

Diéu khién Skyhook dugc Karnooppetal
dé xuét vao nam 1974 v6i muc dich 1a sy tién
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loi, thoai mai cua ngudi ngdi trén xe [1]. Ty
tuong st dung gidm chén thu dong c6 hé ) dap
tat dao dong 1a Csky néi v6i bau troi (Sky) 4o nhur
Hinh 1. Do d6, dao dong phan khdi luong duoc
treo cua xe s€ dugc giam mdt cach dang ké, tao su
ém diu, thoai mai cho nguoi ngdi trén xe.

48 -;f'_E-E]-'f ; §$

* ol
| . .

Hinh 1. So' do nguyén Iy hé thong treo ban tich cuc
Skyhook mo hinh toan xe [8]

Hinh 1 mo ta so do hé thong treo ban tich
cuc mod hinh toan xe theo nguyén ly Skyhook.
Trong do: m, la khoi lu’ong thin xe m_, m_,
m, m, lan luot 1a khéi lugng khong duoc
treo cﬁa banh xe trude va sau, do cung doc than

Xe truGc sau Cy, €y, Cpyy» € B » do cung doc banh
xe trude sau ¢, € W C, s C,,» h€ sO dap tat dao
dong cua than xe va banh xe true va sau lan
luot 1a k, , k., k.o ko kb k0 Ko K, dO
vong than xe truéc sau z, , 7, ZB3, Ba2 do Vong
banh xe truéc sauz ,z .z .,z chleu cao do
nhap nhé mat duong trudc sau ZOI, Zys Zoss Zoys
1,1, lan luot 14 khoang cach tir tim banh trudc,
sau den trong tdm xe, 1, I, lan luot 1a khoang
cach tir tim hé thong treo truoc sau dén duong
tam doc than xe.

2.2. Céc phwong phap diéu khién Skyhook
hé thong treo [1], [7]

Do bd giam chin Skyhook 1y tudng
khong c6 thuc, nén viéc ap dung so do dicu

khién 1y tuéng (Hinh 1) vao 6 to 1a khong thé &~
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dugc. Trén thyc té (Hinh 2) giam chén Skyhook
duoc thay thé bang mot giam chan diéu khién
duoc (co thé diéu khién duoc hé sb can giam
chén) dé tao mot hiéu qua tuong duong véi mo
hinh 1y tuong. Khi d6, giam chan ctia hé thong
treo ban tich cyc hoat dong twong ty nhu mot
giam chan lién két vi mot tham chiéu quan
tinh trén bau troi. Pidu khién Skyhook duogc
thé hién qua hai phuong phap chinh: diéu khién
Skyhook lién tuc va diéu khién Skyhook On -
Off.

Luat didu khién lién tuc Skyhook:
Nguyén 1y cta luat diéu khién nay 1a thiét 1ap
cac gia tri lién tuc ctia hé sd can giam chan
Csky (bién thién lién tuc) dé lyc sinh ra boi hé
thdng treo ban tich cuc gan nhit voi luc sinh ra
bdi mod hinh 1y tudng Skyhook.

Luat diéu khién “On — Off” Skyhook:
Theo luat diéu khién nay thi trong qua trinh
hoat dong ctia hé théng treo ban tich cuc, hé sd
giam chén k, s€ nhén céc gia tri cb dinh bai cac
trang thai tat (Off) hodc trang thai bat (On) cia
giam chan.

2.3. XAy dung thuit toan diéu khién hé thong
treo

Trong bai bido nay trinh bay phuong
phap mo phong va xdy dung thuat toan diéu
khién hé théng treo ban tich cuc “On — Off”
Skyhook cho hé thong treo trudc va sau. So
dd nguyén 1y diéu khién hé thdng treo dé xuit
dugc thé hién trong Hinh 2. Cac phuong trinh
xay dung thuat diéu khién hé théng treo bai bao
sir dung cac cong thirc: tir cong thie (1) dén
cong thuc (11) trang 429, 430 cua bai bao [8].

Hinh 2a. Hinh chiéu doc hé théng treo ban tich
cwe moé hinh toan xe

| &Fs

!
|
i
y

s e B

[F S

Hinh 2b. Hinh chiéu ngang hé thong treo ban tich
cwec moé hinh toan xe
Hinh 2. So' d6 nguyén 1y diéu khién hé thong
treo ban tich cwc mé hinh toan xe

3.MO PHONG
3.1. So' d0 m6 phéng hé thong treo ban tich cuc

Ung dung phan mém chuyén dung
Matlab — Simulink mé phong cac khdi chirc
ning trén hé thong treo ban tich cuc didu khién
“On - Off” Skyhook, tir d6 lién két cac khdi dé
tao thanh mot hé théng hoan chinh. Thong )
kiém nghiém dugc 13y tir hé théng treo ban tich
cuc trang bi trén xe 6 t6 du lich mo hinh toan
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xe. Trong bai bao nay, nhom tac gia tién hanh
mo phong ca hai hé thong treo béan tich cuc va
treo thy dong nham danh gia hiéu qua giira hai
hé thong [3].

[
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Hinh 3. So d6 mé phong hé thong treo ban tich cuc
mo hinh toan xe

3.2. XAy dung b diéu khién dién tir hé théng
treo ban tich cuc

3.2.1. Xdy dung by diéu khién dién tiv hé
thong treo ban tich cuc [2], [3], [4]

Hinh 4 m6 t4 mé hinh m6 phong bd
diéu khién dién tir hé théng treo ban tich cuc
mo6 hinh toan xe gdm bdn trang thai diéu khién
riéng biét cho bon giam chan. Gia tri duoc dicu
khién 1 hé s6 giam chan caa hé thong treo, tiy
theo cac diéu kién dau vao cta hé ma gia tri hé
s6 giam chan duoc thay doi cho phu hop vai
muc tiéu tang tinh ém diu va an toan chuyén
dong cua 0 t0.

*) Thong s0 dau vao ctiia mo hinh mé phong
khoi “bg diéu khién dién tG”

+ 73230y ZynZy Van toc dao dong
cua phan khoi lugng than xe dat trén cac
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banh xe phia trudc bén trai, phia trudc bén
phai va banh sau bén trai, banh sau bén phai.

Z\,J,I,Z\,\,z,Zm,ZW4 : Van toc dao dong cua
khoi lugng banh xe phia trudc bén trai, phia
trudc bén phai va banh sau bén trai, banh sau
b,én phél kBlmapg’ kB2max’ kB31;nax’ kB4max: Gia trl hé
s0 can giam chan cua h¢ thong treo trude va sau
khi gidam chan (”)r‘tran‘g thai ,bé_it On. ‘kB Lmin® 1§B2min,
kg, . kg, .0 Gid tri h¢ s can gidm chan h¢
3min B4min .., L,
thong treo trude va sau khi giam chan ¢ trang
thai bat Off. Z |, Z ,: Gia tri lyc kich thich mat
duong tac dung 1én banh xe phia trudc va sau

khi 6 t6 hoat dong trén duong.

+ Diéu khién 1, 2, 3, 4: Lan lugt 1a diéu
kién kich thich thay d6i trang thai trong mo hinh
Stateflow treo trudc bén trai, trude bén phai,
sau bén trai, sau bén phai dua trén gia tri thay

do6i cua ham Z,(Z, —Zy,)s Zg(Zyy —Zy)s
2;33(2233 _Z;w) 5 21'34(2;94 _Z;w)-

ase| L
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Hinh 4. So do6 mé phong bé diéu khién dién tir hé
thong treo ban tich cuc mo hinh toan xe
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*) Thong so dau ra ciia m6 hinh mé phéng
khoi “b¢ di€éu khién dién ti”

- Qud trinh diéu khién hé treo khi
giam chin OFF

Néu gid tri Z,, Z,, 7., Z,, bang 0 (khi
xe di trén dudng bang phang hodc dung im) thi
bo diéu khién s& khong duoc kich hoat, gia tri
hé s6 can giam chank_, k., k k, dat bang 0.

T1> 7°T2> 7SI

- Qud trinh diéu khién hé treo khi
giam chan ON

Néu gid tri Z,, Z,,, Z,,, Z,, khac gia
tri 0 (khi xe di trén duong go ghé khong bang
phang) thi bo dicu khién s& dugc kich hoat, gia
tri k., k., kg, kg, s€ dugc kich hoat. Q}lé trinh
nay lai chia 1am hai qué trinh di€u khién riéng
biét:

+ Qua trinh diéu khién khi giam chin
“On” khi bo diéu khién dugce kich hoat:

Bdng 1. Qud trinh diéu khién giam chian On

Tin hiéu dau vao Gia tri H¢ s6 giam chan Gia tri dinh mirc
Zy» Zyy Zy(Zy =2y 20 K, Ko
Z;na Z;vz Z;Bz (Z/iez - Z;xfz) 20 sz kBZmax
Z;_% > Z;N3 Z;93 (2;5'3 - Z;N3) 20 ks] kB}max
Zyir Ly Zyi(Zpy=2y,) 20 kg, Ko

+ Qua trinh diéu khién khi giam chan “Off” khi bo diéu khién duoc kich hoat:

Bdng 2. Qud trinh diéu khién giam chan Off.

Tin hiéu dau vao Gia tri Hé s6 giam chén Gia tri dinh mirc
Z;?l’Z;Nl Zzlzn(Z;m _Z;m) <0 le kBlmin
Z;zzza Z;)vz Z;zzz (Zjlyz - Z;)vz) <0 sz kB2min
Zys Zys Zyy(Zys = Zyy) < 0 ky, Ko
Z;34a Z;)v4 Z;94 (Z;34 - Z;w) <0 ksz kB4min
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3.3. Khao sat va danh gia két qua

*) Qua trinh tién hanh mé phéng thue hién qua phwong 4n khio sat sau:

Trong mo phong trén mién thoi gian, 6 t6 gia st chay véi van toe 40 km/h va chiu lyc kich
thich mat duong 1a khi xe di qua mot go giam tdc, thong so6 go gidm toc the hién trong Hinh 6.

Blim

Hinh 6. Théng sé go giam toc, [5], [7]

Tién hanh mo6 phong hé thdng treo ban ban tich cuc voi cac gia tri thong s6 cua hé thong
duoc thé hi¢én trong Bang 3.

Bdng 3. Gid tri thong sé hé thong treo [6].

TT Ky hiéu Gia tri Pon vi TT Ky hiéu Gia tri Pon vi
1 m, 1812 kg 16 k,, 400 Ns/m
2 Cy, 17658 N/m 17 " 400 Ns/m
3 Ch, 17658 N/m 18 k. 400 Ns/m
4 Chs 17658 N/m 19 k., 400 Ns/m
5 Chy 17658 N/m 20 kg, 258 Ns/m
6 m 71 kg 21 | - 258 Ns/m
7 m, 71 kg 22 | - 258 Ns/m
8 m_ 71 kg 23 Ko, 258 Ns/m
9 m, 71 kg 24 | S 2838 Ns/m
10 C,, 183887 N/m 25 kg, 2838 Ns/m
11 C,, 183887 N/m 26 | . 2838 Ns/m
12 i 183887 N/m 27 kg, 2838 Ns/m
13 e 183887 N/m 28 ke 1950 Ns/m
14 1, 1,3 m 29 1 0,8 m
15 1 1,3 m 30 1, 0,8 m

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 322, thang 11 nim 2024
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

Hinh 7, Hinh 8 cho thiy dudng biéu
dién gia tde, van tdc dich chuyén than xe cua
6 t6 trang bi treo ban tich cuc thip hon va thoi
gian 6n dinh nhanh hon nhiéu so véi 6 to sir
dung treo thu dong.

Hinh 9, Hinh 10 cho thiy d6 dich
chuyén than xe, do dich chuyén xoay doc than
xe clia 0 to trang bi hé thong treo ban tich cuc
thip hon va thoi gian dap tit dao dong ngin
hon nhiéu so véi 6 t6 dung hé thong treo thu
dong thong thuong.

ek
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Hinh 7. Puong biéu dién gid tri gia toc dich
chuyén than xe
{
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Hinh 8. Puong biéu dién gid tri vin toc dao dong
than xe
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Hinh 9. Puong biéu dién gid tri @ dich chuyén

than xe
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Hinh 10. Puong biéu dién gid tri géc xoay doc
than xe

Hinh 11 cho thiy d¢ dich chuyén xoay
ngang than xe cta 6 to trang bi hé thong treo
ban tich cyc va 6 to trang bi hé théng treo thu
dong déu co gia tri dao dong rat nho, xap xi
b?mg 0 boi qua trinh khao sat tai mot thoi diém
thoi gian nhat dinh, coi banh xe bén trai va bén
phai déu chiu mot ham kich dong mit duong
gidng nhau.

— v oy iy

-

. Sy g lin

Hinh 11. Puong biéu dién gid tri goc xoay ngang
than xe

Két qua mo phong trén cho thay gia téc,
van téc dao dong, do dich chuyén than xe va
gdc xoay thin xe ctia hé thong treo ban tich cuc
dung bo diéu khién dé xuat c6 duong dic tinh
tuong ddi twong ddng véi mot s6 nghién ctru da
cong bé [8]. Két qua mo phong trén cho thy 6
to trang bi h¢ théng treo ban tich cuc con cai
thién déng ké cac yéu té anh huong dén tinh ém
diu cta 6 t6 nhu:

- Tan s6 dao dong: Vi viéc ung dung
bo dicu khién trong hé thong treo cho thay van
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tdc, gia toc than xe 6 t6 trang bi hé thong treo
bén tich cuc giam nhanh trong thoi gian ngan.
Bén canh do, tan sb dao dong 1a ham phu thudc
vao van tdc nén tan sé dao dong than xe ciing
giam tuong Ung.

- Bién d% dao dong: Tir két qua Hinh
7-11 théy rang bién do, van tdc, gia toc, do dich
chuyén doc than xe, _g0c xoay than xe tang cao
khi xe qua diém map mo va giam nhanh theo
quy lut hinh sin, sau d6 nhanh chong tré vé
trang thai can bang 6n dinh.

- Chi tiéu danh gia d6 ém diu chuyén
dong 12 mot ham cuia nhiéu yéu té khi xe chuyén
dong trén nhiéu dia hinh khac nhau, trong do:
gia toc dao dong, tan sé dao dong va bién do
dao dong 14 chi tiéu quan trong quyét dinh dén
d6 ém diu chuyén dong. Tir két qua mo phong
trén nhan thiy trén 6 t6 trang bi hé thong treo
bén tich cuc cac thong sé nay giam nhanh trong
khoang thoi gian ngan, dan t6i lam giam mirc
dao dong than xe 1am ting dang ké tinh ning
ém diu chuyén dong ctia 6 to.

4. KET LUAN

Qua viéc khao sat, mo phong hé théng
treo ban tich cuc trén 6 t6 du lich mo hinh toan
xe cho thay:

- V6i cung diéu kién bién dang ham
kich thich mat duong va thong sé dau vao mo
phong thi gia toc, van téc dao dong, do dich
chuyén than xe, goc xoay doc than xe cua hé
thdng treo ban tich cuc diéu khién On - Off st
dung bo diéu khién dé xuét dap t4t nhanh hon
va ¢6 do vot tai diém kich thich dot bién nho
hon so véi treo thu dong thong thuong, nhu vay
c6 thé thdy do ém diu dd duoc cai thién dang
ké. Trong khi d6 bién dang cua 16p xe duoc gt
trong gidi han cho phép.

- Pa @& xuat thuat toan va xdy dung
duogc mo hinh mé phong bo diéu khién dién tur
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hé thdng treo ban tich cuc trén dong xe 6 t6 du
lich mé hinh toan xe bang coéng cu Stateflow
trong phan mém chuyén dung MATLAB —
SIMULINK.

- b4 nghién ctru, md phong va dién ta
duoc qua trinh lam viéc cua hé théng treo ban
tich cuc trén dong 6 t6 du lich mo hinh toan
xe, tir d6 phan tich va danh gia cac yéu t6 anh
huong dén tinh ém diu chuyén dong va sy can
bang than xe theo diéu kién van hanh nhu: khéi
lugng than xe, khdi luong banh xe, do vong
than xe, d0 vong banh xe, hé sb dap tat dao
dong cua giam chan, goc xoay than xe.*
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LUC HWONG TAM VA BIEN PHAP KHAC PHUC TRONG BOM LY TAM
VAN TAI DONG CHAT LONG CO HAT RAN

RESEARCH ON CENTRIPETAL FORCE IN CENTRIFUGAL PUMPS USED FOR
TRANSPORTING FLUID WITH SOLID

ThS. Bui Minh Hoang, TS. Pham Dtrc Thién, ThS. Poan Kim Binh
Truong Pai hoc Mo — Dia chét

TOM TAT

Nghién civu da tong hop dwoc co sé 1y thuyét tinh todn luc huéng tam trong méy bom ly tam.
Trén co so phwong phap tinh toan luc huong tam trong mday bom ly tam, nghién ciru da phan tich
va lira chon dwoc phwong phdp tinh todn hec hiedng tam cho mdy bom dong hai pha ran — long chiu

mai mon noi chung va cho mday bom thai xi noi riéng.

Két qua tinh todn sir dung dé thiét ké mdy bom thdi tro xi mé hinh. Nghién cieu ciing dé xudt

bién phap giam luc huong tam trong mdy bom ly tam noi chung va may bom thai xi noi riéng.
Tir khéa: Bom dong hén hop hai pha rdn — long; Bom thai xi; Bom hai pha.
ABSTRACT

Research has synthesized the theoretical basis for calculating centripetal force in centrifugal
pumps. On the base of the method of calculating centripetal force in centrifugal pumps, research
has analyzed and selected the calculation method for centrifugal pumps for transporting solid-

liquid mixtures.

Calculation results used to design model centrifugal pumps for transporting coal ash in
thermal power factories. The study also proposes measures to reduce centrifugal force in centrifugal
pumps in general and coal ash pumps in particular.

Keywords: Two-phase flow pump; Mixed solid — liquid pump.
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1. GIOI THIEU

Trong may bom ly tdm ndi chung va
may bom thai xi ndi riéng, khi lam vi¢c banh
cong tac chiu tac dung cua nhiéu luc khac nhau.
Trong cac bom 16n, cac lyc nay co thé dat gia
tri rat cao. Dé cho bom lam viéc 6n dinh thi
cac luc tac dung 1én banh cong tac phai duoc
can bang, nghia 13 phai c6 cac bién phap dé can
bang luc d6. Cac luc tac dung 1én banh cong
tac cla may bom ly tdm bao gom: luc khoi
(trong lyc, Iyc quan tinh) va lyc bé mit do tac
dung cua ap suit chat 1ong (luc hudng truc, luc
hudng tam) [1].

2. CO SO LY THUYET TINH TOAN LUC
HUONG TAM TRONG MAY BOM THAI X1

2.1. Co s& ly thuyét tinh toin lwe hwéng tam
trong may bom ly tim

Luc hudng kinh tac dung 1én banh cong
tac cua bom ly tam chi xuét hién & cac ché do
lam viéc ctia bom khac véi ché do thi wu, tic 1
khi khong ¢am bao cac diéu kién dong chay bao
ngoai banh cong tac ddi ximg qua truc. Khi luu
lu;’(_rng cﬁa may bom giam (Q < Q )» trong mér}g
dan xoan, van toc cua dong chat 16ng giam dan
tir tiét dién dau (mii xodn) t6i tiét dién cudi
(tip gidp v6i dng loe) clia nd, con ap sudt thi
tang dan tir tiét dién dau t6i tiét dién cudi cua
méang dan xoan. Khi luu lu’ong cta bom téng
Q> Q ) trong mang dan xoan, tir tiét dién dau
t6i tiét dién cudi clia nd, van tdc va ap suét cia
dong chét 1ong s& phan bd nguoc lai. Trong ca
hai truong hop, dong chay bao ngoai banh cong
tac phan bd khong dbi ximg qua truc, vi vay
xuét hién lyc hudng kinh (hudng tim) tac dung
1én banh cong tac cia may bom.

Hinh 1(a) gi6i thiéu biéu d6 phan bd
ap suat dién hinh trong toa do cuc theo vong
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tron cta banh cong tac tinh bang phan trim so
vGi cot ap toan phan. Biéu do trén dugc xay
dung d6i voi bom ly tAm c6 mang dan xodn bao
ngoai banh xe cong tac, lam vi¢c voi luu luong
bang 19% luu luzong trong ché d6 1am viéc tdi
uu, ap sudt tang dan tu: tiét dién dau t6i tiét dién
cudi ciia mang dan xoan.

da, : b, o0 F‘.

180 - . . 360

270
Hinh 1. Biéu d6 phdn bé dp sudt trong toa dé cuc
cuia dong chay trong mang dan xoan cua bom ly
tam [1]

Sy phan bd 4p suit khong dbi xtng theo
vong tron cta banh xe cong tac 1am xuat hién
luc hu’orng kinh (F)) tac dung Ién banh cong tac
hufong vé phia cac tiét dién nho ciia mang dan
xoan (hinh 1, b).

Khi bom lam viéc qua tai, quy ludt phan
b ap suat theo vong tron clia banh cong tac co
dac tinh nguoc lai va luc ’hu’c'mg kinh (F)) tac
dung hudng ve phia cac tiét dién 16n cua mang
dan xoén (hinh 1, b).

Céac cong trinh thuc nghiém cho thiy
rang: lyc hudng kinh cta dong chat long tac
dung 1€n banh cong tac cia bom ty I¢ thudn véi
cOt ap H, voi chiéu rong b’, (ké ca chiéu day
dia) va duong kinh D, cua banh cong tac [2].

Trong cac bom cao 4p va cac bom cé

kich thude 16n, lvc hudng kinh (F,) c6 anh
huong dang ké t6i 6 vong cua truc, gay nén do

&
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léch tdm cua banh cong tac vdi cac vong dém
trude, 1am hu hong dém 16t. Bong thoi, lyc ma
sat tac dung 1én dém 16t cua banh cong tac khi
no léch tim véi cac vong dém, giy nén chuyén
dong khong 6n dinh cua rotor. Vi vay, két ciu
cua bom phai dadm bao cho no6 lam viéc 6n dinh
& moi ché do véi nhitng gia tri luu lugng khac
nhautr 0+~ Q_ .

Do vong cua truc dudi tac dung cua lyc
hudng kinh khong dugc vuot qua tri s6 cua cac
khe dém. Trong diéu kién do, truc bom khong
nhiing phai dii 6 bén ma con phai di do cung.

2.2. Ly thuyét tinh toan lwc hwéng tAm trong
may bom thai xi

Luc huéng tdm phat sinh do phan b
khong dong déu cua ap luc chét long trén 16i ra
ctia banh cong tac. Su thay d6i 4p luc doc dong
chay trong banh cong tac dugc xac dinh theo
cong thirc [1]:

3 wi-w3
P2 —P1 = p. —
Vi ap suét p, va van téc twong dbi W,

ctia dong chay ¢ 16i Vao banh cong tac phan bo

2 2

dong déu, tong p- 22 L p- 22 g P1 (ky
hiéu tong 1a p) 1a dai lugng khong d6i, khong
thay ddi theo chu vi banh cong tac. Sy phan bd
ap suat & 16i ra banh cong tac twong tng voi
biéu thirc ¢ trén duge xac dinh bang dang thirc:

_u1+p

2
w
p; =p—p-° (2)
Do d6, sy phan bd ap suét theo dudng
tron trén 101 ra khéi banh cong tac phu thudc

vao su thay doi cuc bg van toc trong doi w,.

Pé xac dinh lyc hudng tim khong can
bang tac dung 1én 161 ra banh céng tac phu

thudc vao su thay doi cuc bg van toc twong doi
w,, can xac dinh tich phan:

2m
fo P2 -b3.Rpdo 3)
Trong d6: b, 1a chiéu rong cua banh
cong tac lam viéc tren 16i ra c6 tinh d&én chiéu
day; d 1a phan tir goc.
Néu chon truc toa dd x va y di qua tam

banh cong tac, thi luc huéng tdm khong can
bang theo cac thanh phan s¢ la:

2
R, = —v.b3.R, fom ‘:_; cospdp  (4)
2
Ry = —y.b3.R, foznj—gzsin(pd(p (5)

S, pcospde  va
.I-OZH p sin@d¢ bang khong.

Trong  do:

Thong thuong, sy phan bd van téc, ap
luc bom theo chu vi cua banh cong tac khong
xéc dinh duogc, do d6, biéu thuc (4) va (5) khong
thé xac dinh du’orc Tuy nhién, biéu thirc nay co
thé bién d6i vé dang c6 thé sir dung dé tinh toan
luc huong tam.

Xét cac ché do lam viée cua hai may
bom déng dang, tuong ty nhau vé mat hinh hoc.
Van tdc tai cac diém tuong tng & 16i ra khoi
banh cong tac ctia cac may bom bang tich cua
s6 vong quay voi dudng kinh banh cong tac,
con ap luc van tde 1a ap lyc bom ctia may bom.
Do do, luc hu’0’ng tam tac dung trong cac may
bom dong hon hgp hai pha ran — 16ng tuong tu
cua may bom ly tdm nudc thong thuong. Do
do, luc hudng tdm tac dung trong cac may bom
twong tu nhau, [am vi¢c trong cung mot ché do
lam viéc, ty 1é twong tng voi biéu thic (4) va
(5) theo tich s6 b, .R .H.
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Nhu vy, cong thic tinh toan dé xac
dinh lyc huéng tam tac dung 1€n banh cong tac
c6 dang:

R = Ko. bfz. Rz. H.Y (6)

Trong do: K 1a h¢ s6 phu thudc ché do
lam viéc va cu tao may bom.

Lyc hudong tam R trong cac may bom
thai tro xi c6 thé xac dinh theo cong thurc sau [2]:
R = Ky [1 - (Q%Qm)z] by.D, Hy ()
Trong d6: K, = (0,3 + 0,4) 1a hé s6 luc
xuyén tdm, nhén trén co s¢ thuc nghiém; Q

1a luu luong may bom tuong tng vdi gia tri luc
hudng tam t6i thiéu.

Ché d6 1am viéc twong tmg voi gi tri
t6i thiéu ciia lyc hudng taim (R, trong truong
hop ching khong trung véi ché do lam viée to1
uu, néu sy khong trung ldp nay cang 16n, téc do
bom cang nho.

Pbi voi may bom thai xi, tit ca cac ché
do lam viéc ciia may bom déu c6 su phan bd
van tbc va ap suit khong dong déu theo chu vi
banh cong tac.

Budng xodn ctia may bom thai tro xi
duoc dic trung bang ty s6 dién tich tiét dién
ludi F, trén dién tich thiét ké cua buong xoan
F. Dm v6i budng dan dang budng xodn

FL — 0 dbi véi budng dan dang tron

FL r. ’ 5 . 5 5 A
| —> ], v61 may bom thai tro xi, ty so
=(0,5+1).
ch

D61 voi budng xoan, tiet dién thiét ké
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phan cach véi tiét dién dau tién cua ludi dan,
vi vy & ché do lam viéc dic trung do su phan
b khong dong déu cua ap suat khong xay ra sy
cén bang ap suat theo chu vi banh xe cong tac ¢
16i ra. Do d6 da xuét hién lyc hudng tim dang
ké trong nhiing ché do lam viéc khac hoan toan
nhimng ché d6 dic trung bang sy phan bd dong
déu 4p suét trén 16i ra ctia banh xe cong tac. Gia
tri cuc dai cua lyc hudng tam tuong Gng véi ché
d6 khéng tai hay ché do 1am viéc qua tai. Gid tri
nho nhat cta luc hudng tim gan t6i khong.

Sy thay doi lyc huéng tim trong may
bom thai tro xi phu thudc vao luu hrong may
bom (hinh 1.2a). Déi véi buong dan gan nhu
la vong tron vung tiét dién ban dau va tiét dién
thiét ké ndi v6i nhau (vi dién tich tiét dién ludi
va thiét ké 1a twong dong), tao diéu kién thuan
loi dé can bang 4p suét. Vi vay, anh huong cua
ché do 1am viéc may bom lén su phan bd déng
déu ap sut va dai luong lyc hudng tim giam di

FL e day, luu luong
Fpc
tuong Ung voi gia tri cuc tiéu cua luc hudng
tam s€ nho di. Luc hudng tdm tang khi tang luu
luong. O tt ca cac ché do lam viéc, gia tri tuy¢t
d6i ctia lyc huéng tim ctia budng din tron nho
hon nhiéu so véi gia tri luc huéng tim trong
budng din kiéu xoan (hinh 1.2b va c).

cung vdi su tang ty 1¢

Hinh 2. Su thay doi lyc huwong tam theo cdu tao

khac nhau cia buong xodan
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3. BIEN PHAP GIAM LUC HUONG TAM
TRONG MAY BOM THAI Xi

Nhing nghién ciru 1y thuyét va thuc
nghiém [2], [3], [4] vé dong hai pha trong may
bom ly tdm d3 cho thay quy dao chuyén dong
ctia hat ran va ctia chat 16ng mang hat 1a khong
trung nhau. Quy dao ctia cac phan tir chit long
& ché d6 1am viéc 6n dinh caa bom thuong phu
hop voi bién dang canh dan dugc thiét ké, con
quy dao chuyén dong cta cac hat ran thi 1éch
khoi quy dao cua dong chit long. Do 1éch nay
cua quy dao phu thudc vao nhiéu yéu td khac
nhau nhu né)ng do hat, duong kinh hat, khéi
lugng riéng cua hat, vi tri cua hat khi bat dau
vao canh din va s& thay doi ¢ ting vi tri doc
theo mang canh dan banh cong tic va mang
xodn c.

3.1. Gidi phap giam luc huwéng tim trong
bom ly tim

Trong nhiéu truong hop, khi truyén luc
hudng kinh 1én 6 do cua truc phai kém theo viéc
tang twong ung do cliing cua truc. Giai phap nay
vé mat ky thuat khong hop 1y, vi vy nguoi ta
stt dung cac bién phap thuy luyc can bang luc
hudng kinh.

ﬂp’ﬂ\

Hinh 3. So' dé cdn bang liec hiedng kinh bang hai

mang dan xodn bao banh céng tac

Hinh 4. Buong dan ra xoan co hai mang dan

Céc bién phap thuy luc can bang luc
huéng kinh thong dung 13 ting sb mang din
dong ra khoi banh xe cong tac. Khi s6 mang
dan dong 12 hai (hinh 3) thi mdi mot mang dan
dong bao banh cong tdic mdt goc 180°. Luc
huéng kinh xuét hién vé hai phia ctia banh cong
tac trén mdi cung (180°) co gia tri bang nhau
va hudéng ngugc chiéu nhau, do d6 ching dbi
xtng va triét tiéu 1an nhau.

Tuong tu nhu vdy, khi sé6 mang din
dong ra lon hon hai sé tao nén mot hé lyc trung
tam c6 gia tri bang nhau va c6 hop luc bang
khong. Trong truong hop sir dung budng dan ra
kiéu canh, s6 mang dan luén ludn 16n hon hai
va lyc hudong kinh tdc dung 1€n banh cong tac
cin bang.

Trong cac bom ¢ budng dan ra xoan, dé
can bang luc huéng kinh, ngudi ta chia buong
x0édn ra 1am hai mang dan xoén bang vach ngin
(hinh 4). Cac mang dan xodn c6 két cu gidng
nhau va mdi mang dan bao banh xe cong tac
mot goc bang 180°.
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Mang din xodn dau dugc chuyén tiép
t6i mang dan c6 tiét dién khong doi. Hai mang
dan néi voi nhau trong éng dip-phu-zo (dng
loe). Trong cic bom nhiéu cép, can bang luc
huéng kinh (F,) co thé thuc hlen dugc bang
cach quay cac budng din ra xoan mot goc 180°
d6i véi nhau (hinh 5).

I

Hinh 5. Cdn bang lwc hwéng kinh bang cach quay
buéng dan ra xodn 180°

Luc hudéng kinh tic dung 1én banh xe
cong tac trong cac may bom nhu vy co gia tri
bang nhau va hudng nguoc chiéu nhau. Cac luc
nay tao thanh ngiu lyc gy nén tai trong phu
tac dung 1én 6 truc ctia bom, con hop luc cia
chung bang khong.

3.2. Giai phap giam luc huwéng tam trong
bom ly tim van tai tro xi

D6i voi may bom thai tro xi 1a dang may
bom dong hai pha ran — 16ng chiu mai mon, dé
giam lyc hudng tam, nén thiét ké budng dan co
hinh dang tron hodc gan tron.

DPbi v6i budng dan co dang tron, co
kha nang chiu mai mon tdt, lam tang tudi tho
cua buéng dan, giam dugc lyc hudng tam. Tuy
nhién, v& mat thuy luc, ton that thuy luc trong
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budng dan dang tron 16n hon budng dan dang
xoan.

Khi thiét ké may bom thai tro xi, can
phai can nhic cac yéu té trén mot cach hai hai
hoa. Vi vay, budng dan trong may bom thai tro
xi tot nhét 1a thiét ké theo dang nira xoan.

Ngoadi ra, diéu kién 1am viéc ciia bom
thai xi 1a khac nghiét, hay mon, do viy ngoai
viéc tinh toan, lua chon vat liéu, thi két cdu bom
xi phai dam bao bén, cung viing, chiu dugc cac
luc sinh ra do qua trinh van hanh bom.
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NGHIEN Cl’U PHAT TRIEN MAU VAY THOI TRANG, DANH GIA bO
VA VAN CUA SAN PHAM (PNG DUNG PHAN MEM CLO3D

RESEARCH, DEVELOPMENT, AND PRODUCT FIT ASSESSMENT OF FASHION
DRESS DESIGNS USING CLO3D SOFTWARE

Tran Thi Minh, Nguyén Thi Van
Khoa Cong ngh¢ May va Thoi trang, Truong Pai hoc Su pham Ky thuat Hung Yén

TOM TAT

Phat trién mdu vdy thoi trang trén phan mém 3D la mot qud trinh thiét ké va phat trién bang
cong nghé sé hién dai, givip cdc nha thiét ké toi wu hod thoi gian trude khi dea vao san xudt. Qud
trinh kiém tra dg viea van cia vay dam luén la mét trong cdc yéu té quan trong dang gid tinh tham
my va chat lwong ciia san pham. Trong thoi dai cong nghé 4.0, viéc iing dung phan mém ho tro thiét
ké, phdt trién mdu thoi trang ciing nhie kiém sodt do vira van vé phom ddng san pham ngay nay dwoc
dp dung phé bién hon. Véi muc tiéu cia bai bdo, vmg dung phan mém Clo3D dé phdt trién vay thoi
trang va déanh gia do vira van ciia san pham la rat can thiét, tir d6 dwa ra phwong phdp phdt trién,
hiéu chinh va danh gid dé vira van nham giam thoi gian va chi phi so véi phirong phdp thii céng.
Két qud nghién ciru da dwa ra dwege quy trinh thuc hién phat trién mau, danh gia dg viva van cho
san pham dam bdo tinh tham my.

Tir khéa: Phat trién mau;, Do vira van, Phdan mém Clo3D.
ABSTRACT

Developing fashion dress designs using 3D software is a design and development process
utilizing modern digital technology, helping designers optimize time and effort before moving
to production. The fit assessment of dresses is a crucial factor in evaluating the aesthetics and
quality of the product, including adjustments to size and material. In the era of Industry 4.0, the
use of software to support the development of fashion designs and to control product fit has become
increasingly widespread. The objective of this paper is to apply Clo3D software to develop fashion
dresses and assess their fit, providing methods to optimize and adjust the fit, ultimately reducing time
and costs compared to traditional methods. The research results establish a process for developing

and adjusting fit to ensure aesthetic standards are met.

Keywords: Fit assessment; Development; Clo3D software; Pattern adjustment.
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1. PAT VAN PE

Trong nganh cong nghiép thoi trang
hién dai, viéc phat trién mau vay thoi trang doi
hoi sy chinh xéc, tinh t& va kha ning dap Gmg
yéu cau cao vé tham my 1an sy thoai mai cho
nguoi mdc. Tuy nhién, qua trinh nay thuong
tiéu t6n nhiéu thoi gian va chi phi, dic biét 1a
khi phai thir nghiém va chinh stra san phdm
tryc tiép trén ngudi mau. Piu nay tao ra thach
thirc 16n ddi voi nha thiét ké trong viéc dam bao
do vura van cua trang phuc ma khong lam anh
huong dén tién d6 va chét luong san pham.

Viéc tng dung phan mém thiét ké thoi
trang Clo3D da mé ra co hoi dt pha cho qua
trinh nay. Clo3D cho phép mo phong cac mau
vay thoi trang trén moi trudng ao, tor d6 khong
chi gitip nha thiét ké truc quan hoda san pham
ma con kiém tra va diéu chinh d6 vira vin mot
cach chi tiét ma khong can dén mau thir vat
ly. Nho kha ning mo phong chat liu, chuyén
dong va cac thong sé co thé nguoi mic, Clo3D
gitip t6i uu hoa quy trinh thiét ké, giam thiéu 11
va rat ngan thoi gian ra mat san pham.

Nhan thay nhu ciu nay rét can thiét voi
nganh cong nghiép dét may noi riéng va mot s6
nganh céng nghiép khac néi chung dang 13 van
dé cap thiét dat ra cho nganh can giai quyét.
Phuong phap phat trién mau va kiém tra d6 vira
vin vé phom déng ctia san pham hién nay dang
sir dung chii yéu tai cac doanh nghiép may 1a
bang phuong phap phat trién mau thi cong va
may ché thir san pham theo cach truyén thdng
dé danh gia d6 vira van ciia san pham khong
cao, hinh dang san phdm trong khong gian 3
chiéu chua dam bao [1, 3]. Dic biét, v6i san
pham 13 vay thoi trang thi sy vira vin vé phom
dang 13 hét strc can thiét.
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2. THUC NGHIEM
2.1. Poi twgng nghién ciru

Péi tugng str dung dé nghién ctu 1a
vay thoi trang va st dung ngudi mau co s do
tuong dong gidng ma-no-canh size M dé thuc
nghiém, san pham c6 dic diém: co tron, tay béo
ngang nguc. Than trudc c6 két cdu gom 4 chi
tiét, than sau c6 két cau gom 6 chi tiét. Tung
vay trudc gdom hai chi tiét, chi tiét trén xép ly.
Tung vay sau gom hai chi tiét duoc lién két boi
khoa.

Hinh 1. Pdc diém vay thoi trang

Thong s6 kich thude dé thuc nghiém
phat trién 12 s do trén ma-no-canh size M
dugc diéu chinh sang s6 do trén co thé ngudi
mau duoc thé hién dudi bang 1. Trong pham vi
nghién ctru ctia dé tai tap trung phan tich mot s6
thong s chii dao lién quan dén phom gbc cua
dam co ban nhu: Vong nguc, vong eo, vong

mong, rong vai, vong c0, dai vay.
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Bdng 1. S6 do theo ma-no-canh size M

(Pon vi: cm)
STT Vi tri do Ki hiéu | Thong s6
1 Vong nguc Vng 86
2 Vong eo Ve 62
3 Vong mong Vm 88
4 Vong ¢ Ve 36
5 Dai vay Dv 90
6 Dai tay Dt 58
7 Ha eo He 36
8 Rong vai Rv 36,5

2.2. N§i dung nghién ciru

« Phét trién mau va mo phong trén phan
mém CLO3D dya trén phom gbc da co san, sau
d6 thuc hién phat trién theo ddi twong nghién
ctru va duge mo phong trén phan mém Clo3D.
Dua trén Avatar 4o di duogc hiéu chinh theo s
do co thé ngudi mau.

Buée 1: Phom géc.

Hinh 2. Hinh mé phong phom goc trén Clo3D
“Quy trinh thyc hién phat trién méu trén Clo3D:

Buée 2: Phat trién thén trén.

Buée 3: Phdt trién mau vay.

Buéc 4: Cdc dwong tao kiéu.

Buoc 5: Hoan thién mau.

Hinh 3. Quy trinh thuwc hién phdt trién trang phuc
bang phan mém Clo3D

* Panh gia d) vira van, phom dang cua
san pham sau khi phat trién mau:

bé kiém chung sy can do6i va vura van
cua san pham duogc danh gia & muac do can
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bang ctia cac dudng ngang can dbi va dugce sir
dung thang do mau sic dugc thé hién ¢ cac cip
d6 mau khac nhau bang thang do xuét ing va
thang do hop 1y. Thong sé biéu hién do cing:
0.1 gr/cm - 1000.0 gr/cm.

Phuong phép danh gid chu quan: La
cam nhan do vira van cua san pham voi doi
tugng mac thir mau.

Qua qua trinh quan sat dbi tuong mac,
két qua cho thay céac vi tri mdc do trén co thé
déu vira van. Cam nhan cta ddi tuong mac thu
mau véi cac vi tri phén vai, nguc, €o, cam théy
dé chiu, thé hién d6 vira vin, can ddi. Nhu vay,
két qua phat trién mau tir phom co ban sang vay
thoi trang ing dung phan mém Clo3D dam bao
yéu cau, dat muc tiéu dua ra.

2.3. Phuwong phap nghién ciru

Phuong phép khao ctru tai li¢u: Khao
ctru céc tai lieu, cong trinh lién quan dén nodi
dung nghién ctru cta dé tai.

Phuong phap thur nghiém:

- Thong s6 Avatar trén phin mém
Clo3D;

- Phét trién mau va mé phong mau trén
phan mém Clo3D;

- Panh gia d6 vira van cua san pham
bang thang do mau trén phan mém Clo3D.

Phuong phép danh gi4 cht quan: Danh
gia cam nhan do vira van cia doi twong mau
mac thir san pham.

3. KET QUA VA BAN LUAN

3.1. Két qua diéu chinh thong so Avatar trén
phan mém Clo3D

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 322, thang 11 nim 2024
cokhivietnam.vn / tapchicokhi.com.vn

Tt s6 do ¢& M chuén, tac gia da thyc
hién hiéu chinh theo sé do co thé ngudi miu
trén Avatar ao dé kiém chirng su vura van duogc
thé hién két qua ¢ bang 2.

Bdng 2. Théng s6 kich thirde Avatar theo sé do co
thé nguoi mau (Pon vi: cm)

STT Vi tri do Ki hi¢u | Théng sb
1 Chiéu cao cc 165
2 Vong nguc Vng 87
3 Vong eo Ve 64
4 Vong mong Vm 90
5 Vong ¢ Ve 36
6 Dai vay Dv 92
7 Ha eo He 38
8 Rong vai Rv 37

Sau khi xac dinh thong sd Avatar va
thuc hién cai dat thong so6 dugc két qua Avatar
duoc thé hién dudi hinh 4.

-
e
f i

Hinh 4. Avatar theo sé do co thé nguoi mau

3.2. Két qua phat trién va mé phéng miu
trén phan mém Clo3D

T bd mau rap cua dam cd M chuan

dugc phat trién va thir ao trén phan mém Clo3D,
két qua duogc thé hi¢n ¢ hinh 5 va hinh 6.
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Hinh 5. Méu rdp 2D va qud trinh may sdn pham
trén phan mém CLo3D
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Hinh 6. Mau may hoan chinh dwoc thir do trén
Avatar

3.3. Két qua danh gia do vira viin cia sin
pham bang thang do mau trén phan meém
Clo3D

Tir két qua sau khi phat trién miu va
danh gia d¢ vira van, tir d6 tién hanh ché thir
san phém va dbi teong mac mau dé so sanh su
khac nhau gitta san pham trén Avatar va co thé
ngudi 1am co sé phét trién cac dong san pham
tiép theo giam thiéu qua trinh ché thir mau theo
phuong phap truyén thdng gitip tiét kiém thoi
gian va chi phi. Hinh 4nh nguoi mau mic san
pham ché thtr duoc thé hién dudi hinh 7.

T o e ) ki DA WU TR

T 5 Pkl 1 TR
oo s EAT DUt B ey e

oo B il pUoRG

Hinh 7. Nguoi mau mdc san pham ché thir

Thyc hién danh gia do vira van dua trén
dd gian cua vai khi bé mat vai tiép xuc véi co
thé bang hai phuong phap, két qua cu thé nhu
sau:

*Két qua danh gia bang thang do mau sic:

Pénh gia su can d6i va vira vin cua san
pham duoc danh bang thang do xuét tng va
thang do hop 1y, dugc gia & mic do cin bang
clia cac dudng ngang can doi thé hién & cac cip
dd mau khéac nhau: Mau xanh dam 12 mau thé
hién nhiing vung c6 lugng cur dong 16n, nghia
1a d6 tiép xuc giira vai va co thé it; mau xanh
nhat thé hién do vira vin cua san phém. Nhu
vay, két qua cho théy dd vira van va chét luong
ciia san pham vay thoi trang trén phan mém
Clo3D vé phom dang dap tng d6 vira vin va
théa man dugc nhu cau st dung cua ddi tuong,
hau hét thang do mau cho két qua mau xanh
nhat, mau xanh dam, thé hi¢n duéi hinh 8.

I[_ﬁ!ﬁ

Hinh 8. Thang do mau kiém tra do vira van trén
Avatar

*Két qua danh gia cAm nhén cia doi twong:

Qua qué trinh quan st ddi tuong mac,
két qua cho thay cac vi tri mdc do trén co thé
déu vira van. Cam nhén cua d6i tugng mac thu
mau vai cac vi tri phﬁn vai, nguc, €o, cam théy
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d& chiu, thé hién d6 vira van, can d6i. Nhu vay,
két qua phat trién mau tir phom co ban sang vay
thoi trang ing dung phan mém Clo3D dam bao
yéu cau, dat muc tiéu dua ra.

4. KET LUAN

Viéc tmg dung phan mém Clo3D dé
phat trién mau vay thoi trang theo ¢& M, tir 6
dua ra phuong phap phat trién mau va kiém tra
d6 vira van trén Avatar 40 nham giam thoi gian
va chi phi so v&1 phuong phap thu cong. Tu
viéc lua chon ddi tuong nghién cuu la phom
dam gbc, tac gia da phat trién sang mot miu
dam thoi trang khac, tir d6 mo phong may 4o
trén Avatar va may ra san pham that dé so sanh
duoc su khac nhau gitra san pham trén Avatar va
ddi tuong that dé 1am co s& cho viét phat trién
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cac dong san pham tiép theo ma khong can phai
hiéu chinh bang phuong phap thu cong. Tir cac
két qua da dat duogc, nghién ctru da dua ra duogc
két qua do rap truc tiép trén phan mém 3D. %

Ngay nhan bai: 07/9/2024
Ngay phan bién: 05/11/2024
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THIET KE, LAP DAT VA DANH GIA HIEU QUA KINH TE - KY THUAT
VIEC CHUYEN POI XE MAY CHAY XANG SANG XE HYBRID
VU’A XANG VA BIEN

DESIGN, INSTALLATION AND EVALUATION OF ECONOMIC AND TECHNICAL
EFFECTIVENESS OF HYBRID MOTORBIKES USING BOTH GASOLINE AND
ELECTRIC

Ha Anh Tung
Khoa Co khi, Truong Pai hoc Bach Khoa, Pai hoc Quoc Gia TP. H6 Chi Minh

TOM TAT

Trong nhitng nam gan dady, toc dé tang trudng nhanh cvia nén kinh té Viét Nam da kéo theo nhiéu
danh huong xdu dén méi trwong ma trong do ¢6 tic dong ding ké tir lwong xe may dong ddo dang leu
théng trén dwong. Nghién ciru nay trinh bay cdc két qua dat dwoc khi ldp thém hé pin — b diéu khién —
déng co dién doc ldp 1én xe may xang truyén thong. Thir nghiém trong 5 thdng lién tuc trén xe Honda
AirBlade 125cc cho thdy xe “hybrid” kiéu méi ¢é nhiéu tinh vu viét hon vé mdt ky thuat nhu: linh hoat
chuyén doi giita hai ché dg chay xang hodc dién, ting tuéi tho xe do giam thoi gian hoat dng ciia bé
truyén déng xang, xe chay ém di gan nhuw khong cé tiéng dong, tang quang dwong di chuyén khi két hop
cd hai ché dj chay xdng va dién. Ngodi ra, véi thoi gian hoan von chi hon 2 nam, viéc chuyén doi sang
kiéu xe mdy “hybrid” nay givip tiét kiém ding ké chi phi cho nguoi sir dung, dong thoi givip giam phdt
thai khoi, bui, khi nha kinh... va nang cao suc khoe nguoi dan.

Tir khoa: Xe AirBlade; Hybrid; Péng co dién; Gidm phat thdi khi nha kinh,; Hiéu quda kinh té -
ky thuat.

ABSTRACT

In recent years, the rapid growth of the Vietnamese economy has brought about numerous adverse
environmental impacts, notably influenced by the extensive circulation of motorbikes on roadways. This
study presents findings on the integration of an independent battery-controller-electric motor system into
a conventional gasoline motorbike. Testing over five consecutive months on a Honda AirBlade 125cc
demonstrated that this new “hybrid” motorbike offers multiple technical advantages, including seamless
transitions between gasoline and electric operation modes, enhanced vehicle lifespan through reduced usage
of the gasoline transmission system, smooth and quiet operation, and extended travel range by combining
both modes. Furthermore, with a payback period of slightly over two years, adopting this “hybrid” model
provides substantial cost savings for users while contributing to reductions in emissions of smoke, dust, and
greenhouse gases, ultimately promoting public health improvements.

Keywords: AirBlade; Hybrid; Electric motor, Greenhouse gas emission reduction, Economic
and technical efficiency.
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1. TONG QUAN

Viét Nam 1a mot trong nhimng qudc gia
c6 mat do xe may luu thong cao hang dau trén
thé gidi. Trong nam 2022, sé lugng xe may
dang luu thong tai Viét Nam udc tinh khoang
47 triéu chiéc [1], trong khi dan s6 Viét Nam tai
thoi diém thang 4 nam 2022 14 99.2 triéu nguoi.
Khoi byi thai ra tir qué trinh dét chay nhién liéu
trong dong co, bao gém cac hat bui PM2.5 va
PM10, cac chat khi nhu CO, HC, NO,, SO,,.
la nhirng tac nhan chinh gay ra nhiéu van de vé
6 nhiém moi truong, bién d6i khi hau va anh
hudng xau dén stc khoe cua con ngudi [2-4].
Bén canh do, gia xang dau ting cao cing voi sy
can kiét dan cta céc ngué)n nhién liéu hoa thach
ciing 1a nhimng yéu t6 quan trong di tao nén sy
thay d6i vé nhan thirc va chinh sach cta nhiéu
qudc gia trén thé gisi, din dén xu hudng phat
trién nhanh chéng nganh cong nghiép san xuét
xe dién trong nhitng nim gan day.

Theo s liu tir trang web danh gia vé xe
may hang dau trén thé gidi “Motorcyclesdata.
com”, toc d0 ting truong doanh sb xe may dién
tai Viét Nam nam 2021 la 10%, tang manh so
v6oi muc tang 2.9% vao nam 2018. Thi truong
xe may dién cua Viét Nam hién kha so61 dong
v6i sy tham gia cua rit nhiéu thuong hiéu ni
tiéng trong va ngoai nude nhu: VinFast, Yadea,
Pega, Dibao, Anbico..., voi su gia tang dang
ké doanh sb ban tir 163,428 xe (nim 2019) dén
gan 237,000 xe (ndm 2020) [5]. Pic biét, trong
2 nam trd lai day, trong khi sé luong xe may
ban ra tai Vi€t Nam bi suy giam, lugng xe may
dién ban ra lai gia tang voi tdc do rat nhanh,
dién hinh nhu riéng VinFast d3 ban ra tong
cong 72.469 xe may dién, taing 21% so voi ndm
2022 va chiém gan 3% tong doanh sb xe may
cd nam tai Vi¢t Nam [6]. Tuy vay, néu so voi
luong xe may chay xang hién dang luu thong
trén thi trudng, ti 16 xe may dién van con chiém
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thi phan kha khiém ton. Do d6, y tuéng phat
trién dong xe may “hybrid” vira chay xing vira
chay dién 1a hudng di da va dang dugc nhicu
nha nghién ciru ciing nhu cic hing san xuat xe
may ddy manh gan day [7-13]. Pién hinh vao
nim 2018, hai ong 16n trong nganh ché tao xe
may 1a Honda va Yamaha d lan luot tung ra
thi truong hai dong xe may lai 1a Honda PCX
hybrid va Yamaha Grande hybrid. Cac mau xe
hybrld nay van t1ep tuc duoc Honda va Yamaha
cai tién va nang cdp v6i nhitng phién ban méi
nhat cho nam 2023 va 2024. Tuy nhién, cong
nghé hybrid trén hai dong xe nay vé ban chat
khong tham gia vao qua trinh van hanh ma chi
¢6 vai tro hd trg dong co dét trong, giup ting
moment khoi dong, giam do tré khi ngit dong
co va giam thiéu luc kéo khi xe xudng déc.
Chinh vi thé, cac dong xe hybrid trén van can
tiéu hao lién tuc nhién liéu d6t khi van hanh,
con dién nang tur pin chi c6 tac dung phu tro
thém cho xe & mdt sb thoi diém nhat dinh. SO
liéu cho thidy mirc tiéu hao nhién liéu cta hai
dong xe “hybrid” trén chi giam khoang 2% so
v6i dong co xdng thuong [13].

Céac nghién ctru trong va ngoai nudc
gan day vé xe may hybrid chu yéu tap trung vao
viéc tinh toan, mo phong 1y thuyét cac phuong
an hybrid gitra dong co xang va dong co dién
(ndi tiép, song song hay phirc hop) nham tdi wu
hoéa viéc tiét kiém nhién liéu va két hop phat
dién dé sac vao b trir dién khi phanh, ham xe
[7-8, 12-13]. Mot s6 nghién ciru cling da ché
tao thur nghiém xe may hybrid, tuy nhién lai can
thiép qua nhiéu vao két cau xe hodc két hop
diéu khién dong thoi dong co xing va dong co
dién [9, 11], hodc dung thém ngué)n nhién liéu
khac nhu LPG [9]. V&i muc tiéu nhim don gian
hoa qua trinh chuyén doi tir xe may chay xing
sang xe hybrid két hop vira xang vira dién, bai
bao trinh bay qua trinh tinh toan chon lya cac
phu ting hién dang c6 san trén thi truong dé
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c6 thé d& dang lap dat nhanh chong 1én xe may
truyén thong ma khong thay doi hinh déng, két
ciu xe. Xe hybrid sau khi chuyén doi s& co thé
chay hai ché d6 doc 1ap hodc bang dién hoic
bang xdng, tir 46 gitip cho qua trinh diéu khién
xe rat tién loi, d& dang. Qua trinh thir nghiém
tryc tiép trén xe trén nhiéu loai duong va ché do
van hanh xe khac nhau (trong thanh phé véi tc
d6 thap, mat do xe dong va trén xa 10 véi toc do
cao, mat do xe thap) ciing duoc thuc hién trong
thoi gian dai dé tir d6 danh gia duoc hiéu qua
kinh té - k¥ thuat cua kiéu xe hybrid trén.

2. QUA TRINH THIET KE VA LAP PAT
PONG CO PIEN LEN XE AIRBLADE

Trong nghién ciru nay, xe may xang
hiéu Honda AirBlade phién ban nam 2017, mot
trong nhitng mau xe rat thong dung da duoc
lwa chon lam d6i twong chuyén ddi sang dang
“hybrid” dé thir nghiém va danh gia.

bong co dién dugc dat tai banh trude
clia xe voi cong sudt can thoa man diéu kién 1a
luc kéq sinh Ta tai banh xe chu dong F, phai lon
hodc bang tong céac luc can theo phuong trinh
sau:

F >F +F +F +F, (1)

Trong do:

-F (N): Luc c%n lér};

-F, (N): Luc ca}n gi10; .

- F, (N): Luc cén leor doE:;

- F, (N): Luc can quén tinh.

Vi yéu cau ky thuat ctia xe may o ché
do chay dién: van tde khong vuot qua 50 km/h
va do doc khong 16n hon 15%, dong thoi tham
khao céc thong s6 dong co xe may dién trén thi
truong, dong co dién lya chon cho xe AirBlade
c6 thong sb nhu sau:

Bdng 1. Théng s6 dong co dién ldp trén banh
truoc xe AirBlade

Ngudn dién 60 — 72V DC
Cong suat 1500 W
Kich thudc 14 inch
Co truc 16.5 mm — 20 mm
Téc do toi da 50 — 60 km/h

Hinh anh dong co dién trudc va sau khi
lap thyc t€ tai banh trudc xe AirBlade dugc thé
hién trén Hinh 1.

Hinh 1. Hinh anh déng co dién gdn trén banh
truoc xe Honda AirBlade

Ngoai ra, dé diéu khién hoat dong cua
dong co dién, cac thiét bi, phu tung sau can
dugc lya chon v&i cong suat va cac thong sb
van hanh phu hop nhu Bang sau.
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Bdng 2. Danh muc cdc thiét bi, phu tiing can thiét cho viéc cap nguon va diéu khién déng co dién

STT Tén thiét bi, phu ting Théng sb Hinh dnh

L, G .
1 B9 didu téc IC 1500 W \?ﬁ;& _. ? _

) B? doi nguon 60V thar{h IZY 60V — 12V
cap cho ac-quy chay den, coi

Pin Li-Ion va mach diéu

3 khién véi tinh toan dé di 60V —20Ah
duoc quang duong 40 km
4 B6 bao dung lugng pin

Tu ngit khi qua dong, bao vé

5 Aptomat cho dong co va mach dién

6 Cong ndi day 6 chan

Lap & tay ndm bén trai dé
7 Tay ga dang bam khong anh hudng dén tay ga
bén phai ctia xe xang
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Pé tang tinh thAm my, hé pin va cac
mach dicu khién dugc bo tri trong cop xe nhu
Hinh 2.

Hinh 2. Bé tri mach diéu khién va bé pin
60V-20A4h trong cop xe AirBlade.

it TSy - R x : o -““
Hinh 3. Xe AirBlade “hybrid” sau khi

chinh

da ldp hoan

3. KET QUA VAN HANH THUC TE XE
“HYBRID” VA DANH GIA TINH KY
THUAT

Sau khi lép dat hoan chinh, xe AirBlade
kiéu hybrid (doc 1ap gitra xang va dién) da dugc
dua vao str dung thuc té. Sau 5 thang hoat dong
lién tuc, Kkét qua cho théy xe hoat dong on dinh
& ca hai ché d6 chay xang nhu binh thudng hoic
chay dién khi chuyén sang ché do dung bo pin —
mach diéu khién — dong co dién. Mot sb thong
s6 van hanh thuc té duoc ghi nhén nhu sau:

- Téc d6 toi da: 60km/h (khi chi c6 1
nguoi trén xe) va 50 km/h (khi c6 2 nguoi trén
xe);

- Quang duong trung binh tuong Ung
v6i 1 1an sac day pin (60V - 20 Ah): 35 km (V&i
téc do di trong thanh phd, thay do6i trung binh
tur 20 - 40 km/h, xe chd 2 nguoi voi can nang
tong khoang 110kg. Riéng xe AirBlade ning
tam 100 kg nén tong khoi luong ca xe cing 2
nguoi trong thir nghiém la 210 kg).

Nhu vay, xe hybrid theo thiét ké trén
hoan toan c6 thé dap tng tot nhu cau di lai binh
thudng ciia nguoi dan trong cac thanh phd 16n.
Thiét ké bo pin lap roi trong cbp xe cling gitp
cho ngudi sir dung dé dang thdo pin mang 1én
nha sac, thuan 1gi hon rat nhiéu cac xe dap dién
hay xe may dién ban trén thi truong hau hét can
phai dua xe vao sat diém sac. Ngoai ra, trong
qué trinh van hanh, nguoi 1ai xe hoan toan co
thé nhanh chéng chuyén tir ché do chay xing
sang chay dién hay nguoc lai khi can thay d6i
toc do va cong suat (nhu di dudng trudng toc
d6 nhanh c6 thé chay xang, di trong thanh ph
tbc do cham sé& chay dién). So sanh voi xe may
chi chay xang, viéc chuyén doi sang “hybrid”
d3 mang lai nhiéu vu diém nhu tong hop trong
Bang 3.
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Bang 3. So sanh cac tiéu chi ky thudt gitta xe may xang va xe mdy chay “hybrid” xang hodc dién

Tiéu chi ky thuit Xe may chay xang Xe may chay xang/dién

Hau nhu khong gay ra tiéng dong khi chay

b6 on Rat on A
dién

- C6 thé linh hoat dung xing hodc ding dién

Chi c6 thé dung nhién lidu 1a . TG
& i tuy theo yéu cau va hoan canh

xang nén khi hét xang hoac ncu

Tinh linh hoat hé théne truvén done cia xe true |~ Néu hét xang hodc gap truc trdc bén bd
tr:éc o sgé kh}(]”)ng d‘i cghuyén du(;c truyén dong cua xe, chi viéc chuyén sang
' i chay dién va nguoc lai
e - - Tang 1én do c¢6 thém ngudn pin du trit, véi
Quang duong di T‘Ol da theo lu’qng xang t1:u: tror'lAg hé pin 60V — 20Ah dang lip sé& gitp xe
h binh, nhu xe AirBlade thir nghiém A : : .
chuyén 1a khjoén 160 km * | hybrid di chuyén duoc tong 195 km khi
£ vua dung xang va dién
Chi phi dau tu thém Khéng can dau tu thém Tbn thém chi phi dau tu ban dau
Tén tién xing - Chi tbn tién sac pin khi van hanh & ché do
T A . . . chay dién
Chi phi van hanh va &iggiyuen thay nhét, bao trl Xe| " pang tén tién thay nhét, chi phi bio tri
: iy : it hon
bao tri, stra chira - Ton phi stra chira, thay thé phu . C N £ .
ting Vl; i gid tri Ion sauyvéli r?érn - Giam chi phi sua chira, thay thé phu ting
van hanh xe

- Tén chi phi thay pin sau 2-3 nam chay dién

- Gay ra 6 nhiém moi truong:
khoéi, bui, 1am noéng bau khi quyén
Anh huéng méi truong | do sinh ra nhiéu khi nha kinh

va sirc khoe con ngudi | - Anh hudng x4u dén strc khoe con

- Than thién véi méi truong, phat thai bang
0 do khong sinh ra bat ky khi nha kinh nao
& ché do chay dién, khong sinh ra khoi, bui
- Hoat dong ém ai nén tao cam giac thoai

nguoL. mai cho ngudi ngdi trén xe.
4. PANH GIA HIEU QUA KINH TE — MOI - Quing duong di chuyén trung binh
TRUONG CUA XE “HYBRID” m&i ngay: 30 km;

B¢ phan tich ky hon vé hi¢u qua kinh ¢
khi l4p thém dong co dién, pm va bo diéu khién
1én xe may, cac chi phi mua sam thiét bi va cong nam: 300 ngay;
lap dat duoc xem xét cu thé va két hop véi chi
phi tiét kiém do chuyén tir xang sang dién, tir 46
xac dinh thoi gian hoan von ciing nhu hiéu qua
dau tu. Bang 4 bén dudi trinh bay chi tiét cc chi
phi li€n quan trong thoi gian vong doi hoat dong - Chi phi b6 pin 60V — 20Ah: 4,000,000
5 nam dién hinh ctia xe may véi gia thiét: VND. &

- S6 ngay sir dung xe trung binh hang

- Thoi gian thay pin: 2.5 nam/lan;
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Bdng 4. Phan tich bai todn kinh té khi chuyén doi tir xe AirBlade xdang sang xe hybrid

. Xe AirBlade xing Xe AirBlade khi chay dién
STT Chi phi (Pon vi VND) (Pon vi VND)
Dau tu ban diu (Chi phi dong co, pin,
! b didu khién, cong 14p dt) 10,000,000
56,000 7,000
2 Chi phi xdng/dién cho 100 km (90,000 VND do day binh | (Vi gia thiet 2000 VND/
xang di dugc 160 km) kWh, pin 60V — 20Ah)
3 Chi phi xang/dién cho 1 nam 5,040,000 630,000
Chi phi thay nhét hang nam (trung
3 | binh 2 thang 1 14n, 1 1an thay 140,000 840,000
VND)
4 Chi phi bao tri, stta chita hang nam 1,000,000 100,000
5 Chi phi thay pin vtlnh quy d6i hang 1,600,000
nam
TONG CHI PHf VAN HANH
HANG NAM 6,880,000 2,330,000

Nhu véy, c6 thé thidy nhd chuyén sang
chay béng dién, xe may hybrid da tiét kiém duogc
s6 tién hang nam 1a: 6,880,000 — 2,330,000 =
4,550,000 VNB/nam. Véi chi phi dau tu ban
dau 10,000,000 VND, chi hon 2 nim dau tu,
ngudi chii xe di c6 thé thu hoi lai von va néu
xét vong doi 5 nam str dung xe, téng sb tién co
thé tiét kiém duogc trong truong hop xe hoan
toan van hanh bfmg dién la:

5x%4,550,000—-10,000,000 = 12,750,000 (VND)

Bén canh do, viéc van hanh xe may
hybrid & ché d6 dién hoan toan ciing gitip giam
thiéu dang ké cac tac dong x4u dén moi truong
va strc khoe con ngudi. Theo [14], hé sb phat
thai trung binh clia xe may tai thanh phé 16n
cua Viét Nam nhu sau: PM 14 0.094 g/km, SOx
la 0.006 g/km, CO la 12.630 g/km va NOx la
0.31 g/km. Vi gia dinh:

- Lugng xe may hién nay cia Viét Nam
dang 1a 47 tri¢u chiéc [1];

- Quéang duodng trung binh mdi xe di
chuyén trong ndm la 3000 km.

Suy ra, tong lugng phat thai hang nim
do xe may tai Viét Nam dang khoang: 13,254
tin PM, 846 tin SOx, 1,780,830 tin CO va
43,710 tan NOx. Chi cdn mot phan trong tong
s6 xe may dang luu thong trén toan qudc chuyén
d6i sang hybrid, Viét Nam sé& cét giam dang ké
lugng phat thai khi nha kinh cling nhu khoi bui
sinh ra trén duong, tr do cai thién chét lugong
moi trudng, nang cao stc khde cho nguoi dan.

5. KET LUAN

Bai bao trinh bay cac két qua dat duoc
khi ldp thém dong co dién DC 60V-1500W vao
banh trudc xe Honda AirBlade 125cc. Viée
thiét ké roi hé truyén dong dién véi hé truyén
dong xing dang c6 san trén xe di gitp ting tinh
linh hoat trong van hanh: ngudi st dung hoan
toan co thé d& dang chuyén ddi ngay 1ap tirc ché
d6 dang chay bang dong co xing sang dong co
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dién (va nguoc lai) ma khong anh huéng gi dén
ché d6 van hanh cta xe. Viéc cai tién xe xang
thanh xe may kiéu "hybrid" nay dé dang duoc
thuc hién, khong mat nhiéu thoi gian véi chi
phi dau tu hop 1y. Qué trinh thtr nghiém 5 thang
lién tyc cho thiy xe may “hybrid” c6 nhiéu wu
diém hon xe xing thuan tiy, gitp tiét kiém chi
phi cho nguoi st dung, dong thoi giam dang ké
lugng phat thai khoi, bui, khi nha kinh,... cai
thién chat luong mai trudng séng va ning cao
suc khde nguoi dan.
Loi cam on:

Téc gia tran trong cam on su hd trg vé
thoi gian va co so vat chét tir Truong Pai hoc

Bach Khoa, Pai hoc Quéc Gia Thanh phé Hb Chi
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TOI YU CAC THONG SO HIEU BIEN THE, CUONG PO
DONG DIEN, THO'I GIAN XUNG PEN PO NHAM BE MAT VA
NANG SUAT BOC TACH VAT LIEU TREN MAY XUNG DINH HIiNH
KHI GIA CONG VAT LIEU THEP SKD11

OPTIMIZATION OF VOLTAGE, CURRENT, AND PULSE ON TIME PARAMETERS
ON SURFACE ROUGHNESS AND MATERIAL REMOVAL RATE DURING SKD11
MACHINING USING ELECTRICAL DISCHARGE MACHINING

ThS. Tréin Vin Thing
Khoa Co khi, Truong Dai hoc Su pham Ky thuat Hung Yén

TOM TAT

Nghién ciru nay thiee nghiém dnh hwong cia cdc théng sé hiéu dién thé U (voltage), cuong
do dong dién I (Ampere), thoi gian phong xung T (us) dén néng sudt béc tach vit liéu MRR (g/min)
(Material Removal Rate), dj nhdm bé mdt R_(um) khi gia cong vat liéu thép SKDII trén may
xung EDM (Electrical Discharge Machinning). Nghién cuu sw dung phwong phap quy hoach thuyc
nghiém Taguchi véi 3 thong sé dau vao (hiéu dién thé U, cuong dg dong dién I, thoi gian phong
xung T ), méi théng sé ¢6 3 mire, dwge thwe hién qua 9 thi nghiém dé tim ra bé thong soé toi uu
nham dat nang suat boc tach vat liéu (MRR) cao nhat va do nham bé mat nho nhat. Két qua chi ra
rang bé thong soé t6i wu la U = 30V, I = 0,54, T = 20us. Nghién ciru nay lam tién dé cho viéc toi
wu cdc thong sé cho nang sudt béc tach vt liéu va do nham bé mat khi gia cong trén mday EDM.

Tir khéa: EDM; Ning sudt béc tach vit liéu; D6 nham bé mat; Thép SKDI11.
ABSTRACT

This study investigates the influence of voltage (U), current intensity (I), and pulse on time
(T, ) on the material removal rate (MRR) and surface roughness during machining of SKD11 steel
on Electrical Discharge Machining (EDM) machine. The study employs the Taguchi optimization
method with three input parameters (voltage U, current intensity I, and pulse duration T ), each
at three levels, conducted through nine experiments to determine the optimal parameter set for
achieving the highest MRR and the lowest surface roughness. The results indicate that the optimal
parameter setis U= 30V, 1= 0.54, and T = 20us. This study serves as a foundation for optimizing
parameters to enhance material removal rate and surface roughness in EDM machining.

Keywords: EDM; Material removal productivity; Surface roughness; SKD11 steel.
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1. PAT VAN PE

Cong ngh¢ gia cong bang xung dién
(EDM) da chung to nhleu uu diém vuot troi
trong gia cong khuoén mau, cong nghiép 6 10,
hang khong, cling nhu trong gia cong cac vat
liéu dan dién. Qua trinh loai bo kim loai trong
EDM dién ra thong qua su an mon vat liéu boi
xung dién gitra cac dién cuc cong cu va mau
trong moi truong chat 1ong cach dién, giup loai
b6 méanh vun trong khe dién cuc trong sudt qua
trinh gia cong. Nhiéu nghién ctru da dugc cong
b lién quan dén phuong phap EDM. Ching
han, Aniza et al. [2] da nghién ctu tic dong
cua tdc do cét va dong dién dén d6 nham bé
mat va téc do loai bo vat liéu khi gia cong Ti-
6Al-4V bang phuong phap WEDM. Ashok et
al. [3] da toi wu héa tham sd téc do cit, trong
khi Balasubramanian et al. [4] so sanh d§ nham
bé mat cta cac vat liéu EN8 va D3 sau khi gia
cong bang EDM. Nghién ciru ndy ciing xac
dinh cac thong sd nhu thoi gian xung, dong
dién, dién ap, ap suit va duong kinh dung cu,
cling nhu tac dong cta ching dén ty 18 loai bo
vat liéu va do nham bé mat. Pragadish et al.
[5] d4 thyc hién t6i vu hoa trong gia cong thép
AISI D2 bang phuong phap EDM, va sir dung
phan tich ANOVA dé chi ra rang dong dién
(I) 1a tham s6 anh hudng 16n nhat, tiép theo 1a
ap suat (P). Nghién ctru cua Avdhesh Kumar
Sharma [6] chi ra tic dong cua cac thong sb
trén may EDM dén nang suét boc tach vat liéu
(MRR) va téc do dn mon dién cuc (TWR) khi
gia cong vat liéu titanium (Ti-6Al-4V). Trong
nghién ctru nay, phuong phap Taguchi dugc ap
dung dé t8i wu hoa cac tham sb hiéu dién thé,
cuong do dong dién va thoi gian xung trong gia
cong thép SKD11 trén may EDM.

2. THIET BI THi NGHIEM

2.1. So' 0 nguyén 1y béc tich vit li¢u gia
cong trén may EDM
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Hinh 2.1. So dé nguyén Iy hoat déng ciia mdy
EDM

So d6 nguyén 1y boc tach vat lidu trén
may EDM dugc thé hién ¢ Hinh 2.1. Trong qua
trinh gia cong, dung cu (catdt) va chi tiét (andt)
dong vai tro 1a hai dién cyc cta nguén dién mot
chiéu véi tan sé 50-500 kHz, dién ap 50-300
V va cuong do dong di¢n 0,1-500 A. Hai di¢n
cuc dugc dit trong chat dién moi. Khi dién ap
taing du cao, chat dién moi bi ion hoa, tao ra
tia Itra dién gitra hai dién cuc. Nhiét do ¢ vung
tia lira ¢ thé dat téi 12.000°C, lam nong chay
va d6t chay kim loai trén cuc duwong. Ap luc
tir qua trinh phong dién day phoi ra khoi ving
gia cong. Qua trinh nay dién ra trong thoi gian
rat ngan (10 dén 107 gidy) va lap lai khi dién
ap du 16n. Phoi la cac giot kim loai bi tach ra
va dong dac thanh hat nhé. Khi hat phoi bi déy
ra, khe ho gitra hai dién cuc ting 1én, ngat qua
trinh phong dién. Dé duy tri gia cong lién tuc,
dién cuc dung cu duoc diéu chinh sao cho khe
h¢ gitra hai dién cuc ludn 6n dinh.

2.2. M4y thi nghiém

May EDM ZLC — LS 450 Machine
duogc chon dé thyuc hién thi nghiém tai Xuong
cit got Co khi, Truong Pai hoc Su pham Ky
thuat Hung Yén (Hinh 2.2). Thong sb ciia may
nhu sau: Dai x Rong x Cao: 1240 x 710 x 400.
Hanh trinh cda truc Z 1a 200 mm. Kich thudc
lam vi¢c cua ban may 1a 500 x 450. B9 chinh
xac £0,005mm, dién ap 220V/380V/50Hz,
cong suit ciia may 2,5KW. Trong luong may

1200kg.
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Hinh 2.2. May EDM ZLC — LS 450

Bdng 1. Thanh phan héa hoc ciia thép SKDI11

. . . P (%) S (%) Molipden .
0 (] 0 , ’ 9
Mac thép | C (%) Si (%) Mn (%) i da i da Cr (%) (Mo) Vanadi
SKD11 1,5 0,25 0,45 0,025 0,01 12 1 0,35

2.3. Miu va dién cuc thi nghiém

Vit li€éu st dung cho thi nghiém trong
nghién ctru nay la thép SKDI11, c6 ham lugng
cacbon 1a 1,5%. Ngoai ra, thép con chura cac
tap chat khac nhu: Silic, mangan, phdt pho,
lvu huynh va crom, molipden, vanadi. Thép
SKDI1 ¢6 do cing, do déo dai trung binh du
dé chiu cac tai trong va dap trong qua trinh st
dung. Thuong dugc sir dung gia cong céc chi
tiét trong co khi va san xuat khuon mau. Thanh
phz‘?m hoa hoc va dac tinh cua thép SKD11 dugc
hién thi trong Bang 1. Kich thudc miu thi
nghiém la: 40 x 25 x 15, Hinh 2.3.

Hinh 2.3. Mdu thi nghiém

Trong nghién clru nay, dién cuc dugc
sir dung 1a dién cuc dong Cadmium (Cu) dé
gia cong vat liéu trén may EDM. Pay la loai
dién cuc dugc su dung phé bién trong gia cong
EDM. Dién cyc nay cé dang thanh tron, nhu
mo ta trong Hinh 2.4, va thong s6 ky thuat duoc
trinh bay trong Bang 2.

T —
i = —

Hinh 2.4. Dién cuc Cu

Bdng 2. Théng s kj thudt ciia dién cuc Cu

Théng sb Gia tri
Kha nang dan nhiét 389W/m°K
Nhiét do nong chay 1100°C
Dan dién 1,64 ohm - cm
Kich thuéc mau 20 mm (@) x 42 mm

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 322, thang 11 nim 2024
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

2.4. Thiét ké thwe nghiém dya trén phuwong
phap Taguchi

Nghién ctru cho thiy cac thong sb trén
may EDM anh huéng dén ning suét boc tach
vat liéu MRR, d6 nhdm bé mat R gbm c6: hiéu
dién thé U, cuong do dong dlen I, thoi gian
phong xung T_, thoi gian tat xung T, [7] Tuy
nhién, qua khao sat nhan thay ba thong s6 chinh
anh huong dén nghién ctru nay 1a hiéu dién thé
U, cuong do dong dién I, thoi gian phong xung
T c6 anh huong nhiéu nhat. Ba thong sd nay
dugc chon ba mtc khac nhau, thi nghi¢m dua
trén phap phap Taguchi. Khao sat thuc nghi¢m
trén may EDM cho biét cac mirc dé thuc hién
thi nghiém 1a dai dién dic trung chat luong cho
su anh huong dén ning suit boc tach vat liéu va
d6 nham bé mit. Bang 3 trinh bay chi tiét cac
muc gia tri ctia ba thong s da duoc chon.

Bdng 3. Ba théng sé thi nghiém véi ba mirc

khac nhau
STT | Thongsé | Pomvj | M| Muc| Mic
1 2 3
Hi¢u di¢n | Voltage
: thé U V) 30 | 40 | 50
Cuong
2| dodong Arzf)ere 05 | 1,0 | 15
dién I
3 Thoi gian | Micro- 20 50 %
xung T | seconds

Phuong phap Taguchi giam thiéu su da
dang trong qua trinh thuc hién thi nghiém thong
qua cach thirc nghién ctru ¢6 hé thong. Muc
tiéu chinh cua phuwong phap nay 1 cung cap
su lua chon dé dang cho nguoi thi nghi¢m. Cac
phuong phap phan tich truyén thdng thudng
kho dy doan va phuc tap trong viéc ap dung.
Sd luong thi nghiém can thuc hién s& tang 1én
khi s lugng tham s6 thi nghiém tang. Dé giai
quyét vin d& nay, phuong phap Taguchi sir
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dung cau tric sap xép dic biét voi cac mang dbi
xung, cho phép khao sat toan bo pham vi tham
s6 chi véi mot s6 thi nghiém han ché. Sap xép
mang truc giao dugc xay dung dya trén phuong
phap Taguchi cho cac gid tri mic khac nhau
nhu duoc thé hién trong Bang 4.

Bdng 4. Sdp xép ma trdn truc giao

S6 thi Voltage Current P.ulse on
nghiém ) ) time T,
j (ps)

1 1 1 1

2 1 2 2

3 1 3 3

4 2 1 2

5 2 2 3

6 2 3 1

7 3 1 3

8 3 2 1

9 3 3 2

Khéi luong cta phdi duge can trude
va sau mdi thi nghiém. Phoi, sau khi duogc
lam sach dé loai bo bui va tap chét, duoc kep
¢ dinh trén may EDM (Hinh 2.2). Qu4 trinh
gia cong dién ra khi chi tiét dugc ngdm trong
dung dich dién moi khong dan dién, va dién
cuc duoc ha xuéng cho dén khi tao ra tia la
dién. Trong luong ctia phoi trude va sau khi gia
cong duoc can bang can k thudt s6 o do chinh
x4c 0,01 g. D6 nham bé mit dugc do bang may
Mitutoyo SJ-410 tai Truong Pai hoc Su pham
Ky thuat Hung Yén. D li¢u thu thap tir 9 thi
nghiém dugc sip xép theo ma tran thi nghiém
L9, véi két qua boc tach vat lidu (MRR) va do
nham bé mat (R duoc trinh bay trong Bang 5.
Dua trén dir liéu thu dugc, MRR duoc tinh theo
cong thire (1) [8], trong khi d6 nham bé mit R,
duoc do sau mdi thi nghiém gia cong.

MR = va " Mw (g/phiif) (1)

t

&
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Trong d6: W __— Trong lugng cua phdi
trude luc gia cong (g); W, — Trong luong cua
phoi sau luc gia cong (g); t — Thoi gian may gia
cong (phut).

Bang 5. Dir liéu boc tach vat liéu cia phoi va do
nham bé mat

2.5. Phén tich anh huéng ciia cic thong sb
dén nang suat béc tach vat liéu MRR, do
nham bé mit R,

Dic trung chat luong ti s6 S/N cia
MRR “I1én hon thi tot hon” duoc xac dinh bdi
cong thire sau (2) [9].

Trong Trong 1 7 1
lwgng lwgng S/IN=-10 log = (Z —j) ()
A . .. | MRR R 1,,2
STT phéi ciia phoi (@/min) | ( IIZI) n ¥
truwdce gia | sau gia g H
cong (g) | cong (g) Dic trung chat lugng ti s6 S/N cia R_
1 112.21 111.02 0.052 1.377 “nhd hon thi tot hon” dugc xéc dinh boi cong
thure sau (3) [10].
2 112.26 110.78 0.061 1.782
3 112.24 110.65 0.069 | 3.123 1 "
S/N=-10log—(>. ") 0
4 11212 | 110.68 | 0.062 | 1.746 n <!
5 112.24 110.90 | 0.058 | 2.233 o
p . 11096 | 0.063 | 2.300 beé tong hop so sanh hai chi tiéu MRR
‘ ’ ’ i va R, gia tri S/N dugc chuén héa theo trong
7 112.44 110.97 | 0.064 | 2.437 s6 40% cho MRR va 60% cho R [11]. Bang
16n nhat ung voi céc thi nghiém phan tich bang
9 112.27 110.78 0.065 | 2.750 phin mém Minitab.
Bdng 6. Chudn héa gid tri S/N toi wu ving voi 9 thi nghiém
, | Current| Pulscon | TisbSN | TisbSN ;‘;“;‘i‘ é’/‘;‘ gi';“t";'i‘ :/‘1’;‘ té(ljll;llfz'p
(0 time T, (us)  (MRR) (R) (MRR) (MRR) | S/N téi wu
30 0,5 20 -25.7236 -2.7787 0.000000 0.000000 0
30 1,0 50 -24.244 -5.0182 -0.587842 -0.314853 -0.42405
30 1,5 80 -23.2066 -9.8914 -1.000000 -1.000000 -1
40 0,5 50 -24.2072 -4.8409 -0.602485 -0.289930 -0.41495
40 1,0 80 -24.6925 -6.9778 -0.409676 -0.590361 -0.51809
40 1,5 20 -24.0673 -7.2346 -0.658049 -0.626462 -0.6391
50 0,5 80 -23.8882 -7.7371 -0.729203 -0.697118 -0.70995
50 1,0 20 -24.5638 -5.2348 -0.460802 -0.345308 -0.39151
50 1,5 50 -23.7708 -8.0521 -0.775838 -0.741404 -0.75518
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Phan tich ti s6 S/N nham mo ta cac tic
dong cua cac thong s6 anh hudng dén ning suat
boc tach vat licu (MRR) va dd nham bé mat
(R). Két qua cho thay, anh hudng 16n nhat dén
nang suat boc tach vat liéu (MRR) xay ra khi U
=50 V,1=1,5A, T _ =80 us. Dbi v6i do nham
bé mit (R ), anh hudng 16n nhét xay ra khi U =
30V,1=0,5A,T_ =20 us (Hinh 2.5).

Larger is better Smalleris better

Level uW) 1(A)  MRR (g/min)
1 2439 | -24.61 -24.78 Level vy 1(A) Top (15

2 -24.32 -24.50 -24.07

3 -24.07 -23.68 -23.93
Delta 0.32 0.92 0.86
Rank 3 1 2

Main Effects Plot for SN ratios

i

Hinh 2.5. Anh huong cia cdc thong sé dén MRR
va do nham be mat R_

3. KET LUAN

Trong nghién ctru ndy, ba thong sd clia
may EDM gbém cuong do dong dién, hiéu dién
thé va thoi gian phong xung co tac dong dén ning
suat boc tach vat liéu (MRR) va d6 nham bé mat
(R)) khi gia cong thép SKD11. Két qua tir Bang 6
cho thiy gia tri S/N cao nht 1a gia tri tdi wu tong
hop ctia ca hai thong s6 MRR va R . Trong do,
yéu t6 anh huong 16n nhit 1a cudng do dong dién
1=0.5 A, véi mirc anh huong 1a 78,62%, tiép theo
1a thoi gian phong xung T = 20us v6i mire anh
huong 13 28,35%. Hiéu dién thé U =30V c6 miic
anh hudng nho nhét 1a 3,03%.

Loi cdm on:

Nghién ctru nay duogc tai trg boi Truong
bai hoc Su pham K§¥ thuat Hung Yén trong dé
tai mi s6: UTEHY.L.2024.36.

Ngay nhan bai: 25/9/2024
Ngay phan bién: 29/10/2024

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 322, thang 11 nim 2024
cokhivietnam.vn / tapchicokhi.com.vn

Tai li¢u tham khao:

[1].  RupeshandJ. Kumar, “Optimization of WEDM process of
pure titanium with multiple performance characteristics
using Taguchi’s DOE approach and utility concept”.
Front. Mech. Eng., vol. 8, no. 2, pp. 201-214, 2013, doi:
10.1007/s11465-013-0256-8.

[2]. A. Alias, B. Abdullah, and N. M. Abbas, “Influence of
machine feed rate in WEDM of Titanium Ti-6A1-4V with
constant current (6A4) using brass wire”. Procedia Eng.,
vol. 41, no. Iris, pp. 1806-1811, 2012, doi: 10.1016/].
proeng.2012.07.387.

[3]. S. A. Sonawane and M. L. Kulkarni, “Application of
utility concept approach for multi-response optimisation
of wire electrical discharge machining during
profile cutting of Inconel-625”. Int. J. Mach. Mach.
Mater., vol. 20, no. 1, pp. 13-47, 2018, doi: 10.1504/
[JMMM.2018.089468.

[4]. R. Mukherjee and S. Chakraborty, “Selection of
EDM  process parameters using biogeography-
based  optimization  algorithm”. Mater. Manuf.
Process., vol. 27, no. 9, pp. 954-962, 2012, doi:
10.1080/10426914.2011.610089.

[5].  N. Pragadish and M. Pradeep Kumar, “Optimization of dry
EDM process parameters using grey relational analysis”.
Arab. J. Sci. Eng., vol. 41, no. 11, pp. 4383-4390, 2016, doi:
10.1007/s13369-016-2130-6.

[6]. H.Majumder and K. Maity, “Optimization of machining
condition in WEDM for titanium grade 6 using MOORA
coupled with PCA - A multivariate hybrid approach”. J.
Adv. Manuf. Syst., vol. 16, no. 2, pp. 81-99, 2017, doi:
10.1142/S0219686717500068.

[7].  Sharma, A. K. (2021, April). “EDM process parameters
impact on MRR and TWR for titanium alloy [Ti-6A41-4V]
and their optimization using taguchi and topsis method-
an experiential analysis”. In IOP Conference Series:
Materials Science and Engineering (Vol. 1116, No. 1, p.
012030). IOP Publishing.

[8]. Sharma, Avdhesh Kumar. “EDM process parameters
impact on MRR and TWR for titanium alloy [Ti-6Al-
4V] and their optimization using Taguchi and TOPSIS
method-An experiential analysis”. 10P Conference
Series: Materials Science and Engineering. Vol. 1116.
No. 1. IOP Publishing, 2021.

[9]. Phadke, M. S. (1995). “Quality engineering using robust
design”. Prentice Hall PTR.

[10]. Antony, J. (2001). “Improving the process design using
Taguchi method and response surface methodology”.
Journal of Operations Management, 19(5), 595-607.

[11]. Taguchi, G., and Y. Wu. “Introduction to off-line quality
control, Central Japan quality control association”.
Available from American Supplier Institute 32100

(1980).



NGHIEN CUU - TRAO DOI

THIET KE, CHE TAO MO HINH THU'C HANH PLC DI DONG GIA
THANH THAP PHUC VU PAO TAO SINH VIEN, KY THUAT VIEN
CHUYEN NGANH TU PONG HOA VA CO PIEN TU

DESIGN AND MANUFACTURE LOW-COST MOBILE PLC PRACTICE MODELS TO
TRAIN STUDENTS AND TECHNICIANS SPECIALIZING IN AUTOMATION AND
MECHATRONICS

Nguyén Viin Long
Khoa Co khi — Co Dién tir, Truong DPai hoc Phenikaa

TOM TAT

Hién nay, gan 100% cdc nha mdy c¢é ddy chuyén san xudt trong cong nghiép déu ding bo
diéu khién PLC (Programmable logic controller) dé diéu khién hé thong do tinh én dinh va kha
ndng chong nhiéu tot hon so véi vi diéu khién. Cdc ky thudt vién ciia cdc nha mdy ndy can dwoc dao
tao chuyén sau vé PLC nhung déi khi khéng tién di chuyén dén cdc trung tam dao tao. Viéc thiét ké,
ché tao mé hinh PLC di déng givip dé dang vin chuyén thiét bi dao tao dén cdc nha mdy, xi nghiép,
cdc co sé dao tao dé dao tao vé PLC cho nguoi hoc. Chi phi bo ra dé nhap khau cdc mé hinh ddo
tao ciia cdc hing cao gdp 4-5 lan so véi chi phi bé ra dé tw xdy dung nén mét mé hinh dao tao. Mot
56 mé hinh khi mua vé, sinh vién khéng can thiép dwgc vao phan cirng, khéng hiéu dwoc cach thirc
ddu noéi va truyén théng ma chi cé thé ldp trinh va hoc cdc kién thire lién quan dén phan mém. Bai
bdo nay trinh bay qud trinh thiét ké, ché tao mé hinh thwe hanh PLC di déng gid thanh thap dé dao
tao va cé thé nhdn réng dé chuyén giao cho cdc truong hoc va trung tam dao tao vé ty dong héa
va co dién tir. M6 hinh da ché tao giup dé dang van chuyén thiét bi dén cdc dia diém dao tao d(;ng
thoi ngueoi hoc ¢é thé triee tiép dau noi phan cing, ¢é thé giam sdt va diéu khién dwoc qua man hinh
HMI (Human-Machine-Interface), ldp trinh diéu khién dwoc cdc thiét bi rat phé bién trong cdc nha
may.

Tw khéa: PLC; HMI; M6 hinh thwc hanh di dong.
ABSTRACT

Currently, nearly 100% of factories with industrial production lines use PLC controllers
(Programmable logic controller) to control the system due to their better stability and anti-
interference ability compared to microcontrollers. Technicians of these factories need in-depth
training in PLC but sometimes it is inconvenient to travel to training centers. Designing and
manufacturing portable PLC models makes it easy to transport training equipment to factories,
enterprises, and training facilities to train learners on PLC. The cost of importing training models
from companies is 4-5 times higher than the cost of building a training model yourself. Some models,
when purchased, students cannot interfere with the hardware, do not understand how to connect and
communicate, but can only program and learn knowledge related to software. This paper presents
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the process of designing and manufacturing a low-cost mobile PLC practice model for training and

can be replicated to transfer to schools and training centers on automation and mechatronics. The

manufactured model makes it easy to transport the equipment to training locations, while learners

can directly connect the hardware, monitor and control it via the HMI (Human-Machine-Interface)

screen, and program to control of devices that are very popular in factories.

Keywords: PLC; HMI; Mobile practice model.

1. PAT VAN PE

Hién nay, nhiéu nha may c6 nhu ciu
dao tao PLC ngay tai nha méay cho nhan vién
va chi phi dé mua cic mé hinh dao tao chuyén
ding vé PLC thuong rat cao. Cac mé hinh mua
vé thudng c6 kich thude 16n va rat d& hu hong
cac thiét bi dién trong qua trinh van chuyén
do cac thiét bi nay khong dugc che chin, bao
vé khi ra ngoai troi. Viéc thiét ké, ché tao mo
hinh PLC di dong duoc dat trong mot hop kim
loai c6 dang nhu vali xach tay giup dé dang
van chuyén thiét bi dio tao dén cac nha may,
xi nghiép, cac co sé dio tao vé PLC cho ngudi
hoc. Mat khac qua trinh tinh toan, lya chon cac
thiét bi pht hop dé ché tao mo hinh gitip giam
thiéu chi phi dau tu ban dau cho cac don vi dao
tao.

Tai Viét Nam, mot s6 m6 hinh khi mua
vé ngoai viéc gia thanh cao thi ¢6 nhidu mo
hinh sinh vién khong can thiép dugc vao phan
cting, khong hiéu duoc cach thic dau ndi va
truyén thong ma chi c6 thé 1ap trinh va hoc cac
kién thirc lién quan dén phin mém. M6 hinh
da thiét ké, ché tao gitp ngudi hoc ¢o thé truc
tiép dau ndi phan ctmg, hoc cac kién thirc vé
phan mém nhu diéu khién gidm sat qua man
hinh HMI (Human-Machine-Interface), lap
trinh diéu khién dugc cac thiét bi pho bién
trong cong nghi€p nhu dén, dong co DC, dong
co budc va xi-lanh khi nén.
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Hinh 1.1. M6 hinh PLC nhdp khdu

2. GIOI THIEU MO HINH PLC DI PONG
2.1. Céc wu diém so véi méd hinh nhap khau

Gi4 thanh ché tao bang 1/5 dén 1/6 lan
mo hinh nhéap khau.

M6 hinh da thiét ké, ché tao c6 thé dé
dang di chuyén, chong nudc khi mwa nho do
dat trong mdt hop dién dang vali va cd6 mép ctra
c¢6 thé lap giodng cao su ngin thim nudc tir
ngoai vao.

Ngudi hoc ¢6 thé 1ap trinh diéu khién
giam sat qua man hinh HMI, dong thoi c6 thé
tryc tiép déu nbi day va 1ap trinh diéu khién hé
thong.

&
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2.2. Giéi thiéu bd diéu khién PLC dung
trong mo hinh

PLC la tir viét tat cia Programmable
Logic Controller (Tiéng Viét: Bo diéu khién
logic ¢ thé 1ap trinh dugc). Khac véi cac bo
diéu khién thong thuong chi c6 mot thuat toan
diéu khién nhét dinh, PLC c6 kha ning thay
dbi thuat toan diéu khién tuy bién do ngudi st
dung viét thong qua mot ngoén ngir lap trinh.
Do vay, n6 cho phép thuc hién linh hoat tat ca
cac bai toan diéu khién. Trong mot hé thong
diéu khién ty dong, PLC 1a thiét bi diéu khién
lap trinh cho phép thuc hién linh hoat cac thuat
toan diéu khién logic théng qua modt ngdn
ngit 1ap trinh c6 thé 1a Ladder, FBD hay State
Logic. Can cu vao ) lugng thiét bi vao, ra va
pham vi ing dung nén mo hinh sir dung PLC
Mitsubishi FXIN-40MT-001 dé diéu khién
hé thong. Thong s6 ky thuat PLC Mitsubishi
FXIN-40MT-001: Pién 4p ngudn cung cap tir
100 — 230 VAC, Cau hinh: 24 DI/ 16 DO, loai
ngo ra: Transistor.

Hinh 2.1. Bé diéu khién PLC Mitsubishi FXIN-
40MT-001

2.3. Gi6i thiéu man hinh HMI dung trong
mo6 hinh

D¢ tai sir dung man hinh HMI TK6070iQ
thudc dong man hinh cam tmg HMI gid ré cua
Weinview, cdu hinh twong duong véi cac dong
tam trung. Nhuoc diém ctia dong HMI WeinView
14 phan mém kha kho cai dit ban dau, tuy nhién
sau d6 thi n6 rat don gian. Thong sb ky thuat HMI

Weinview TK 6070iQ: Dién ap ngudn DC 24V,
man hinh 7 inch 800x480 TFT LCD, COM2
and COM3 RS-485 2W hd trg MPI 187.5K, nap
chuong trinh bang cap USB mini.

General Features

- WA BRTIER

Hinh 2.2. Man hinh diéu khién HMI Weinview

2.4. Gi6i thi¢u mot so thiét bi khic diung
trong m6 hinh

Nguoi hoc sé hoc cach diéu khién toc
dd, dao chiéu, diéu khién gdc quay véi mo-dun
diéu khién dong co budc va dong co DC trong
mo hinh:

Hinh 2.3. Bong co buoc, dong co DC

M5 hinh sir dung cac phan tir an toan
nhu ciu dao, niit dimg khan, ro-le trung gian
va dong ho do ap suit khi. Nt ding khan cép
dung dé ngat dién trong cac tinh hudng 18i hoic
¢6 nguy hiém cho nguoi dung.

Hinh 2.4. Cac thiét bi an todn

2]
o

L]
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Nguoi hoc c6 thé hoc cach diéu khién
hé thong khi nén thong qua cac van va xi-lanh
khi nén c6 trong moé hinh:

Hinh 2.5. Cac van va xi-lanh khi nén
2.5. San pham da thiét ké, ché tao

Ngoai hai thiét bi 1 b diéu khién PLC,
man hinh diéu khién va giam sat HMI thi trén
md hinh con c6 cdc md-dun diéu khién: deén,
dong co bude, dong co DC, cac xi-lanh khi
nén. M6 hinh duge thiét ké bang phin mém
Solidworks truéc khi duge ché tao va lap rap.
Trén mo hinh c6 bang diéu khién cung véi cac
co cAu chap hanh 1a moé-dun diéu khién dong co
bude, mo-dun diéu khién dong co DC va mo-
dun diéu khién cac xi-lanh khi nén gitip nguoi
hoc ¢6 thé tryc tiép déu ndi va lap trinh diéu
khién hé thong.

Hinh 2.6. Thiét ké mé hinh

Ngoai ra, trén ban thao tac con cé cac
cong két ndi tin hi¢u input, output dé ngudi hoc
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tryc tiép d4u ndi day tin hiéu. TAt ca cac thiét bi
duoc dat gon trong mot hdp dién c6 dang gén
gidng mot vali va c6 ndp ddy lai khi khong st
dung.

Hinh 2.7. Hinh anh thuc té ciia mé hinh

3. CAC BAI THU'C HANH CO THE PIEU
KHIEN TREN MO HINH

Nguoi hoc ¢6 thé dau ndi va 1ap trinh
diéu khién toc do va diéu khién dao chiéu quay
dong co DC qua bang diéu khién hodc qua man
hinh HMI.

0 M 1 s
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Hinh 2.8. Giao dién diéu khién dong co DC
tréen HMIT

Nguoi hoc ¢6 thé déu ndi va l1ap trinh
diéu khién toc d6 va diéu khién dao chidu quay,
diéu khién goc quay cia dong co budc qua
bang diéu khién hodc qua man hinh HMI.

&
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Hinh 2.9. Giao dién diéu khién dong co budc
tren HMI

Nguoi hoc co thé hoc cach diéu khién
hé thong khi nén thong qua di€u khién tuan tu
cac xi-lanh khi nén:

Shamanl Mesde

Lel] LLH W
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Hinh 2.10. Giao dién diéu khién xi-lanh khi nén
trén HMI

4. KET LUAN VA HUONG PHAT TRIEN
DE TAI

4.1. Két qua dat dwoc

Hoan thién dugc mot hé théng dao tao
PLC di dong st dung bd diéu khién PLC c6 kha
nang diéu khién va giam sat trén man hinh cam
trmg HMI gia thanh thap. M6 hinh dé dang van
chuyén dé mang dén dao tao truc tiép tai cac
nha may hodc trung tdm dao tao.

Ngudi hoc c6 thé tryc tiép dau ndi va
lap trinh dé hoc cac kién thirc vé phan cing va
phan mém nén c6 thé tiép can nhanh chong va
lam viéc duogc trén cac hé théng tu dong hoa

trong thyc t&. Ngudi hoc ¢6 thé thyc hanh nhiéu
bai khac nhau trén mé hinh va hoc cach thirc
didu khién cac thiét bi rat pho bién trong cong
nghiép nhu den, dong co va xi-lanh.

Trén md hinh ciing st dung cac phan tur
an toan nhu ro-le trung gian, cau dao, nut dimg
khan, dong ho do ap sudt dé dam bao an toan
cho ngudi va thiét bi khi sir dung.

4.2. Huémg phat trién dé tai

Phat trién mo hinh dé co thé diéu khién
va gidm sat tr xa qua dién thoai. Sir dung thém
céc cam bién thong minh trén mé hinh dé diéu
khién hé thng.

Ghép ndéi nhi€u tram véi nhau dé
nguoi hoc ¢6 theé hoc thém kién thire vé truyén
thong. %

Ngay nhan bai: 05/9/2024
Ngay phan bién: 08/10/2024
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NGHIEN ClPU MAY TV DONG LAM SACH DI VAT KiCH THUYOC
MICRO BANG KHi THOI SIEU AM TRONG CONG NGHIEP
BAN DAN

RESEARCH ON AN AUTOMATED ULTRASONIC AIRJET MACHINE FOR
MICRO-SIZED CONTAMINANT (PARTICLE) REMOVAL IN SEMICONDUCTOR
MANUFACTURING

Lé Hiru Linh, Nguyén Xuan Thuin, Pinh Céng Truong
Truong Co khi, Pai hoc Bach Khoa Ha Noi

TOM TAT

Bai bdo trinh bay két qud nghién civu vé may tw dong lam sach di vt kich thuée micro trén
san phdam linh kién dién tir/ban dan sir dung trong phong sach dwa trén tiéu chudn class 10 va cdc
tiéu chudn san xudt ciia cong ty Samsung Electro-Mechanics Viét Nam. Dya vdo bai nghién ciru vé
dong khi théi siéu am ciing nhw san phdm ciia mede ngodi, nhém da ché tao, kiém thir thanh céng
ddu thoi siéu dm thong qua danh gia san pham thiee té; ciing nhw dwa vao kinh nghiém dé dé xudt

thiét ké phé quat dang may tw dong cho cdc g dung lam sach dang san pham phdng.

Tw khoa: Lam sach bc%ng khi thoi; Khi thoi siéu am; May tw dong lam sach; Lam sach di

vit kich thiede micro; Lam sach trong cong nghiép ban dan.
ABSTRACT

This paper presents research findings on an automated machine for removing micro-sized
foreign particles from electronic/semiconductor components used in cleanrooms, adhering to
Class 10 standards and production specifications of Samsung Electro-Mechanics Vietnam. Based
on studies of ultrasonic air jet flow and foreign products, the team successfully fabricated and
validated an ultrasonic air nozzle through actual product evaluation. Drawing from experience, we

propose a universal design for an automated machine applicable to cleaning flat-surface products.

Keywords: Airjet cleaning; Ultrasonic airjet; Automated cleaning machine; Micro-sized

particle removal; Semiconductor industry cleaning. &
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1. MO PAU

Trong nganh cong nghiép san xuat va
lép rap linh kién dién tir, ban dan hién nay, lam
sach nguyén vat liéu, linh kién trude khi lap
rap dong vai trd quan trong va khong thé thiéu
do kich thudc cc san pham ngay cang thu nho,
d6 chinh x4c yéu ciu ngay cang cao nén anh
huéng ciia byi 1én san pham 1a rat I6n. Mic du
tiéu chudn phong sach ngay nay c6 thé dat class
1 (1 hat > 0.5um / 1 £ - tiéu chuan Federal
Standard 209E niam 1992 [1] — tiéu chuan mic
du bi huy vao nam 2001 dé thay bang tiéu chuan
ISO 14644-1 [2], du vay van duoc cac cong ty
su dung dén tan ngay nay) nhung chi dam bao
duoc rang luong khong kh1 trong xu’(mg san
xudt dat chuan San pham van co thé nhlem bu1
tir cac ngudn phat sinh nhu tir co ciu may, tir
nguyén vat liéu, dac biét la tor nguoi thao tac.
Hinh 1 mo ta anh di vat kich thudc micro bam
1én san pham dugc phong to trén kinh hién vi
quang hoc (OM), kinh hién vi dién tir (SEM) va
may phan tich quang pho (FTIR) dé xac dinh
vat liéu duogc léy tr bao céo chét lugng hang
thang cia cong ty Samsung Electro-Mechanics
Viét Nam.

A T

Hnn-
E el U

= -
Hinh 1. Anh di vt kich thuéc micro bam lén
sdan pham

Viéc lam sach san pham 13 yéu cau bit
budc v&i nganh lap rap thiét bi dién tir ngay nay
dé giam thiéu 15i tinh ning san pham; két hop
v6i tu dong héa nham giam thiéu tac dong cia

con ngudi vao san pham, ciing nhu cit giam
nhan Iyc, qua d6 nang cao ning lyc san xuat
thong qua giam ty 18 16i do di vat va cat giam
chi phi nhan lyc.

1.1. Pdi twgng san phim

San pham & day 1a cic san pham nho
phang nhu sensor, kinh, bd loc. Trong nghién
clru ndy, chung toi 4p dung véi bo loc hong
ngoai trong camera cua di¢n thoai hoac 6 to.
Hinh 2 mo6 ta hinh anh di vat dinh trén b loc
hdng ngoai trong camera dugc 1ay tir bao céo
chat luong hang thang cua cong ty Samsung
Electro-Mechanics Viét Nam.

Hinh 2. Bo loc hé‘ng ngoai trong camera bi dinh
di vat

Céc san pham duoc dat trén khay dung
va dat trong cac hdp chura c6 ranh dugc goi la
“Gia dung” dé bao quan, day 1a thiét ké gia
dung khay san pham phd bién & cic cong ty
ban dan (Hinh 3).

Hinh 3. Hinh Gia dung
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1.2. Phuong phap giai quyét van dé vé dj vat
kich thuwéc nhé

Trong cong nghiép c¢6 nhiéu phwong
phap loai bé di vat kich thudc ¢& pm. Pho
bién nhét 13 bé chét 1ong st dung song siéu
am, hay dung phuong phap tuyét CO, hay N..
Phuong phap bé siéu am c6 sir dung nude DI -
Deionized Water (nudc loai bé hét cac khoang
chat va mudi ion hoa) kha 1a ré nhung khong
phai san pham nao ciing c¢6 thé sir dung nuéc
vi qué trinh sau do 1a sy nhiét v6i thoi gian
kéo dai tir 20~40 phut hay c¢6 thé lau hon tuy
vao d6 bay hoi cia nudc va nhiét do sdy. Hinh
4 md ta théng ké ty 1¢ cac loai di vat gay 16i
tr thang 11/2023 ~ 03/2024 trén bd loc héng
ngoai dugc lay tir bdo cdo chat luong hang
thang cia cong ty Samsung Electro-Mechanics
Viét Nam. C6 mot moi quan hé ty I¢ thuan gitra
nhiét do séy va toc do lam bay hoi nuée. Vi thé
dé sdy nhanh thi can nhiét do cao, diéu d6 anh
huong téi chat lwong san pham, con néu nhiét
d6 phu hop thi thoi gian say kéo dai, lam giam
nang suat va sirc canh tranh. Phuong phap thoi
bang bong tuyét CO,va N, rat hiéu qua trong
lam sach hat micro nhung qua dat do, chi phi
dau tu 16n cling lam giam sy canh tranh. Mot
phuong phap lam sach phd bién, don gian va ré
1a dung khi nén dé thoi. Phuong phéap nay dang
dugc st dung & SEMV nhung hi¢u suét chi dat
40~60%.

Vi thé, yéu cau dit ra sit dung phuong
phap lam sach bui hi€u qud, phu hop véi san
pham, va ché tao may tu dong dé ning cao
nang suat. Nghién clru nay dua ra mot thiét ké
t8i wu cho may tu dong, cling nhu két qua lam
sach ctia cum thdi khi siéu am tu ché tao.
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Hinh 4. Thong ké ty I¢ cdc loai di vit gay 16i trén
bo loc h(;ng ngogi

2. CONG NGHE LAM SACH HAT BUI
KICH THUOC pm

B6 phan quan trong nhat hay con goi 1a
ot 18i ctia may nay chinh 14 co cdu lam sach
san pham. Déi voi cac hat kich thude dudi 100
um thi luc tac dong 16n nhét giir hat dinh vao bé
mit c6 thé ké dén 1a luc Van der Waals (VDW),
luc tinh dién, luc mao dan, luyc can cta chit luu
[3]. Ap dung vao moi truong khong khi thi ta
chi quan tam t6i lyc Van der Waals va lyc tinh
dién. Véi luc tinh dién c6 thé dung phuong
phap thoi ion dé trung hoa bé mit, qua d6 xo4
bo luyc tinh dién. Nhung véi luc Val der Waals,
ta can luc thodi cua dong khi di manh dé co thé
tach dj vat ra khoi bé mat.

Ta c6 cong thuce lyc Val der Waals [4]:

A.d
= 1

Trong d6, A 13 hang s6 Hamaker — phu
thudc vao vat liéu hat va bé mit; d 1a kich thuée
hat (m) va x 1a khoang cach hat t&i bé mat (m).
x ¢6 khoang cach t6i thiéu 1a 0.4 nm [5].

Dua theo tai liéu [5], ta c6 gia tri hang

&
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s6 Hamaker cho mot sd vat liéu trén bé mat
Silic nhu trén Bang 1.

Badng 1. Gia tri Hamaker trong nuoc va khong khi

Moi . . .
trubmg ALO/SIO, | SiO/SIO, | PSLISIO,

Nude |1.6x102°J| 6.5x102'J | 1.0x102°J
Khong
khi

9.6x102J ] 63x10%] | 7.5x10%)J

Dé hat c6 thé tach khoi vé mat thi luc
can F P Fah -

F,=0.5pV’C,A )

Trong do: p la mat d6 khong khi (kg/m?);
V - Van tbe twong dbi (m/s); C,-H¢ sb can; A -
Dién tich mat cat ngang cua hat (tD?/4 cho hat
hinh cau) (m?).

Hé s6 can C , phu thudc vao h¢ $6 R,
v6i 0.5 <R_ <1000, ta co:

24
Ca = * (1 + 0.15R™) 3)
Trong do:
R =pVD/u (4)

B6 sung thém thong sé p (mu) 1a do
nhdt dong luc hoc cua chit long (kg/(mes)).
Theo tai liéu [6], thay vi chi sir dung khi thoi
thong thudng, ta c6 thé sir dung hé thong khi
thdi siéu am dé gitp lam sach hat bui kich
thudc micro higu qua. Hé thong cung cap dong
khi nén da qua cac b loc di qua cac ranh véi
tdc d6 can am dé tao ra dong khi tdc do cao va
song siéu am & khe dau ra dugc biéu dién nhur
trén Hinh 5 va Hinh 6. T nguyén 1y do, ta co
thiét ké dau thoi thanh pham nhu Hinh 5, trong
do khe thoat khi kich thudc 0.45mm.

S wnin

- —~ -
| |—
B ' = ol o =
1y -
Hinh 5. Hinh dang dau thoi trong nghién ciru
mmp [Méag khithis
g (oo khi it By

Kohe khi théi ra

Hinh 6. Hinh anh thiét ké dau théi

Ngoai théi thi co cdu c6 thém phan
khi hut, day 1a bd phan quan trong dé han ché
truong hop tai nhidm di vat sau khi thoi. Tién
hanh mé phong dong khi thdi du ra trén phan
mém Ansys Fluent 2024 R2 [7] dé xac dinh toc
dd khi tdc dong 1€n hat bui nhu trén Hinh 7.

Hinh 7. M6 phong dong khi théi vao bé mdt san
phdm & khodng cdch 2mm
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Xuét két qua mo phong, ta c6 mbi quan hé do cao bé mit va toc do dong chay nhu trén Bang 2.

Bdng 2. Téc dé dong khi sat bé mat

Y (um) 0.0 0.6 12 | 1.8

24 3.6 4.2 4.8 54 |10.2

Téc do khi

(m/s) 0.0 1.9 3.7 5.6

7.4 11.1 13.0 14.8 | 16.6 | 30.9

Tur cac cong thire (1), (2), (3), (4) va Bang
2, ta tinh duoc luc can va luc Van Der Waals tac
dong gid tri gan dung vao hat. Trong do, luc can
xét gi4 tri gan ding xem nhu toc do gi6 giam di
mot ntra néu théi vao tam hat (Hinh 8).

M —F ahd —F d

Wl P (RN N [ ———— 4
X il PN [ S . S———
i ]

1E <0l B

4 ‘L

4 & &a

{
{
G g BB J4 § A& @3 id 4 TH Li # R __..IJI'I'I

Hinh 8. D6 thi luc can va luc Van der Waals

cua hat

Dé hat tach ra khoi bé mat thi luc can
khi thoi cua hat phai 16n hon lyc Van der Waals.
Két qua mo phong va tinh toan dwogc biéu thi
qua hinh 8 — sy tuong quan cua lyc can (F)) va
lyc VDW (F ) dua Vé}o toc do gio va duong
kinh hat. Hinh 8 cho thay tir d§ cao 1um tr¢ 1én
thi Iyc can (F,) uén 16n hon lyc VDW nén dau
thoi ¢6 the loai bé duogc cac hat tir kich thudce
1um tro di, thoa méan bai toan dé ra.

3. THIET KE MAY TU PONG

Thiét ké phai dat duoc hai muc tiéu:

- C6 thé lay san pham tur Gia dung ra va
dua qua dau thoi si€u am, sau do dua vao Gia
dung dau ra;

- Tiéu chuén may ty dong cua cong ty
Samsung Dién-Co 1a 1 nguoi co thé van hanh
duoc 4 may;

- May c6 ty 1¢ lam sach dat 80%;

- May quan 1y dugc san pham trén hé
théng thong qua barcode.

3.1. Thiét ké cum co cdu day tray ra va vao
Gia dung

Mot Gia dung c6 thé chira 10 tray san
pham duoc xép vao vao ranh & mat trong ciia
Gia dyng. Cac ranh nay cach déu nhau véi
khoang cach 12 mm. Vi thé, phuong an 1a sir
dung h¢ truc vit me dé nang/ha Gia dung va
sir dung xi lanh dé ddy tray ra ngoai nhu trén
Hinh 9.

 LECarn iy

[EXE T X

thidh hadin sid 0 khayvdogid gy

iimg
(7 By

dimag

hang

{11 X1 kanh
day |
i () Cym g6 Cymmy nadireg
e -
(=) Lm nang chuven kiay by eldu ra

ha il wish

Hinh 9. Co cdu ddy tray, kéo tray qua cum thoi
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3.2. Phan tich hoat dong

Dé 1 nguoi c¢6 thé van hanh 4 méy thi
ching ta can phéi liét ké cac thao tac cua rnéy,
tir do tinh todn cr bao nhiéu thoi gian thi ngum
thao tac phai dua vao/ldy hang ra mot lan; rdi
dua ra thiét ké phu hop.

Mo phong va tinh thoi gian thao tdc nhu
trong Bang 3. Thoi gian lam sach v6i mét tray
san pham 1a 18 giay (Goi la Cycle time — C/T).
Tuy nhién, dé t6i wu hoat (dong, mot s thao tac
c6 thé xdy ra dong thoi dé san pham co thé qua
cum thdi lién tuc ma khong phai cho khay truge
do di ra hoan toan. Vi du: khi khay s6 1 chay
qua hét cum thoi, thi khay s 2 c6 thé vao bang
chuyén luén thay vi chd doi khay sb 1 hoan
thanh vao gia dung dau ra méi vao; do ca hai
khay da & vi tri an toan dé tranh rui ro va cham
hai khay. Tir 46, ta c6 so d6 mé phong hoat dong
bén dudi. Trong do, ky hi€u miii tén === thé
hién méi lién hé véi thao tac tudn tu trude do.

Bdng 3. Liét ké trinh tw thao tac lam sach khay ldy

ter gia dung
N Thoi gian
Hoat dong thao tzicg(giﬁy)

Cum (2) ha vi tri khay 1 0.5
Xi lanh (1) day 1

Xi lanh (1) lui 0.5
Cum (3) nang 1én d& khay 0.5
Cum (3) bat hut 0.5
Cum (4) thdi 55
Cum (3) kéo tray qua thoi 55
Cum (3) ngung hut 0.5
Cum (3) ha xubng 0.5
Cum (3) Iui vé 0.5
Cum (5) ha xubng 0.5
Cum (5) gat khay vao gia 1

Cum (5) 1én 0.5
Cum (5) lui vé 0.5
Tong 18

Biamg mii phéing thivi giaen {gify)

-8 gidv-
Chu ki lip lai

Hinh 10. Mé phong thao tdc tuan tw khi lam
sach khay

Vay cu 8 gidy thi may lai hoan thanh
lam sach mét khay dua vao gia dung (goi la
Tact time — T/T) (Hinh 10). Vay dé hoan thanh
lam sach mot gia dung chira 10 khay thi can 80
gidy (1.33 phut). Goi mdi lan thay gia dung &
dau vao hodc dau ra 1a mot lan thao tac. Vay,
v6i mbi 1an dwa vao mdy mot gia san pham thi
ctr 10 gidy, nguoi dirng may lai phai thao tac
mot 1an san pham.

Bang 4. Tinh toan thoi gian giita hai thao tdc cua

nhan vién

Thoi
gian < Chu ky | Chu ky
hoan Sot;l;ao thao thao
thanh A tac/l tac/4
A .. | (lan) . .
mot gia may may
dung (giay) | (giay)
(gidy)

May

dua

vao 1 80 2 40 10

Gia

dung

Theo Bang 4 thi thoi gian 10 gidy qua
ngan véi tiéu chuan dé ra 1a 40 gidy. Vi thé, véi
tiéu chuan giita hai 1an thao tac 1a 40 gidy thi
s6 thoi gian hoan thanh lam sach mot may can
14 360 giay, dong nghia voi lugng gia dung can
dua vao la 4 gia. Ngoai ra, khi chi dua vao mot
gi4 san pham thi may phai dirmg hoan toan khi
nhan vién thao téc dé dam béo an toan, diéu do
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lam giam san lwong. Vi thé, ngoai viéc ting sd
luong gia dua vao mdt 1an thi phai lam cho may
c6 thé chay khong dung dé tang san luong.

3.3. Thiét ké nang cao s6 lwong Gia dung

Cum dua hang vao va ldy hang ra c6
chung thiét ké. Gia dung hang s& duoc dit trén
bang tai dwa vao, c6 thé dit cung lic 4 cai. Sau
d6, cum nang ha s& kep 1y Gia va dua xudng vi
tri ddy tray vao vi tri thoi. Bang tai dugc truyén
dong bai dong co AC tich hop hop sb giam toc
ty s truyén 20. Thiét ké tong thé duoc mo ta
nhu trén Hinh 11.

Tay kep gia

Cum nédng
ha gid

(a) M6 hinh 3D

2 O thadi i B

. 2, Cum ||i:.I
hing vas HiHEd * hang ra

(b) Mt cdt 2D
Hinh 11. Cum dwa hang vao vadi so luong 4 Gid
dung cung luc

3.4. Cum ngan ngira bui roi vao san pham

D¢ bui khong roi vao san pham thi may
can c6 thém céc phan sau:

- Tao budng 4p luc duong: St dung
quat loc-thoi khong khi (FFU-Fan Filter Unit)
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tir tran xuéng dé luédn tao ap luc trong thiét bi
16n hon bén ngoai thiét bi, khién bui bén ngoai
khong xam nhdp dugc. Khi bén trong tran ra
ngoai theo cac ranh trén tdm che xung quanh
may (Hinh 12).

- San may phai duoc duc 16 dé khong
khi Iuu théng tir trén xubng (Hinh 13).

- Che chén khu vuc 1am sach voi cac
khu vuc khac. Do trong may c6 nhiéu co ciu
chuyén dong nén dé tao ra di vat do mai mon,
can phai ngan cach ving gia cong va cac ving
khéc dé tranh bi nhiém bui.

- Han ché nhiém di vat théng qua diéu
huéng dong chay san pham. Nguyén tic 1a cac
chuyén dong phai ndm du6i san pham dé tranh
bui roi vao san phdm. Ap dung nguyén tic ndy
thi & dau vao: cac gia dung khay phai ¢ hang
trén, sau khi dua hét khay vao diém thoi thi gia
dung di ra bén dudi; con & déu ra thi nguoc lai,
gia dung trong dé bén dudi, sau khi tiép nhan
hang da qua lam sach thi dugc day ra lén trén
nhu Hinh 14.

Hinh 12. Tao ap luc duong trong may nho FFU &
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Tam chilbin ngin

r..r- bein viao

Hinh 13. San mdy dwoc khoét 16 va tam chdn
ngan bui

Cum dies =am pham vao Cum dua =in pham ra

B oo AL cuidn Baag vl

Hinh 14. Chiéu di chuyén ciia gia dung khay hang

Ngoai ra, dya vao nguyén tic trén thi &
dau vao, thtr tu khay dugc léy ra s€ tir dudi 1én
trén; con & dau ra thi thir tu xép tray vao tir trén
xubng dudi.

3.5. H¢ théng diéu khién

He¢ thong diéu khién ctia may thoi dugc
str dung 12 thiét bi PLC dung Q series (Q03ude)
clia Mitsubishi dé diéu khién. Man hinh hién
thi str dung HMI Weitek ctia hang Mitsubishi.

4. THUC NGHIEM VA PANH GIA KET
QUA

4.1. Kiém chirng méi truomg danh gia

Pé co két qua chinh xac, loai bo céac
tac nhan tir moi trudng anh huong t6i két qua
thi can kiém ching méi truong dat chuan hay
khong. Quy trinh kiém chimg duoc thuc hién
theo cac budc sau:

Budce 1: Toc do gié dat 0.51m/s > tiéu
chuan 0.1m/s — Pat.

Bude 2: Khoéi di thang vao cac vi tri
khoét 16, khong bi quan, r6i — Dat.

Budc 3: Dong khi thoi ra chi co 1 hat
0.3um < tiéu chuan 10 hat 0.3um — Dat.

Két luan: Di diéu kién tién hanh danh
gia chat luong (Tiéu chudn 4p dung cho tap
doan Samsung DPién Co).

4.2. Phwong phap va két qua danh gia

C6 hai tiéu chuan va phuong phap danh
gia hiéu qua lam sach:

- Phuong phap danh gid qué trinh tao
mau: Tao mau san pham dinh di vét bang cach
ric hat silicat, tiép theo cho san phidm qua may
thoi bui, sau d6 tién hanh ngoai quan qua kinh
hién vi. Tiéu chuan ti 1¢ loai bé di vat 1a > 80%
(Bang 5).

Bdng 5. Két qua ddnh gid thong qua phwong phdp tw tao mau bang hat silica

Tiéu chuén Lin Pua vao | S6 hang dat | Ty 1¢ dat | Spec (%) | Panh gia
9 16 loai bé di vat ci 1 12 12 100%
y I¢ loai bo d1 vat cua 5 .
thiét bi théi bui siéu am 2 12 1 917% | =80% | Dat
SUM 24 23 95.8%

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 322, thang 11 nim 2024
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

Thong s6 ky thuat danh gid dya trén
tiéu chuan khuyén nghi ciia hang Shinko.

- Ap suét thoi dau vao 20 kPa;
- Cap d6 hut vao -9 kPa;
- Khoang céach théi 2mm.

- Phuong phép danh gia sé luong 16n
trén san pham thuc té. Dya trén pham thuc té
dé danh gia su hiéu qua la phuong phap phan
anh mang tinh thyc tién nhét. Ngoai ra, cling dé

thir nghiém va tim thong s6 thoi pht hop. Cac
san pham s€ dugc ngoai quan qua kinh hién vi
trude dé xac dinh vi tri di vat. Néu sau khi thdi
ma co6 di vat dinh ¢ vi tri khac c6 nghia 1a bi tai
nhiém.

Khio sat thong sé k¥ thuat: Danh gia
thir nghiém voi san phim model XX thang
07/2024 & cong ty Samsung Pién dugc mo ta
nhu trén Bang 6.

Bdng 6. Tim bé thong so kj thudt phit hop cho bé thoi

25-Thg7 26-Thg7 27-Thg7 28-Thg7 1-Thg8
Panh gia USC
Lotl | Lot2 | Lotl | Lot2 | Lotl | Lot2 | Lotl | Lot2 | Lot1 | Lot2
Input (ea) 2,880 | 1,080 | 2,880 | 2,160 | 2,160 | 2,160 | 2,160 | 2,520 | 1,440 | 1,440
OK (ea) 2,852 | 1,069 | 2,874 | 2,156 | 2,157 | 2,158 | 2,157 | 2,517 | 1,439 | 1,439
Khong loai bo (ea) 4 1 1 21 17 3 2 1 1
T4i nhiém (ea) 24 10 5 2 1 - 1 - -
PPM 9,722 | 10,185 | 2,083 | 1,852 | 10,648 | 8,333 | 1,389 | 1,190 | 694 | 694
Khoang cach
USCdenbe | 2 2 2 2 2 2 2 | 2
mat can lam
sach (mm)
Téc d6 khay
Thoéng | di qua USC 40 40 30 30 30 30 30 30 30
sO k§ (mm/s)
thuat
Murc khi hit
USC (1~7) 6 6 6 6 6 7 7 7 7
Ap luc khi
th6i USC 0.3 0.3 0.2 0.1 0.1 0.2 0.2 0.2 0.2
(Mpa)
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Tir dénh gia, ta dua ra duoc thong s6 didu kién san xuét 13 ap lyc thdi 0.2 Mpa, ap luc hit
muc 7 & bg hut ~-9 kPa, toc d khay di qua vung théi 30mm/s. So sanh véi san pham chua qua may

thoi nhu trén Bang 7.

Bang 7. So sanh chat lwong san pham khong thoi siéu dm va co thoi siéu dm

Normal ~Lot test Spec (%) Danh gia
(chwa qua USC) (da qua USC) OK/NG
Ngay lay két qua 20—28/07/2024 01/08/2028
DPua vao (ea) 164,635 1439
NG (ea) 1852 1 >50% OK
Ti 1& (ppm) 11,249 694
Ti 1é cai tién dugc (%) =[(11249-694)/2515]*100 = 93.8%
Panh gia dwa vao 16i tinh ning & cong Tai liéu tham khéao:
doan sau cua san pham. Két qua danh gia ty 18
[1]. FEDERAL STANDARD 209E, “Airborne

cai thién t6i 93.8% so véi san pham chua qua
may thoi bui.

5. KET LUAN

Nghién ctru da dua ra dugc mot thiét ké
hiéu qua cho dau thdi siéu 4m ciing nhu co cau
méy ty dong lam sach san pham dang phang,
kich thuée hop ly. Nghién ctru da dugc tGng
dung vao san xuit trong cong nghiép va mang
lai hiéu qua cao, giam chi phi so v&1 mua san
pham cuia nudc ngoai.

Hién nay, khi san xuét véi mot sd san
phém, thi ty 1€ lam sach c6 su sut giam. Hudng
di tiép theo cuia d¢ tai 1a nghién ciru su véi vat
liéu bam dinh dé dua ra dau thoi hiéu qua hon,
hoic tao bd thdi c6 thé thay doi duoc tan sd lién
tuc trong qua trinh 1am sach dé phu hop véi tan
) cong huong cia di vat nho. <

Ngay nhan bai: 06/9/2024
Ngay phan bién: 24/10/2024
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NGHIEN CUO’U ANH HUONG CUA GOC BAU BIEN CY’C TOI
TINH CHAT CUA HO QUANG KHI HAN LIEN KET GIAP MOI
SUS 304-Ti BANG CONG NGHE GTAW

RESEARCH ON THE INFLUENCE OF ELECTRODE TIP ANGLE ON ARC
PROPERTIES WHEN WELDING SUS 304-Ti BUTT JOINTS USING GTAW
TECHNOLOGY

Pham Nhit Phwong!, Ping Vin Hai?, Pinh Lé Cao K32, V6 Tuyén?, Trinh Tién The?
1Cong ty TNHH San xuat Thuong mai va Dich vu Viét Phong, TP. Ho6 Chi Minh
2Khoa Co khi, Truong Dai hoc Cong Thuong TP. Ho Chi Minh

TOM TAT

Han hé quang vonfram khi (Gas Tungsten Arc Welding — GTAW) la mét qud trinh rdt linh
hoat, quad trinh nay co thé dwoc sir dung dé han kim loai va nhiéu loai kim loai khac nhau. Day
la mét qud trinh han ¢ moi vi tri. Trong bai bdo nay, cdc méi han gidp moi SUS 304 va titan (Ti)
bang céng nghé han GTAW dwoc dé cdp. Phiong phdp mé phong dwoc thiee hién nham muc dich
xdc dinh sw dnh hiong cia géc con dau dién cuc vofram khong tiéu hao t6i cdc tinh chdt cia ho
quang han la nhi¢t do cyc dai, T, (°C); vin téc doc truc cuc dai, u (m/s); chénh léch di¢n the,
A (V); va chénh léch ap sudt cwc dwong, APa (Pa). Két qua mé phong da chi ra rang: (1) Nhiét d¢
ho quang cao nhdt xdy ra doi véi cdc goc dau dién cuc trong khodng tir 30° dén 60° va dat gid tri
cwee dai & gée 60°; (2) Vin téc doc truc 16m nhdt khi géc dau dién ciee trong khodng 20° dén 60°. Khi
chiéu dai hé quang tang, van t6c doc truc giam; (3) Chénh léch dién thé tang nhanh khi goc dau
dién cuc ting trong khoang tir 9° dén 60° va dat cuc dai & géc 60°. Chénh léch dién thé 1om nhat xdy
ra khi chiéu dai hé quang la 10 mm; (4) Chénh léch dp sudt cuc dwong tang nhanh khi géc dau dién
cue trong khodang 9° dén 20° va dat gid tri cuee dai trong khodng 20° dén 30°. Khi tang chiéu dai ho
quang, chénh léch dp sudt ciee dwong giam.

Tir khoa: M6 phong; GTAW/TIG; Han gidp méi; Chiéu dai ho quang; Dong dién han; Géc
dau dién cuec.

ABSTRACT

Gas Tungsten Arc Welding (GTAW) is a very versatile process that can be used to weld
metals and many different types of metals. This is an all-position welding process. In this article, butt
welds of SUS 304 and titanium (Ti) using GTAW welding technology are mentioned. The simulation
method was performed to determine the influence of the non-consumable tungsten electrode tip
taper angle on the properties of the welding arc, which is the maximum temperature, T (°C);
maximum axial velocity, u__(m/s), potential difference, Ad (V) and anode pressure difference, APa
(Pa)... Simulation results have shown that: (1) The highest arc temperature occurs for electrode &
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tip angles in the range from 30° to 60° and reaches the maximum value at the 60° angle; (2) Axial
velocity is greatest when the electrode tip angle is between 20° and 60°. As the arc length increases,
the axial velocity decreases, (3) The potential difference increases rapidly as the electrode tip angle
increases between 9° and 60° and reaches its maximum at the 60° angle. The largest potential
difference occurs when the arc length is 10 mm; (4) The anode pressure difference increases rapidly
when the electrode tip angle is between 9° and 20° and reaches a maximum value between 20° and
30°. As the arc length increases, the anode pressure difference decreases.

Keywords: Simulation; GTAW/TIG; Butt welding,; Arc length; Welding current; Electrode

tip angle.

1. GIOI THIEU

Hién nay, xu hudng lam giam trong
luong cua cac thiét bi dugc st dung trong cac
nganh coéng nghiép nhung van dam bao do bén,
an toan va tinh thAm my tr& nén rat cip bach
nham cac muc dich hd tro kha ning van hanh
va sir dung, giam thiéu chi phi ché tao va ting
do bén cua thiét bi, v.v. Trong do, viéc nghién
ctru ché tao khung, vo, chi tiét may, voi su lién
két gitra hai hay nhiéu vat liéu khac nhau ngay
cang duoc mo rong [1]. Pong hanh cing véi
nhiing thay d6i vé& nhu ciu sir dung, cac vat
liéu nhe nhu nhém va magie, cong nghé ché
tao cling doi héi phéi c6 nhiing nghién cuu
phat trién thoa dang dé dap ung duogc cac yéu
cdu moi cia qua trmh san xuét. Trong d6, cong
nghé han ciing phai can duoc dau tu nghién ctru
dé c6 thé ché tao duoc cac két ciu nhe tir cac
vat liéu ké trén nham dap ung nhu cAu cua cac
nganh cong nghiép. Tuy nhién, viéc thay thé
két cau hoan toan bang vat liéu nhe d6i khi lai
khong dap tng cac yéu cau sir dung do do bén
chiu tai cua vat liéu nhe thuong khong cao. Do
vay ma ngudi ta chi tip trung thay thé vat liéu
nhe cho nhirng két cau hay bo phan khong chiu
luc hodc chiu luc nho, con véi cac két cau chiu
luc 16m, chiu lyc chi yéu thi van phai sir dung
thép hoac hop kim c6 do bén cao [1,2].

Tu day, mot yéu cau méi duogce dat ra la

phai nghién ctru cac giai phap ki thuat dé co thé
han hai loai vét liéu khéc nhau véi nhau. Cu thé
1a thay thé mdi ndi hoan toan tir vat liéu titan
(Ti) bang viéc han lién két Ti véi thép khong
gi 304 (SUS 304) & dang mbi han giap mbi va
han chir T bang cong nghé han GTAW 1a mot
van dé méi duoc dat ra, can duge nghién clru
va giai quyét.

Trong linh vuc ché tao, co nhiing tai
lidu dé cap vé cong nghé han GTAW, trong d6
chu yéu giéi thiéu vé cong nghé han, ché do
han, pham vi ing dung va vat li¢u lién két han.
Tuy nhién, viéc lién két han GTAW hau nhu chi
dé cap ¢ nhiing vt liéu giéng nhau [2, 3]. Viéc
nghién clru phuong phép han hai vat liéu khac
chung loai [4] cho thay, nghlen ctru da tlen
hanh han nhom véi thép bang niang lugng nd
0 quy mo phong thi nghi¢ém va da dugc nhiing
tién bd vé chit luong mdi ghép, phuong phap
han nd. Gan day, hang Honda (Viét Nam) ciing
da nghién ctru thanh cong cong ngh¢ han nhom
vé6i thép [5] tng dung trong nganh ché tao xe
6 to bang mot bién thé ctia han ma sat khudy
1a mot dang cua han trang théi ran, chir khong
phai bang ning luong ciia hd quang dién.

Vén dé han SUS 304 véi Ti, nghién ctru
[6] dd dé xuét dung 16p niken (Ni) tao 16p phu
cho SUS 304 (cong ngh¢ ma kim loai) trong
qua trinh han SUS 304-Ti bang phuong phap
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han ma sat va két qua mdi ghép thyc hién thanh
cong voi phuong phap nay (Hinh 1).

Ni lntcrlaj!'er

200 um

Hinh 1. Hinh anh phéng to lién két han SUS304-Ti
vai lop phu niken [6].

Trong nghién ciru danh gia vé phuong
phap han thép vdi titan bang cong nghé han
GTAW véi vat liéu trung gian 1a 16p vanadi [7]
da thu duoc két qua mong doi, mbi ghép thanh
cong va vuot qua cac thir nghiém co hoc vat
lidu. Cac mdi ndi gidp mdi Ni-Ti trén cic tam
day 1,5 mm duogc ché tao bang phuong phap
han GTAW [8], két qua cac mdi han da dat
dugc thanh cong ma khong c6 khuyét tat vi mo,
chang han nhu 15 hoi va bién dang. Dé tim cac
thong s6 toi uu cla qua trinh han GTAW nhu
dong dién, tdc do han va téc do dong khi dé cai
thién chat lwong mdi han, viéc str dung phuong
phap Taguchi da dugc d& cap [9]. Két qua cho
thdy rang, dong dién dau vao va toc do han la
nhiing thong s6 quan trong nhat.

Qua mdt sb nghién ctru trong thoi gian
gan day cho thay, céc tac gia da nghién ctru lién
két hai vat liéu khac ching loai bang phuong
phap han nd, hodc han ma sat, hodc cong nghé
ma kim loai, hoac béng cong ngh¢ han GTAW
dbi voi vat lidu trung gian 1a 16p vanadi (Va).
Tuy nhién, viéc lién két han vat liéu thép khong
gi SUS 304 véi Ti bang cong nghé han GTAW
chua thdy nghién ctru nao dé cap. Do d6, nhu
cau vé cac k¥ thuat han dé ndi cac kim loai nay
ma khong anh huong dén tinh chit cta ching
tré nén vo cung quan trong dé mé rong tinh
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phurc tap cua cac ung dung. Vi vay, viéc nghién
cuu, thuc nghiém xac dinh thong sb cua qua
trinh han lién két giap mdi va chix T gitra SUS
304-Ti bang cong nghé han GTAW la mot dé
tai twong dbi rong. Trong bai bao nay, nhimng
nghién ctru ban dau vé moé phong anh hudng
cua goc con dau dién cuc tGi céc tinh chat cua
hd quang khi han lién két giap mdi SUS 304-Ti
bang cong nghé hain GTAW sé& duoc trinh bay.

2. MO TA QUA TRINH GTAW
2.1. Cong nghé¢ GTAW

Han ho quang vonfram khi (Gas
Tungsten Arc Welding — GTAW) hay han khi
tro vonfram (Tungsten Inert Gas — TIG) la
mot qua trinh han hd quang sir dung dién cuc
vonfram khong tiéu hao va khi tro dé bao vé ho
quang [10]. GTAW co6 thé duoc thuc hién co
hodc khong c6 kim loai phu. Hinh 2 minh hoa
truong hop co kim loai phu. Khi st dung kim
loai phy, kim loai ndy dugc thém vao bé han tir
mot thanh hodc day riéng biét, bi nong chay boi
strc néng cia hd quang chir khong duoc truyén
qua hd quang nhu trong qua trinh han hd quang
dién cuc tiéu hao. Vonfram la vat liéu dién cuc
t6t do co diém nong chay cao 3410°C. Céc loai
khi bao vé dién hinh bao gdm argon, heli hodc
hdn hop ciia cac nguyén t6 khi nay [10, 11].

Day dandién
Hudng di chuyén
Khi bdo
V& vao
Voi phun khi

Dién cycvonfram
khong tiéu hao

_—Khibiové

Dén hudng S == Eguene

que han

HB quang Thanh d& bang dong

Hinh 2. Han ho quang vonfram khi (GTAW) [12]. &
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Qua trinh han GTAW rit linh hoat. Qua
trinh nay c6 thé duoc str dung dé han kim loai
va nhiéu loai kim loai khac nhau. bay 1a mot
qua trinh han & moi vi tri. Qua trinh nay duoc
phat trién cho cac kim loai “kho han” va co thé
dugc sir dung dé han nhiéu loai kim loai khac
nhau hon bat ky qué trinh han hd quang nio
khac. Cac (mg dung phd bién nhat 13 han nhom
va thép khong gi. Trong cac ing dung han thép,
GTAW thuong cham hon va tén kém hon so
v6i qué trinh han hd quang dung dién cuc tiéu
hao, ngoai trir khi cac tiét dién mong va yéu cau
méi han chat luong rit cao. Khi cac tAim mong
dugc han GTAW véi dung sai gan, kim loai phu
thu’(‘)‘ng khong dugc thém vao. Qua trinh nay co
thé dugc thuc hién thu cong hodc bang may Va
phu:ong phap tr dong cho tit ca cac loai mdi
nbi. Uu diém cua GTAW trong cac ung dung
ma nd phi hop bao gébm cac mdi han chat
luong cao, khong ban toe moi han vi khong cd
kim loai phu dugc truyén qua hd quang va it
hodc khong can lam sach mdi han vi khong st
dung chét trg dung [10, 12].

2.2. Thong s6 qua trinh

Céc thong sd ctia qua trinh han kiém
so4t qua trinh han va chat lugng ciia mbi han
duoc tao ra. Vi¢c lya chon cac thong s6 han
duoc thuc hién sau khi kim loai co ban, kim
loai phy va thiét k& mdi ndi duoc chon. Viéc
lwa chon ding céc thong sd han s& gitp cho
viéc han trd nén dé dang hon, ting co hoi tao
ra cac dic tinh mdi han can thiét. Ba loai thong
s6 han chinh la thong s6 ¢b dinh (dugc chon
trude), thong sd diéu chinh chinh va phuy [12].

« Thong s6 ¢b dinh: Vi han GTAW, cac
thong s6 ¢ dinh bao gém loai, kich thudc va
dd con cua dién cuc cling nhu loai dong di¢n
han va khi bao vé.

« Thong s6 chinh bao gdm: Dong dién
han, toc d§ di chuyén va chi¢u dai hd quang
(dién &p han).

* Thong s6 phu gom: Goc dau cua dién
cuc va phan nho ra (mé rong) cua dién cuc.

Trong bai bao nay s€ nghién ctiu anh
hudng cua goc dau dién cyc téi cac tinh chit
ciia hd quang khi han lién két giap mdi SUS
304-Ti.

Trong han GTAW, c6 bon tinh chit cta
ho quang 1a [15]:

* Nhiét d6 cuc dai, T__ (°C);

* Van tdc doc truc cuc dai, u_(m/s);

« Chénh léch dién thé, Ap(V);
« Chénh léch 4p suit cuc duong, APa (Pa).

Trong han GTAW, vonfram va cac hop
kim khéc nhau ctia n6 duogc st dung lam dién
cuc. Cac di¢n cuc vonfram khong bi ti€u hao
néu qua trinh duge sir dung dung cach vi chung
khong bi nong chay hodc chuyén sang mbi han.
Chure nang cua dién cyc vonfram dong vai tro
la mét trong nhiing cuc dién cua hd quang,
cung cap nhiét can thiét cho mdi han. Piém
noéng chay cua no 1a 3410°C.

Goc con dién cuc la goc duge mai ¢
dau dién cyc vonfram (Hinh 3). Thong sé nay
chi 4p dung cho dién cuc vonfram thorated.
Chung duoc mai dau dé thay doi hd quang. Co
thé mai nhon céac dién cuc vonfram thorated vi
kha nang mang dong dién cao hon cua ching.
Mirc d6 con ciing anh hudng dén hinh dang
duong han va d6 ngau. Viée ting goc con cd xu
huéng 1am giam chiéu rong duong han va ting
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dd ngau cua moi han. Do d6, cau hinh dau di¢n
cuc 1a mdt thong s6 can nghién ctru trong vi¢e
phat trién qua trinh han.

I
_—_'_'--_ "l
fi!I:ﬂ.lTl:l'I'E
—y 1
—

Hinh 3. Goc con dién cuc [12].

Trong san xuit, cic cAu hinh dau dién
cuc khac nhau dugc sir dung dé cai thién hiéu
suat han. Hinh dang cua dau dién cuc co thé anh
huong dang ké dén hinh dang va kich thudc cua
bé han [13] nhu trén Hinh 4.

Vertex angle

30°

120°
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Hinh 4. Anh huong cua hinh dang dau dién cuc
dén hinh dang va kich thuéc bé han [13].

Anh hudng cia hinh dang dién cuc dén
tinh chat hd quang da dugc nghién ctu [14].
Ho phat hién ra rﬁng, dién cuc hinh nén khi so
sanh véi dién cuc dau phang gay ra van tc doc
truc cao hon & dudng tim cua hd quang va do
d6 tao ra dong chay dang ké gan bé mit anode
va ap suat cao hon ¢ bé mit anode. Ho ciing chi
ra rang cdu hinh cta dién cuc da thay doi dudng
di cua electron xung quanh cathode.
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2.3. Lura chon thong so qua trinh

Céc thong sd cua quéd trinh han kiém
so4t qué trinh han va chat luong ciia mdi han
dugc tao ra. Viéc lya chon céc thong s6 han
duoc thuc hién sau khi kim loai co ban, kim
loai phy va thiét ké mdi ndi duoc chon. Viée
lya chon ding cac théng sb han s& giup cho
viéc han tré nén dé dang hon, tdng co hdi tao ra
céc dic tinh mdi han can thiét.

Trong nghién ctru nay, anh hudng cua
thong sb goc dau dién cuc t6i cac tinh chit cua
hd quang s& dugc trinh bay. Tur d6 1am co so
xéc dinh gi tri toi vu va dé mai dau dién cuc
nham tao ra hd quang tot hon va 6n dinh hon.
Do d6, cau hinh dau dién cuc 13 mot thong sb
can nghién ctru trong qua trinh phat trién quy
trinh han GTAW.

3. KET QUA VA THAO LUAN

M5 hinh GTAW cho argon nguyén chat
dugc mo phong cho nhiéu gdc dau dién cuec.
Géc cua dau dién cuc thay doi tir 9° dén 150°.
Ngoai ra, céc tinh toan dugc thuc hién voi chiéu
dai hd quang 2,0; 5,0 va 10,0 mm va voi dong
dién han 1a 200 A. Két qua tinh toan cho cac
tinh chit ctia hd quang dbi véi cac truong hop
khac nhau dugc dua ra trong Bang 1.

Véi cac gia tri co duge tir Bang 1, ¢6 thé
mod phong vé su thay d6i ciia goc dau dién cuc
v6i mirc dong dién han 1a 200 A, chiéu dai hd
quang ting dan tir gia tri 2,0 mm dén 10,0 mm.
Béang 1 chira rﬁng nhi¢t d§ cuc dai xdy ra & goc
dau dién cuc khoang 60° ddi voi cac dong dién
han va chiéu dai ho quang khac nhau. Diéu nay
duoc thé hién trong Hinh 5.
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Bdng 1. Nhiét @6 ho quang T ' ("C) cua cac dong dién han, chiéu dai hé quang
va goc dau dién cue khdc nhau [15].

Chiéu

Géc dau dién cye (dd)

dai ho | Théng sb
quang | ho quang | 9,18 | 14,36 | 20,74 | 28,36
(mm)

37,33 | 47,78 | 60,00 | 72,77 | 100,06 | 131,41 | 150,00

T 15490 | 17000 | 18480 | 19580

20360 | 20820 | 21240 | 20640 | 18680 | 17670 | 17410

- u_ | 261,01 301,7 | 3398 | 362,6

370,5 | 364,4 | 356,7 | 304,1 | 191,0 | 127,6 | 98,05

Ad 7,063 | 8,175 | 9,053 | 9,666

10,08 | 10,32 | 10,59 | 10,35 | 9,825 | 9,747 | 10,02

APa 1447 | 1529 | 1596 | 1607

1569 | 1487 | 1397 | 1170 | 748,4 | 583,6 | 5153

15610 | 17040 | 18400 | 19430

max

20180 | 20680 | 21070 | 20640 | 18840 | 17660 | 17150

<0 u_ | 3548|3873 | 407,2 | 4153

414,2 | 405,9 | 391,9 | 353,3 | 263,1 | 216,8 | 190,9

Ad 9,072 | 10,16 | 11,02 | 11,64

12,07 | 12,37 | 12,68 | 12,55 | 12,16 | 12,12 | 12,34

APa 1390 | 1496 | 1534 | 1519

1466 | 1387 | 1278 | 1102 | 741,8 | 593,7 | 5144

T 15590 | 17020 | 18390 | 19410

20110 | 20640 | 21060 | 20450 | 18780 | 17580 | 17170

u 354,8 | 387,0 | 406,7 | 413,8
10’0 max

410,1 | 402,8 | 389,9 | 343,4 | 261,5 | 216,9 | 193,6

Ad 11,52 | 12,64 | 13,52 | 14,15

14,58 | 14,91 | 15,25 | 15,05 | 14,74 | 14,73 | 14,99

APa 952,2 | 1039 | 1079 | 1078

1035 | 989,6 | 902,1 | 749,8 | 522,9 | 4273 | 371,5

Anh huong cua goc dau dien cuc |u|me (1=200A)
BWO—T— T T T T T | T T T

22000}~ +

(o)

20500

max

19000,
17500 f—-----

16000

Nhiet do cuc dai, T

14500

L IR T T R
[+] 10 20 30 40 50 €0 70 80 90 100 110 120 130 140 150
Goc dau dien cuc, & )

13000 L0

Hinh 5. Anh huong cua goc dau dién cuc t6i nhiét
do cucdai T, voicac chiéu dai ho quang L
khac nhau.

arc

Hinh 5 cho thiy, nhiét d6 ho quang ting
nhanh gan nhu tuyén tinh khi goc dau dién cuc
tang trong khoang tir 9° dén 60° va dat cuc dai ¢
goc 60°, sau d6 khi goc dau dién cuc ting trong
khoang tir 60° dén 150°, nhiét d6 hd quang
giam dan ciing gan nhu tuyén tinh. Khong co
su khac biét vé nhiét do ho quang khi chiéu dai
hd quang thay ddi & cac mure 2,0 mm; 5,0 mm
va 10 mm.

Anh huong cua goc dau dien cuc toi U e

L)

Wan toc doc truc cuc dai U
m.

) SN IR N NN TN SN SN S SN TR S B
0 10 20 30 40 50 60 0 8 9% 100 110 120 130 140 150
Goc dau dien cuc, o ()

Hinh 6. Anh huong cua goc dau dién cyc toi van
toc doc truc cyc dai U, vdi cac chiéu dai ho
quang L _khac nhau.

Qua Bang 1 va Hinh 6 cho thay, van toc
doc truc tang nhanh khi géc dau dién cuc tang
trong khoang tir 9° dén 20°. V&i chiéu dai ho
quang L =2 mm, van tdc doc truc dat gia tri
cuc dai khi goc dau dién cyc 1a 28° va vai chiéu
dai hd quang L =5 mm va 10mm, van tdc doc
truc dat gia tri cuc dai khi goc dau dién cuc 1a
37°. Trong khoang 20° dén 60°, van téc doc truc
khong co6 su bién thién nhiéu. Sau dé, khi goc
dau dién cyc tang trong khoang tir 60° dén 150°,
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van tde doc truc giam dan gﬁn nhu tuyén tinh.
Khi chiéu dai ho quang tang tir mirc 2,0 mm dén
10 mm, vén toc doc truc giam. Khi chiéu dai ho
quang tang tir 2,0 mm t¢1 5 mm, van tde doc truc
c6 sy thay doi tang 16 rang; con khi chidu dai ho
quang thay ddi ¢ cac muac 5,0 mm va 10 mm,
khong c6 su khac biét vé van tdc doc truc.

Anh huong cua goc dau dien cuc toi Ap
T

16, T T T T T T T T T T T

Chenh lech dien the, A (V)

i[—e—=t, =20mm

; —=—L_ =50mm

)| —— L"_= 10,0 mm

| N N T T N N N N N | e
0 10 20 3 40 50 6 70 80 9 100 110 120 130 140 150
Goc dau diencuc, o.(°)

Hinh 7. Anh huéng cia géc dau dién cuc téi chénh
léch dién the A¢ vdi cdac chiéu dai ho quang L,
khac nhau

Hinh 7 cho thdy, chénh léch dién thé
tang nhanh gan nhu tuyén tinh khi goc dau dién
cuc tang trong khoang tir 9° dén 60° va dat cuc
dai & goc 60°. Sau d6, khi goc dau dién cuc
tang trong khoang tir 60° dén 150°, chénh léch
dién thé giam khong dang ké. Khi chiéu dai hd
quang ting tr mirc 2,0 mm dén 10 mm, chénh
léch dién thé cling tang theo. Db thi thé hién 15
chénh 1éch dién thé 16n nhat xay ra khi chiéu
dai h6 quang 1a 10 mm.

Anh huong cua goc dau dien cuc toi APa
T T T T T T T T

§

8

1200

8

Chenh lech ap suat anode, APa (Pa)
"

g

T N N S T S S N S
0 10 20 30 40 S0 60 70 80 90 100 110 120 130 140 150
Goc dau dien cu, (%)

8

Hinh 8. Anh huéng ciia géc dau dién cuc téi chénh
léch ap suat cuc dwong APa voi cac chiéu dai ho
quang L _khac nhau.
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Hinh 8 thé hién su thay ddi chénh léch
ap suit cuc duong vé6i cac chiéu dai hd quang
khac nhau. Trong do thi ndy, su khac biét giita
gia tri mo phong cac chénh léch ap suat cuc
duong khéac nhau la kha ro rét, chénh I¢ch ap
sudt cuc duong ting dan cung véi sy ting cia
chiéu dai hd quang. Do thi ciing cho thay chénh
léch ap sudt cuc duong ting nhanh khi goc dau
dién cyc trong khoang 9° dén 20° va dat gia tri
cuc dai trong khoang 20° dén 30°. Sau do, khi
goc dau dién cyc ting trong khoang tir 60° dén
150°, chénh léch ap suét cuc duong giam gan
nhu tuyén tinh. Khi chiéu dai hd quang ting
tr mtrc 2,0 mm dén 10 mm, chénh léch ap Suat
cuc duong giam. Khi chiéu dai ho quang ting
tor 2,0 mm t61 5 mm, chénh Iéch ap suét cuc
duong co6 sy thay doi giam rd rang; con khi
chiéu dai hd quang thay doi ¢ cac murc 2,0 mm
va 5 mm, khong c6 sy khac biét vé chénh léch
ap suat cuc duong.

4. KET LUAN

Hinh dang cuta dau dién cuc vonfram
la mot thong s6 quan trong trong qué trinh
han GTAW. Dién cuc vonfram c6 thé duoc su
dung véi nhiéu ché pham dau dién cuc khac
nhau. Viéc ting goc dau dién cuc dan dén co lai
duong kinh hd quang. Do d6, mat do dong dién
anode va dong nhi¢t do céc electron sinh ra tang
theo goc dau dién cuc. Mat khac, viéc giam goc
dau dién cuc lam tang van tdc khi va do do gop
phan d6i luu vao dong nhiét anode. Mirc d6 con
cling anh huéng dén hinh dang duong han va
d6 nghu. Viéc ting goc con c6 xu hudng 1am
giam chiéu rong duong han va ting d6 ngau
ciia mbi han. Qua nghién ctru md phong anh
huong cua goc dau dién cuc t6i nhiét d6 cuc
dai ctia hd quang khi han lién két giap mdi SUS
304-Ti bang cong nghé han GTAW c6 thé rut ra
cac két luan nhu sau:
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« Nhiét d6 hd quang cao nhat xay ra ddi
v6i cac goc dau dién cuc trong khoang tir 30°
dén 60°va dat gia tri cuc dai & goc 60°. Khong
c6 sy khac biét vé nhiét do hd quang khi chiéu
dai hd quang thay doi ¢ cac mirc L . =2,0 mm;
L =50mmval_=10mm.

« Van tdc doc truc 16n nhat khi gbc dau
dién cuc trong khoang 20° dén 60°. Khi chiéu
dai hd quang tang, van tdc doc truc giam. Co su
khéc biét vé van tdc doc truc khi chidu dai hd
quang tang 5,0 mm va 10 mm.

« Chénh léch dién thé ting nhanh khi
goc dau dién cuc ting trong khoang tir 9° dén
60° va dat cuc dai & goc 60°. Véi goc dau dién
cuc ting trong khoang tir 60° dén 150°, chénh
léch dién thé giam khong dang ké. Chénh 1éch
dién thé 1on nhét xay ra khi chiéu dai ho quang
la 10 mm.

« Chénh léch ap suit cyc dwong ting
nhanh khi goc dau dién cuc trong khoang 9°dén
20° va dat gia tri cyc dai trong khoang 20° dén
30°. Khi tang chiéu dai ho quang, chénh léch ap
suat cuc duong giam. Khi chiéu dai hd quang
tang tor 2,0 mm tdi 5 mm, chénh Iéch ap sut
cuc duong cé sy thay do6i giam rd rang.

Tir nhitng nhan xét trén cho thiy, goc
con dau dién cuc trong khoang 20° dén 60° s&
cho cac gia tri cua thong sﬁ ho quang (Tmax:
U_ . Ad va APa) }é cao nhat. Bﬁ}{ la co so dé
lga chon gia tri to1 vu cua géc dau dién cuc.
Trong thuc té, nhuoc diém cua gdc con nhé hon
la chung c6 xu huéng mon nhanh hon, dac biét
khi bat dau khi dau dién cyc cham vao vat han.
Dé giam hién twong mon va sb 1an can mai lai
dién cuc, nén st dung géc con 16n hon vi nod
khong bi mon nhanh. Tuy nhién, bt ké hinh
dang dau dién cyc duoc chon 13 gi, diéu quan
trong 1a hinh dang dién cuc van giit nguyén sau

khi quy trinh han dugc thiét 1ap. Nhitng thay
ddi vé hinh dang di¢én cuc co thé anh hudng
dang ké dén tinh chat ho quang, d6 ngau ciing
nhu kich thuéc va hinh dang ciia méi han; do
d6, cau hinh dau dién cuc 1a mot thong sd can
dugc nghién ctru thém trong qua trinh phat trién
quy trinh han.

Viéc xac dinh gia trj t6i wu ctia goc dau
dién cuc s& c6 duoc sau khi tim hiéu thém vé
anh hudng cta né téi cac tinh chat khac cia
hd quang véi cac dong dién han khac nhau. Do
cling chinh Ia nhirng ndi dung sé& dugc nghién
ctru tiép theo. <

Ngay nhan bai: 15/6/2024
Ngay phan bién: 10/7/2024

Tai liéu tham khao:

[1]. Ngbé Lé Thong, “Cong nghé han dién nong
chay — tgp I”. NXB. Khoa hoc va Ky thuit,
Ha No¢i, 2007.

[2]. Vi Binh Toai, “Cdc qua trinh han dac biét”.
Pai hoc Bach khoa Ha Noi, Ha N6i, 2010.

[3]. Nguyén Vin Thong (2005), “Céng nghé han
thép va hop kim kho han”. NXB. Khoa hoc va
K¥ thuat, Ha Noi, 2005.

[4]. Lwong Vin Tién, “Nghién citu cong nghé ché
tao vt liéu t6 hop — thép hop kim ding trong
Céong nghiép dong tau thiy”. Luan an Tién si
Cong nghé tao hinh vat li€u, Vién Nghién ciru
Co khi — Bo Cong Thuong, Ha N6i, 2012.

[5]. Ngo6 Kién Duong (2012), “Gido trinh han TIG
co ban”. Truong Cao ding nghé Cong nghiép
Ha No¢i, Ha No6i, 2012.

[6]. CH. Muralimohan, V. Muthupandi, K.
Sivaprasad, “Properties of friction welding
titanium — stainless steel joints with a nickel
interlayer”. International Conference on
Advances in Manufacturing and Materials
Engineering, AMME, 2014.

[7]. K. Szymlek, “Review of Titanium and steel
welding methods”. Corrosion and Richard L
Little, “Welding and Welding Technology”,

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 322, thang 11 nim 2024
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

Mc Graw-Hill Publishing Company Limited,
New Delhi, 2000.

[8]. David José Pintao dos Santos Fontes Barbosa,
“Gas Tungsten Arc Welding of Ni-Ti shape
memory alloy”, Universidadety de Lisbon,
2014,

[9]. Shinde Prasanna Tukaram, Patil Digambar
Mohan, Padwal Chakradhar Vijay, Padawal
Shreyas Shrikant, Bamankar P.B, “Parametric
Study & Optimization of TIG Welding
Process on Stainless Steel 304”. International
Engineering Research Journal (IERJ), 2017.

[10]. Mikell P. Groover, “Fundamentals of Modern
Manufacturing”. Jonh Wiley and Son, Inc.,
New York, 2020.

[11]. Serope Kalpakjian, “Manufacturing
Engineering and Technology”. Addision-
Wesley Publishing Company, 2014.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 322, thang 11 nim 2024
cokhivietnam.vn / tapchicokhi.com.vn

[12].Naval Education and Training Professional
Development and Technology Center, Navy
Steelworker: Volume 1, NAVEDTRA 14250,
7/2013.

[13]. American Welding Society, Welding handbook
Ninth Edition, vol. 2, 550 N.W. LeJeune Road
Miami, FL 33126, 2004.

[14].M. C. Tsai and S. Kou, “Heat Transfer and
Fluid Flow in Welding Arcs Manufactured by
Sharpened and Flat Electrodes”. Int. J. Heat
and Mass Transfer, vol. 33, 1990.

[15]. Massoud Goodarzi, “Mathematical Modelling
of Gas Tungsten Arc Welding (GTAW) and Gas
Metal Arc Welding (GMAW)”. University of
Toronto, 1997.



NGHIEN CUU - TRAO DOI

NGHIEN ClrU, THIET KE, MO PHONG KET CAU HOP LY CUA
GAU GAP RAC THUY LU C 0,5M® BANG PHAN MEM SOLIDWORKS

RESEARCH, DESIGN, AND SIMULATE THE REASONABLE STRUCTURE OF
0.5M* HYDRAULIC GARBAGE BUCKET USING SOLIDWORKS SOFTWARE

Lwong Vian T6i, Huynh Cong Lén
Khoa Co khi, Trudng Pai hoc Bach khoa, Pai hoc Quéc gia TP. H6 Chi Minh

TOM TAT

Mot trong cac quy trinh xur Iy rdc thai sinh hoat, sau khi rac thai dwoc bam nho thi sé dwoc
tdp két lai thanh déng va sau dé dwoc dwa dén cac thiét bi xir ly o cdc cong doan tié’p theo. Pé thuc
hién viéc ndy cé thé ding xe xiic lgt hodc ding gau gap rdc, trong dé gau gap dwoc siv dung pho
bién hon vi tiét kiém dwoc khong gian mat bcing, thuan tién cho viéc dwa rac vao cdac may co chiéu
cao I6m, ... Trén thyc té c6 nhiéu loai gdu gdp khdc nhau véi két cau va nguyén 1y lam viéc khdc
nhau. Trong bai bdo ndy sé dwa ra phan tich cdc loai gau gdp thuwong ding dé van chuyén vit liéu,
tir d6 sé dwea ra lywa chon loai phit hop dé van chuyén rdc sau khi bam nhé, dong thoi sé phan tich
cdc thanh phan lyc téc dung 1én gdu trong qud trinh gdu lam viéc. Dya vao si phdn tich nay, bdi
bdo dwa ra cdc thong s két cau hop Iy ciia gau dé tiét kiém vat liéu ché tao gau nhung van dam bdo
gau lam viéc & trang thdi tot nhat.

Tir khéa: Gau gdp rac; Gau ngoam; Gau thuy lic.
ABSTRACT

One of the municipal solid waste treatment process, after the waste is shredded, is to gather
it into piles and then convey it to treatment equipment for next steps. This task can be performed
using a wheel loader or a grab bucket, with the latter being more commonly used because it saves
space and facilitates loading waste into high-rise machines, among other advantages. In practice,
there are various types of grab buckets with different structures and operating principles. This paper
analyzes common types of grab buckets used for material handling, identifies the most suitable type
for transporting shredded waste, and examines the forces acting on the bucket during operation.
Based on this analysis, the paper proposes reasonable structural parameters for the bucket to

reduce manufacturing material while ensuring optimal performance.

Keywords: Garbage bucket; Grab bucket; Hydraulic bucket.
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1. TONG QUAN

Hién nay, mdi ngay ca nudc ta phat sinh
khoang 60.000 tan chat thai sinh hoat (thudng
goi 1a rac thai), trong d6 chit thai d6 thi chiém
khoang 60%. Theo du bao, dén nam 2025, ty
1¢ phat sinh chét thai ran sinh hoat ting thém
10-16%. V&i bbi canh hién tai, viéc xur 1y va
tai ché rac thai duoc quan tam dic biét nham
bdo v€ mdi truong va tai st dung cac thanh
phan ciia rac thai dé mang lai loi ich kinh té.
Phuong phap chon lap rac da khong con duoc
uu tién trong cac phuong phap xu ly rac, ma
thay vao do 1a cac phuong phap xur ly rac tién
tién nhu nhiét phan khi hoa tir rac, dot rac phat
dién, x1r ly rac thanh phan hitru co phuc vu nong
nghi€p,... Trong cac quy trinh xir ly rac tién
tién thi gau gap rac 1a mot bo phan dong vai tro
quan trong trong ca day chuyén xir 1y, n6 gitp
véan chuyén rac tir déng da tap két sang cac thiét
bi xu ly tiép theo. Tuy nhién, viéc dam bao do
bén, d6 6n dinh lam viéc cta gau gip rac ciing
gip nhiéu thach thic vi méi truong lam viée
dé bi an mon, cac thanh phﬁn luc sinh ra trong
qua trinh gau 1am viéc ciing twong d6i phirc tap.
Trong bai bio nay, mot moé hinh gau gip rac
thuy luc ¢6 dung tich gau 0,5m? duoc xdy dung
trén phan mém Solidworks va mo phong bang
phan mém Ansys Workbench nham phan tich
tac dong cuia cac thanh phan ngoai luc 1én gu
trong qua trinh gau lam viéc, tir d6 x4c dinh
thong s6 hop 1y ctia gau.

2. THIET KE HE THONG THIET BI
2.1. Thong s6 ban diu

Réc dau vao 1a loai rac duge bam nho
co kich thudce tir Sem — 10cm va duogce loai bo

cac soi day, soi chi dai.

Ty trong cta rac lay = 0,6T/m>.
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Dung tich giu ciia mé hinh mé phong 1a 0,5m>,
2.2. Phan tich lwa chon phwong an

Trén thuc té, c6 nhiéu loai géu dung dé
van chuyén nhi€u dang vat liéu khac nhau: vat
li¢u dang bot, dang vién, dang thanh,...

Céc loai gau thuong ding duoc thé hién
trén hinh 1:

- Gau ngoam 2 canh dong/mé bang day
(hinh 1a): Thuong duoc str dung voi cac thiét
bi can tryc cang, may d& hang, cong truc ding
dé van chuyén cac vat liéu roi & dang hat, bot.
Tai trong cua loai gau nay thong thuong tir 5
tAn — 64 tAn. Gau ngoam 2 canh duoc thiét ké
vo1 mdt truc xoay, luc dong géu manh va kha
lap day vat liéu cao.

- Gau ngoam dugc thiét ké chuyén biét
dé gip gd (hinh 1b). Loai gau nay thudng duoc
két hop voi cau thap hodc cau truc gian st dung
trong cac bai g6 hodc bdc do tai bén tau, tai
trong thong thuong 5 tan — 32 tan.

- Géu ngoam 2 ma thuy lyc (hinh 1c)
dugc str dung dé xtr Iy cac vat liéu roi dang bot
va dang hat nhu phan bon, ngti cdc, than, than
cbe, quang, cat, vat liéu xay dung dang hat, da
dam va cac vat lidu dang roi khac. Loai gdu nay
¢6 thé két hop voi nhiéu loai thiét bi nhu can
truc thap, cau truc cang va may dd hang, thich
hop cho viée xir Iy hang roi tai cau cang, nha
méy thép, nha may dot chét thai.

- Géu ngoam hoa thi thuy luc (hinh 1d)
thudng duoc st dung dé xur Iy cac vat liéu roi
dang khoi, dang hat va cac vat co hinh dang
khong déu, chang han nhu than cdc, gang, thép
phé liéu, xi, rac va da,... Gau ngoam hoa thi
thuy luc c6 thé duoc két ndi truc tiép vO1 moc
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cau. Co6 hi¢u qua gap cao va hiu suat lam viéc
on dinh.

Véi d6i tuong vat lidu 1a rac sau khi
bam nho co6 kich thu’(')’c khong ddng nhét, hinh
dang khong déu thi gau ngoam hoa thi thuy luc
la Iya chon phu hO’p nhat, nd gitp viéc gap rac
duoc thuc hién dé dang, linh dong, hiéu qua
gép cao va hiéu suét lam viéc 6n dinh.

||
(© i (d) )
Hinh 1. Cac logi gau thuong dung dé van chuyén

vat lieu
2.3. Co s6 tinh toan
2.3.1. Céu tao, nguyén Iy lam viéc ciia giu

Do khéi lugng rac mdi lan gap khong
qua 16m, va vat liéu can gip 1a rac da qua bam
nho nén viéc lya chon gﬁu 5 cénh s€ phu hop
va tiét kiém. Gau gép s€ hoat dong dong va mo
gau thong qua viéc diéu khién su dudi ra va thu
vao cta xylanh trén ting canh gau. Hé théng
thuy luc sé duoc dat bén trong long cua gau
viéc dat bén trong long ciia gau sé& 1am gau gap
tré nén tham my va gon gang hon.

CAu tao cua gau (hinh 2) bao gom cac
bd phén chinh sau: 1 - Nép gau; 2 - Bulong lién
két ndp gau; 3 - Chét lién két xylanh va than
gau; 4 - Xylanh dong md gau; 5 - Chét lién két
canh gau va than gau; 6 - Canh gau; 7 - Than
trén gau; 8 - Than dudi gau; 9 - Bulong lién két
than gau; 10 - Chét lién két xylanh va canh gau;
11 - B9 thuy lyuc.

Viéc dong mo gﬁu duoc thuc hién boi
cac xylanh: khi c6 tin hiéu dong gau (gp rac)
thi cac xylanh (4) s& dudi ra va lam cho cac
canh gau xoay quanh chdt 5 va khép lai. Khi c6
tin hiéu mé gau (x4 rac) thi cac xylanh (4) s€
co lai dé cac canh giu mo ra va rac dugc giai
phong ra ngoai.

Hinh 2. Cdu tao ciia gau gdp rdc
2.3.2. Théng sé hinh hoc ciia giu

Tir yéu cau dung tich cta gau 1a 0,5 m?
va rac da duoc bam san trude thi gau gip rac
duoc thiét ké c6 cac kich thuéce hinh hoc nhu
hinh 3. Hinh 3a 13 trang thai dong cta gau va
hinh 3b 1a trang thai mo cta gau.

(@) , (7
Hinh 3. Thong so hinh hoc cua gau

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 322, thang 11 nim 2024
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

2.3.3. Cdc thanh phan lic tic dung lén gau

Trong qué trinh gau lam viéc, gau s&
nho lyc ddy cta xylanh nén canh gau tir tir dong
lai va rac s& duogc chura trong canh gau va truot
1én mit trong ctia gau, dong thoi mat ngoai ciia
gau cling truot 1én trén khéi rac bén ngoai nén
s& sinh ra cac thanh phan lu’c F_ 1aluc ma sat
clia ric v6i mat trong cua gau Va F ,1a lyc ma
sat cua rac voi mat ngoai cua gau

@

Hinh 4. Cdc thanh phan lic tac dung 1én gau

Trén hinh 4, thé hién cac thanh phan luc
tac dung 1€n gau trong qua trinh gau lam viéc.

Trong do:
- F__: Luc ma sit ciia rdc v6i mit trong
clia gau;
- F_: Luc ma sit ciia rdc v6i mat ngoai
cua gau,
- NL: Ap lyc cua rac tac dung 1én mat
trong cua gau;
- sz Ap lyc cua rac tac dung 1én mat
ngoai cua gau;
‘ - P.: Luc tac dung cua xylanh lam dong
gau;
- P_: Trong lugng cua canh gau;
-a: Khoang cach tir tim quay A dén N;
- b: Khoang céach tir tdim quay A den

ms2’
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- ¢: Khoang cach tir tim quay A dén N;
- d: Khoang cach tir tim quay A dén F
- 1,: Khoang cach tir tim quay A dén P
- 1 Khoang cach tir tim quay A dén P

msl?

a) Tinh toan phan lyc N, va Iwc ma sat cua rac
voi mat trong cua canh gau F__ (hinh 5a)

Do giu mdi lan gip s& co luong rac
tuong duong dung tich cta gau 1a 0,5 m? (tinh
cho truong hop dﬁy tai) va ti trong cua réc la
0,6 tan/m® nén khdi luong cua rac la: m, =
0,5.0,6 = 0,3 tan = 300 kg.

Vi gau c6 5 canh nén khoi lugng réac tac
dung 1én moi canh dugc chia déu cho 5:

My;c. 9,8

- =588 N

pl =

Pé tién cho viéc tinh toan céac luc, luc
tac dung cta rac 1én canh gau s& quy vé khbi
tam O cua 1/5 khéi rac, do d6 lu’c tac dung P, se
duogc dit tai tam O, diém H nam trén canh gau
s& 1a diém chiju luc tac dung cua P .

N, =P, .c05(20,93°) = 588.c05(20,93°) = 549,2 N

= F_=f.N, =549,2.0,45=247,14N

msl

Trong d6, f = 0,45 - Hé s6 ma st cia

rac véi canh gau [2].

(@) i (b) (©)
Hinh 5. So do tinh toan cac phan lyc N va lyc
ma sat F

&
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b) Tinh toan phan lyc N, va luc ma sat cia
rac voi mat ngoai cia canh gau F_, (hinh 5b)

m, =m,+m, =437+ 110 =547 kg

Véi: m, = 437 kg la khéi lugng so bo
cua ban than g@u; m, = 110 kg 1a khoi lugng so
bo ctiia bo nguon thuy luc;, vam=m_ + m, =
300 + 547 = 847 kg 1a khoi luong toan b gau
khi thuc hién gap rac.

Luec tac dung Ién moi canh gau:

»

m. 9,8
P, = c = 1660,12 N

Céc lyc duoc quy vé khdi tdm dé tinh
nhung trong trudong hop nay 11,1’c‘N2 va F
duogc sinh ra khi mat ngoai cua gau tac dung
voi rac dudi tac dung cua trong lugng toan bo
canh gau va khoi rac trong gél}. Nhu Vé.’y, luc P,
s€ duogc dat tai tam cua 1/5 gau va khoi rac tai
diém O’, diém H’ nam trén mat ngoai cua gau
1a diém chiu lyc tac dung cua luc P..

N, =P2.cos (26°) = 1660,12.cos(26°) = 1492,1 N
= F_=f.N,=1492,1.0,45=671,45 N

¢) Tinh toan lyc tac dung cia xylanh P,
(hinh 5c¢)

St dung phuong trinh cin bang mo-
men quay quanh tim A: M, = 0.

Chon so bd chiéu day cénh géu la 10
mm (chiéu day canh gau s& dugc tinh toan t6i
uwu lai sau khi ¢ thanh phan céc lyc) va khoi
luong cia canh gau la: m_.=285kg = P_=
28,5x9,8=279,3 N.

YM, =0 & Pl + Pl —F d-

F ,b-N.c-N,a=0
= P, =8943,14 N

Véi: 1, =0,132 m; 1,=0,095m; a=0,3
m;b=0,63m;c=0,32m;d=0,65m.

3. MO PHONG VA KET QUA

Tir céc két qua tinh toan & trén, st dung
phan mém Solidworks dé mo phong strc bén
clia canh gau. Ban dau chon chiéu day canh giu
s0 bo 1a 10mm, sau d6 dwa vao két qua phan
tich ung suat ciia mdi lan mo phong ma thay
d6i chiéu day cua canh gau cho hop 1y theo két
qua g suat do.

Trén hinh 6a, két qua (mg suét 16n nhat
trén canh gau tuong tng véi chidu day chon so
bd ban dau 10mm 1a 1.883¢7 (Pa), két qua nay
cho thiy két cu con kha du bén. Do dé, chiéu
day canh gau duoc giam dan cho mdi lan tinh.
MGdi 1an giam chiéu day canh gau thi cac thanh
phan Iyc lién quan dén khéi luong canh gau s&
duoc tinh lai. Sau nhiéu lan lap lai viéc tinh
toan thi két qua ing suat (hinh 6b) ctia canh gau
1a 3.8¢” (Pa) tuong ng v&i chiéu day cua canh
gau 1a 4mm.

Vat liéu duoc chon dé ché tao géu la
thép Hardox400.

(@ (b)

Hinh 6. Két qua mé phong sirc bén ciia gau
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4. KET LUAN

Thong qua bai nghién ctru, chiing ta tim
hiéu vé c4u tao va nguyén Iy hoat dong cia gau
gap rac thuy luc, tir 46 x4c dinh cac thanh phan
luc tac dung lén gau trong qué trinh dong mé
gau dé gip va do rac. Duya trén két qua tinh toan
nay, mé hinh giu gip dugc xdy dung va duoc
mo phong dé tim ra duoc chiéu day canh gau
t6i wru 12 4mm. Tuy nhién, trong bai nghién ciru
nay chi xét truong hop rac da dugc bam nho
truée khi gip. Do d6 luc can sinh ra do cac soi
day, soi chi dai trong rac la khong cé. Trén thyuc
té, c6 nhiéu quy trinh xir 1y ric ma khong thuc
hién viéc bam nho rac tir ban dau, diéu nay sé
lam sinh ra lyc can do cac s¢i day, soi chi dai
c6 trong rac tac dung 1én gau. Trong trudng hop
nay can tinh toan lai strc bén ciia gau. Hon nira,
viéc anh huéng cua cac chat an mon c6 trong
rac cling khong xét dén trong nghién ctru nay.
Pay 1a cac van dé can duoc xem xét trong cac
nghién ctru tiép theo. <
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NGHIEN ClPU I'NG DUNG CONG NGHE Al
VAO MO PHONG GIA CONG TREN PHAN MEM THUC TE AO
SSCNC

RESEARCH AND APPLICATION OF AI TECHNOLOGY IN MACHINING
SIMULATION ON SSCNC VIRTUAL REALITY SOFTWARE

ThS. Bui Quang Toan
Khoa Co khi, Trudng Dai hoc Cong nghé Pong A

TOM TAT

Nghién ciru ting dung cong nghé AI vao mé phong gia cong trén phan mém SSCNC dé danh
gid dwoc hiéu qua t6i wu héa ma G-code, gitip phdt hién 16i trong qud trinh mé phong, toi wu héa
duong chay dao, giam sat va du dodn tuéi tho cia dung cu... co tiem nang mang lai nhiéu cdi tién,
ddc biét la trong viéc toi wu héa qud trinh hoc tdp va dao tao, ndng cao hiéu qua mé phong va giam
thiéu sai sét trong Idp trinh gia céng CNC.

Tw khoa: SSCNC; Al; Lap trinh; Thuc té do; Gia cong.
ABSTRACT

Research on applying Al technology to machining simulation on SSCNC software to
evaluate the effectiveness of G-code optimization, help detect errors during the simulation process,
optimize toolpaths, monitor and tool life prediction... has the potential to bring many improvements,
especially in optimizing the learning and training process, improving simulation efficiency and

minimizing errors in CNC machining programming.

Keywords: SSCNC; Al; Programming; Virtual reality; Outsourcing.

1. PAT VAN DE

Trong bdi canh cong nghiép 4.0, viée
tu dong hoa va ung dung cac cong nghé tién
tién nhu Tri tué Nhan tao (AI) vao qué trinh san
xuét da tré thanh mot xu hudng tat yéu. Nganh
gia cong co khi, dac biét 1a gia cong CNC,
dang ngay cang dugc day manh phat trién voi

muc tiéu ning cao do chinh xac, t6i vu hoa quy
trinh va giam thiéu chi phi san xuit. Bé dap
g nhu cau dao tao va nang cao ky ning cho
cac k¥ su va k¥ thuat vién CNC, phan mém mb
phong CNC nhu SSCNC da tré thanh cong cu
quan trong trong viéc md phong quy trinh gia
cong, gitip ngudi hoc nam virng cac thao tac ma
khéng can tiép xtc v6i may thuc té.
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Tuy nhién, mé phdng gia cong CNC
trén SSCNC ciing gip phai mot s6 han ché,
nhu: Kha ning phat hién 16i ty dong con han
ché, thiéu t6i wu héa qua trinh gia cong, khong
c6 chtrc ning hd trg ca nhan hoa... Do d6, viéc
g dung céng nghé Al vao phan mém SSCNC
1a mot hudng di tiém nang, giup khic phuc cac
han ché néu trén.

2. GIAI QUYET VAN PE
2.1. Phuwong phap nghién ctru
2.1.1. Nghién ciru tai liéu

- Thu thap tai li¢u hién co ve Al trong mo
phong gia cong CNC: Tim hiéu cac bai nghién
clru trude day vé viée tng dung Al trong gia
cong CNC va cac phan mém mo phong tuong
ty nhu SSCNC dé ndm bét xu hudéng, phuong
phap va két qua da dat duoc.

- Téng hop cac phuong phap va ky
thuat Al phu hop: Ddc biét tap trung vao cac k¥
thudt Al nhu hoc sau (deep learning), hoc may
(machine learning), va xur Iy ngén ngir tw nhién
(natural language processing) dé xem xét kha
nang tich hop vao SSCNC.

2.1.2. Phwong phap thuc nghiém

- Xay dung mo6 hinh AI thir nghiém: Phat
trién cac mo hinh Al don gian dé tu dong tao
mi G-code, phat hién 15i hodc t6i wu hoa quy
trinh gia cong. Str dung cac cong cu nhu Python,
TensorFlow hoic Keras dé trién khai mo hinh.

- Thir nghiém mo phong gia cong trén
SSCNC: Chay cac mo phong gia cong voi sy
can thiép cua Al, ghi lai dir li¢u va danh gié cac
chi s& quan trong nhu d6 chinh xac, thoi gian
hoan thanh va hi¢u qua st dung vat li¢u.
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2.1.3. Phwong phdp phan tich dit liéu

- Thu thap dir liéu tr mo6 phong SSCNC:
Luu lai dif lidu tir qua trinh mo phong, bao gdm
cac thong sb gia cong, 161 phat sinh va céac chi
s6 hiéu suat. Diéu nay gitp c6 co s dé phan
tich va danh gia hiéu qua cua Al.

- Sir dung cac phuong phap phan tich
dir liéu: Ap dung phén tich théng ké hoic cac
thuat toan Al nhu hoc may dé tim ra quy luat
trong dit lidu, tir d6 t6i wu héa qua trinh mo
phong.

2.2. N§i dung nghién ciru
2.2.1. Téi wu héa lp trinh G-Code tw dong

- Tao ma G-code ty dong tdi wu: Al
¢6 thé hoc tir cac miu G-code va dua ra cac
phuong 4n t6i wu cho céc loai chi tiét khac
nhau. Diu nay gitp giam thoi gian lap trinh
thu cong, dong thoi nang cao hiéu qua va do
chinh xac cua cac duong chay dao.

- Piéu chinh thong sb tu dong: Al co
thé diéu chinh cac thong s6 gia cong, chang han
nhu tée do cit, do sau cit, dé toi uu hoa thoi
gian va chit luong gia cong.

Nt Wit chon gac Wit Bitu tugmg Bang Bang
dbag toadd phoi, chen diém dicu didu
cira mdy kich thude, dyng e khing ciia khién 1 khién 2
enc kicu kep phi cit chi tiét

Hinh 1. Cai ddt théng sé va diéu khién

chuong trinh
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2.2.2. Gidm sdt va phdt hign 16i trong mé phéng

- Phat hién 16i ty dong trong qua trinh
mo phong: Al c6 thé giam sat cac thong sb
va trang thai cia mo phong, phat hién cac bat
thudng va dua ra canh bao khi c6 16i tiém an, vi
du nhu 16i va cham dao hoic qué tai dong co.

- Phén tich dit liéu dé phat hién 15i phd
bién: AI c6 thé thu thap dir liéu tir nhiéu lan
mo phong, sau d6 phat hién cac 16i thuong gip
va dé xuat bién phap khic phuc, gitp cai thién
chat lugng dao tao.

2.2.3. Phén tich va dw bdo higu sudt gia cong

- Dy bao tudi tho dung cu: Al co thé
phan tich céac yéu td nhu do rung, nhiét do va
luc cit dé du bao tudi tho cua dung cu, giup
ngudi dung diéu chinh ké hoach béo tri va thay
the.

- Phén tich chi phi va t6i vu hoa vat
liéu: AI hd tro tinh toan chi phi gia cong, du
doan muc ti€u hao vat li¢u va dung cu dé nguoi
duing c6 thé tdi wu hoa chi phi san xuat.

TOOL COUNTER Lite 13
Ne. TOOL PRES FORE LIFE
@1 0D ROUGH lm 68 [ GOB@ A2 OD ROUG
a2 B@ | Gooe @3 0D FIN
a3 FIN. | &Go@ |68 | Tée a4 1D ROUG
a4 1H. B8@ 5@ | 1088 @5 ID FINM.
a5 ] @ 96 F5 ROUG
a6 o @ @ a7 F5 FIN.
a7 e 0 @ @8 CENTER
a8 8 @ @ a9 DRILL
1@ ENDMILL

Select from the tool name |ist.
HUM= } |

[ 12:00:9@ | |
lE.l.HEEL SELECT I

MDI wdbw bd wwE

ADD I I

Hinh 2. Theo doi va duw bdo tuéi tho dao

2.2.4. Ho tro dao tao twong tdc va cd nhéin héa

- Huéng dan tu dong va phan hoi tic
thi: Al ¢6 thé dong vai trd nhu mot “hudng dan
vién 40”, hd tro hoc vién thong qua cac budc
trong md phong gia cong va cung cap phan hoi
ngay lap tirc vé cac 13 va sai sot.

- Phan tich tién trinh hoc tap: Al co thé
danh gia k¥ ning va tién do hoc tap cta timg
hoc vién, tir d6 dé xuét cac bai tap va thu thach
phu hop, gitip tdi uu héa qua trinh ddo tao va
nang cao hi¢u qua hoc tap.

led e i

"EX.

.
mLE mmm T mEm C o

Hinh 3. Pé xudt phirong dn gd kep phéi

2.2.5. Tich hop cong nghé thuc té do (VR) va
thuwe té tang cuwong (AR)

- M6 phong thyc té trong khong gian
40: Két hop Al vé6i cong nghé VR, nguoi hoc
6 thé trai nghiém va thyc hanh trén cadc mod
hinh 4o ctia may CNC, tir d6 hiéu rd hon vé quy
trinh ma khong can st dung may thyc té.

- Giao dién tuong tac truc quan: Al co
thé hd tro tich hop VR/AR dé cung cip mot
giao dién twong tac d& hiéu, giup hoc vién dé
dang quan sat va diéu chinh cac thong s6, dong
thoi cai thién k¥ nang thuc hanh.
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2.2.6. Téi wu héa quy trinh gia cong

- Hoc tir dit liéu mo phong: Al c6 thé sir
dung dir lidu tir cic mo phong trude do dé tim
ra cac yéu t6 anh huong dén hiéu qua gia cong,
tir 6 dé xuét cac quy trinh tbi wu cho timg loai
san pham.

- Diéu chinh cic budc gia cong: Dya

trén phén tich va toi vu hoa ciia Al, phan mém
c6 thé dua ra cac dé xuat vé quy trinh va thi ty
cac budc gia cong nham t6i da hoa nang suat va
chat luong.

5 i L i B g AR, T4 L

Hinh 4. M6 phong va hiéu chmh thong 0 trong

qua trinh gia cong
2.2.7. Duw bdo bdo tri va qudn Iy tuéi tho thiét b

- Béo tri du doan: Al c6 thé du doan khi
nao can béo tri hodc thay thé cac bd phan trong
hé théng CNC, dya vao phan tich dir liéu tir qué
trinh mo phong va cac thong sb hoat dong cua
may.

- Quan 1y tudi tho dung cu: Al co thé
tinh toan tudi tho cua dung cu dua trén qua
trinh mé phong gia cong, giup téi wu hoa ké
hoach bao tri va giam thiéu chi phi bao tri.
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Hinh 5. Kho qudn Iy va dir dodn théng sé tuoi bén dao

2.2.8. Phdt trién phian mém diéu khién mdy
CNC thong minh

- Phat trién giao dién HMI thong minh:
Al ¢6 thé cai tién giao dién dicu khién may
CNC, gitip nguoi dung dé dang thao tac va
kiém soat qua trinh mo phong, tao sy than thién
va truc quan cho nguoi dung.

- T6i wu héa duong chay dao: Al ¢é thé
phan tich va tdi wu hoa dudng chay dao, giam
thiéu thoi gian di chuyén dau dao va ning cao
d6 chinh xé4c cua san pham.

. D& ding chon chE 48 wra thich cia
9, ban hoje chuyén a6 giira cac ché
g od san

Hinh 6. M6 phong t6i wu héa dwong chay dao

&
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3. KET QUA VA THAO LUAN

- Ung dung céng nghé Al vao mod phong
gia cong trén SSCNC khong chi cai thién chat
lugng dao tao ma con giup nang cao nang luc
phan tich, du doan va toi wu hoéa quy trinh gia
cong, mé ra nhiéu tiém ning trong viéc nang
cao hi€u qua san xuét va dao tao k¥ thuat vién
CNC.

- Han ché va huong cai thién: Al can
thém thoi gian dé xtr Iy va phan tich dir liéu khi
chay trén cac mo hinh mé phdng phuc tap, gay
ra mot sd tré. Viée téi wu hoa thuat toan hodc sir
dung phan cting manh hon Ia can thiét dé giam
thiéu thoi gian xur 1y.

- Dé xuit phat trién thém: Dé tiép tuc
nang cao chat lugng md phong, nén phat trién
cac tinh nang Al méi nhu ty dong sua 161, toi wu
hoa theo yéu cau cuy thé, va tich hop cong nghé
VR/AR dé tao ra méi truong dao tao hién dai
va hi¢u qua.

4. KET LUAN

- Kha nang ung dung Al trong SSCNC
1a kha thi va hiéu qua: Cac két qua thu duoc tir
nghién ctru cho thay Al da cai thién rd rét hidu
sudt mo phong va do chinh xac ciia SSCNC,
dap tng duoc nhu cau thuce tién trong dao tao
va san xuit CNC.

- AT hd trg tdt cho qua trinh ddo tao va
t6i vu hoa: Al da chirng minh vai tro tich cuc
trong viéc hd trg hoc vién, gidng vién va ky
thuat vién CNC, nang cao hi¢u qua hoc tap va
gitip nguoi dung tranh cac 151 phd bién.

Nghién ctru nay dit nén tang cho nhimng
budc phat trién tiép theo trong viéc ing dung
Al vao phin mém mo phong gia céng nhu
SSCNC, mang lai nhidu gi tri cho nganh dao
tao va san xuat cong nghiép. <

Ngay nhan bai: 10/10/2024
Ngay phan bién: 12/11/2024
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THIET KE CHE TAO HE THONG CAT PLASMA CNC SU’ DUNG
TRONG PAO TAO

DESIGN MANUFACTURE CNC PLASMA CUTTING SYSTEM USED IN TRAINING

Ping Tién Hiéu
Truong Dai hoc Cong nghiép Ha Noi

TOM TAT

Hién nay, trong linh vuc ché tao két cau thép phirong phdp cdt plasma CNC (Computer
Numeric Control) dwoc sir dung réng rii dé gia cong cdc san pham dang tam, dang thanh véi do
chinh xdc cao, thiét bi nay khéng ngirng dwoc cdi tién dé phit hop quy mé, véi diéu kién san xudt
cua tung doanh nghiép.

Trong bai bdo nay, tdc gia da tién hanh khdo sat, thiét ké ché tao hé thong co khi va ti diéu
khién hé thong cdt plasma CNC véi nguon cdt A70 — OTC [16] ¢6 san. Trén co s¢ mdy phit hop véi
khéng gian phong thi nghiém, phuc vu tot qud trinh dao tao, qud trinh hoc tdp nghién ciru ciia gidng
vién, sinh vién tai Truong Pai hoc Cong nghiép Ha Noi (DHCNHN).

Hé théong plasma CNC c6 kich thude 1700 x 1400 x 600 (mm) pham vi gia céng 1300 x 1100
(mm), chiéu day cdt t6i da 12 (mm), két hop 2 bé diéu khién F2300B va F1621P khi cdt cho ning
sudt cao, cdt dwoc nhiéu bién dang, van hanh dé dang.

T khoa: May cdt plasma; Piéu khién CNC; Hé dan hidng.
ABSTRACT

Currently, in the field of steel structure manufacturing, the CNC (Computer Numeric Control)
plasma cutting method is widely used to process sheet and bar products with high precision. This
equipment is constantly improved to suit the scale and production conditions of each enterprise.

In this article, the author has conducted a survey, designed and manufactured a mechanical
system and a control cabinet for a CNC plasma cutting system with an available A70 - OTC cutting
source [16]. On the basis of the machine being suitable for the laboratory space, it serves well the
training process, the learning and research process of lecturers and students at Hanoi University of
Industry (PHCNHN).

Plasma CNC system has dimensions of 1700 x 1400 x 600 (mm), processing range of 1300
x 1100 (mm), maximum cutting thickness of 12 (mm), combined with 2 controllers F2300B and
F1621P when cutting for high productivity, cutting many profiles, easy operation.

Keywords: Plasma cutting machine; CNC control; Linear motion.
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1. GIOI THIEU

Plasma 13 trang thai thir 4 cua vat chét
(3 trang thai ctia vat chat 1a ran, 16ng, khi). Chét
khi dwgc nung noéng dén nhiét do bio hoa, khi
bi ion hoa. Su ion hoa chat khi ¢ trang thai din
dién duoc goi 1a plasma [7]. Cat plasma dua
vao nguyén 1y that chat lai ludng khi ion héa
¢6 nhiét do cao t6i muc c6 thé sir dung dé lam
néng chay kim loai din dién tai diém tiép xuc.
Kim loai néng chay s& bi thdi ra tao nén dudng
cit nho ap luc ciia dong khi nhu hinh 1.

Trén thé gi6i, viéc st dung may cit
Plasma diéu khién CNC rat phé bién trong hau
hét cac nganh cong nghiép ché tao két cau thep,
trong dong tau, cau du0’ng Str dung céac phan
mém k¥ thuat thiét ké Autocad, Solidworks,
Inverter... dé thiét ké bién dang cit. May duoc
cung cép boi cac hang ndi tiéng nhw AMADA
SHARP, HITACHI, FANNUC c6 gia thanh rat

lﬂﬂ !
& /,-' VL3

Hinh 1. Qud trinh cdt plasma [ 7]:
1. Ong phun khi; 2. Pién cuc; 3 Hoé quang
plasma, 4. Khi plasma; 5. Bép cdt; 6. Dong khi
bdo vé; 7. Vit cdt

O Viét Nam, trong giai doan nay ciing
nhu thoi gian téi, nganh co khi ché tao c6 nhu
cau st dung cit bang tia plasma CNC con rat
16n. Do d6, cac doanh nghiép san xuit may cat
plasma CNC ciing nam bat dugc xu thé, cung
cap thiét bi, dap timg duoc cac yéu cau cho san
xuét [4-12].

Trong linh vuc dao tao cong ngh¢ cat
plasma CNC 1a mt phuong phap gia cong chi
tiét dang tdm bang nhiét, hién nay trong Trudng
DHCNHN thiét bi nay con thiéu. Do may ngoai
thi truong gid thanh qué cao, kich thudc may
16mn chua phu hop v6i khong gian trong dao tao,
chua tan dung hét cong nang clia may san co
dan t6i lang phi. Vi vay, dé tranh ling phi va
thudn lgi cho qua trinh dao tao, nghién ctru, hoc
tap cua giang vién, sinh vién trong Trudng, tac
gia dé xuat phuong an nghién ciru thiét ké va
ché tao hé thong cit plasma CNC véi kha ning
cat duoc nhiéu bién dang khac nhau, cai thién
do chinh xac gia cong, giam dugc gia thanh.

Trong bai bao nay, tac gid da khao sat
thiét ké ché tao thanh cong hé thdng cit plasma
CNC véi kich thudc tong thé 1700 x 1400 x
600 (mm), pham vi gia cong 1300 x 1100 (mm),
chiéu day cit toi da 12 (mm) va tu diéu khién.

2. TINH TOAN THIET KE
2.1. Khao sat thiét ké

Dé thiét ké ché tao dugc hé théng cat
plasma CNC dap tung duoc cac yéu cau trén,
tac gia da tién hanh khao sat, phan tich, danh
gia vé chi phi, vé hiéu suit may, vé do ciing
vitng cta hé thong cong nghé, hé thong didu
khién... cua cac may cat plasma CNC di c6
trén thi truong. Ké thira cac vu diém cua may
da khao sat va dua vao diéu kién hién co cua
Truong PHCNHN dé thiét ké ché tao.

Van dung 1y thuyét tinh toan thiét ké
may [1], lya chon céac thong so thiét ké [10-
15], tinh toan thiét ké cac chi tiét may, kiém
nghiém d6 bén ciia hé thong sao cho phi hop
v6i diéu kién sin ¢ va dap tmg yéu cau dao tao
trong Nha trudng. Lua chon thong sb thiét ké
hé thong cat plasma CNC bang 1.
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Bdng 1. Théng so thiét ké hé thong cdt plasma
CNC

TT Danh muc DPon Thong so

vi ky thuat
, , 1400 x 1700 x
1 Kich thudce mm 600
5 Kich thudc mm X 1300;
cum Y 1700; Z 490

3 | Hanhtrinh cit | mm | X 1100;Y 1300

4 Téc d6 chay ) X 6000;
nhanh Py 6000; Z 6000
e AL X: 1+2000;

5 Toc do cat | mm/p Y- 122000

g | Sasomach X105 Y£05

cat
7 Do chinh xac mm X+0,2;Y+0,2;
dich chuyén Z:+02

2 Chlel;}.day cat mm 12
toi da

9 | Dang gia cong Tam phang

10 | Trong luong kg 180

2.2. Thiét ké hé thong co khi

Phan tich vé cac phuong an bd tri dong
co trén céc truc X, Y, Z, tac gia lya chon st
dung 2 dong co song song (6), (7) cho truc Y,
v6i 2 dong co song song gitip chia déu tai trong
tac dung 1én cum dam truc X, do do cum dam
truc X di chuyén chinh xac va 6n dinh hon.
DPong co (5) cho truc X dan dong cum truc Z,
tinh tién theo phuong truc X. Pong co (8) dan
dong mo cit tinh tién theo chiéu truc Z. So do
may cit plasma CNC b tri nhu hinh 2.
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1 L”’ |

Hinh 2 So do nguyen Iy may cat plasma CNC:

1. Ban mdy; 2. Nguon plasma A70-OTC; 3. My
nén khi: 4. Ti diéu khién; 5. Dong co truc X; 6.
Dong co 1 truc Y; 7. Pong co 2 truc Y; 8. Pong co
DC 24V truc Z.

2.2.1. Tinh toan lya chon dong co

So d lyc tac dung 1én cip banh ring -
thanh rang dam truc Y nhu hinh 3.

.N,
th. { 1 . Fk
T
Fms 1.
P

Hinh 3. So d6 phan tich lyc banh rang:
F, (N) - Luc kéo, N (N) - Phan lyc; P (N) - Trong
luc; F, (N) - Luc quan tinh; F, (N) - Luc ma sat

Theo dinh luat II Newton:

Fr +Fq +Fms +N +P =0

F,=F  =F +F =648+281=346(N)
Momen xoén trén truc:
T=F_ xd=346x0,05=1,73 (Nm) ¥
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Truc Y ¢c6 2 dong co din nén 1 bén cin
momen T, =T/2> 0,865 (Nm)

bong co dugc su dung trong cac may
CNC thuong la dong co budc (stepper motor),
dong co servo, dong co hybrid servo. So sanh
dic diém cua chung, tac gid lya chon loai
dong co hybrid servo 86HSE4.5 Nm va Driver
HBS86H cho truc X va truc Y, loai dong co nay
két hop tot nhat cac vu diém cua dong co servo
Va‘l dong co bude, mé-men xoin khoi dong cao,
tiét kiém ning lu’orng, gia thanh thap Dong co
truc X, truc Y két hop hop giam tbc gitp tang
mo-men xodn, ting tudi tho dong co, truyén
chuyén dong chinh xac va on dinh hon. Lya
chon thong s nhu bang 2.

Cum truc Z hay cum nang ha mo, qua
thiét ké, so sanh vé kha ning lam viéc, gia
thanh ché tao, tac gia da lya chon by nang ha
mo cit ty dong JTYKB-150-DC24V GH/GD ¢6
san trén thi truong. Kich thude cum 490 x130
x 80 (mm), trong luong 6,5 (kg), trong luong
nang < 10 (kg), hanh trinh 1am viéc 150 (mm),
dong co 24VDC, hop giam téc [3].

2.2.2. H¢ din huéng

Trong cic may cat plasma CNC, co
céu dan huéng dong vai trd quan trong dé dan
huéng chinh xac va on dinh cho cac co cau
méy Co cdu din hu(mg phai dam bao chiu tai
t6t, phan bd lyc déu, chiu mai mon [1, 15] Qua
khao sat, phan tich ddc diém cua cac co céu dan
hudéng, tac gid lua chon co cAu sn co trén thi
truong con trugt vudng bi — thanh trugt cho cac
truc X va truc Y voi thong s6 nhu bang 2.

2.2.3. H¢ din dong

Heé din dong dong vai tro truyén chuyén
dong cho cac co cAu chép hanh. Luva chon hé
dan dong phai dam bao do cung virng, chiu tai
tdt, truyén chuyén dong €m, hi¢u suét cao, do
bén cao, chi phi bao tri, thay thé thap [1, 15].
bé dap tng yéu cAu thuc té vé dic diém cua hé
dan dong, tac gia lya chon co cAu banh tru rang
nghiéng — thanh rang cho céc truc X va truc Y
v6i thong s6 nhu bang 2.

Bdng 2. Théng so kj thudt cdc chi tiét

TT Danh muc Pon vi S6 lwong Kich thwée

1 Thanh truot truc X HGR20 mm 02 20x 17,5x 1300

2 Thanh truot truc Y HGR20 mm 02 20x 17,5x 1700

3 Con truot HGH20CA truc X,Y cai 06 44 x 25,6 x 65,2

4 Thanh rang truc X mm 01 1300 x 22 x 25; M1,25
5 Thanh rang truc Y mm 02 1700 x 22 x 25; M1,25
6 Banh rang try rang nghiéng cai 03 D32; d16; 225, M1,25
7 Déng é’gs}éﬁfmﬁem céi 03 86 x 86 x 109, d16

8 Hop giam toc PX86 céi 03 86 x 86 x 93; d16
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2.2.4. H¢ diéu khién

Qua khao sat, phan tich dac diém cua
cic bd diéu khién, tic gia lga chon dugc bd
diéu khién phu hop cac yéu ciu trén. Bo diéu
khién F2300B [2]-[11] diéu khién servo két hop
hybrid stepper su dung b ma hda quang hoc
phan hdi vi tri tbe do cao, tu dong hiéu chinh vi
tri. Bo diéu khién c6 d6 chinh xac ndi suy 0,001
(mm). Twong thich duoc cic phan mém CAD,
CAM, FastCam, v6i dong co va cac cam bién.
D& van hanh, d& bao quan, gia thanh thap, hd
tro diéu khién cho bo F1621P.

Bo diéu khién F1621P [2]-[11] cho
phép kiém soat on dinh chiéu cao tir dau bép cit
dén bé mit vat liéu bang viéc didu khién dién
ap hd quang ma né nhan dugc. Viée kiém soat
chiéu cao nay rat quan trong d6i voi chat luong
mach cit, tudi tho cta bép cit va dién cuc cét.

2.2.5. Kiém nghiém dam truc X

Kiém nghiém do bén tinh trén phﬁn
mém Solidworks 2022/ Simulation nhu hinh 4.

i e et
=
-
-
=

Hinh 4. Ung sudt dam truc X trén Solidworks
2022/ Simulation

Pé dam bao do bén, do cung vimg va
hinh dang can dbi cta hé thdng co khi, qua
khao sat thiét ké, v6i dam X thép hop 100 x
100 x 5 (mm); chiéu dai 1 = 1300 (mm); khi
lugng m, = 25,6 (kg), cum truc Z c6 khdi lwong
m, = 14,5 (kg).
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- Ung suét tai diém giita dim: o =
1,94 x 10°(N/m?) < [c] = 2,5 x 10* (N/m?);

- Chuyen vitheo phuong Y: AY =2,798
x 102 (mm). Két qua kiém nghlem nhu’ hinh 5
dam X dam bao diéu kién bén.

Ban v& 3D hé thong cit plasma CNC
nhu hinh 5.

Hinh 5. Hé thong cdt plasma CNC:
1. Cum ban may, 2. Cum ban ga phoi; 3. Cum truc
Y, 4. Cum truc X; 5. Cum truc Z; 6. Cum ga kep
mé cdt.

2.2.6. Mach tii di¢n diéu khién

Trong tai liéu [11-14] hudng dan xay
dung két cau co ban ctia hé diéu khién plasma
CNC. Trén s¢ tinh nang va nhi€ém vu ctia cac bo
phan, tac gia xay dung so d6 nguyén 1y tong thé
cho mach ti diéu khién nhu hinh 6.
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Hinh 6. So d6 mach ddu noi ti diéu khién [12]
2.2.7. Ché tao, ldp rdp tii diéu khién

Vi tri bd tri cac khdi va ddu ndi day
trong ti dieu khién nhu hinh 6, hinh 7.

Hinh 7. Anh so d@6 bé tri cdc khoi trong ti diéu khién:
1, 2. Driver HBSS86H truc Y; 3. Driver HBSS86H
truc X; 4. Mach Breakout DB15-DB25; 5. Bién
dap 2200W; 6. Loc nhiéu EMI CW4L2-204-S; 7.

Nguon DC24V LRS-100-24; 8. Attomat CBM;
9. Man hinh b diéu khién F2300B; 10. B6 diéu
khién F1621P-THC; 11. Céng tdc khoi dong/tdt,

phim ding khén cap.

- Két nbi tu didu khién véi ngudn cat
A70-OTC, voi cac dong co trén truc X, Y,
Z, sau do thuc hién hiéu chinh cac bo Driver
HBS86H dé diéu khién dong co Hybrid Servo
86HSE4.5Nm cua truc X va truc Y. Hiéu
chinh bo diéu khién F1621P dé khién dong co
24VDC.

- Trong mach di¢n nay, do mach dién
bao gdm ca dong cap cho bo diéu khién va dong
cap cho cac dong co ctia cac truc nén rat dé giy
ra hién tugng qua tai. Vi vay, Aptomat CBM c6
vai tro trong viéc bao vé mach khi dong co bi
qua tai. Bén canh do, viéc lap ciu chi trudc va
sau dé viéc bao vé bién ap va mach dién. béi
vé6i driver can cha y chiéu cta dong dién, tranh
gay hdong hoc cho driver.

3. HE THONG CAT PLASMA CNC

San pham h¢ thong cat plasma CNC véi
kich thudc 1400 x 1700 x 600 (mm), kha nang
gia cong tdm co dién tich 1300 x1100 (mm),
chiéu day t6i da 12 (mm) nhu hinh 8.

Hinh 8. San phiam hé thong cat plasma CNC

3.1. Cit thir nghiém

Gia cong tam kich thudc nhu hinh 9,
vat liéu thép CT3, s6 lan cit 5.

- Str dung: Bép H (H669GO05); Bién cuc
H669G11; Dong cat 70A; Ap luc khi nén P =
0,39 (Mpa); Dién ap hd quang 110 (V); Toc do
cdt V_= 1000 (mm/p).

- Str dung thudc cap 1/10 do chidu dai &
mat cit A-A, sau do & mit cat B-B véi 5 mau.
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- Sr dung thudc cip 1/10 do khe ho cét
& vi tri diém A v6i 5 mau.

- Str dung bd mau do do nham R, so
sanh bé mat cat voi 5 mau.

B
80:0.3

- -

Hinh 9. Ban vé chi tiét
3.2. Két qua thir nghiém

- Khi gia cong céc lién két co khi (cum
truc XYZ, ban may, kep mo cit...) khong co
déu hiéu bat thuong, hé thong diéu khién hoat
dong hoat dong 6n dinh.

- Anh cic mau cat thir nghiém nhu hinh
10, sai s6 do trung binh cua cac mau nhu bang
3.

Do kich thuéc tai mat cat A-A 1a 80,2
mm; 80,3 mm; 80,1 mm; 80,4 mm; 80,2 mm.

Do kich thude tai mat cit B-B 1a 80,3
mm; 80,3 mm; 80,3 mm; 80,2 mm; 80,2 mm.

Do kich thuée khe hé cit tai diém A 1a
3,5 mm; 3,5 mm; 3,9 mm; 4,2 mm; 4,3 mm.
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Hinh 10. Mau cdt plasma CNC va bé mdt cdt

Bang 3. Két qua ddnh gid thir nghiém

A Iy S6 Két qua do
TT Thongtrs;) ki¢m lin kiém trung
do binh
Sai s gia cong
1 kich thudc tai 5 0,24 mm
mat cit A-A
Sai s gia cong
2 kich thudc tai 5 0,26 mm
mit cit B-B
3 Khe hé cat 5 3,88 mm
Chat luong bé Hu;omg n’hani
4 it it 5 vuong goc bé
: mat cat; Rz40
4. KET LUAN

Tac gia da nghién ctru thiét ké ché tao
hé thong cat plasma CNC dung trong dao tao
voi két qua sau:

- Tinh toan, Iya chon dugc dong co, co
cau dan hudng, co cau dan dong phu hop voi
ket cau may.

- Ché tao dugc hé théng cat plasma

CNC chay 6n dinh, dam bao d6 ctng viing, d&
van hanh, dé bao quan, cac linh kién thay thé

san co trén thi truong.
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- Chat luong san pham sau khi cit duoc
dam bao cac yéu cau nhu hinh 10, bang 3. Sau
5 1an cét, sai sd kich thuéc tai mit cit A-A,
B-B déu ndm ¢ gidi han trén, trong pham vi
cho phép (sai s nay diéu chinh dugc thong qua
1énh “Kerf Value” trén bo diéu khién F2300B).
Do léch két qua do trung binh giira hai mat
cit A-A va B-B 14 0,02 mm, do kich thuéc B
theo phuong cua truc X, trong khi do6 truc X
di chuyén trén tryc Y nén c6 thém thanh phan
khong dam bao do chinh xac.

- Hé thong cit plasma CNC dap tng
dugc nhu cau nghién cuu, hoc tap cia giang
vién, sinh vién trong Truong. %

Ngay nhan bai: 05/10/2024
Ngay phan bi¢n: 01/11/2024
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NGHIEN CU’U THIET KE HE THONG GA VA XOAY PHOI TV
PONG CHO MAY TARO REN

RESEARCH ON DESIGN OF AUTOMATIC FIXTURE AND ROTATION SYSTEM
FOR THREAD TAPPING MACHINE

Phung Tri Cong, Nguyén Hoai Nam
Khoa Co khi, Truong Pai hoc Bach Khoa, Pai hoc Qudc gia Thanh phd H6 Chi Minh

TOM TAT

Bai bdo tdp trung nghién ciru, thiét ké hé thong gd va xoay phéi tw déng cho mdy gia céng
ren bang phirong phdp taro dang ban. Noi dung chinh ciia bai bdo bao gom tinh todn thiét ké bé
truyén chuyén dong xoay cho phéi, cdc co cdu kep, co cau lira 16 cho may tao ren. Bén canh dé, bai
bao trinh bay cach tinh toan lya chon cac khi cu dién, cac thiét bi dién-khi nén cho hé thé'ng, va lya
chon thiét bi diéu khién. Mot giao dién diéu khién thiét bi dwoc xay dung dwa trén mot bo diéu khién
kha trinh (PLC). Nhitng tinh todn trén duwoc kiém chirng bang cac phan mém mé phong cho thdy hé

théng cé thé dap vmg dwoe yéu cau dit ra.
Tir khéa: Mdy taro; Hé thong xoay phéi; Ga phéi; Bé diéu khién; T déng.
ABSTRACT

The article focuses on the research and design of an automatic workpiece clamping and
rotating system for a table-type thread tapping machine. The main content of the article includes
the calculation and designing of the rotating motion transmission for the workpiece, the clamping
mechanisms, and the hole selection mechanism for the tapping machine. In addition, the article
presents the calculation and selection of electrical tools, electro-pneumatic devices for the system,
and the selection of control devices. A device control interface is built based on a PLC controller.
The above calculations are verified by simulation software, showing that the system can meet the

requirements.

Keywords: Tapping machine; Workpiece rotation system; Workpiece holder; Controller;

Automatic.
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1. PAT VAN PE

Ngay nay, ty dong hoa trong san xudt
va gia cong co khi dang dugc ap dung ngay
mot rong rai hon. Tu dong hoa thuong duoc ap
dung cho céc cong doan gia cong don gian lap
lai lién tuc. Trong d6, gia cong ren 1a mot cong
doan gia cong tuong ddi don gian va khong can
qua nhiéu k¥ ning phirc tap. Chinh vi vay, tu
dong hoa ap dung trong gia cong ren ngay mot
nhiéu hon. Ty dong hoa trong gia cong ren gitip
giam thoi gian, chi phi cling nhu nhan cong dé
lam ra san pham. Ngoai ra, ty dong hoa con
gilip ting ning suat, ting do chinh xac hon so
v6i cac phuong phap gia cong ren truyén thong.

Taro 13 qua trinh cit ren trén bé mat bén
trong 16 da duoc khoan bé“mg dung cu cit goi la
mii taro. M taro 1a cong cu cit, tao hinh co
dang hinh tru va c6 ren trén bé mit ngoai cua
nd. Ren nay phu hop véi hinh dang ren ma ta
mong mudn tao ra bén trong 16 da khoan. Ren
trén mat ngoai ctia mii taro c6 cac canh sac, khi
xoay miii taro vao trong 16 khoan thi cac canh
sdc ndy sé cat got kim loai va tao ra hinh dang
ren mong mudn [1].

Hién nay, cac may taro tu dong dang
ngay cang dugc su dung rong radi so voi cac
thiét bi taro thu cong vi c6 ning suit va do
chinh xac cao. Trén thi trudong hién nay, co6 hai
loai may taro phd bién 13 may taro chuyén dung
dang cin va may taro tu dong dang ban. Doi
vo1 may taro dang ban thi lai chia ra hai dong
chinh 1a may taro ty dong kiéu banh ring va
may taro tu dong kiéu vit me. Hinh 1 thé hién
mot may taro ty dong dang ban kiéu banh rang.

UNIFAST

Hinh 1. May taro ty dong Unifast T-6516 M16 [2].

Hién tai, cong viéc taro ren dugc thuc
hién chu yéu theo dang ban tu dong. Nguoi
cong nhan s& dat phoi can taro ren 1én gan ga,
sau d6 diéu chinh phoi dén vi tri can taro 19.
Ké tiép, nguoi cong nhan diéu khién may taro
chay xudng dé taro 15 can gia cong. Sau khi
taro xong thi ngudi cong nhan didu khién may
chay 1én va xoay phoi dén vi tri gia cong ké
tiép. Cong viéc ctr thé tiép tuc. Nham muc dich
tang ning suat thi viéc ty dong hoa qua trinh
taro ren la rat quan trong. Tuy theo kich thudc
va d6 phic tap ciia phdi can taro ma hé thong
may taro tu dong s€ duoc thiét ké khac nhau.
Nhung nhin chung thi déu cin c¢é cac bd phan
1a may taro, co cdu ga/kep phdi, co ciu xoay
phoi. Ngoai ra, ddi véi cac loai phdi co kich
thudc nho va don gian thi con c6 thém hé thong
cAp phéi tw dong gdm phéu chira phoi va bing
dan phoi. Dbi v6i loai phoi cé nhiéu 18 can taro
trong cung mot 1an thi can c6 thém co cau dinh
vi 16 taro dé dam bao taro lién tuc va chinh x4c.

Mot s6 nhom nghién ciru da tim hiéu va
dé xuat cac phuong an tu dong cho qua trinh
taro ren. Nhom nghién ctru cua tac gia Istardi
da thiét ké mot hé théng tu dong hoan toan cho
viéc taro ren dua trén mdt may taro ren ban tu
dong cua hang Brother Hitap BT-61 [3]. H¢
thdng nay c6 kha ning ty cAp phoi, ga kep phoi,
thuc hién taro ren va liy phoi ra. Nhém nghién
clru cua tac gia Patel d3 tién hanh tong hop cac
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két qua nghién ciru vé cac thong s6 anh huong
dén qua trinh taro ren [4]. Trong d6, cac hudng
nghién ctru c6 thé ké dén 1a giam luc doc truc
trong qué trinh taro, hinh dang cua ren dugc
taro, momen cling nhu dao dong tao ra trong
qué trinh taro, van dé ma sat trong qué trinh
taro ren, tong hop cac sai sd trong qua trinh
taro ren, v.v... Nhom nghién clru cia tac gia
Mali trinh bay két qua tong hop cac nghién ciru
vé mdy taro ren st dung ngudn tac dong 1a khi
nén [5]. May taro ren ngudn khi nén khic phuc
dugc cac nhuge diém ciia may taro ren truyén
thdng bang tay nhu chit lwong bé mit ren kém,
tén thoi gian gia cong, giy dau gia cong ren,

. Nhom nghién ctlru cua tac gia Val trinh
bay phuong phép su dung biéu d6 thong ké da
bién dé chian doan chit luong ciia ren thong
qua gid tri momen do dugc tu truc chinh ctua
may [6, 7]. Phuong phap nay dugc sir dung dé
phat hién va tranh khuyét tat cta ren khi gia
cong. Nhom nghién ctru cua tac gia Lin dé xuat
phuong phap kiém tra tryc quan cac dic diém
bén ngoai ctia mili taro xem da dén luc thay thé
hay mai lai hay khong [8]. Bing cach kiém tra
mat bén cuia miii taro, d0 mon cia mui taro co
thé duoc xéac dinh.

O trong nudc khong co nhiéu nhom
nghién ctru vé may taro ren ty dong. Nhom
nghién ctru cta tac gia Pham Vian Toan da thiét
ké va ché tao mot hé may tao ren chuyén biét co
mirc tu dong cao trong tat ca cac khau cap phoi,
kep phoi, tao ren va lam sach, 1ay san pham ra
[9]. Co ciu kep mili taro c6 khép ndi mém dé
tu lya miii taro va ty dan hudng dong tim véi
tam 10 can gia cong ren.

Tuy nhién, vin chua c6 nhiéu nghién
clru va san pham phuc vu cho viéc ty dong
hoan toan qua trinh taro ren. Trong bai bao nay,
nhém nghién ciru tap trung vao viée thiét ké
mot hé théng hd trg viée ga va xoay phoi tu
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dong cho qué trinh taro ren céc chi tiét tron c6
nhiéu 15, thong s6 cu thé cuia phdi can gia cong
duoc thé hién trong muc 2. Muc 2 cling trinh
bay vat liéu va phuong phap nghién ctru cua
bai bao bao gdbm cac phuong an thiét ké co khi,
phuong an thiét ké hé théng dién va bo dicu
khién cua hé thong ga va xoay phoi tu dong.
Muc 3 trinh bay vé két qua thiét ké tinh toan
co khi, két qua thiét ké h¢ théng dién va diéu
khién, va giai thuat diéu khién hé théng ga va
xoay phdi tu dong. Muyc 4 trinh bay két luan
cua bai bao.

2.VATLIEU VA PHUONG PHAPNGHIEN
cUU

2.1. Yéu cau thiét ké

Trong nghién clru nay, nhoém nghién
clru s& tinh toan va thiét ké hé thong ga va
xoay phoi tu dong cho may taro ren dang ban.
May duogc lya chon 1a may taro ty dong Jarhon
JT6532 ciia Pai Loan v6i mot sb thong sb sau:
kich thudce 13 ¢6 thé taro M10~M32, hanh trinh
truc chinh 1la 65mm, ban lam viéc c6 kich thudc
340x380mm. Pbi twong phdi can gia cong cua
may taro la mat bich s dung trong coc bé tong
ly tam du ung lyc. Theo TCVN7888:2014,
phoi mat bich ¢ cac thong sb nhu sau: dudng
kinh ngoai 300mm, duong kinh trong 180mm,
g6m 6 16 khoan duong kinh 24mm, do day phoi
12mm, duong kinh duong tron di qua tdm ctia 6
16 240mm.

Hé thdng ga va xoay phdi tu dong s&
hd tro may taro ren trong sudt qua trinh taro 6
16 ctia phoi. DAu tién, phoi dugc dat vao dd ga,
khong can diéu chinh tim cia cac 18 phdi cho
chinh xac véi vi tri taro. Hé thong s& ty dong
kep dé dinh vi phoi, sau d6 xoay phoi va tu
dong xac dinh vi tri 15 can taro. K¢é tiép, khi da
xéac dinh dugc 15 can taro, hé thong sé ty dong
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kep chit phoi dé giir phoi khong bi xoay trong
qué trinh taro. Khi da kep xong truc may taro s¢
tr dong di xudng taro, sau khi di hét hanh trinh
taro thi ty rat vé. Sau khi taro xong hé thong
kep nhara, ph01 tiép tuc duoc xoay dén vi tri 16
tlep theo va tiép tuc qua trinh taro nhu cho 15
dau tién. Dén khi taro du 6 16 thi hé théng may
taro dimng lai. Phoi dugc dua ra khoi co cdu ga.

2.2. Phwong an thiét ké phin co khi hé thong
g4 va xoay phoi

Co cau dinh vi va xoay phoi déng vai
trd quan trong trong hé thong taro ren ty dong.
Trong muc néy s& trinh bay phuong an thiét ké
co khi h¢ thong g4 va xoay phoi tu dong cho
mAy taro ren gdm cac bd phan sau: co cAu dlnh
vi va xoay phoi mit bich ding 3 con lin, co ciu
kep dinh vi thong qua con lan, co cau kep tai vi
tri taro va co cau lya 16 taro. Mot trong nhiing
phuong phéap duoc st dung phé bién cho cac hé
thong g va xoay phoi tu déng la phuong an st
dung ban xoay chia do két hop V01 mam cdp 3
chau. Tuy nhién, phuong an nay can c6 ngudi
cong nhan thyc hién chinh xac viéc ga phoi luc
ban dau sao cho 16 taro ¢ dung vi tri can taro.
Vi thé, phuong 4n nay kho két hop trong mot
hé thong tu dong. Ngoai ra, viéc ga dat cac phoi
kich thudc 16n can mam cip loai 16n dan dén
gia thanh tang dang ké.

Trong nghién ctru nay, phuong an dugc
dé xuat 13 co cau dinh vi va xoay phdi mit bich
st dung 3 con lan, duogc thé hién trong Hinh 2.
D6i voi co cau nay thi hai con lan bén trong (ky
hiéu s6 2 va 3) ¢ dinh va 1a hai con lan chii
dong truyén chuyén dong xoay cho phdi nho
luyc ma sat gitra phoi va con lan. Con lan bén
ngoai (sd 1) 1a con lan bi dong s& dugc day ra,
day vo dé kep va dinh vi phoi. Co cau nay két
hop thém cac phién ty & phia dudi phoi dé tao
mat dinh vi bén dudi khi kep phoi.

2

Hinh 2. So do biéu dién vi tri cua 3 con lan so voi
phoi.

Co ciu kep dinh vi théng qua con lan
dung dé day con lan sb 1 ra hodc vao tiép xuc
voi phoi. Muc dich chinh la dé dinh vi phoi
con kep chit chi 1 phu nén luc kep can thiét s&
chon khong qua 16n. Nhom lya chon st dung co
céu kep dung chi tiét cang két hop véi xi lanh
khi nén, thé hién trong Hinh 3. Chi tiét dang
cang hay con goi 1a can duoc ding dé bién dbi
chuyén dong tinh tién thanh chuyén dong xoay
hodc dugc dung dé nang tai. N6 dugc thiét ké
dé xoay quanh 1 chdt hay truc ¢6 dinh hai dau
cang c6 thé thiét ké thém khop khuyu don hodc
doi dé két ndi véi céc chi tiét khac. Chiéu dai
canh tay don ctia cang dugc thiét ké thich hop
dé c6 thé tbi vu dugc vé mit luc.

Hinh 3. So' do nguyén Iy co cau kep dimng chi tiét
cang ket hop voi xy lanh khi nén.
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Co ciu kep tai vi tri taro duogc lya chon
1a dang kep tich hop san trén cac xy lanh khi
nén. Vé dau can kep, nhom co thé yéu cau bén
san xuét tiy chinh lai theo yéu cau sao cho
thich hop vé6i phuong an kep da thiét ké. Xy
lanh kep khi nén c6 thé tao ra luc kep tir vai kN
dén chuc nghin kN tuy vao kich ¢&. Dong nay
dugc str dung phé bién trong cac hé théng tur
dong, do co thé didu khién kep thong qua mot
bo diéu khién kha trinh (PLC), v&i thoi gian tré
rat thap va c6 thé diéu chinh duoc.

Co ciu lua 10 taro muc dich dé dam bao
xé4c dinh duoc vi tri 15 can taro trung voi tam
mili taro gan trén may. Tir d6 giam sai sd, giam
duoc budc ga dat chinh xéc ban dau. Co ciu
dugc dé xuét 13 co ciu st dung chét con tuy
dong. Pay 1a co cdu thuong dung trong ga dinh
vi phoi. O day, nhom dé xuat tmg dung dé lya
16 can taro. Gia sir khi phoi chua ¢ dung vi tri
taro, ngudi dung day chdt con 1én ép vao phdi,
sau d6 xoay phoi cho dau chdt con gai vao 16
can taro va gitr phoi lai tai vi tri dang. Chét con
nay can két hop voi hé théng xoay phoi thich
hop dé khong lam giy dau chdt con. Luc nén
ctia chét con hoan toan co thé diéu chinh duoc
bang cach ting lyc nén ban dau cua 10 xo bén
trong chot.

2.3. Phuwong an thiét ké phin dién khi nén va
bé diéu khién

Trong muc nay s€ trinh bay phuong an
thiét ké phan dién khi nén va diéu khién cho hé
thong ga va xoay phoi ty dong, gdm hai phan
chinh 13 cam bién gi¢i han hanh trinh cia xy
lanh va bo diéu khién cta hé thong.

Dbi v6i cac xy lanh khi nén thuong sé
c6 tich hop san cac cam bién tiém can dé gioi
han hanh trinh, cic cam bién nay con dugc goi
1a auto-switch. Ddi véi cac xy lanh c6 tich hop
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san auto-switch thi bén trong piston ctia Xy lanh
c6 gan mot vong nam cham, do d6 do cac cam
bién tiém cén tir hay con goi 1a auto-switch s&
c6 tin hiéu mdi khi xy lanh di hét hanh trinh.
Nhom dé xuit st dung cac xy lanh khi nén ¢
tich hop san cam bién tiém can dé gidi han
hanh trinh.

Vé bd diéu khién, nhom su dung mot
bd diéu khién kha trinh (PLC) dé diéu khién
toan bo hé théng. Khéc véi cac bd diéu khién
thong thuong chi c6 mot thuat toan diéu khién
nhét dinh, PLC c6 kha nang thay ddi thuat toan
didu khién, tiy bién do nguoi sir dung viét
thong qua mot ngodn ngir lap trinh. Do vay, no
cho phép thuc hién linh hoat tat ca cac bai toan
diéu khién. Ngoai ra, mach dién gon nhe, dé
dang trong viéc bao quan va stra chira. Cau trac
dang module, cho phép dé dang thay thé, mo
rong dau vao/ra, mé rong chirc nang khac. Kha
ning chéng nhifu tt, lam viéc tin ciy trong
moi truong cong nghiép.

3. KET QUA VA THAO LUAN

Trong muc nay, bai bdo trinh bay cac
két qua sau: Két qua thiét ké va tinh toan phan
co khi, két qua thiét ké hé thong dién khi nén va
diéu khién, va giai thuét diéu khién hé thong ga
va xoay phoi tu dong cho may taro.

3.1. Két qua tinh to4n va thiét ké phan co khi
ciia h¢ thong

Trong myc nay trinh bay cac két qua
thiét ké va tinh toan co khi cua hé thong ga va
xoay phdi ty dong, bao gom cac két qua sau:
Tinh toan luc kep trén hé théng ga, thiét ké
chi tiét cang (lever) trong co ciu kep dinh vi,
tinh toan thiét ké bo truyén chuyén dong xoay
cho phdi, tinh toan thiét ké co ciu lya 15 taro.

Muc ti€u dat ra Ia taro cho phoi mat bich duong &
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kinh @300mm, c6 6 16 khoan @24mm. Taro ren
M27x3, thoi gian taro dat ra 1a khoang 1 phut
cho mot san pham.

3.1.1. Tinh todn luc kep trén hé thong gd

Pé tinh toan luc kep trén hé théng ga
cAn x4c dinh van tbc cit, luong an dao cua may
va moment cat khi taro 16 M27. Van tdc cho
phép khi sir dung miii taro xoan, vét liéu phoi 1a
thép SS400 1a tir 8-15m/min. Chon toc do truc
chinh cua may taro 1a 150 rpm, va tir cong thirc
tinh van tdc truc chinh [10, 11], nhém tinh dugc
van toc cit 1a 13 m/min, tir d6 tinh duoc lugng
an dao ctia may 1 450mm/min. Momen cit uéc
tinh khoang 52 Nm [12]. C¢ hai vi tri kep phoi,
gdm Vi tri do co cdu cang dé kep phoi va vi tri
do co céu con lan kep phoi. Goi luc kep phoi
do con lan 1a W, luc kep phoi do co cAu cang la
W1 thi so @ phan tich lyc duoc biéu dién trong
Hinh 4. Tir 46, ta tim ra mdi lién hé gitra W va
W1, va néu chon W = 300N thi W1 = 1930N.

3.1.2. Thiét ké chi tiét cang cho co ciu kep
dinh vi

Co cau cang ¢ so do nguyén 1y nhu
Hinh 5. Theo so dd nguyén 1y trén, ta c6 phan
luc R 14 tong cua lyc ddy cua xy lanh P va luc
tac dong hay luc kep cua con lan W. Do d6, R
duoc tinh khoang 450N. Ta st dung thém mot
6ng 16t truc c6 d6 day 3mm bang dong phdt pho
dé ép vao 16 chdt tai B. Viéc nay s& giup gia
tang tudi tho cua chi tiét cang. Khi mai mon xay
ra, ta chi can thao ong lot va thay 6ng 16t méi.
DBuong kinh trong cta gbi tua (boss at fulcrum)
tai ch6t B 1a 16mm. Pudng kinh ngoal cua gbi
tua tai chét tra B 1a 32mm. Thiét ké tuong tu
cho khép khity doi va chdt tai A va C. Do day
cua cang dugc lya chon 1a 7mm va chiéu rong
cua cang la 20mm.

Hinh 4. So' do phdn tich luc tac dong lén phoi khi
phoi dang duoc taro.

2L

G—= c

Hinh 5. So' d6 nguyén 1y co cdu cang.

3.1.3. Tinh todn thiét ké by truyén chuyén
dong xoay cho phoi

Dé truyén chuyén dong xoay cho 2 con
lan chii dong, nhom dé xuét phuong an sir dung
bd truyén xich nhu trong Hinh 6. Cong suat tir
truc dong co s& dugc truyén dén truc trung gian
I qua mot b truyén xich ti 18 1:2. Truc trung
gian I s& tuyén chuyén dong xoay cho 2 truc
ctia con lan II va I1I thong qua 2 b truyén xich
ti 1¢ 1:1. Dé thiét ké va tinh toan cac bd truyén
xich nay can x4c dinh van téc va moment tai
truc gin con lan.
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Dau tién, nhom tién hanh xac dinh van
tdc tai truc con lan. Ta c6 nang suét dat ra & dau
bai 1a khoang 1 san pham trong 1 phit. Thoi
gian taro cho mdi 15 14 7s. Mot san pham c6 6
16 nén tong thoi gian taro 14 42s. Taro xong 6 18
thi phoi cling xoay dugc mot vong nén vén tdc
xoay phoi 13 3,333 vong/phut. Vay thoi gian dé
phoi xoay tir 16 thir i dén 16 tha i+1 1a 3 gidy.
Ta thay rang dung cac con lan dé truyén chuyén
dong xoay cho phdi cling tuong tu voi bo
truyén banh ma sat tru. Nhung & ddy ta chi st
dung v6i muc dich truyén van toc 1a chinh con
truyén cong suat chi 1a phu. Ta c6 dudng kinh
phoi 1a 300mm va duong kinh con lan chon so
bd 14 40mm nén ta c6 van tdc tai truc con 1an
tinh theo cong thirc ctia bo truyén banh ma sat
[13] 1a 26 vong/pht.

Ké tiép, nhom tién hanh xac dinh
moment tai truc gén con lan chu dong. Ta co thé
coi viéc sir dung céc con lan dé truyén chuyén
dong xoay cho phoi l1a tuong tu voi mot bod
truyén banh ma st tru. TUr d9, ta c6 so dd phan
tich luc nhu trong Hinh 7. Twr d6, ta tinh duoc
moment xoin va cong suit tai mdi truc con lin
2 va 3 lan luot 1a 680 Nmm va 0,0022KW, tir
d6 c6 thé tinh cong suét tai truc I 1a 0,0044KW.

Truclll
0,002KW

0,0044KW

Hinh 6. So' d6 nguyén 1y cdc bg truyén xich.
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Hinh 7. So do phan tich luc tiac dung lén phéi khi
dang xoay.

3.1.4. Tinh todn thiét ké co ciu lwa 16 taro

Co ciu lya 16 taro dung chdt con tiy
dong hoat dong theo nguyén tic xy lanh khi nén
day chét con 1én tiép xuc voi bé mat phoi nhu
hinh a, khi phoi xoay dén vi tri 18 can taro thi
dau chét con day 1én gai vao 16 nhu hinh b, khi
chét con gai vao 13 thi ciing s& can chuyén dong
xoay cua phoi lam cho phdi dung lai. Hinh 8
thé hién mo hinh hoat dong cua chdt con tuy
dong nay.

Ta c6 moment tao chuyén dong xoay
cho phdi 1a 12720N.mm, moment can tac dung
1én phéi 13 11000N.mm [14], do dé khi chét
con gai vao 16 dé cho phoi dimg han chuyén
dong ta can tao mot luyc day du 16n cho chét
con. Tuy nhién, néu lyc day nay qué 16n thi luc
ma sat ciia ddu chdt con v6i phéi sé can tré 1am
cho phoi khong thé xoay duoc, do d6 can phai
gi6i han lai Iyc day. Vay luc day do 16 xo tao ra
dé day chdt con phai nho hon 71,5N va 16n hon
4N dé c6 thé lam dimg phoi khi chét con da gai
vao 10, va khi chua gai vao 16 thi khong tao ra
luc ma sat qua 16n lam cho phoi dung lai.



NGHIEN CUU - TRAO DOI

Tuy nhién, hé théng khi hoat dong s&
c6 sai s6 do hé théng d6 ga, bit ngudn tir viée
ché tao d6 ga khong chinh xac, do d6 ga bi mon
hodc do sai s khi thuc hién ga dat. Sai ) ga
dat trong phuong an dé xuat 1 sai s6 1éch tim
giita 18 va truc chinh ctia may taro. Sai s6 ga dit
cho phép khoang 1,1 mm [14].

o b

Hinh 8. Mé hinh hoat dong ciia chét cén tity dong.

3.2. Két qua thiét ké hé thong dién, khi nén
va diéu khién

Trong muyc ndy trinh bay cac két qua
tinh toan hé thong dién va diéu khién cta hé
théng ga va xoay phoi ty dong, bao gém cac
két qua sau: Tinh todn lya chon xy lanh khi nén,
lya chon dong co, lua chon khi cu dién.

3.2.1. Tinh toan lwa chon xy lanh khi nén
Nhom nghién ctru chon tit ca cac xy
lanh trong hé thdng déu hoat dong & mirc ap

suét 13 6 bar.

- Xy lanh khi nén trong co céu kep

dinh vi: Ta c6 luc can thiét tao ra bi xy lanh
khi nén nhu da tinh toan 1a 150N, vé6i ap suét
hoat dong dat ra chung cho ca h¢ théng la 6bar
ta tinh dugc duong kinh xy lanh 1a 17,8 mm.
Ta chon lai dudng kinh xy lanh tiéu chuan 1a
20mm [15].

Tra theo catalogue cta hang SMC, ta
chon loai xy lanh c6 ma la CDM2C20-25SZ-
NV-M9BW véi 20 1a duong kinh xy lanh tuong
ung 20mm, 25 1a hanh trinh xy lanh tuong ing
25mm. Véi hanh trinh 25mm da du dap ung
yéu cdu dit ra nén ta chon hanh trinh bang
25mm. S 1a chon xy lanh mét tac dong, va NV
13 tiy chon loai dau can piston va dudi xy lanh.
MI9BW 1a c¢ tich hop 2 auto switch tuong tu
nhu hai cong tic hanh trinh.

- Xy lanh khi nén dung dé kep phoi: Ta
¢6 luc kep can thiét nhu da tinh toan 1a 1930N,
ap suit 1am viéc 6bar. Tham khao catalogue cta
hang DESTACO, dong xy lanh lanh kep chuyén
dung c6 hinh dang xy lanh la dang oval. Ta c6
dong xy lanh TCC-2E230050L8 c6 thé tao ra
lyc kep 1930N. Theo catalogue, 50 la dudong
kinh xy lanh, L8 1a c6 tich hop autoswitch.

Ta c6 biéu do biéu dién mbi quan hé
gitra chiéu dai can kep véi luc kep tao ra. Dua
vao biéu do, ta co thé théy dé tao ra luc kep
khoang 2000N, ta can st dung can kep co6 do
dai khoang 100mm. 100mm ¢ day la khoang
cach tir diém dat luc kep dén diém xoay cua
xy lanh theo luu ¥ cua catalogue cua hing. Dé
c6 dugc khoang cach nay, ta chon can kep dai
150mm cua hang c6 ma B8JG-3238-1.

- Tinh toan lgya chon xy lanh khi nén
cho co cau lya 18 dung chét con tiy dong: Ta
¢6 xy lanh can nang duogc khéi lwong cia chdt
con khoang 0,5kg va cac chi tiét phu dé gin
chdt con vao dau can xy lanh c6 khdi luong
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khoang 0,5kg, dong thoi phai chiu dwoc phan
luc cua 10 xo trong chdt con khi chét duge diy
ra ép vao bé mit phoi. Phan lyc nay nhu di
tinh toan bén trén 1a nho hon 71,5N. Vay tong
lyc ma xy lanh cAn tao ra duge 1a 81,3 N. Ta
chon lai duong kinh xy lanh theo tiéu chuan
la 16mm hodc 20mm. Sau khi tham khao dong
xy lanh khi nén chuyén dung cho cac loai chot
dinh vi trong ga phdi, ta chon dugc xy lanh cé
ma 86P30-502L8002.

3.2.2. Lwa chon dong co

Vi cac thong sb da tinh toan ¢ muc
3.1.3, ta c¢6 cac thong sd co ban cho dong co
nhu sau: Van tdc tai truc dong co can thiét 1a
52v/p, cong suat ciia dong co 13 9,6W. Ngoai ra,
d6ng co nén c6 thém thing (phanh) dé dam bao
viéc dimg chuyén dong dién ra nhanh chong
khi c6 tin hiéu ngit.

Tur cac thong s6 co ban trén, ta chon sir
dung dong co DKM 7BDGE-10G. DBong co co

tich hop hop giam tdc c6 ti 18 1:30 nén vén toc
tai truc dau ra con 50v/p.

3.2.3. Lwa chon khi cu dién

Ta cAn tinh toan lya chon cac khi cu
dién nhu CB (Circuit Breaker), contactor, relay
qué nhiét. Pé chon dugce loai khi cu dién phu
hop, ta can di tinh dong dién dinh muc va dong
dién khéi dong ctuia 2 dong co st dung trong
mach. Bao gdm dong co 3 pha cua may taro,
dong co 1 pha cta bd truyén chuyén dong cho
phoi.

Dbi v6i dong co 3 pha, dong co may
taro theo so d6 mach dién ban dau cta nha
san xut 12 mach khoi dong truc tiép. Do do,
ta chon dong khoi dong bang (5-7) dong dién
dinh murc, khoang 14A [16]. P6i voi dong co
AC 1 pha theo catalogue ciia hang DKM motor
thi dong dién dinh mtrc cua motor 1a 0,16A.
Ta c6 bang cac khi cu di¢n dugc lya chon nhu
trong Bang 1.

Badng 1. Cac khi cu dién dwoc lwa chon cho hé théng.

STT Tén khi cu dién

Théng sb

1 CB (Circuit Breaker) 3 pha

MCB Schneider A9F74325
+S6 cuc: 3P;

+ Dong dién dinh mirc: 25A;
+ Dong cét ngin mach: 6kA;
+ Dién ap dinh muc: 400V.

2 CB 1 pha

MCB Schneider EZ9F34210
+ 86 cuc: 2P;

+ Dong dién dinh mtrc: 10A;
+ Dong cét ngin mach: 4.5kA;
+ Dién ap dinh muc: 230V.

3 Contactor cho dong co 3 pha

Schneider LC1D09BD

+ Dong dién diéu khién 24V DC;
+86 cuc: 3 NO;

+ Dién ap dinh muac 400V,

+ Dong dién dinh muc 9A.
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4 Contactor cho dong co 1 pha

Schneider A9C20137

+ Dong dién dinh muc 25A;
+ Pién ap diéu khién 24V;
+ Tiép diém 4 cuc NC.

5 Cau chi cho dong co 3 pha

Schneider DF103

+Sb cuc: 3P;

+ Cau chi tuong thich: 10x38 mm. Chon loai cau chi DF2CA06
6A;

+ Dong dién dinh mtic: 32A;

+ Dién ap: 690V AC.

6 Cau chi cho dong co 1 pha

Schneider DF101

+Sb cuc: 1P;

+ CAu chi twong thich: 10x38 mm. Chon loai cau chi DF2CA005
0,5A;

+ Dong dién dinh mirc: 32A;

+ Dién ap: 690V AC.

3.3. Giai thuat diéu khién

Hinh 9 thé hién luu d6 giai
thuat chinh cua hé thdng ga va xoay
phoi ty dong. Chuong trinh chinh s€
khai quat cac bude co ban khi bat dau
thuc hién taro mot phoi. Tur chuong
trinh chinh, ta s€ c6 hai lua chon,
chon ché dd auto hay ché do manual,
tuy vao muc dich ma ta lya chon cho
phu hop. Hién tai, h¢ théng chi taro
ty dong cho mot phdi nén sau khi
hoan thanh thi s& phai chon lai ché d6
taro. Doi v6i chuong trinh con Auto
Mode, khi da xac nhan phoi dugc dat
vao dang vi tri s& tién hanh diéu khién
tudn tu cac budc sau: dinh vi, xoay
phdi, Iya 16 taro, ding phoi, kep phoi,
tién hanh taro, nha kep va tiép tuc lap
lai cho dén khi du 6 13 thi dung. Dbi
v6i chuong trinh con Manual Mode sé&
duoc sir dung khi lip dat do ga, kiém
tra 16i. Chuong trinh Manual Mode s&
thuc hi¢én riéng 1€ tirng hanh dong chur
khong thuc hi¢n tuan tu nhu chuong
trinh Auto Mode.

LUU DO GIAI THUAT CHUGNG TRINH CHINH

@
i' Dt phdi vao vi tri ga ,-_"

Kigm tra phéi 03 dude d3F
vao vj tri chua 7

¥ k-

Auto Mode Manual Mode

NG

Tiép tyc Taro phii tiép theo ?

Hinh 9. Luu d6 gidi thudt chirong trinh chinh.
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Ket qua mo phong, kiém nghlem code
PLC vé diéu khién tuan ty cic phan tir dién -
khi nén dugc thé hién trong video giri kém theo
bai bao. Két qua cho thay tinh dung din cia
phuong an thiét ké va diéu khién duoc dé xuat.

4. KET LUAN

Bai bao trinh bay mot phuong an thiét
ké hé théng ga va xoay phoi ty dong cho may
taro dang ban. H¢ théng duoc xay dung dua
trén nguyén 1y 3 con lan giap dinh vi va xoay
phoi dang tron. Phan dién khi nén cta hé thong
cling dugc xdy dyng va kiém tra hoat dong
thong qua phan mém mé phong dua trén mot
PLC. Két qua ciia bai bao c6 thé duoc dua vao
{rmg dung thyc té cho cic may taro ren dang ban
hién c6 trén thi truong. <

Ngay nhan bai: 09/9/2024
Ngay phan bi¢n: 04/10/2024
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ANH HUONG CUA THONG SO CAU TRUC VAI BEN PO ON PINH
KiCH THUYG'C SAU KHI GIAT CUA VAI DENIM CHUN VA
KHONG CHUN

INFLUENCE OF FABRIC STRUCTURAL PARAMETERS ON DIMENSIONAL
STABILITY AFTER WASHING OF ELASTIC AND NON-ELASTIC DENIM FABRICS

Gian Thi Thu Huong
Truong Pai hoc Bach khoa Ha Noi

TOM TAT

Pé tang tién nghi va thoi trang cho vai denim, soi béng dot tre va soi bong boc chun da
dwoc sir dung trong vai. Tuy nhién, khi thay doi cdc thong sé cdu triic vdi nhie thanh phan nguyén
liéu soi doc hay soi ngang, mdt do soi doc hay mat do soi ngang déu c6 anh huong dén tinh chdt co
Iy cia vdi. Trong bai bdo nay da nghién ciru anh hwong ciia thong sé cdu triic vai khi sir dung soi
100% béng dot tre chdi thé véi soi bong dém 16i chun, c6 cdc mat do soi thay doi dén dé on dinh
kich thuéc va do xién canh sau gidt cia vdi denim chun va khéng chun. Két qud cho thay, véi thanh
phc”in nguyén liéu la spi bong chai tho cac mau vai déu bi co lai, mau vdi ndo mat dé soi cao hon
thi do co sau giqat thcfp hon va vai 6n dinh kich thude tot hon, soi ngang la sgi bong boc 16i chun co
dé xién canh cia vai sau gidt thap hon. Nghién civu ndy la co sé khoa hoc dé thiét ké thong soé cdu
triic vai phit hop véi cong nghé xir 1y hodn tat va thiét ké san pham may sir dung vai denim chun va
khong chun.

Tir khéa: Soi dot tre; Soi boc chun; Pé co/gian; D¢ xién canh; Vai bo.
ABSTRACT

To increase the comfort and fashion of denim fabric, slub cotton yarn and cotton core spun
yarn have been used in the fabric. However, when changing the fabric structure parameters such as
the composition of warp or weft yarn, warp yarn density or weft yarn density, it affects the physical
properties of the fabric. In this paper, the influence of fabric structure parameters when using 100%
carded slub cotton yarn with core spun yarn, with different yarn densities, on the dimensional
stability and the skew after washing of elastic and non-elastic denim fabric was studied. The results
showed that with the raw material composition of carded cotton yarn, all fabric samples were
shrunk, the fabric sample with higher yarn density had lower shrinkage after washing and better
dimensional stability, the weft yarn was cotton core spun yarn had lower skew after washing.
This study is the scientific basis for designing fabric structure parameters suitable for finishing
technology and designing garment products using elastic and non-elastic denim fabrics.

Keywords: Slub yarn; Core-spun yarn, Shrinkage/stretch, Skew, Denim fabric.
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1. PAT VAN PE

Vai denim dét thoi ngay cang phong
phu tir chét liéu cho dén kiéu dang, soi sir dung
trong dét vai denim ciing c6 nhiéu kiéu khac
nhau. Bén canh céac soi thong thuong soi c6 do
déu cao, thi hién nay dé tao ra loai vai kiéu trén
mat vai c6 hiéu ing soc mua, nguoi ta sir dung
soi kiéu co @6 khong déu cao hay con goi 14 soi
dbt tre (slub yarn). Soi d6t tre 1a dang soi kiéu,
than sgi khong déu, vai dét tir soi d6t tre nhin
thd hon so véi vai dét tir soi thong thuong. Tuy
theo, soi ddt tre duoc dung lam soi doc hay soi
ngang ma soc trén vai theo chiéu doc hay chiéu
ngang hodc ca hai chiéu. D¢ ting tinh tién nghi
cho san pham tir vai denim, trong thanh phin
soi bong da két hop véi soi chun (spandex) tao
ra soi bong boc 161 s¢1 chun (cotton core spun
yarn), vai denim chun c6 d¢ dan hdi va lam
tang tinh tién nghi cho cac san pham may. Vai
denim chun da dap ung dugc su thoai mai cho
ngudi mic, ddng thoi da dam bao dwoc phom
dang cua san pham dap ung vé yéu cau thim
my. Tuy nhién, bén canh nhiing wu diém, san
pham tir vai denim chun con ton tai nhuge diém
16n 1a kho 6n dinh vé kich thude [1].

Trong qua trinh tao ra san pham may
mic co rat nhiéu yéu t6 anh huéng dén phom
dang va chit lugng cta san phdm nhu d nhau,
d0 léch canh vai, do ru, do co, do rao cua vai...
Do 6n dinh kich thude cua vai sau gidt dugc
phan 4nh qua nhiéu chi tiéu, trong d6 do co/
gian va do xién canh vai la nhirng chi tiéu quan
trong anh huong dén tinh thim my va kich
thudc ciia san pham trong cit may va trong qué
trinh st dung [2]. BJ xién canh cta vai sau giat
(skewed after laundering) 1a mot 16i xudt hién
trong mot tAm vai dét thoi xay ra khi mot hé
soi nay bi 1é€ch tao thanh mdt goc khac 90° so
v6i hé soi kia cua vai, nguyén nhan gay ra do
la viéc tac dong strc cang cua cac hé sgi khong
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ddng déu trong qué trinh dét va qua trinh hoan
tat dan dén canh soi ngang khong vudng goc
v6i canh soi doc. Néu 161 nay khong dugc giai
quyét ngay, no se la nguyén nhan gay ra hién
tuong van 6ng quan hay than 4o, tay o... 14 15i
dac biét nghiém trong cho chét luong san pham
may nhu trén Hinh la,b [3].

San khi gigt

P10em

Truwoc khi giat 3, b,
Hinh 1. a) M6 phong hién tuong xién canh doc cua
vai sau khi giat; b) Hinh vé hién tuwong quan bj van
ong va do bi van than theo huong doc.

Qua trinh giat mang lai cho vai denim
c6 mau sic va hinh thai phong phu. Pong thoi,
trong qu4 trinh sir dung, san pham tir vai denim
nhu quan, 4o ciing s& phai qua qua trinh giit
nhiéu lan. Tuy nhién, chinh cic qua trinh nay
cling dem lai sy thay ddi cac dic tinh co hoc
clia vai, anh huong dén chat lugng va phom
dang cua san phém, dic biét 1a ddi voi denim
co gidn [4]. C6 nhiéu yéu t6 cong nghé dét anh
huong dén sy 6n dinh kich thude nhu do co/
gian va do xién canh cua vai denim sau giat nhu
thanh phan nguyén lidu, cau trac soi, mat do
soi doc/ngang, hinh thtrc lién két..., nghién ctru
nay 1a rat can thiét cho viéc xac dinh cac thong
sO cong nghé san xuét vai phu hop cho thiét ké
san pham may. Trong pham vi nghién ciru da
xac dinh anh huéng cua thong sé thanh phan
nguyén liéu soi doc, soi ngang va mat do soi
doc, s¢i ngang dén do co/ gian va d¢ xién canh
sau gidt cua cdc mau vai denim khong chun
su dung soi ddt tre va mau vai denim chun st
dung soi ngang la soi bong boc 161 chun.



NGHIEN CUU - TRAO DOI

2. POI TUQNG VA PHUONG PHAP NGHIEN CUU

2.1. P6i twong nghién ciru

Cac mau vai denim dugc dét trén may dét Picanol, ¢6 cac thong sé ki thuat nhu trong Bang
1, dugc san xuat tai Cong ty Vina Denim, vai cé cung ki€u dét van chéo phai 3/1. Vai thi nghiém
la vai thanh pham sau khi qua day du cac cong doan cua xur Iy hoan tat nhu dot 16ng, 1am bong, say

vang va phong co.

Bang 1. Cdc chi tiéu ky thudt ciia vai mau

_— . . Mat @ soi doc | Mat a9 spingang | Y€ 4a0 |y romg
Mau vai | S¢idoc | S¢ingang (soi/inch) (soi/inch) hoi cua (g/m?)
: : chun (%)
Mil SB7 SB7 68 50 3,5 4428
M2 SB7 SB7 68 47 3,5 436,2
M3 SB7 70D12 65 45 3,5 377,6
M4 SB7 70D12 59 45 3,5 370.,8

*Ghi chu: - SB7 la soi dot tre (slub yarn) 100% bong chdi thé co chi so soi Ne7;
- 70D12 la sgi bong chdi thé boc 16§ sgi chun 70D co chi so Nel2.

Pic diém k¥ thudt cua cac mau vai: Mau
M1, M2 c6 cung mat d¢ soi doc, khac nhau vé
mat do soi ngang, cung loai sgi va khdi luong
g/m? twong duong nhau - xép vao nhom méu I;
Mau M3, M4 c6 cing mat do soi ngang nhung
khéc nhau vé mat do soi doc, soi doc cung loai
voi nhém 1, con soi ngang 1a soi boc 161 chun,
c6 khéi luong g/m? gan tuong duong - xép vao
nhém mau II.

2.2. Phuwong phap nghién ctru

Chuan hoa méu trong diéu kién: nhiét
d6 20 £1°C, d6 4m tuwong ddi 65 2% theo tiéu
chuan TCVN 178:2007 [4]. Thyuc nghiém duoc
tién hanh tai phong thi nghiém cua Cong ty
TCE Vina Denim. Phuong phap xac dinh dd co,
gidn sau giat cua vai theo tiéu chuan AATCC
135/150 (US) [5]. Phuong phap xac dinh do
xién canh sau gidt cta vai theo tiéu chudn
AATCC - TM 179 (US) [6]. Mau thir nghiém

v6i kich thude quy dinh duogc thyc hién bang
dung cy (Hinh 2), st dung may giit va may sy
chuyén dung. Ché d6 giit théng thuong: Nhiét
do giat: 27 +2°C; Thoi gian giat: 16 phat/1 l1an;
Nhiét do say: 90°C; Thoi gian siy: 20 phut.

.|

T
I_
R R
s}
350mm
550mm

350mm
550mm

Hinh 2. Duong va kich thudc mau xac dinh do co
va do xién canh cua vdi

Do co, gidn theo chiéu doc va chiéu
ngang C (%) cua mau dugc tinh toan theo cong
thure sau:

_L—Lo . . .
=7, 100 (%) (1)

Trong do:
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- Lo: Kich thu6c mau trudc giit
(350x350mm);

- L: Kich thuéc AB (xac dinh do co
ngang vai) hay BC (x4c dinh d6 co doc vai) cta
mau sau khi giat.

Néu kich thude vai giam 1a vai bi co lai
(C ¢6 gia tri am), néu kich thude vai tang 1a vai
gian ra (C c6 gia tri duwong). Po va xéac dinh cac
kich thudc ctia mau sau 1 14n va 3 lan giit.

D¢ xién canh X (%) cta vai sau khi gidt
duoc xac dinh theo cong thurc:

__ 2(AC-BD) .
" (AC+BD) 100 (%) @)

Trong do:

- AC, BD Ila kich thudc cua hai duong
chéo trong hinh mau ABCD (mm);

-AC>BD, X c6 gia tri duong, canh vai
thién sang trai;

- AC <BD, X c6 gia tri am, canh vai
thién sang phai.

Véi mau vai denim dat yéu cau khi céc
chi tiéu trén phai nho hon 3%. Sir dung phan
mém Excel 2013 dé xtr 1y két qua thyc nghiém.

3. KET QUA VA BAN LUAN

3.1. So sanh va danh gia cac thong so cau
truc cia cac mau vai denim thuwe nghiém

Trén co sé thong sd ciu trac vai Bang
1, lap biéu do so sanh mat do soi doc va mat do
soi ngang cua 4 mau vai denim thyc nghiém
duoc thé hién trén Hinh 3.
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= Mat d6 soi
doc(sgilinch)

mMat doé soi
ngang(soifinch)

M1 M2 M3 M4

Hinh 3. Biéu do so sanh mdt do soi doc va mat do
sQi ngang cua cdc mau vai denim

Nhén xét, cac mau vai co cung kiéu dét
van chéo phai 3/1, cung nguyén li¢u sgi doc
100% bong soi dot tre Ne7. Nhom mau M1 va
M2 c6 cung mat do soi doc, cung loai sQi ngang
nhung mat do soi ngang M1 16n hon M2 1a 6%.
Nhém mau M3 va M4 c6 mat do soi doc thip
hon mau M1 va M2, déng thoi mau M4 c6 mat
d6 soi doc thap nhét thap hon mau M3 1a 10%.
Nhom mau M3, M4 ¢6 cung mat do soi ngang
va cung loai s¢i ngang 1a sgi bong dém chun,
mat do ngang cua hai miu nay bang nhau va
thip hon mau M2 1a 4,4%. Mat do soi va thanh
phan nguyén liéu 1a nhitng yéu t6 anh hudng
dén cau triic vai va nhitng dic tinh cia vai cling
thay doi theo.

3.2. Xac dinh anh hwéng cia thong sb ciu
truc vai den su thay doi kich thudc sau giat
ciia mau vai denim

D¢ 6n dinh kich thudc ctia vai dugc thé
hién qua cac gia tri do co/gian cua vai sau khi
giat. Xac dinh do co, gian sau giat lan 1 valan 3
clia vai theo tiéu chudn AATCC 135/150 (US),
tién hanh thi nghiém véi mdi mau (M1; M2;
M3; M4) trén ba mau vai, tinh gia tri trung binh
va xac dinh do co/gian theo chiéu doc va chiéu
ngang cua vai theo cong thirc (1). Két qua duogc

tinh toan va ghi trén Bang 2.
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Bang 2. Két quad xac dinh dé co/gian cua mau vai denim sau 1 lan va 3 lan gidt

Mau (kich thuée truée khi giit Kich thuoc tz:lnngl)bmh sau glat b9 co/gidn cia vii C (%)
350 x 350 mm) : : N X
Lan 1 Lan 3 Sau 1 lan giat | Sau 3 lan giat

Doc vai 346,8 3479 -0,91 -0,60

M Ngang vai 3449 346.,5 -1,46 -1,00
Doc vai 346,5 347,7 -1,00 -0,66

M2 Ngang vai 3445 3458 -1,57 -1,20
M3 Doc vai 3458 346.,9 -1,20 -0,89
Ngang vai 341,7 343,5 -2,37 -1,86

M4 Doc vai 3452 346,6 -1,37 -0,97
Ngang vai 340,9 342.4 -2,60 2,17

St dung phan mém Excel 2013, lap
biéu dd so sanh do co/gian cua 4 mau vai, thé
hién trén Hinh 4.

B0 cof gian C(%)

300
(%) (%)

Hinh 4. Biéu do so sanh dé co/gidn theo chiéu doc
va chiéu ngang cua mau vdi denim sau I lan va 3
lan gigt

Nhan xét, cdc miu vai denim déu bi
co sau giat (C co6 gia tri am), day cling do ban
chat cuia thanh phan nguyén liéu chu yéu 1a soi
bong. P co sau gidt 1an 3 thap hon sau giat lan
1 (khoang 0,3-0,4%) diéu d6 chimg t6 sau giat
1an 3 cAu trac cia vai da duoc 6n dinh hon. Tuy
nhién, do cdc mau c6 thanh phan nguyén liéu
khac nhau va mat do soi doc va ngang khac
nhau nén phan nao da anh huéng dén do co
khac nhau cua vai. Do mat d0 soi doc cua cac
mau déu cao hon mat do soi ngang, nén do co
doc thap hon d6 co ngang (tir 0,40 dén 1,20%),

vai ¢6 d0 on dinh kich thudc theo chiéu doc
tot hon theo chiéu ngang. Theo tiéu chuan, cac
mau déu dat yéu cau c6 do co déu nho hon 3%.

Nhom mau M1, M2 ¢6 cuing thanh phan
soi doc va soi ngang 100% bong dét tre Ne7,
c6 cung mat do soi doc, mau M1 c6 mat do soi
ngang cao hon mau M2 nén vai ¢6 do on dinh
kich thudc tét nhat (doc: -0,6%; ngang: -1,0%).
Tuy cung mat dd soi doc, nhung khi méat do soi
ngang thay d6i cting anh hudng ca d6 co doc va
dd co ngang cua vai.

Nhom méau M3, M4 ¢6 cing thanh phan
so1 doc 100% bong dbt tre Ne7 v6i nhom I, chi
khéc sgi ngang 1a sgi bong chai tho boc 161 soi
chun 70D c¢6 chi s6 Nel2, c6 cuing mat do soi
ngang, tuy nhién mau M3 c6 mat do soi doc
cao hon, nén mau M3 c6 do co sau giat thép
hon mau M4. Nhom mau nay c6 mat do soi
thép hon nhéom mau M1, M2, do dé do co sau
giat déu 16n hon. Nhin chung, nhém mau II c6
d6 on dinh kich thudc thdp hon nhom mau I,
do mat do soi thép hon va sgi ngang c6 boc soi
chun, ty 1€ dan hdi cua soi chun phﬁn nao da
anh huong dén do co ngang cta vai sau giit.
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3.2. Xac dinh anh hwéng ciia thong sé cong
nghé dét dén d§ xién canh ctia mau vai denim

Dua trén két qua do do co/gidn sau giat
1an 3, ta nhan thiy cdu trac vai dugc 6n dinh hon
so voi sau 1 1an gidt, nén da tién hanh xac dinh
dd xién canh sau giat cua vai theo tiéu chuin

AATCC TM179 (US); tién hanh thi nghiém véi
mdi mau (M1; M2; M3; M4): chuin bj 3 miu
vai theo hinh 2, do cac kich thudc cac duong
chéo AC va BD cta mAu vai sau 3 1an giat, xac
dinh do xién canh cua tirng mau vai theo cong
thirc (2), tinh gié trj trung binh. Két qua do va
tinh toan ghi trén Bang 3.

Bang 3. Két qua do va xac dinh do xién canh cua mau vai denim sau gidt 3 lan

MAau Kich thwéc sau 3 lan giit (mm) Do xién canh X (%)
(350 x 350 mm) AC BD Gia tri Trung binh

1 491,50 493,00 -0,41

M1 2 488,00 491,50 -0,71 -0,58
3 489,00 492,00 -0,61
1 497,00 485,00 -1,24

M2 2 478,50 484,50 -1,35 -1,28
3 480,00 486,00 -1,24
1 470,50 474,00 -0,74

M3 2 469,50 472,50 -0,64 -0,67
3 469,00 472,00 -0,64
1 466,50 470,50 -0,85

M4 2 465,00 468,50 -0,75 -0.82
3 466,00 470,00 -0,85

Nhan xét: Do xién canh cua ca 4 mau
vai denim déu c6 gia tri am, nhu vy véi cling
kiéu dét van chéo phai 3/1(Z) 16ng chéo chéch
sang phai, canh vai c6 xu hudng xién sang phai.
Tuy nhién, theo tiéu chuan d6 xién canh déu
nho hon 3% nén vai déu dat yéu cau.

Tur két qua xac dinh & Bang 3, 1ap biu
d6 so sanh dd xién canh ctia bon mau vai denim,
thé hién trén Hinh 5.

D§ xién canh ctia méau vai denim
sau 3 lan giat

M1 M2 M3 M4
0
-0.2
0.4
-0.6
0.8 ~

Nhém I, mau M1, M2 ¢ cung loai soi
doc va soi ngang 1 soi 100% bong d6t tre, mau
M1 c6 mat d6 soi ngang cao hon, dong thoi
theo két qua do thi mau M1 ciing c¢6 d6 co sau
giat thap hon so v6i miu M2, do d6 do xién
canh ctia mau M1 1a thap nhat, thip hon mau
M2 1a 0,7%. Trong ci 4 mau, mau M2 c6 do
xién canh cao nhét (1,28%). &

-1
-1.2

-1.4
X(%)
Hinh 5. Biéu do so sanh do xién canh sau giat 3
lan cua cac mau vai denim
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Nhém II, mau M3, M4 c¢6 cung loai soi
doc 1a soi 100% bong ddt tre va soi ngang la
soi bong boc chun, mau M3 c6 mat do soi doc
cao hon, dong thoi theo két qua do dd co sau
gidt thi mau M3 ciing c6 do co thap hon so voi
mau M4, do d6 do xién canh ctia mau M3 thép
hon mau M4 1a 0,11%. Do xién canh cua ca
hai mau M3, M4 14 kha thip so v6i mau M2.
Qua d6, phan nao thdy dugc anh hudng cua soi
boc chun tuy lam d¢ co tang 1én nhung d¢ xién
canh duoc han ché, mic du mat do soi thép hon
nhom mau vai khong chun nhung d¢ xién canh
da dugc giam.

4. KET LUAN

Nghién ciru cho thdy, thong sb ciu triic
vai nhu thanh phﬁn nguyén li¢u cua s¢i doc,
soi ngang, mat dJ soi doc va sgi ngang c6 anh
huong dén su 6n dinh kich thude nhu do co/
gidn va do6 xién canh sau giat ciia cac mau vai
denim chun va khong chun.

Trong pham vi nghién ctru, da xac dinh
dugc véi vai denim st dung sgi 100% bong
chai thd dbt tre 6 mat do soi doc va mat do soi
ngang cao hon giup cho vai c6 d 6n dinh kich
thudc sau giat tot hon. Soi ngang ¢ thanh phan
bong boc chun tuy c¢6 anh hudng dén do co cua
vai nhung lai giup 6n dinh canh soi trong vai va
da phﬁn nao han ché hién tuong xién canh cua
vai sau giat. Két qua nay ciing can duoc nghién
ctru tiép tuc khi thay doi cac thong s cau trac
vai nhu thanh phan nguyén liéu va kiéu dét cua
cac mau vai denim.

Két qua nghién ctru 1a co s¢ khoa hoc
dé thiét ké thong sd cu trac vai denim chun
hay khong chun phu hop véi voi quy trinh cong
nghé xur 1y hoan tat vai va cong nghé thiét ké
san pham may. <

Ngay nhan bai: 12/9/2024
Ngay phan bi¢n: 16/10/2024
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TiNH TOAN PO DAY VO GIAP XE THIET GIAP CHO' QUAN 8X8
SAN XUAT TAI VIET NAM

CALCULATION OF ARMOR THICKNESS FOR THE 8X8 ARMORED PERSONNEL
CARRIER PRODUCED IN VIETNAM

Nguyén Thanh Quang, Nguyén Minh Tan, Cit Xuin Phong
Vién Co khi Bong luc, Hoc vién K¥ thuat Quan su

TOM TAT

Due dn nghién civu thiét ké, ché tao cdc dong xe thiét gidp méi dé thay thé cdc dong xe cil, lac
hdu da va dang dwoc quan tam ddc biét, trong dé ¢é xe thiét gidp chd quan 8x8. Xe thiét gidp cho
qudn chién dau 8x8 ¢é nhiéu wu diém noi bdt nhuw khd ndang bdao vé, kha nang co dong trén cdc dia
hinh phirc tap, tinh nang théng qua cao, tdi trong chuyén ché 16m, c6 thé thuwc hién nhiéu nhiém vu
ddc thii. Mgt trong nhitng tinh ndng rdt quan trong ciia xe thiét gidp ché quan la kha nang bdo vé
cho thanh vién kip xe va bg binh trong xe, né dwge ddc trung bang chiéu day, chat lrong va két cau
ciia vo gidp. Trong bai bdo ndy, nhém tdc gia trinh bay co sé 1y thuyét va phwong phdp tinh todn
xdc dinh d¢ day vo gidp tai tat cd cdc vi tri trén xe thiét gidp ché qudn chién dau 8x8 san xudt tai
Viet Nam.

Tir khéa: Xe thiét gidp ché quan; Kha nang bdo vé; Vo gidp.
ABSTRACT

Projects on researching, designing, and manufacturing new armored vehicle models to
replace outdated ones have been receiving significant attention, particularly the 8x8 armored
personnel carrier. The 8x8 armored personnel carrier has many outstanding features such as
protection capability, mobility on complex terrains, high ability to overcome obstacles, large
payload capacity, and the ability to perform various specialized tasks. One crucial feature of the
armored personnel carrier is the ability to protect members in the vehicle, which is characterized
by the thickness, quality and structure of the armor plating. In this article, the authors present
the theoretical basis and calculation methods for determining the armor plating thickness at all

positions on the 8x8 armored personnel carrier produced in Vietnam.

Keywords: Armored personnel carrier, Protection ability;, Armor plating.
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1. PAT VAN PE

Xe thiét giap chd quan banh 16p thuc
hién nhiém vu chinh trong tac chién 14 co dong
luc lwong tiép can chién truong, d6 quan va
hd trg bo binh trong tac chién [1]. Tuy nhién,
hién nay xu hudng phat trién cta dong xe nay
trén thé gidi 1a thuc hién da nhiém vu nhu chi
huy, chd quan, trinh sat dac nhi¢m, ctru hd ctu
nan, bao dam ky thuat cho nhém tac chién, tac
chién tryc tiép khi c6 thé tiiy bién theo nhiém
vu [2]. Xe thiét giap ché quan cua nude ta hién
nay phan 16n 1a cac xe do Nga vién tro hodc xe
chién loi pham ctia My va déu duoc san xuat tir
nhirg nim 1960 tré vé trude. Trong qué trinh
khai thac sir dung v6i diéu kién thoi tiét nhiét
ddi gié mua tai Viét Nam, trang bi da cii cOng
v6i cong tac dam bao k¥ thuat gip nhiéu kho
khin do vat tu phy ting khan hiém, cuong do
sir dung cao dan dén tinh trang k¥ thuat ctia cac
xe nay di suy giam dang ké, rat nhiéu cum hé
thong trén xe hu hong khong thé phuc hdi hodc
da hét kich thudc sta chira [2, 3].

Chu truong cua chung ta hién nay Ia
timg budc thay thé cac loai xe thiét giap thé hé
cii bang cac loai xe thiét giap thé hé méi, dap
g dugc yéu cau ctia huin luyén, dién tap va
san sang chién déu. Tap trung dau tu nghién
ctru, thiét ké ché tao xe thiét giap bang ngudn
luc trong nudc, trong d6 co dong xe thiét giap
chd quan 8x8. Theo chu truong nay, nhém tac
gia da budc dau trién khai ndi dung nghién ctru
“Thiét ké hé thong xe thiét giap chd quan 8x8”
(Hinh 1) ¢6 tinh ning twong dwong xe thiét giap
ché quan BTR-82A cua Nga.

Hinh 1. Phwong dén bé tri xe thiét gidp ché qudn 8x8

Trong cac ndi dung nghién ctru thiét ké hé
thong thi ndi dung thiét ké tuyén hinh va xéc dinh
chiéu day vo gidp cho xe 1a mot ndi dung dac biét
quan trong, quyét dinh dén kha ning bao vé cua
xe. Khi tinh toan thiét ké vo gidp trén xe can bao
dam cac yéu cau nhu: c6 d6 bao vé tin cay chong
lai cac tac dong cua vii khi cia dich; c6 du khong
gian cho hoat dong cua cac thanh vién cua kip xe;
str dung hét khdi luong cho phép (khéi luong toan
b xe va khdi lwong phan bé 1én cac cau) clia xe
co s duge chon dé thiét ké [4, 5].

2. PHUONG PHAP NGHIEN CUU

Trong bai bao nay, nhoém tac gia sir dung
phuong phap nghién ciru Iy thuyet trén co so 1y
thuyét vé tinh toan vo giap dé dua ra phuong an
lra chon tuyén hinh, xac dinh d6 day vo giap
xe thiét giap cho quén chién ddu 8x8 nham dam
bao cac yéu cau vé do bén va cimg ving.

2.1. Co s6 lra chon két cAu, tuyén hinh than xe

Viéc tao dang than xe c6 tac dung lon
d6i voi kha nang chdng dan cua vo giap. Hinh
dang cua vo giap phu thudc thudc loai xe co s¢
duoc lya chon thiét ké va cac goc nghiéng cua
cac tAm giap mili xe va hai bén than xe. Viéc
tao cac goc nghiéng lam tang dugc goc cham
gitra dau dan véi vo giap, nho do tang dugc do
day thuc té ctia vo theo dudng xuyén cua dan,
tang kha nang thia lia dau dan [5].

Hinh dang phan miii vo giap xe thiét
gidp ché quan (phan mili va dudi xe) c6 thé co
cac tAm vach ding, c6 dang hinh ném, ntra elip
hodc dang miii tau (Hinh 2).

\' - < __ -

S {( ~ @ \\,

rr_.l_ (s} (e} m'J
Hinh 2. Hinh ddng phan miii xe

a. Dang thang ditng; b. Dang “miii tau”;

c. Dang hinh ném; d. Dang nua elip
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Moi loai déu co6 cac uvu, nhuge diém
riéng [5], doi voi xe thiét gidp chd quan 8x8
lya chon két cau miii xe dang hinh ném.

Theo dang mit cat ngang, dbi voi xe thiét
giap banh 16p thudng c6 két cau nhu (Hinh 3).

Theo mirc do boc giap, than xe dugc
chia thanh céc loai chéng dan sing va chdng
dan phao. Dbi voi xe thiét giap chd quan 8x8
1a vo giap chong dan stiing bao dam chdng d& &
phia chinh di¢n (trong pham vi goc £30°) cac
loai dan sting xuyén gidp cd 16n 14,5mm, con &
xung quanh chéng d6 duoc cac loai dan ¢d 7,62
mm.

l,.-"}-"'-.-"w:”-.‘ P

e T,

Hinh 3. Hinh dang mdt cdt ngang vo gidp

Tuy theo phuwong phéo ché tao, vo giap
duoc chia ra thanh cac loai duc lién va han tir
cac chi tiét can va duc. Phuong phap duc bao
dam d6 bén va cung ving cao trong khi luong
vat lidu nho, nang cao tinh kinh té san xuat so
v6i phuong phap han lién quan dén viéc mat
mat kha nhiéu kim loai khi cét, sira mép, vat
canh, khi han. Tuy vay, do cAu tric kim loai,
cac két ciu duc co do bén chéng dan thép hon
(5-7%) va yéu cau cac thiét bi nang van chuyén
cong suét 16n, may moc hién dai. Diéu nay gay
kho khan cho viéc td chirc san xuét xe thiét
giap loat 16n, dac biét 1a véi cong nghé nude
ta hién nay kho thyc hién dugc. Do vay, lua
chon phuong an san xuét vo xe thiét giap theo
phuong phép han.

Tur nhitng phan tich trén, lya chon tuyén
hinh than xe thiét gidp chd quan 8x8 la dang
hop tir nhitng tim thép can han v6i nhau gém
co: Mii xe, thanh xe, dudi xe, nép va day xe
(Hinh 4). Phan miii xe c6 tim thép duéi, tim
thép trén va cac tim thép nghiéng bén. Trén
thanh xe, cac tim thép c6 khoét cac 16 bin sung
may va sing tiéu lién. Tam thép dudi xe c6 bd
tri hai ctra va 18 ¢b dinh dén kich thude, thung
nhién li€u phuy.

Hinh 4. V6 gidp xe thiét gidp qudn 8x8 (nhin tir
phia sau)

2.2. Co s6 lwa chon vat liéu vé giap xe thiét
giap quan 8x8

Dé chéng lai su pha huy céc loai vii khi
huy diét xe thiét giap, vat liéu dé ché tao vo
gidp phai c6 do cimg 16n, do bén t6t. DO cling
tao ra sirc can 16n dbi voi su xuyén cua vién
dan vao vo giap, sic can do co thé gay ra su
phé huy cua dan hoac lam cho dan bi truot di
(hién tuong thia lia cua vién dan). B9 bén bao
dam vo giap chiu duogc tai trong va dap lon,
khong bi pha hily, ran nat tir bén trong cac tim
thép ctia vo giap. Mudn vo gidp co duge cac
tinh chat trén can phai dua vao thanh phan cua
thép lam vo giap nhimng nguyén td hop kim
thich hop [6].

Thong qua viéc nghién ctru khdo sat cac
loai vat liéu ché tao than xe, thap phéo xe thiét
giap 16p va dé phu hop vé6i kha ning cong nghé
ché tao trong nudc, nhom tac gia lya chon loai
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vat liéu lam vo giap xe thiét giap ché quan 8x8
1a thép chdng mon Hardox 500 véi cac thong
s0: chiéu day 4 + 32 mm, d ctng 470 + 530
HBW, gi6i han chdy 6, = 1400 Mpa [7].

2.3. Co s6 xac dinh chiéu day ciia vé giap

Khi thiét ké vo giap bao vé xe thiét giap,
trude hét ta tinh toan kha ning chéng dan cua
than xe d6i voi cac loai dan xuyén giap dong
ning phd bién. N6 duoc danh gia theo do thi
thue nghiém kha ning chéng dan hay duoc xac
dinh gan dng bang tinh toan giai tich [3, 6].

Xéc dinh kha ning chéng dan cia vo
giap theo d6 thi thuc nghiém 1 phuong phap
tin cdy hon ca. Do thi biéu dién quan hé giira
véan toc cham an toan cua dau dan v, vOi goc
cham o va d¢ day vé giap b, dugc xay dung
cho loai vo gidp thép can dd cling trung binh
phd bién nhat, riéng cho tirng kiéu va c& dan
(Hinh 5).

Vegmis) 1 2 3
/00 | 1 | | - d |,
Ve | e s il 1 i _-".rf
a0 | ] | | re i
Vs | —
400 : p—

200

20 40 80 a0
Hinh 5. D6 thi thuc nghiém kha nang ch(fng dan
cua vo giap
1. b1 =150 mm, 2. b2= 100mm; 3. b3 =50 mm

Kha ning xuyén giap cua dau dan duoc
danh gia qua biéu thirc Giacdp-Do-Mart véi gia
thiét dong nang dau dan dung hét vao tic dung
xuyén, van toc chuyén dong cua dau dan khi
xuyén thay doi tir v, dén 0 va chiéu day ban
thép bi pha huy tir 0 dén b [6]:

4.0 p 075
v, =k~ 6]
’ 0

m,.smdo,

Hoac
d 0,75 b 0,7

_ d___Yh

V. —kkc 03 2)

m,”.cosc,

Trong d6: m, - Khéi lugng dau dan
(kg); v, - Van tde cham ctia dau dan (m/s); d, -
Duong kinh dau dan (dm); b, - Chiéu day ban
thep bi ph4 huy (drn) 0, - Goc gilta véc-to van
téc dau dan véi bé mat muc tiéu; a - Géc cham
ctia dau dan véi ban thép (goc glua véc-to van
tbc dau dan voi phap tuyén bé mit muc tiéu)
phu thudc vao goc nghiéng cac tam thép ciia vo
giap; kk - H¢ s0 déc trung cho déc tinh pha huy
cuia dau dan, v6i vo thép k, duoc liy theo Bang
1[6].

Bang 1. H¢ so dac trung k,cua cac kiéu dan

TT K, Kiéu dan
| 2000 DAan ¢6 chop gid va mit
dém
2200 Pan dau nhon
3 2500 Pan dau ti
N Dan bang ¢& va ban thép
4 1800 + 2500 day 1-1,5d

Déi voi xe thiét giap chd quan 8x8, ta
chonk, =2200 do6i véi dan dau nhon.

Chiéu day phia dudi day xe thuong
dugc xac dinh theo diéu kién chéng min. Tac
dung huy di¢t cia cac loai min nd phéa dugc
biéu hién & su phé hong phﬁn van hanh, hé
théng truyén luc, phan ddy xe va pha hay cac
mbi lién két véi than xe.

Khi min nd, ap suit tic dung 1én ddy xe
co thé str dung cong thirc gan dang [5]:
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m 087
=60Y
P r

= —(1+cosb) (3)

Trong d6: m_ - Khéi lugng chét nd; r -
Khoang cach dén tdm no, 0 - Goc tdi cua song
nd doi vai day xe; - HE s6 tinh dén d§ sau mat
nén (¥ = 0,5)

Coi day xe nhu mot tim phang, ta xac
dinh duogc g suat ¢ day xe:

o =423 Ep? (%)2 <[o.,] (4)

Trong d6: E - Mo-dun dan hoi loai 1
(d6i véi thép E = 2.1011 Pa); h - Do day vo
giap day xe; a - Ban kinh tim phang nam trong
gi6i han thanh xe liy bang mot nira chiéu rong
than xe.

Ung suét tinh dwgc nay khong dugc
vuot qua gidi han chay cua vt licu thiét ké vo
giap. Do do, tir cong thire (4) c6 thé d& dang xac
dinh duogc do day vo gidp day xe.

h -

L= =
=, = -
' -

Ty ,-.-.-.-517.- R .;"'-
d

oLl

Hinh 6. So db tinh todn xdc dinh khd ning chong
min cua day xe

3. KET QUA VA THAO LUAN

Thay céac thong so két cdu cua xe thiét
giap chd quan 8x8, thong s6 vat liéu, cac hé sb
da lya chon vao cac cong thirc (2, 3, 4) va su co
diéu chinh theo phan b xac suat hu hong tai cac
vi tri ciia vo gidp (Bang 2), ching ta tinh dugc
chiéu day cac ban thép dbi véi cac vi tri phan
than xe (Bang 3), phan thap phéo (Bang 4).

Bdng 2. Phdn bé xdc sudt hw hong cdc phan ciia vo gidp

TT Vi tri Xac suit TT Vi tri Xac suit
1 Pau xe 35% 4 Sudn sau phia trén 4%
2 Suon trude phia trén 23% 5 Suon sau phia dudi 3%
3 Suon trude phia dudi 18% 6 Dbuodi xe 2%
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Bdng 3. Cdc thong s6 chiéu day ciia vo gidp doi véi phan than xe

Vi tri Logidan | 0 | M, kg | d,dm |V, m/s | Chitudiyb, mm
TAm miii xe phia trén 14.5mm | 64° 0.0634 0.1488 911 9
TAm miii xe phia dudi 14.5mm | 45° 0.0634 0.1488 911 9
Suon trude phia trén 14.5mm | 30° 0.0634 0.1488 911 9
Suon trude phia duoi 14.5mm | 15° 0.0634 0.1488 911 9
Suon sau phia trén 7.62 mm | 30° 0.0084 0.0785 930 7
Suon sau phia dudi 7.62 mm | 15° 0.0084 0.0785 930 7
buodi xe 7.62mm | 0° 0.0084 0.0785 930 7
Day xe 7

Bang 4. Cdc théng sé chiéu day cia vé gidp doi véi phan thdp phdo

Vi tri Loaidan | 0, M,, kg d,dm |V, m/s Chiéu day b, mm
Tam trudc 14.5mm | 45° 0.0634 0.1488 911 9
Céc thm bén phia trudc 14.5mm | 45° 0.0634 0.1488 911 9
Céc tim bén phia sau 7.62 mm | 30° 0.0084 0.0785 930 7
T4m sau 7.62mm | 30° 0.0084 0.0785 930 7

Nhan xét: Két qua tinh toan cho thdy cac tAm gidp ¢ nhiing vi tri quan trong 1a phan miii xe,
suon phia trudce, thap phao phia trudc cd do nghiéng 16n hon (45° + 64°) va d§ day 16n hon (9 mm)
s0 v6i cac vi tri khac (7 mm) 1a hoan toan hop 1y dua trén didu kién vé xac suat bi pha huy, vi day
1a céc vi tri d& bi tn cong nhét.

Chiéu day vo giap, goc nghiéng tai cac vi tri dé chéng dan dat duogc theo tiéu chudn cip 4 va
cap 5 STANAG 4569 [8] dugc dua doi voi thép Hardox 500 la dam bao tinh nang chién ky thuat de
ra (Bang 5).

Bang 5. Kha nang bao vé cua thép Hardox 500

Tiéu chuin thir nghi¢m Ciap dd C& dan (mm) Loai dan Chiéu day tdi thiéu
FB3 9x33 Thuong 3,5 mm
11x33 Thuong 4,0 mm
. FB4
Chau Au 7,62x39 Thuong 5,2 mm
FB5 5,56x45 Thuong 7,0 mm
FB6 7,62x51 Thuong 10,0 mm
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4. KET LUAN

Bai toan xac dinh d¢ day vo giap cho xe
thiét gidp chd quan 8x8 duogc nghién ciru, thiét
ké, san xuét trong nudc 1a mot bai toan rat quan
trong, quyét dinh toi kha ning bao vé cua Xe.
Duya trén co s bd tri chung cia xe, cac yeu cau
chién k¥ thuat cia vo giap, co so 1y thuyét vé
tinh todn vo giap, nhom tac gia da phan tich lya
chon dugc tuyén hinh hop 1y, lya chon vat liéu
ché tao va tinh toan dugc chiéu day vo giap tai
tat ca cac vi tri trén xe. Tir cac két qua tinh toan,
nhan théy tai cac vi tri cO xac suat tring dan 16n
nhu phia trude va hai bén suon trude cia xe
chidu day ctia vo giap 16n 1a 9 mm, goc nghiéng
16n hon 30° va c6 kha ning chéng dugc dan
14,5 mm. Tai céc vi tri khac xac suét tring dan
thip hon thi chidu day cua vo giap moéng hon
(7 mm), géc nghiéng nho hon (dudi 15°) va
kha nang chéng duoc dan 7,62 mm. Nhu vay,
chiéu day, chat luong va két cAu cua vo gidp
dap ing duoc theo tiéu chuan cip 4 va cip 5 vé
kha niang chng dan thuong. <

Ngay nhan bai: 23/9/2024
Ngay phan bi¢n: 25/10/2024
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TINH TOAN DONG LU'C HOC XE O TO Bl HAM DO SU BO CUNG
CUA LUO1VOI CAU TRUC VA BANH XE

DYNAMIC CALCULATION A CAR IS BRAKED BY THE RIGGING OF THE NET
WITH THE AXLE AND THE WHEELS

Ngb Khic Yén', Phan Lam Hai', Kim Ngoc Duy?
'Vién Vi khi, Tong cuc Cong nghi¢p Quoc phong
Trudng Si quan K¥ thuat Quan sy, Tong cuc Ky thuat

TOM TAT

Bai bao nghién ciru xay dung mo hinh, tinh toan dong luc hoc cho xe 6 to trong truong hop
dang chuyén déng thi bi ham boi vit tac ddng mém (ludi) b6 cing cau truc va banh xe. Thuee hién
mé hinh héa va gidi bang phan mém Matlab - Simulink dé khao sat anh hwong ciia hee kéo ciia hedi
déi véi banh xe trong cdc truong hop khdc nhau. Két qud ¢é y nghia dinh huwéng cho viéc nghién
ciiu thiét ké va ché tao thiét bi dirng xe khdn cdp kiéu tac dong mém dang ledi cuon.

Tw khéa: Dung xe khan cd'p; Kiéu téc dong mém; Ludi cuén; Cau truc; Banh xe.
ABSTRACT

The paper studies the construction of a model and calculates the dynamics of a car in the
case of being locked by a soft impact object (mesh) that stiffens the axle and wheels while in motion.
Modeling and solving are performed using Matlab — Simulink software to investigate the influence
of the traction force of the mesh on the wheels in different cases. The results are meaningful for the
research, design and manufacture of a soft impact emergency stopping device in the form of a rolled

mesh.

Keywords: Emergency stop, Soft action type,; Roll-up grille; Axle; Wheel.

1. TONG QUAN

Hién nay, cac thiét bi chuyén dung dé
dudi bat va chan bit cac ddi tuong to1 pham st
dung 6 to ¢6 nhiéu loai, theo nhiéu nguyén 1y
khéc nhau, trong d6 hi¢u qua va dap tng cac
yéu ciu vé an toan cho ngudi, phuong tién va
hang hoa d6 14 cac thiét bi kiéu tac dung mém.
Xuét phat tir d6, nhém thuc hién dé tai da lua
chon va dé xuit phuong an thiét ké thiét bi ding

xe khan cip kiéu tac dong mém st dung ludi
cubn. Tuy nhién, tai liu nghién ciru 1y thuyét
vé van dé nay con rat han ché, dic biét & trong
nuée gan nhu chua c6 cong bd. Do vay, nhom
tac gia da thuc hién nghién curu, tinh todn dong
luc hoc khi xe 6 t6 dang chuyén dong bi ham do
su bo cung cua 1udi, cau truc va banh xe dé tir
d6 1am co s¢ cho viée thiét ké va ché tao thiét b
nhim dap Gmg t6t yéu cau thuc tién dit ra, dong
thoi gidm cong strc va chi phi thir nghiém.
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2. MO HINH TiNH TOAN
2.1. Cac gia thiét

- Dao dong cua hé 13 dao dong tuyén
tinh, nhé xung quanh vi tri can bang tinh. Géc
lic doc va lic ngang rat nhé va tuyén tinh véi
ham lugng giac cua cac goc trén;

- Toan bd phan dugc treo va khong
duogc treo 1a khdi cung tuyét d6i, khoi luong
duogc treo va khong dugc treo duoc quy dan vé
trong tdm va biéu thi qua gia tri khéi lugng va
mo-men quén tinh khéi lugng;

- Than xe, cau xe ddi xing qua mat
phang doc xe véi mit phang chuyén dong ctia 6
td; Cac lién két cuia céc vat trong co h¢ dugc coi
1a 1y tuong; Cac dic tinh cua phan tir dan hoi
va giam chan 1a dic tinh tuyén tinh va cac bo
phan dan hoi va giam chan chi bién dang theo
phuong thing dimg vudng goc v6i mit phang
chuyén dong cua xe;

- Banh xe duogc coi l1a khong nghiéng
so voi mit phang chuyén dong. Hién tuong
dan hoi bién dang cua 16p chi xét trong phuwong
thang dimg; Bo qua cac ngudn kich thich dao
dong trén xe. Coi map mé mit duong 1a ngudn
kich thich duy nhat; Bo qua anh huong dan hoi
hé thong lai; Khung xe 6 to cting tuyét doi;

- Chuyén dong phuong doc cua cau xe
tuong dwong véi chuyén dong doc cua khoi
lwong duge treo twong tng; Cau xe khong lac
doc tuong d6i véi khéi luong duoc treo;

- Céc gbc quay theo truc thang dimg cta
cac cu xe bang cac goc quay truc dung ctia khoi
luong duoc treo twrong tng; Cac diém dit lyc tir
hé thong treo 1én khéi luong duoc treo duge quy
vé diém tuong Gmg v6i diém gitra nhip;

- BO qua ma sat khop don treo doc; Bo
qua anh hudng cua vi sai dén phan bd moé-men
chu dong; Khi tién hanh phanh xe coi rang van
toc 6 to s& nho do d6 bo qua luc can khong khi;
Khi phanh xe do Iyc can l1an rat nhé so véi luc
phanh nén c6 thé bé qua.

2.2. Thiét 1ap mé hinh

Dua trén cac gia thiét trén, xay dung mo
hinh khao sat nhu sau (hinh 1).

Hinh 1. M6 hinh khao sat dong luc hoc qua trinh
phanh

- Hé quy chiéu c6 dinh OXYZ; Hé quy
chiéu gin voi quy dao chuyén dong cia 6 to
0,X,Y Z, (hinh 1) c6 O, dit tai hinh chiéu cua
toa do trong tim than xe 1én mat phing duong.
Trong hé quy chiéu nay, 6 t6 s& c6 3 bac ty do 1a
chuyén dong theo phuong X, Y vaxoay theo
phuong ¥ ;

- Hé quy chiéu gin vai khdi luong duoc
treo cua 6 t6 O XY Z,, (hinh 1) c6 O_dat tai toa
d6 trong tam phan khoi luong duoc treo. Trong
hé quy chiéu nay, khdi luong duoc treo cia 6 t6
co3bactrdola chuyén dong theo phuong Z,
xoay theo phuong ¢ _va 0 ;

- Hé quy chiéu gin voi khéi luong
khong dugc treo cau trude cua 6t6 G X 1YHIZ¥1 »
(hinh 1) c6 O, dat tai toa d§ trong tdm phéan

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 322, thang 11 nim 2024 109
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

khéi lwong khong dugc treo ciu trude. Trong
hé quy chiéu nay, khdi luong duoc treo cia 6 to
¢6 2 béc tu do 1a chuyén dong theo phuong Z,
xoay theo phuong ¢ ;

- Hé quy chiéu gin véi khéi luong
khong dugc treo clu sau cta 6 t6 G 2XuZYuZZu2’
(hinh 1) c6 O, dat toa d(f)‘ trong tam phan khoi
lugng khong dugce treo cau sau. Trong h¢ quy
chiéu nay, khdi luong dugc treo cta 6 to c6
2 bac tu do 1a chuyén dong theo phuong Z,,
xoay theo phuong o .

3. TINH TOAN PONG LUC HQC

3.1. Pong hoc chuyén dong ciia 6 td gin véi
h¢ quy chiéu O,,

Van toc cua 6 to trong hé quy chiéu
O XY Z vatrong hé quy chi€u co6 dinh:

v, =V, v

ov yv

of:[x v o/=4,

[o 0 ¢ :[0 0 wz]; (1)

Gia téc ctia 6 to trong hé quy chiéu
GXYZ:

X v 0]'=AU;,’L..([X' Y 0]+wsz.vw)(2)

Ap dung dinh luat II Newton, ta cé
phuong trinh vi phan:

m[dV, v, o]: F, F 0
, , 3)

1JU.[0 0 dw,|=[0 0 M|

Vi
F’z*u = F:z:qulL + F?z:qulR + F;;gu?L + F;:quZR
B B B
sz = F‘zqulL'E F‘IqulR 2 + F’zqu?L'E 2qu2R” 9 (4)

By = BFILF, = BFIR iF, ., = BF2L,iF, ,, = BF2R

quiR qu2L min?* equzR O < min

- La luc phanh & cac banh xe.

3.2. Pong hre hoc chuyén dong khéi lwong
dwgec treo

Thiét 1ap mo hinh khao sat dong luc hoc
chuyén dong cua khoi lugng dugc treo trén 6 t6
(hinh 2).

Hinh 2. Hé quy chiéu cia khéi lwong dwoc treo
trén xe 0 t6

Van téc khdi luong duoc treo m_cua 0
to trong hé quy chiéu GXYZ vatrong he quy
chiéu c6 dinh:

v, =0 o v oo z]=av, ©

G
s s

Phuong trinh dong hoc goc xoay trong

hé quy chiéu c¢6 dinh:

¢ 0 sin(y,) cos(),) w,

0| = cos(@ 3 |0 cos(f,).cos(p,) —cos(f,).sin(¢ (6)
P 1 sin(0,).sin(¢)) sin()). cos(wk)

Gia toc cua khéi lugng dugc treo m_
trong he quy chiéu GXYZ vatrong hé¢ quy
chiéu ¢ dinh:

00 Z]=4a.(v, += V] O
Xéc dinh dich chuyén va van tc dich
chuyén tai cac diém treo trong hé quy chiéu co

dinh:

- Dich chuyén cua cac diém treo dugc
xac dinh nhu sau:
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ROslL = RG + A.OslL; ROsIR = RG_+ A OslR;
ROs2L = RG + A .0s2L; ROs2R = RG_+ A .Os2R;

(8)

- Van tdc dich chuyén duoc xac dinh
nhu sau:

dROsIL = A VG + A .w OslL; dRosIR = A VG + A .w .OslR; (9)
dRO2L = AVG + A.@ 0s2L; dROS2R = AVG, + A 02R;

Phuong trinh vi phdn m6 ta dao dong
cua khoi luong duogc treo trén 6 t6 nhu sau:

mﬁ.[O 0 de] :[0 0 FZJ; Jﬁ.[dwn dww 0] = {Mws My, 0},(10)
Céc lyc tac dung 1én than xe nhu sau:

Fz, = Fz g + Fz,5+ Fz o, +Fz,
Mz, =—-0,5BFz_ , —0,5BFz,,

+0,5.BFz,,;, +0,5.BFz,, +h, F; (11)
My =—aFz , —aFz, *
TOFz,, 0 Fz,, + h‘c;P,w-:

sR-:

=R

Trong do: P, P, - Cac lyc quan tin}l;
a, b, h. - Toa d trong tdm thén xe; B - Chiéu
rong co s¢ cﬁq 0 t0; qulsL,, Fz ..Fz .  Fz . -
Céc luc dan hoi cua hé thong treo tac dung 1én

than xe.

3.3. Pong luc hoc chuyén dong khdi lwong
dugc treo

Hé quy chiéu cua khéi lugng khong
duoc treo cua 0 t6 duoc thé hién trén hinh 3.

Rt =
ol =

Hinh 3. Hé quy chiéu ciia khéi lwong khong dwoc
treo

Ma tran cosin chi huéng cia h¢:

10 0
Aui = A\',cw = 0 COS(SOW') _Sin(spui) (12)
0 sin(p, ) cos(p,)

Véii= 1; 2, xac dinh van téc cua khdi
luong khong duge treo m; cta 6 t0 trong hé
quy chi€u G X Y Z va trong h¢ quy chi€u c6
dinh:

V=l o v ]io 0 z]=av 6 0 o=[s]:(13)

Gia toc ctia khéi luong khong duoc treo
m  cua 0 to trong hé quy chieu G X Y Z va
trong hé quy chiéu c6 dinh:

Xac dinh dich chuyén cua cac lién két
cua cau xe voi h¢ thong treo va banh xe la:

ROwiL = RGui + Aui.Ouil; ROuiR = RGui + Au2.0wiR; (] 5)

Xéc dinh van toc dich chuyén cuia cac
lién két ctia cau xe voi h¢ thong treo va banh xe
la:

dROwL = A_VRGui + A_w_OuiL; dR O-H-fZR(16)
= A VRGui + A =  OuiR:
Vi, ouiL = |0 g 0]; OuiR:[O 75 ]

la cac véc-to xac dinh vi tri cac di€ém treo trong
hé quy chi€u O .

Phuong trinh vi phan mo td dao dong
khoi lugng khong dugc treo nhu sau:

mh-.--l[l 0 dI«"mé].=lD 0 Fzm’];

J .

[~43

do,, 0 0| =[a, 0 0

D
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Céc lyc tac dung 1én cau xe:

Fz = quwl +Fz
M, =-05.BFz

ui qull

Fz —Fz

ik “suil, suiR?

+ 0,5.B.FZWR +0,5.Bkz.Fz , — 0,5.Bks.Fz ( 1 8)

il

Véi cac dan hoi cua hé thong treo tac
dung 1&n cau xe 6 t0 lan luot la:

{FZML =—Fz, i Fz ,=—Fz i Fz  =—Fz, ;Fz =—Fz

ulsL? sulR ulsR? su2L u2sl’? su2R u2sR?

Trong d6: ¥z ,Fz Fz Fz la

A qulL’ qulR’ qu2L’ qu2R °,
cac luc dan hoi cua banh xe tac dong 1én khoi
lugng khong treo.

3.4. Pong luc hoc banh xe khi phanh

So db Ie tac dung 1én banh xe nhw hinh 4.

Hinh 4. So do lyc tac dung 1én banh xe khi phanh

Gia thiét dé thiét 1ap mo hinh dong luc
hoc banh xe khi phanh nhu sau:

- Trong qua trinh phanh, lyc can lan rat
nho so véi lyc phanh, vi vdy bo qua luc cén lan
cua banh xe.

- Phan lyc Fz cia duong tac dung 1én
10p dugc dat trén truc do1 xtrng cua banh xe, tai
vet ti€p xuc gitta banh xe va mat duong.

- Khi phanh chi xét truong hop banh xe
chuyén dich theo phwong doc va chuyén dong
quay goc _] do mo6-men quan tinh MJK gayra. B
qua chuyén dong theo phuong thang ding x, do

b6 qua hé thong treo.

Véi gia thiét nhu trén, phuong trinh
chuyén dong quay ctia banh xe khi phanh duoc
xac dinh nhu sau:

J, 6, =M —BFr, (19)

Tir (19) x4c dinh dwoc gia tri cia gia toc
g6c banh xe khi phanh:

. Mp B BFTd

b= (20)

bz
Tur do, van toc goc cua banh xe dugc
xac dinh theo cong thtrc:

tM — BF.r,

w, = f —— Cdt+ w, (21)
0 me

Trong d6, w, 1a van tbc ban dau cua

banh xe trudce khi bi ham.

Hinh 5. Lyc cua luoi tac dung lén banh xe

Mo-men phanh sinh do luc kéo cua ludi
cubn vao banh xe va mic vao phan gdm xe cla
0 t0. MO hinh xac dinh luc kéo cua ludi tac
dung 1én banh xe tao nén mdé-men phanh nhu
hinh 5.
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3.5. Tinh toan kha ning chong léch lan, chong 1at ciia cac dong xe muc tiéu sir dung din dong
ciu sau

Tinh toan kha ning chdng léch lan, chong 14t cua xe duoc thyc hién thong qua khao sat anh
hudng cua luc kéo cua ludi doi véi cac banh xe. Thuc hién md hinh héa va giai bang phan mém
Matlab - Simulink v6i cac thong s6 dau vao (bang 1).

Bdng 1. Théng so két cdu ciia 6 t6 khdo sdt

TT Théng sb Pon vi Gia tri
1 | Khéi lugng toan bo kg 2150
2 | Khoang cach tir cau trudc dén trong tAm thin xe m 1,5
3 | Khoang céach tir cau sau dén trong tim than xe m 1,0
4 Chiéu cao toa dg than xe m 1,0
5 Ban kinh banh xe m 0,45
6 | Do clng cua hé thong treo trudc N/m 46000
7 | Hé s6 can giam chan ciia hé thdng treo trudce N/m.s? 4500
8 | Do cing cua hé thong treo sau N/m 48000
9 Hé s6 can giam chén cua hé théng treo sau N/m.s? 6000
10 | H¢ s6 bam - 0,8

Bdng 2. Ché d¢ khao sat

TT Théng sb Pon vi Gia tri
1 | Van toc khéo sat km/h 60-120
) \1;)(; ‘gzez I;[}éicxzhi)négn lgzikéo cua ludi tac dung ctia banh xe bén phai so s 0.01-0,06

* Trweong hop lue kéo cta lwdi tac dung 1én
cac banh xe nhw nhau:

£4 th| viin tde hdm

Do luc kéo cua ludi tac dung 1én cac
banh xe nhu nhau nén trong qua trinh bi ham,
xe 0 t06 khong bi Iéch lan va tranh cho xe khong
bi 1at. Pidu nay duoc thé hién rat rd trén hinh
6, khi duoi tac dung cua luc kéo cua ludi, xe bi
ham tir tbc do 60km/h thi van tdc xe giam gan O
nhu tuyén tinh theo thoi gian cho dén khi dimg Thei gian ham [s])
hén. Hinh 6. Do thi van toc xe tir khi bi ham do lyc kéo

ciia ludi (tiv toc Ao 60km/h) dén khi xe dirng hdn

[t

V§n toc hEm mih]
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Két qua khao sat quing duong, thoi
gian xe bi ham do tac dong cua ludi tuong ing
véi cac van toc ban dau khac nhau (bang 3).

Bdng 3. Két qua khdo st quing dwong,
thoi gian ham

Vin téc Quing Thoi gian tir
TT bat dau | dwong xe di khi bi ham
him | dwoc sau khi | cho dén khi xe

(km/h) | bi ham (m) | dirng han (s)

1 60 54,54 6,61

2 70 74,24 7,72

3 80 96,96 8,82

4 90 122,7 9,93

5 100 150,1 11,05

6 110 177,4 12,15

7 120 204,7 13,26

* Trwomg hop luc kéo cia ludi tac dung Ién
cac banh xe khac nhau

Do c6 do tré tac dung luc kéo cua ludi
db1 v6i banh xe bén phai so voi banh xe bén trai
nén khi bi ham, xe s€ c6 hién tuong xe bi léch
lan va c6 thé dan t6i 1at xe.

Do thi hinh 6 va bang 3 cho thdy khi
khao sat véi van téc 100km/h v6i cac d6 tré luc
kéo cua ludi tac dung 1én banh xe cang 16n thi
hanh lang phanh xe cua cang lon.

D4 thi vin the hEm

Hanh lang hilm [m]
——

La=— < r M " " " "
) ) ) "‘I‘hc'ngu-' hém :!.: ) ) N

Hinh 7. Bé thi quy dao phanh khi khdo sdt véi van
toc 100km/h

Bdng 4. Két qua khdo st hanh lang phanh ciia 6 t6

TT Po tré | Quing dwong | Hanh lang

(s) phanh (m) phanh (m)
1 0,01 151,18 0,08
2 0,02 151,77 0,17
3 0,03 151,87 0,25
4 0,04 151,90 0,34
5 0,05 152,30 0,44
6 0,06 152,67 0,55

S B ST i 7 G345 TN

phep Aperdn
g 8 0 i
— ——

3 i .
The e s

Hinh 8. Do thi phan liec phdp tuyén & cdc banh xe

Khi 6 t6 chuyén dong léch lan s& xuét
hién luc quan tinh ly tim lam nghiéng xe, néu
luc quan tinh nay 16n s& lam cho 6 t6 c¢6 thé
bi léch xe. D6 thi hinh 2.9 cho thiy khi 6 t6
chuyén dong véi van toc 60km/h va khi do tré
cua banh xe bén phai cham hon 0,12s thi phan
luc phap tuyén ¢ banh xe phia trudc bén trai
gan bang 0 hay trong trudng hop nay 6 t6 chuan
bi bi lat.

Badng 5. Két qua khdo sat thoi diém 6 t6 mat

on dinh

Vin téc Thoi Quiin

bitdiu | Dy tré  diém ang
TT A, R duong

phanh (s) mat on hanh (m)

(km/h) dinh (s) | P
1 60 0,120 | 0,15 56,2
2 70 0,105 | 0,13 75,9
3 80 0,095 | 0,12 98,7
4 90 0,085 | 0,11 124,4
5 100 0,08 0,10 153,1
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Tur két qua khao sat mo hinh dong luc
hoc noi trén, ta théy: Dé tranh bi léch lan va
1at xe thi phai han ché do tr& khi ham cua hai
banh xe. Do viy, cic phuong an thiét ké va
ché tao lu6i can dam béao ludi phai dam bao bd
ctng ddng thoi ca hai banh. Diéu nay dan dén
phuong an hop 1y d6 1a ding mét tAm luéi quén
dong thoi ca hai banh xe, thoi diém luéi bi kéo
cing ra ciing 13 luc hai banh xe dong thoi duogc
khoa cung.

4. KET LUAN

Bai bao da thuc hién tinh todn dong luc
hoc cho truong hop xe 6 t6 dang chuyén dong
va bi bo ctng boi ludi v6i cau truc va banh xe.
Két qua nghién ciru gitp dinh hudng cho viéc
thiét ké va ché tao thiét bi dimg xe khan cap
theo phuong 4n tac dong mém bang ludi cudn,
phuc vu cho viéc dung xe khéan cép, chin bét
cac loai toi pham str dung xe 0 t0, cac phuong
tién xe 0 t06 tham gia giao thong vi pham bo
chay dé trén tranh cac lyc lwong chirc ning
trong qua trinh thuc thi cong vu...
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TiNH TOAN SANG RUNG QUAN TiNH CHO CAC VAT LIEU
HAT NHO

CALCULATION OF INERTIAL VIBRATION SCREEN FOR SMALL PARTICLE
MATERIALS

Vii Vin Khoa, Ngé Viét Thu, Tran Vin Tung, Nguyén Xuin Huin
Vién Nghién ctru Co khi

TOM TAT

Vin dé nghién citu cdc thiét bi trong ddy chuyén thiét bi cong nghé ciia cac nha mdy san
xudt nham muc dich néi dia héa thiét bi dwoc nha nude quan tdm va nghién curu. Nhiéu két qua
nghién cuu, tinh toan da dwa vao thuc té hodc duwoc dung dé thiét ké ché tao cdc thiét bi mang lai loi

ich tich cyee dat hiéu qua cao, phit hop véi cac day chuyén thiét bi cong nghé cé san hodc ldp méi.

Bai bdo trinh bay két qua xdy dung cong cu tinh todn phdan tich sang rung qudn tinh cho cdc

vat liéu hat nhé, lam co sé tinh todn, thiét ké cdc thiét bi lién quan hodc tuong tu nhu thiét bi nay.
Tw khéa: Sang rung, Truc léch tam, Lo xo.
ABSTRACT

The issue of researching equipment in technological equipment lines of manufacturing
plants for the purpose of localizing equipment is of interest and research to the state. Many research
and calculation results have been put into practice or used to design and manufacture devices that
bring positive benefits and are highly effective, suitable for existing or newly installed technological

equipment lines.

This article presents the results of building an inertial vibrating screen analysis calculation
tool for small particle materials, as a basis for calculating and designing related or similar devices

to this device.

Keywords: Vibrating screen; Eccentric shaft; Spring.
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1. PAT VAN PE

Hién nay, viéc ndi dia hoa cac thiét b
trong day chuyen cong nghe ¢ cac nha may
san xudt 1a van dé cap thiét. Do d6, viéc nghién
ctru, tinh toan nham muc dich noi dia hoa cac
thiét bi nay rat c6 y nghia khoa hoc va thuc tién.

Céc théng s6 chinh can tinh toan cia
may bao gdm: S vong quay cua truc 1éch tim,
nang suat sang cta may, dong co, bo truyen, 10
X0, g01 ds,... O day, bai bdo nay trinh bay két
qua phan tich va tinh toan cac thong sb chinh
clia sang rung, 1am co s tinh toan, thiét ké sang
rung quan tinh cho cac vat liéu hat nho & day
chuyén thiét bj ctia cac nha may san xuét.

2. NOI DUNG NGHIEN CcUU

2.1. Yéu cau ky thuit diu ra cia thiét bj
(Theo dat hang cua nguwoi sir dung)

- Loai sang: Sang quén tinh;
- Nang suat: 120T/h;

- Vat liéu phan loai: xi mang;
- Co hat 30 + 32 pum;

- Khéi luong riéng: 1,30 t/m?.

2.2. Céu tao va nguyén ly 1am viéc [5]

Hinh 1. Cdu tao ciia sang rung [5]

Yéu cau k¥ thuat :

- Chiéu rong ludi sang: B = 0,97m;
- Chiéu dai ludi sang: L =2,5m;

- Goc nghiéng cua sang: a = 6 dJ;
- Do lIéch tam cua truc: e = 3mm.

2.3. Tinh céc thong s6 chinh ciia may

Co s6 1y thuyét va thuc tién sir dung cho
cac tinh toan theo tai liéu tham khao [5] va [6].

2.3.1. Tinh sé vong quay ciia truc léch tim [6]
* Tinh theo chuyén dong cia hat:

Khi sang lam viéc, mdi hat vat liéu trén
ludi sang chuyén dong theo quy dao hinh tron
c6 ban kinh bang d¢ 1éch tdm e cua truc trén

mit phang dimg.

Hat vat li¢u m trén ludi chiu tdc dung
cua céc luyc (Hinh 2):

| i

Hinh 2. So dé phan tich lyc va chuyén déng
cia hat [5]

Theo hinh 2:

- Trong luc: G;

- Luc ma sat: T;

- Lyc ly tam: P.

Phan tich thanh céc lyc thanh phan:

Theo phuong vudng goc voi mat sang:
N = G.cosa; N, = P.sing.
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Theo phuong mét ludi sang: S = G.sino;
S, = P.cosg.

Luc ma sat: T = f(N+N,).

Luc ly tam:
= z z
p== =2 E=0 (1)
g 8 g 00

Trong do: a - Goc nghiéng cua ludi
sang so vo1 mat phang ngang; ¢ - Goc quay cua
truc léch tam.

b¢ cho vat li¢u nhay trén mat ludi sang
can phai thoa man dicu kién sau: N, > N.

Thay gia tri vao, ta co:

||Cﬂ'.5'ﬂf

n = 30 |
N

)

=

Trong do, n la tde do quay cua truc Iéch
tam.

* Tinh theo ning suit may:
Ning suit ciia sang dugc xac dinh theo:
Q=3600B.h.v_.u.p.a 3)
Trong do:

B - Chiéu rong luéi sang: 0,970m.

h - Chiéu cao 16p vt liu trén mat sang,
v6i sang co kich thudc ludi 5x5 thi chidu day
16p vat liéu h = (5+10)d.

Lay h = (5+10)d; chon h = 8d, 0,040m.

p - Khdi luong riéng cua vat lidu:
1,300t/h.

1 - Hé s6 toi cua vat lidu: 0,700.

v_ - Toc do truot cua vat liéu theo ludi
sang v_ = 984,378 vg/ph.

2.7

- 4
Yo T 635 @)

o - Hé sb kinh nghiém, hé sO tu chay
cua xi mang trong diéu kién nhan liéu tir si 16,
ludi sang 5x5, tan s6 quay cua truc 1050 vong/
ph, a = 20,3.

Thay vao biéu thirc, ta co:

B 63,5.0
" T 3600.B.hepp.a )

Chon n = 1000 vg/ph.
2.3.2. Ning suit ciia sang thuc té
Ning suat cta sang duoc xac dinh theo:

Q=3600B.h.v_.u.p.a 3)
Q=128 > 120 T/h, théda man yéu cau bai toan.

2.3.3. Cong sudt dong co

Cong suét dong co dién dung cho may
sang tinh theo cong thirc [6]:

N,.. T+ N;
Ne, = K. =25 —2=2444kW  (6)

Trong do: K - H¢ s6 du trir, K = 1,2; n
- Hi€u suét bo truyén, n = 0,9; N__- Cong suat

ti€u hao dé thang ma sat ¢ cac 6 do:

B .1y

N, = 7
me 1000 ™
Trong do:

v, - Téc do vong quay truc l€ch tam:

. r. T
1773

®)

r - Ban kinh & ¢6 truc Iéch tam;
P_ - Luc ma sat ¢ cac 6 do:
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P_=f(P+G) 9)
Trong do:

f- Hé s6 ma sat & cac 6 d5: 0.0018;

G - Trong lugng cua than sang va vat
li¢u: 12000N;

P - Luc ly tam quén tinh cua sang:

m?.e.n’
900

(10)

G
.

Do do:
p = G-I-G 7 e.n’ e 1+n2.e 1
me = [ g 900 =f 500, (1D

Thay vao, ta c6 cong suét tiéu hao dé
thang ma sat:

_ fGmrn (1+n‘.e) (12)

N =
™ 30.1000 900

N,- Cong suét dé tao ra dong niang cho

sang:
N, = 13
47 £.1000 (13)
Trong d6, A, - Dong nang sang nhan
duoc:
G v: G.ne’
Aﬁ = —, — = (14)
g 2 1800

T - Thoi gian 1 vong quay, T = 60/n.
Thay vao biéu thirc, ta co:

N, — G.n%. el
47 1,08.108
Ta co: N, = 2,444kW.

(15)

Chon dong co N, = 3kW,n, = 1450 vg/ph.

2.4. Tinh bd truyén dai

e M — B_ -——

J?l , l_.,f-zml i

e A
T1 -
o -
P

Hinh 3. B truyén dai [5]

- Ty s6 truyén ciia bo truyén: u = n,/n

1,450.

- Chon duong kinh banh dai nho theo
tiéu chuén: d, = 140mm.

- Van tdc dai tinh theo cong thuc:
v =md n /60000 (16)

- Puong kinh banh dai l6n x4c dinh
theo cong thuc:

d,=du/(1-¢) (17)
Trong do, € - H¢ sb truot.

- Chon so bd khoang cach truc: a=1.3d,.
- Chiéu dai dai:

1=2a+0.57(d, +d,)) +(d, - d,)*/4a (18)
- Chon chiéu dai dai theo tiéu chuén, 1.

- S6 vong chay cua dai trong 1s, i = v/,
1<10/s.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 322, thang 11 nim 2024 119
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

- Khodang cach truc a theo chiéu dai tiéu
chuan:

a=(1+22-8n%)/4 (19)

Trong do:

A=1-n(d +d)/2;A=(d,-d)2.

- Goc 6m a, trén banh dai nho:

z=PK/(PJCCCC) (20)

Trong do: P, - Cong sut trén truc banh
dai chu dong; K, - H¢ sb tai trong dong; [P ]
- Coéng suat cho phép; C, - H¢ s6 ké dén anh
huong cua goc 6m, C, = 1 - 0.0025(180 - o);
C, - H¢ s0 ké dén anh huong cua chi€u dai dai;
C,-H¢ s6 tinh dén anh huong cia ty sé truyen;
C, - H¢ s6 ké dén anh huong cua su phan bd
khong déu tai trong cho cac day dai.

- Chiéu rong banh dai:

B=(z-1t+2° (21)

- Puong kinh ngoai ctia banh dai:

d=d+2h (22)

- Luc cang trén mot dai xac dinh theo
cong thuc:

F,=780P K /(vC z) + F (23)

Trong do, F_ - Luc cang do luyc ly tim
gay ra:

F = qu2 (24)

Trong do, q,_ - Khéi lwong 1m chiéu dai
dai.

- Lyc tac dung 1én truc:
F =2F zsin(a,/2) (25)
2.5. Tinh toan 10 xo

D,

——

[}

= FlaT 7"
: -

FO P2

i —-13734 /Pl

Hinh 4. Kich thuoc lo xo va dat luc [5]

- Luc nén so bd cua 10 xo:

P =G/n,_ (26)
Trong d6,n,_ - S6 lugng 10 xo.

- Lyc tac dung 1én 10 xo:

P, =P, 27)

- Lyc 10 xo khi bién dang 16n nhét:

P,
P: = 28
e 09)

Trong do, 6 - Khe hd quan tinh tuong
d6i caa 10 xo nén, theo bang (2.10).

- Tinh duong kinh day 10 xo:
Puong kinh 10 xo xac dinh theo cong
thuc:
| k- F: .

d=16
=

(29)
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Trong do6, c - H¢ $6 duong kinh 10 xo,

gia st chon duong kinh day 10 xo: d = 18 mm;
k - HE s0 ké dén d¢ cong cua day 106 xo:

_ 4. c+ 2

4.c-—3 (30)
- Puong kinh trung binh cua 16 xo:
D=cd (31)

- Buong kinh trong cta 16 xo: D,=D - d
- Puong kinh ngoai cta 10 xo: D =D +d
- S6 vong lam viée cua 10 xo:

G.d.h

"o, (2)

Trong do6, G - M6-dun truot cua vat li¢u.

- Tong s6 vong cua 10 xo: n, =n +n,,

voin, - SO vong tua.

nhat:

- D(f)’ cung cua mot vong 10 xo0: z, = n.z
- Bi?;n dang so bo: F =P /z

- Bi?;n dang lam Vié’C2 F,=P/z

- Bién dang 16n nhat: F, = P./z

- Bupc cua 1o xo: t= d’+ 1,1.LF,/n

- Kiém tra irng suat xoan cua 10 xo:

_ 8.k.c.Pg

T =
3 -
T.d?

(33)

- Chiéu cao cua 10 xo khi bién dang 16n

H,=(n, +1-n,d (34)
Trong do, n, - S6 vong dugc mai phang.
- Chiéu cao cua 1o x0 & trang thai tu do:

H,=H,+F, (35)

viéc:

- Chiéu cao cua 10 xo khi bién dang so bo:
(36)

- Chi€u cao cua 10 xo khi bién dang lam

H,=H,-F, (37)
- Goc nang cua 10 xo:

tago = t/nD (38)
- Chiéu dai khai trién cua 16 xo:
L=3,2Dn, (39)
- Khéi lugng caa 10 xo:
Q~19,25.10°Dd"n, (40)

Tinh toan 10 xo bang phan mém Inventor

2023, cac thong sd va két qua duogc tinh toan

xuat ra tr phan mém nhu sau:

Project Info
Guide

pring Type
pring Strength Calculation lspring Check Calculation

Method of Stress Curvature Correchon [No Correction

Spring Load

Min. Load F1[3302.002 N
Max. Load 11078.002 N
Working Load F {11061.000 N

Spring Dimensions

Loose Spring Lengti
Wire Diameter

144.000 mm
[11.000 mm

d
Pitch of Free Spring t H0.000 mm
(Outside Spring Diameter (D1 110.000 mm
Mean Spring Diameter D _[110.000 mm
Inside Spring Diameter (Do (30.000 mm
Spring Index c 1.000 ul
Spring Coils
[Active Coils n T 3.000 ul
Coil Direction ‘ right

pring Ends
Params Start End
Closed End Coils!'z1 10.785 ul ['zo [0.550 ul
Transition Coill 1 10.550 ul [+ [0.550 ul

Ground Coils }‘al 0.775 ul Foo [0.550 ul

Assembly Dimensions
[Min. Load Lengti Ln#.gm mm
Max. Load Lengti 198854 mm

\Working Stroke H 33.114 mm
Momng Load Lengti |Lw [118008 mm

[nstalled Lengti 1{110.994 mm
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Spring Material

User material

Ultimate Tensile Stress

‘ul  [1568.000 MPa

Allowable Torsional Stress

A |784.000 MPa

Modulus of Elasticite i n Shear

(]

78560.000 MPa

Density

p |7860 ka/m*3

Utiiization Factor of Spring Material

s

0.900 ul

Fatigue Loading

Safety Factor

560.000 ul

Spring Life i n Thousands of Deflactions|M

5.200 u

290.212

S
11,006

46.146

72,000,
-
h—
35.140

L

3000.00

12578.000,

19625.000

72,000

132,994

97,854

@ 126.000

2 108.000

I
|
\

24,000 42,000 &5 18.000

Yy

Hinh 5. Mé hinh tinh todn theo phan mém

Bang 1. Két qua tinh todn 16 xo bang phan mém

Results

Space between Coill of Free Spring [3 20.000 mm
Pitch of Free Sprinag It 140.000 mm
Stress Concentration Factor €% 1.000 ul
Spring Constant ke 078.569 N/mm
Min. Load Spring Deflection 1 11.008 mimy
Total Spring Deflection s 44,114 mm|
Limit Spring Deflection £l 7000 mm
Working Spring Deflection ok 0.220 ul
Max. Allowable Spring Deflection maEx 0.633 ul
Limit Test Lengtt of Spring fminf 150,990 mm
Theoretic Limit | engtt of Spring La [78.000 mm
Spring Limit Force Fa 11820000 N
Endurance in Shear ‘e [712.125 MPa
Min. Load Stress ‘1 121.471 MPa
Max. Load Stress "8 |593.121 MPa
Solid Lenath Stress "9 |925.417 MPa
Critical Speed of Spring v 3.440 mps
Matural Freguency of Spring Surge |f 125.350 Hz
Deformation Energy W 250.512 3
Wire Lengti | 1440.500 mm
Spring Mass m 5.338 kg
Spring Check Result Positive

2.6. Tinh chon 6 d&

Co s& cho cac tinh toan theo tai li€u
tham khao [2] va [6].

2.6.1. Kha nang tai dong cua é dwoc xdc dinh
theo cong thirc:

c;=QVL (41)

Trong do, Q - Tai trong dong quy udc:

Q=VF kk, (42)

Trong do:

F - Tai trong huong tam;

V - Heé s6 ké dén khi vong nao quay;

k - HeE sérké gér} anh huong cua nhiét dg;
k, - HQ soO ké dén d\efw tinh tai trong;

L - Tudi tho tinh bang triéu vong quay:

= 80nkn (43)
10°
Trong do: L, - Tubi tho cua 6 tinh bang
gi0; m - Bac cia duong cong moi khi thir vé 6
lan.

>

2.6.2. Chon é

| T ¥
B

[
D '—:B L o df
D1 d?
1., 2min l |
0

Hinh 6. Cdu tao 6 [5]

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
IWPA8  TAP CHI CO KHI VIET NAM, S6 322, thang 11 nim 2024
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

2.6.3. Kiém tra 6 theo khd néng tdi tinh
Q=F,
Q<C,

2.6.4. Khd ning quay nhanh ciia 6

Sb vong quay t6i han cua 6 dugc tinh
theo cong thirc:

=[d_n]kkk/d_ (44)

17273

Trong do:

[d _n] - Thong s6 van toc quay quy udc;
d - buong kinh vong tron qua tdm cac
con lan;

k - H¢ so leh thudc;

k H¢ so ¢ 0;

k Hé s tudi tho:

n, <3800; 5000, do do 6 b chon thdéa man
yéu cAu.

3. KET LUAN

Qua qua trinh nghién ctru va tinh toén,
sang rung quan tinh da dugc chirng minh 1a mot
giai phap hiéu qua trong viéc phan loai cac vat
liéu hat nho cta cac day chuyén thiét bi cong
nghé. Viéc su dung sang rung quén tinh giap
t6i wu hoa qué trinh sang loc, dam bao do chinh
Xac cao, tiét klem nang luong va tang nang
sudt. Cac thong sb6 nhu sb vong quay cia tryc
léch tam, nang sudt sang ctia may, dong co, bd

truyén, 10 xo, géi dg,... 1a nhitng tham s6 chinh
va quan trong anh hudng hoat dong cua thiét bi.
Két qua nghién ctru c¢6 thé 1am co s& cho viée
thiét ké va ché tao cac thiét bi sang rung phu
hop voi tung loai vat li¢u hat nho, dap ung yéu
cau cong nghé trong cac nganh cong nghiép.

Mo hinh bai tinh ¢6 thé st dung dé kiém
nghi¢m cac thiét bi c6 sin, cai tién hodc stra
chira cac thiét bi tuong dwong nham nang cao
d6 6n dinh cia may moc, thiét bi, cong trinh. <

Ngay nhan bai: 04/7/2024
Ngay phan bién: 10/11/2024
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NGHIEN CU’U THIET KE TOI U THONG SO CHI TIET MAY
LOT VO VA CAT LAT QUA THANH LONG

RESEARCH ON OPTIMIZING THE DESIGN PARAMETERS FOR A DRAGON
FRUIT PEELING AND SLICING MACHINE

Ho Triét Hung*, Banh Qudc Nguyén
B6 mén Ché tao may, Khoa Co khi, Truong Pai hoc Bach khoa,
Pai hoc Qudc gia Thanh phé HO6 Chi Minh

TOM TAT

Hién nay, trén thi trieong cé nhiéu loai mdy cat lat thanh long dwoc phat trién béi cdc cong
ty khdc nhau. Tuy nhién, hau hét cac mdy nay chi tdp trung vao qud trinh cdt lat sau khi da 16t vo
quda thanh long, dan dén viéc chwa toi wu dwoc thoi gian va ndng sudt van hanh. Dé tai nay huéng
dén viéc nghién ciru va thiét ké mét logi mdy céng nghiép tich hop ca hai chire ndang 16t vé va cdt lat
thanh long. Triede khi thiét ké, can tinh todn chinh xdc cdc théng sé vé kich thuée, vin toc va quy
trinh hoat dong, dwa trén cac dac tinh phdn cung nhu kich thuoc chi tiet, vt lidu, tinh chdt vt ly
cua vat lieu, bién dang cua qua thanh long va khoang cach kep. Tir mo hinh todan hoc voi cac thong
s6 thiét ké da xdc dinh, ta tién hanh mé phong va thiét ké mdy 16t vé va cat lat thanh long phit hop
véi chu ky cung cdp nguyén liéu. Nghién civu nay da ddt nén tang cho viéc tinh todn t6i wu héa ning
sudt ciia may.

Tir khéa: Cum dao cat; Mdy got vé va cat ldt qua thanh long; Phwong trinh xdc dinh vi tri.
ABSTRACT

Currently, the market offers various types of dragon fruit slicing machines developed by
different companies. However, most of these machines focus solely on the slicing process after the
dragon fruit has been peeled, which has not yet optimized operational time and productivity. This
research aims to design an industrial machine that integrates both peeling and slicing functions for
dragon fruit. Prior to the design phase, accurate calculations regarding size, speed, and operational
processes must be made, based on hardware characteristics such as component dimensions, material
properties, physical characteristics, dragon fruit shape profile, and clamping distance. Using a
mathematical model with defined design parameters, we proceed with simulations and the design
of a dragon fruit peeling and slicing machine that aligns with the material supply cycle. This study
establishes a foundation for optimizing the machine's productivity.

Keywords: Cutting blade assembly, Dragon fruit peeling and slicing machine; Position
determination equation.
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1. GIOI THIEU

Cay thanh long (tén tleng khoa hoc la
Pitahaya), thudc ho xuong rong, c6 ngudn gbc
¢ cac vung sa mac thudc Mehico va Colombia,
la mot loai cay nhiét déi mang lai nhiéu loi ich
cho stc khoe con nguoi nho gia tri dinh dudng
cao va cac hop chét hoat tinh sinh hoc, trong
d6 c6 chat chong oxy hoa tu nhién manh mé.
Tur than, hoa, vo, cui thanh long c6 nhiéu hoat
tinh sinh hoc ¢6 loi chéng lai cac vi khuan giy
bénh bao gdm vi khudn, nim va vi rat ciing nhu
cac bénh nhu tiéu duong, béo phi, ting lipid
mau va ung thu. Hon nita, chiét xuét thanh long
c6 dac tinh bao v¢ tim mach va gan, cling nhu
tiém nang prebiotic [1]. Thanh long duoc ngudi
Phap dem vao trong & Viét Nam trén 100 nim
nay, nhung mdéi dugc dua 1€n thanh hang hoa
tur thap nién 1980 [5]. Viét Nam tré thanh nudce
c6 dién tich trong thanh long 16n nhat chau A
va dugc trong & 63/65 thanh phd/tinh cua ca
nuéc va 1a nude xuat khau thanh long chinh
trén toan thé giéi [1]. Hién nay, nudc ta di xuat
khau thanh long qua nhiéu nuéc dudi dang qua
tuoi. Nham ting gia tri, thanh long dang duoc
ché bién thanh nhiéu san pham, tuy nhién diéu
nay dang bi giéi han vé ning suat do qua trinh
16t v6 va cat lat chua duoc t6i wu va mo rong.
Vlec san xuat quy mé 16n nhu vay dan dén yéu
cau vé cai tién quy trinh va cac khau trong qua
trinh ché bién thanh long, khoang mot phan ba
khdi lugng ban dau bi mat di, chu yéu o dang
vo sau qud trinh 10t vé thanh long. Theo bai
nghién ctru vé hinh dang [6] cua cac loai thanh
long, kich thudc duong kinh va chiéu dai duoc
nghién ctru dé dua ra mot phuong thirc chung
dé danh gia va phan loai. Sy phan loai d6 gitp
thiic ddy qua trinh co gii hoa trong qua trinh
nghién ctru. Khi xac dinh duogc kich thudc co
ban ciia qua, tir d6 nang cao ning suat va chat
luong ctia thanh pham. Thyc té hién nay, viéc
16t vo va cét lat thanh long chi 1 do cong nhan

lam, va chi c6 cac cong cu hd tro, chua ¢ may
ban tu dong ddy chuyén. Thanh long 1a loai trai
cdy ma thit va vo ciia ching c6 thé dugc tach
ra dé dang ma khong anh huong nhiéu dén viée
that thoat can ning. Ngoai quan cua trai thanh
long duoc danh gid qua tiy theo tiéu chudn
duoc dat ra [7]. Hién nay, yéu cau thuc té két
hop ddng thoi quy trinh cét va 16t vo thanh long
duoc dé xuat voi cac wu diém: chat luong lat
thanh long on dinh, nang suét 1on va tiét kiém
duogc thoi gian trong qué trinh cat lat. Tai thi
truong Viét Nam, thanh long c6 nhiéu loai cling
nhu céc gidng khac nhau. Mdi loai s& cho théng
s6 vé kich thudc qua khac nhau, vi vay vi¢c
tim hiéu vé kich thudc 1a yéu cau duoc cha
trong khi thiét ké may ban ty dong boc tach
va cat lat thanh long. San luong thanh long tai
Viét Nam hang nim khoang vai triéu tin, trong
d6 hau hét duoc dong goi va xuat khau tuoi ra
cac nudc 1an can va phan con lai dugc tiéu thy
trong nudc [8]. San luong san xuat ngdy cang
gia ting, diéu d6 day manh nganh céng nghiép
phu trg nham gia tang tinh kinh té cua nganh
néng nghiép noéi chung va san xuat thanh long
noéi riéng.

Theo nhu ciu thuc tién, viéc nghién ctu
vé thiét ké hé thong day chuyén ban tw dong cho
cong doan 10t vo va cit thanh long duogc dau tu
va nghién ciru. Bai bao dé xuat mot nguyén ly
may c6 san, mang tinh kha thi di va dang dugc
nghién ctru théng qua luan van tot nghiép tai
Trudng Dai hoc Bach Khoa Thanh phé H6 Chi
Minh. Nguyen Iy nay dya trén phuong phap
dong bo téc d6 di chuyén giira cac cum co ciu
dé dam bao hiéu qua hoat dong. M6 hinh toan
hoc dugc xay dung dua trén cac thong s6 thiét
ké ban dau nhu ning suét, gioi han khong gian
dé hd tro viéce tinh toan cac thong sb lua chon,
dia xich, khoang céch cum kep va kich thude
bang tai. Pé lam duoc diéu dé, viéc hiéu rd va
phat trién hé thdng 1a can thiét. Bai bao dua ra
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mo hinh tinh toan cac théng sb véi muc dich
tao ra may cat lat va 16t vo thanh long nhim
nang cao ning suat trong qua trinh cit lat.

2. XAY DUNG MO HiNH TiNH

2.1. Nguyén Iy chung hé théng may

Lk Pt ey

Gl Teptb g

L

b b arwe |

=i

Hinh 1. So' do quy trinh ché bién

Nguyén Iy chung (Hinh 1) cho hé thdng
cit va boc tach thanh long phu thudc vao qua
trinh phan loai truéc do dé tinh toan duoc céac
thong s6 phut hop. Do d6, nguyén lidu dau vao
duoc cung cép phai dat cac yéu cau phu hop
v6i may veé kich thude, do dong déu, duge xur
1y vé sinh trudc tranh bui ban. Viéc dap tmg cac
yéu cau ddi véi nguyén liéu dau vao gitap dam
bao chét lugng thanh phdm va c6 do hao hut 1a
thip nhét. Pé c6 dugc ning suat mong mudn
can phai chuyén tir khdi luong thanh long vé
s0 lugng (kilogram sang s qua) tuong tng va
bu trir 10-20% san lugng 16i dé dam bao lya
chon phuong an phu hop vé1 kha nang ctia may.
Vi quy trinh san xuét tir, dua ra duoc mot so
d6 nguyén ly (Xem hinh 2) mang tinh phu hop
danh cho viéc thiét ké va tinh toan sau nay.

e
o]
C9]
&
o

Hinh 2. So d6 nguyén Iy ciia mdy got vé va cat ldt
thanh long

Qua thanh long (1) dugc cong nhan
van hanh dat trén bang tai (2) c6 gan cac khoi
V dé dinh vi thanh long. Cac cum giir thanh
long duoc gan trén bo truyén xich (3), hai bd
truyén xich dugc bd tri ddi xtmg qua bang tai
dé dam bao viée kep dugc thanh long. Xi-lanh
(4) truyén chuyén dong cho cum dao cit, cit
b6 hai dau theo chiéu dai qua. Qua thanh long
duoc gitr di dén dao (5), bi cit lam d6i va mdi
ntra theo mdi méng dan. O cudi mang dan s& bd
tri co cau lat dé dam bao qua thanh long dugc
1at sao cho mit bi cat d6i nam Gp xudng biang
tai. O cudi bang tai dau ra (8) co gin cac dao
cat 1at (10). Xi-lanh (9) ép tir trén xudng véi luc
vira du, thanh long nam trén ludi dao dugc xép
ludi hodc 6 vudng tiy theo nhu cau cat lat. Co
ché 16t vo 1a nén dé phén thit thanh long duoc
cit lat ra va gat vo dé thanh long dugc tach bo
vO vO1 rudt.

2.2. Nguyén ly dong b hé thong

64

¢ @ Wi B
[ Bing i
T Trks thanh long
E I Y
E [ gal ihask [ong
4. Diy wek

Hinh 3. Nguyén 1y dong bo
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Heé théng may dugc phan thanh cac cum
theo chtrc ning s& giup viée tinh toan va dong
b6 hé thong dé dang hon (Xem hinh 3). Véi hé
thdng cit hai dau do xi-lanh thuc hién, hanh
trinh va vén tdc cua xi-lanh du:orc hé thong didu
khién dam nhéan. O cum cép, co ciu cum giir
dic trung ddng thoi duoc truyén chuyén dong
bang bo truyén xich, viéc diéu khién va tinh
toan hai bo truyén xich dé mdi bén gilt dugc
trai thanh long 1a mot vin dé quan trong. Néu
luc kep khong dang do sai 1éch vi tri ctia co cdu
hai bén c6 thé din dén hu hong cho trai thanh
long. Ngoai ra, cum cép bang bang tai ciing 1a
mot van dé 16mn.

Hinh 4. Cum giir thanh long

Bai nghién ctru tap trung viéc tinh toan
s6 liéu cho qué trinh déng bd van tdc cua ba
cum bao gdm cum cép (2), cum giit (3) (Hinh
4). M6 hinh da dugc hoan thién va thir nghiém
voi céc kich thude qua thanh long khac nhau,
cho thay kha niang xac dinh cac thong sé hinh
hoc phu hop cho may boc tach vo thanh long
v6i nang suat mong mudn.

Céac cum giir thanh long duoc gin trén
b truyén xich. Khi trai thanh long tiép xtc véi
cum gitr s€ l1am 10 xo ctia cum bi nén lai, déng
thoi 10 xo cling s€ tadc dong mot luc tro lai trai
thanh long tao thanh luc kep vura du. bé dam
bao rang cum gitr ludn kep duoc qua thanh
long thi phai xac dinh duogc vi tri cua thanh
long so v&i cum gitr. Vi vay, khoang nay phai la
khoang cb dinh. Phuong an dinh vi thanh long
trén bang tai dau vao 1a: Dung 2 khdi V ngin
gin trén tAm cac tAm cua bang tai. Kich thudc
cua thanh long phai nho hon duong kinh ctua
dia xich dé tranh va cham gilta cadc cum.

3. THIET LAP THONG SO VA MO HINH
PONG BO

3.1. Trinh ty tinh toin dwgc thuc hién theo
cac budc

3.1.1. Tinh toan trén cum giir

Do maéy c6 kich thudc han ché va anh
huong boi duong kinh cua thanh long, nén khi
tlnh toan thiét ké may ngoai ning suat ctia may,
can thu thap kich thude thanh long dé lva chon
khoang céch thich hop gitta cdc cum lam viéc.
Vi tri va thong sb cac dia xich da duoc thir
nghiém, do d6 budce tinh todn dugc thuc hién
tor cum gitt thanh long, viéc déng bd van toc va
vi tri twong dbi giira bang tai voi cum giit anh
huong truc tiép kha ning giir trai thanh long.

3.1.2. Tinh todn trén cum cip nguyén lié¢u

Ning suit dap ung va khong gian kich
thudc may con lai s& duoc ding dé tinh toan
bang tai dau vao, s& dé dang ddng bod vén toc va
vi tri voi cum gitr. Bang 1 trinh bay céc thong
s6 dau vao va cac thong sb can tinh toan dé
dong bo van tdc gitra cac khau.

Bdng 1. Cdc théng s6

Théng sb Ki hiéu
Ning suat yéu cau (qua/gid) N
Chiéu dai thanh long (mm) 1,
Budc xich bang tai va dia xich (mm) P,
Khoang cach gitra cac cum gilr (mm) k.
S6 cum giir (cum) N,
S6 rang banh xich (ring) V4
Puong kinh vong chia rulo (mm) P.D
Puodng kinh vong chia dia xich (mm) Dp
SO cum gitr trén 1 vong dia xich (cum) N,
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3.1.3. Tinh toan trén dia xich

Sau khi Iya chon dia xich phu hop va
quyét dinh s lwong cum giit trén 1 vong dia
xich (tuy theo kich thudc qua), tinh toan khoang
cach phan b gitra cac cum. Khoang cach cum
gitr thanh long:

Ke = 1 (mm) (1)

Bang 2 trinh bay thong s6 phu hop va
t6i wru nhéat cho may ddi voi cac kich thude qua
khéc nhau, tat ca thong s6 da duge thir nghiém
va tinh toan ctia nhém nghién ctru, khuyén nghi
nén sur dung.

Bang 2. Voi khoang cach cum gitr va dia xich

A ch,h Khoang
£ N (so thwéce ,
Z (s0 D c cach
rang) (mll;l) cum thanh cum giir
g giir) long im g
kc
1, (mm)
24 291.9 4 <145.95 6p,
28 340.29 4 <170.14 p,
32 388.71 4 <194.35 8p,
36 437.75 4 <218.57 9p,
40 485.6 4 <242.28 10p,
Budce xich p, = 38.1 (mm)

Cong thuc tong quat va thong sb dé thiét
ké may phu hop véi nhu cau. O cum cit hai
dau, chi tinh todn s6 vong quay ciia dia xich, vi
chi can dia xich dap tng duoc toc d6 quay nhur
vay la dam bao dugc khdi lugng, co cong thirc
tinh toan. S6 vong quay dia xich (v/p):

n=— )

"~ 60XNg

Chiéu dai cua day xich s& tury thudc vao
nhu cau va kha nang dap img dién tich ciia may,
tuy nhién khuyén nghi tinh todn chiéu dai day

xich dé téi wu dién tich may theo cong thirc sau.
Khoang cach truc (mm):
a=2x 3)

Chiéu dai day xich (mm):

Lz2xa+n><Dp;(L§kc) (4)
3.1.4. Tinh todn trén bdng tdi cdp liéu

O bang tai cap liéu, gitr thanh long nam
trén hai khoi V ngan 1a 1 cum gitr, va mdi khoi
V s& dugc gan tai trung diém cua moi tam bang
tai va c6 khoang cach vira du dé¢ phu hop voi
kich thude thanh long, khodng cach gifra hai
khéi s& duoc tinh theo cong thuc:

Khoéng cach gitta 2 khdi V (mm):

lu
Key < 2 (mm) (5)
C

B6 tri khoang cach gitra 2 cum gitr dé
khoang céch gitra 2 qua thanh long khong bi va
cham vé&i nhau, va t6i uvu khong gian cua may:

Khoang cach gitra 2 cum gilr (mm):

K, =2xK, (6)

Sau khi x4c dinh dugc khoang céach
gitra 2 cum gitr, van toc bang tai duogc tinh theo
cong thurc dé dap rng nang suat yéu cau.

Van toc bang tai (mm/s):

v = KN (7)

3600

Sau khi ¢6 duoc van toc bang tai va
chon lya bang tai cung duong kinh rulo phu
hop, s6 vong quay rulo dugc tinh nhu sau:

Sb vong quay trén rulo (v/p):
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Vx60

— 8
M = TxPxD (8)

3.2. Ung dung thuc té

Qua mo hinh toan hoc ¢ trén, dudi day
nhom tac gia da tinh toan véi phuong an dap
ung cho loai thanh long c6 kich thudc 110-
125mm, ning suat 1200 tan/h tuong ung voi
khoang 2400 qua/h.

S6 cum gitr thanh long va dia xich duogc
lra chon theo bang 3 véi kich thudc chiéu dai
thanh long 145mm <145.95 mm.

Bang 3 1a thong s6 dia xich dugc chon.

Bdng 3. Théng soé dia xich

Ky hiéu Théng s6
Z 24 rang
D, 312 mm
D 219.9 mm
P 38.1 mm

Mot vong dia xich duogc gén bdn cum
gilr qua thanh long. Nhu vay, khoang cach gitra
cac cum giir:

e === 22 = 6x38.1 = 228.6 (mm)
Nc 4

Sb vong quay cua dia xich dé dat ning
suat 2400 qua/gio:

N 2400
n= =
60XN.  60x4

=10v/p

Thong s6 bang tai xich tAm: P, =38.1 mm.

Khoang cach gitra 2 khdi V:
o _ 145 _ gg s
Kew < e 3.8 (tam)

Chon khoang céach tuong ung voi 3
tam: 3 x 38.1 = 114.3mm (tinh tr trung diém
moi tam).

Khoang cach can thiét giita 2 qua thanh
long trén bang tai:
K =2xK_=2x3=>6 (tam)

Vi tri thanh long céch dia xich mot
khoang dé dong bo:

6 x P_=22.6 (mm)

Tir ning suét 2400 qua/gio => Van tdc
bang tai can thiét:

KgxN  228.6x2400

3600 3600

= 152.4 (mm/s)

Bang 4 trinh bay thong sé rulo dugc
chon.

Bdng 4. Théng s6 rulo

Ky hiéu Théng sb
P.D 153.2mm
P 38.1 mm

Sb vong quay trén rulo:

_ ¥X60 _ 152.4X60
T mxP.D  mx153,2

n, ~ 18,99 (v/p)

Trén day la phan tinh toan cac thong sb
can thiét ciia may 16t vo va cit lat thanh long
dé dap ung dugc ning suat 2400 qua/gid cua
nhém tac gia.
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4. KET LUAN

Bai bdo dua ra phuong 4n thiét ké may
16t v6 va cét lat thanh long dua trén ning suat
lam viéc mong mu6n nham tinh toan cac thong
s6 van tdc bang tai dau vao, bang tai dau ra,
dia xich. Céc dai lugng vao thong s6 tinh toan
duoc tuy chinh dé phu hop véi kich thude qua.
Viéc thiét ké dua trén nang suit 1am viéc cua
may gitp linh hoat trong qué trinh san xuét,
phit hop véi quy mé san xuat. Bai nghién ctru
nay budc dau da hinh thanh cac cong thirc co
ban nhat cho qué trinh thiét ké mdy 10t vo va
cét lat thanh long. Qua day, cod the dua vao do
dé tinh toan céc thong so khac vé may dé dam
baq dap tmg cac thong sb yéu cu va chi phi san
xuat.

Loi cam on:

Chung t6i1 xin chan thanh cdm on So¢
Khoa hoc va Cong nghé tinh Long An d4 hd trg
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NGHIEN Cl’U TOI U HOA QUY PAO DAO CAT NHAM NANG
CAO NANG SUAT GOT VO CA ROT

RESEARCH ON OPTIMIZING CUTTING BLADE TRAJECTORY TO ENHANCE
CARROT PEELING PRODUCTIVITY

Tran Anh Son*, Banh Qudc Nguyén
B6 mén Ché tao may, Khoa Co khi, Truong Pai hoc Bach khoa,
Pai hoc Qudc gia Thanh phd HO6 Chi Minh

TOM TAT

Hién nay, nhiéu quoc gia trén thé gici da thiét ké va phdt trién cdc loai mdy got vo ca rot siv
dung co ché nhiéu lwdi cdt bé tri theo cung tron, véi ndng sudt cao dé ddp iing nhu cdu thi truong.
Dé tai nay tdp trung vdo viéc phan tich quy dao di chuyén va luc tde dung ciia cum cdt chinh trong
mdy got vo ca rot cong nghiép. Trude khi tién hanh danh gid, quy trinh cdt ciia cum got sé dwgc mé
phong bang phwong trinh todn hoc, dwa trén cdc théng sé phan cieng nhuw kich thude chi tiét, thong
$6 ma sat gitta cac khop noi, vt lidu, tinh chdt vt ly cua vat liéu, bién dang cua cu ca rét va lyc
got vo. Tir d6, cdc yéu to quan trong anh hwong dén néng sudt got sé dwoe xdc dinh va diéu chinh
dé phix hop véi quy mé san xudt tai thi truong Viét Nam.

Tw khéa: Cum dao got vé; May got vé ca rot; Phwong trinh dao ddéng tat dan; Néng cao

nang sudt.
ABSTRACT

Currently, many countries worldwide have designed and developed carrot peeling machines
that use a multi-blade mechanism arranged in an arc, providing high productivity to meet market
demands. This study focuses on analyzing the motion trajectory and applied forces of the main
cutting assembly in industrial carrot peeling machines. Before evaluation, the peeling process of the
cutting assembly is simulated using mathematical equations, based on hardware parameters such
as component dimensions, friction parameters between joints, material type, physical properties of
the material, carrot shape profile, and peeling force. Key factors impacting peeling productivity are
then identified and adjusted to suit production scale requirements in the Vietnamese market.

Keywords: Peeling blade assembly,; Carrot peeling machine; Damped oscillation equation;

Productivity enhancement. &
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1. GIOI THIEU

Ca rbt hang nim duoc san xuat hon 37
triéu tin, dimg dau trong céac loai rau cu dugc
tiéu thy nhiéu nhit trén thé gidi [1]. May got
vo ca rot di gop phan ting ning sut trong linh
vuc san xuét thuc phém. Viéc nang cao nang
xudt nham giai quyét vin dé vé kinh té ludn
dugc cac nha phat trién dat 1én hang dau. Cac
dong may cong nghi¢p phuc vu cho quy trinh
ché bién thyc pham luén duogc cai tién trong
thoi gian gan day. D6i véi cac loai rau cii khac
nhau s€ c6 cac bg thong s6 hinh hoc tiéu chuin
khac nhau, boi 1& d6 viéc xac dinh dbi tugng
nghién ctu sé& gitp cho viéc tinh toan dugc
théng nhét va lién mach, ca rot 1a dbi tuong
tiéu biéu dé xem xét va tinh toan. Co ché got
vo duogc st dung 1a bién phap bao vé theo bién
dang hinh hoc cua ca rot. Hién nay, co cAu duge
stt dung rong rdi nhat voi cac wu diém: chat
lwong got vo cao, niang sudt 16n va khong can
cung cip nude trong qua trinh got. Cac dong
may str dung co ché nay c6 cong suit tir 3000
cu/gio, twong ung voi 3 + 4 ta/gio va phu hop
v6i moi loai ca rot c6 chiéu dai tdi thiéu 1a 160
mm, duong kinh 25 + 65 mm ti 1€ 18-20% hao
hut sau khi got [2].

Murc d6 hao hut trong san xuét chiu anh
huong boi nhiéu yéu t6, trong d6 bo phan cat
got dong vai trd quan trong trong van dé nay, tir
d6 can xdy dung phuong trinh toan hoc dé xem
xét su thay doi trong qué trinh chuyén dong cia
cum chi tiét nay dén ning suit san xuat. Thong
qua mot bai bao nghién ciru trude d6 [3] gdm
mot cum dao got vo vai hai 16 xo da dua ra mot
dd thi cua dao dong tat dan, nhan théy ra‘ing bai
toan dwa ra van chua théa man yéu cau thuc té
vé do dao dong va thoi gian tat dan téi han cua
cum dao got. Vi vay, voi muc ti€u xay dung
bai toan hoan thién hon, bai nghién ctru s¢ dua
ra bai toan gan sat voi thuc té hon ciing nhu

giai quyét twong ddi cac van dé con ton dong.
Bai toan duoc xay dung dya trén sy tuong tac
qua lai ctua hai cum dao duogc lién két thong
qua mot 10 xo chung, thong qua d6 xay dung
phuong trinh dao dong tit dan loai bo duoc
pham vi anh hudéng ctia ngudn ning lugng tich
trit trong qua trinh chuyén dong dé c6 thé dap
mg dugc nhu cau vé thoi gian va nang suat
mong mudn. Phuong trinh tap trung trong tim
vao xac dinh sy thay d6i vé goc theo thoi gian
di chuyén tir diém dau dén diém cubi cua ci ca
rot. Sau khi xdy dung duoc phuong trinh toan
hoc ¢6 thé tinh chinh s6 liéu thuc dé ting ning
suit cia may.

Sau khi ca rot di qua cum dao, cum dao
s& dao dong tit dan cho dén khi goc quay trg vé
vi tri can bang. Nhu bai nghién ctru [3] d3 trinh
bay dugc quy dao tit dan ctia cum dao theo thoi
gian nhung chua thé hién duoc trang thai dao
dirng chuyén dong. Bai bao nay dé xuat phuong
phap tim ra phwong trinh ning luong du bang
cach mod phong chuyén dong cua toan bd cum
dao.

2. XAY DUNG MO HINH TiNH TOAN

2.1. M ta chung nguyén ly cit

Frasg £

i L4 ma ¢dn bhing
& 1 Lk e cle

1 BE dum
F k. La =g feh chenih

Hinh 1. M6 hinh minh hoa cum dao

Nguyén 1y cép liéu duoc mé ta nhu sau:
ca rot s€ dugc cap li€u va di qua bang tai chir
V dén khau got v, trong khau got vo hai banh
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lan mdt trén mdt dudi dugc boc mot 16p vat
liéu mém va co tinh ma sat phu hop nham duy
tri lyc got trong subt qué trinh hoat dong. Tai
khau got vé cum dao (xem Hinh 1) s€ thyc hi¢n
chtrc ning ctia minh khi ca rdt tiép xuc véi cum
dao 1am cho con lan trén cum cét bi déy lén khi
nay ludi dao sé€ thyc hién tac vu cit bo 16p vo,
dong thoi ca rét ciing 1am cho cum dao mé rong
vé hai phia. Mau chdt quyét dinh ning suat got
mét cu ca rot duge quyét dinh dua trén thoi
gian 6n dinh cua cum dao tai vi tri tinh, khi nay
cac su tuong tac giira hai bén cum dao gan nhu
bang khong dé sin sang 1an got vo tiép theo.

Khi ca rét di ra khoi cum dao 1a lic né
bét dau thuc hién dao dong tat dan, bién do gbc
quay cta cum dao s& 13 16n nhat va n6 s& dao
dong dén khi vé vi tri cAn bang dé thuc hién lan
got tiép theo. Xem xét truong hop toan bo cum
dao duoc dat vudng goc v6i mat dat. Mdi mot
bén cum dao duoc bd tri theo hinh binh hanh
v6i ba khép dong va két ndi thong qua 10 xo
16n ¢ chinh gitta. Trong qué trinh tinh toan bo
qua khdi Iugng 16 xo vi khdi lugng twong ddi
nho, bén canh bai toan dé ra véi truong hop 1y
tudng cac luc can & cac khau thanh phan s& quy
vé thanh lyc can khong khi cho toan hé va toan
bd phan dao got s& 1a mot khdi ¢o trong luong
riéng.

Dua vao cac nghlen cuu tur bai bao [3]
két hop vé6i qua trinh do kiém véi cac gidng ca
rot théng dung [4], goc md rong mdi bén cum
dao khong qua 10 d6 di kém vé6i d6 1a nhu cau
san xuét trong nudc thudc 16p vira va nho trung
binh tr 1200-1500 cu/gid tuong du’O‘ng 2.4-3
gidy/cu [4] Thong qua muc tiéu san xuét cung
v6i cac yéu to dau vao dugc xéac dinh, phuong
trinh timg budc duoc xay dung va tinh toan dé
dam bao dugc quy dao chuyén dong ctua cum
dao theo thoi gian mong mudn. Két hop véi
diéu kién thuc va phuong trinh tinh toan s& gop

phan cai thién trang thiét bi phu hop véi diéu
kién mong mudn va dat duoc hiéu suit cao hon.

2.2. Biéu thirc dao dong tit dan

Badng 1. Gidi thich cac ky hiéu

Théng sb Ky hiéu | Pon vi
Go6c cum d}w S0 vOi 0 D6
phuong thang ding i
Van tdc goc ] Rad/s
Gia toc goc § Rad/s?
Do cliing cua lo xo 1 K, N/m
Do cling cua 10 xo 2 K, N/m
Do dai cua thanh 1 | m
K,hoéng cach vi tri 10 xo d m
bat véi thanh 1
Khéi lugng bd phan dao got M Kg
Gia tdc trong truong g m/s?
Hé s6 luc can khong khi B N.m.s/rad
Moment quén tinh I kg.m?

Theo mo6 hinh dong hoc (Hinh 2), khi
ca rot vira di qua toan by cum dao got, cum
dao dao dong vé vi tri cAn bang voi khong van
tbc dau va goc ban dau dong thoi san sinh mot
ngudn nang luong du tir Iyc do ca rét tac dung
1én h¢ tir @6 xuat hién luc bién doi theo thoi
gian. Pé c6 md hinh hoa bai toan co hoc nay
vé6i cac phan tich vé luc (Hinh 2) theo d6 hudng
giai quyét bai toan s& phan tach bai toan thanh
hai bai toan nho gém cum bén trai va cum bén
phai diém tach s& 1a tai duong tam 16 xo K.

Muc tiéu cia md hinh s€é dam bao tai
thoi gian mong muén, cum 1 va cum 2 déu &
vi trf cAn bang va dong thoi hai luc £ (t) va £(t)
s& bang nhau & tai thoi diém d6 thong cac dai
lugng tir Bang 1.
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6,()=0
6,(t) =0
fi (D) = f5(0)

0 i
—

2 x E
i

Hinh 2. So' do phan tich lic

Theo do, cum 1 s€ dugc mo ta (Hinh
3), chiéu duong ctia phuong trinh va huéng luc
va do 16n cia cac momen xoédn duogc xac dinh
trong so dd phan tich luc (Hinh 3).

Bubng thm

e
O £ —-":’?'."\..F._'
Ry

w
-

Hinh 3. So do phan tich luc cum 1

Ap dung dinh luat D’ Alembert trong
dong luc hoc tong quat trong [5]:

=3 Torque = —Teymdao — Tloxo — Tean + TH(t) .
& M.12.8=—M.g.sinf.1— K.d%sinBcos® —B.8 + f, (t)
& M.12.8+B.12.6+(Mgl+K.d?).6 =f,(t)

Diéu kién goc trong phuong trinh nhé
hon 10 d§ nén sin® ~ O va cosd ~ 1. Ap dung
cong thirc phuong trinh vi phan bac hai cho
ham géc:

AD+ BB +CO =1, (t) (1)

Trong do:
*A=MUI?
*B=B

+C=M.gl+K.d

Ap dung cong thirc giai phwong trinh vi
phan bac hai (1) dugc phuong trinh 6(t):

B(t) = Bye"(cos Bt — %sin Bt)

Tuong tu, cum 2 s& dugc mo ta (Hinh
4), chiéu duong ctia phuong trinh va huéng lyc,
nang lugng duge xac dinh trong so d6 phan tich
lyc Hinh 4 va Bang 2.

Hinh 4. So do phan tich luc cum 2

Badng 2. Nang luvong cua cum 2

Nang _Dang Tinh | Don vi
lwgng nang lwong ‘
A . 9 1
Ban dau Pdng nang —mv? J
\ A 1 2
Lo xo 1 The nang 5 Kixq J
. A x - 2
Loxo2 The nang 3 K,x, J
Trong lyc o mgl
he Thé nang (1-cos0) J
Can | Nangluong BO J
can
\ 1A Néng lugng
Toan h¢ tich trit £, (1) J
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Ap dung béo toan ning lugng cho cum 2.

%mv2 = %lelz + i K,x,2 + mgl — mglcos® + bvlsin® + f,(t)
= %mlzéz —§1<1c112(sine)2 = %szzz(sine)z + mgl(cos® — 1) — bI26sind = £, (1)

Ap dung Euler-Lagrange [6] c6 dang L
= T _ V
_ddL 9L _ of
dtdaq dq aq
oLy - 8=
99 dtaq
= Z_]; = —K,d, sinfcos® — b1?Bcos + K,d, sinfcosd + mglsind

of
indrei £ (t)

Diéu kién goc trong phuong trinh nho
hon 10 d0 nén sinf ~ 6 va cosd ~ 1.

Tu do:
ml28 + K;d; %0 + K,d,*0 + mgld + bI20 = f,(t)

Ap dung cong thirc phuong trinh vi
phén bac hai cho ham goc la:

AD+BO+C0="101) (2)

Trong do:

*A'=M.I?

*B'=B=b.I
«C'=Mgl=K.d2+K,d?

Do duogc tha tu do khong van toc dau tir
vi tri cao nhat cia hé va xac dinh mdc thoi gian
tai vi tri nay nén:

{e(o)'= 0 _ { C, =0,

6(0) =0 aCy +BC, =0
Cl = 80

=

Nhu vay, phuong trinh (2) c6 nghiém:

0, (t) = 05e“2 (cos Byt — %sin B2t) (3)

Phuong trinh cum 1 s€ la:

ml28 + b6 + (K, d,* +mgl)6 = £, ()
0, (t) = 0,e“*(cos Byt — BE sin 8;t)

Trong do:
- a - _i e p— b
L™ 24 2mp
C B (K1d; %+mgl) b
o — (2 _ BNz — _ 2
Bl \jA (ZA) \] ml2 (Z.mlz)

Thay vao phuong trinh (1) dé c6 duoc
phuong trinh f, theo thoi gian. Thye hién tuong
tu cum 1, phuong trinh cum 2 la:

ml28 + b0 + (K, d,® + K,d,? + mgl)o = £, (1)
Trong do:

0, (t) = 0pe“2t(cos Bt — sm B,t)
8, (1) = 8yaye%et (cos th — B_ sin 3, ) —0,e%2(B,sin Bt + a, cos B,t)
2
8,(1)=0,a,%e%" (cos Byt — Zsin th)
BZ
—0gea, 2 (B,cos Pyt + ay sin Pat)

—00,e%2t (cos Bt — %sin ﬁzt) —Goeazt(ﬁzzsin Bt + asf; cos ﬁzt)
2
Voéi:
B b
2.A 2.ml?

a o [C (B)Z_ (K1d1? +Kod,? +mgl) (b )2
27 4a 2A - ml? 2.ml?

Thay vao phuong trinh (2) dé co duoc
phuong trinh f, theo thoi glan Dé thoa man yéu
cau vé thoi gian hé s& can bang thi:

() = £()
) -0 =0 “)

Véi mot gid tri K| s& c6 nhiéu gié tri K,
thoa man phuong trinh (3), nhung khi nay s&
tdn tai mot ning luong du 1am cho hé van tiép
tuc dao dong dé dam bao viéc chi tdn tai mot
K, thoa man thi can xét thém yéu cau can bang
theo phuong trinh (4).
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ml262 + b1262 + (K, d,* + K,d,* + mgl)62

—(mI261 + b1201 + (K,d,2 + mg))01) = £, () — £,(0)

P ml?02 + b1262 + (K;d,* + K,d,? + mgl)p2
—(ml?01 + b1261 + (K;d;* + mgl)81) = 0

Bdng 3. Cdc théng so gid tri mdu

Ky hiéu Gia tri Pon vi
0, 8.86 do
m 1.6 kg
B 4 N.m.s/rad
g 9.81 m/s?
1 0.1 m
d 0.05 m
K, 170 N/m
K, 114.4 N/m

Tir cac thong s6 dugc dua ra trong bai
bao [3] két hop véi cac cong thirc nghién ciru
trong ndi dung trén da xay dung nén cac thong
sO gia tri mau theo Bang 3.

Ap dung cong thirc giai phwong trinh
vi phan bac hai cho cum 1 dugc phuong trinh
0,(t):

0, (t) = 8.86e%*(cos B;t — ?sin Bit)
1

Ap dung cong thirc giai phwong trinh vi
phan bac hai cho cum 2 véi thong s tir Bang 3
s€ dugc phuong trinh 0(t):

0, (t) = 8.86e"2(cos B,t — %Sin B,t)
2

i e

Hinh 5. 6 thi dao dong tat dan cum 1

O P e B

Hinh 6. Do thi dao dong tat dan cum 2

Hinh 7. D6 thi dao dong tdt dan f{1)

Hinh 8. P6 thi dao ddng tdt dan tong hop
3. KET QUA VA THAO LUAN

Quan sat dd thi dao dong cua cum
1 (Hinh 5) so véi dd thi dao dong cua cum 2
(Hinh 6) c6 su khac bi¢t vé tan s6 dao dong,
dugc thé hién r& hon trong (Hinh 8). Tai cum 1
c6 tan sb dao dong cao hon so voi cum 2, sy sai
1éch nay dén tir 1o xo K, trong cum 2.
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Tir d6 thi dao dong tong hop (Hinh
8) nhan thdy c6 su chénh léch goc quay giita
phuong trinh cum 10 x0 1 va 2 tai cung thoi
diém. Su chénh léch nay duoc thé hién bang
duong d6 thi mau d6 chinh 13 hiéu cua hai
phuong trinh (Hinh 7). Puong d6 thi nay ciing
thé hién nang lugng du khi téng hop hai cum 10
xo0. Diém xuét phat ciia duong dd thi do bat dau
tur vi tri 0 va dao dong tat dan phu thudc vao sy
chénh léch cua bién d0 cia cum 1 va cum 2.
Khi bién d6 dao dong cua duong do thi do nay
duogc thu hep thi qua trinh 6n dinh cta toan hé
s& dién ra nhanh hon va chinh x4c hon.

Xét dén su thay ddi cia cum 1 va cum
2 (Hinh 8), diém bat dau cia duong d6 thi hai
cum dao ndy & vi tri 8,86 d6 13 vi tri mo rong toi
da cua cum dao, déng thoi cling chinh 1a vi tri
ca 1ot co dudng kinh 16n nhat va di ra khoi cum
dao s liéu. Nhan thay, sau 3 gidy dau thi goc
quay cum 10 xo 1, 2 va duong chénh léch déu
tiém can 0, didu d6 dong nghia véi viéc ca hai
cum 16 xo0 s& nam & vi tri can bang sau 3 gidy
dau dao dong.

So sanh chuyén dong cua cum dao 1 va
2 (Hinh 8), ca hai cum dao xuat phat ciing bién
d6 goc ban dau nhung cac chuyén dong theo
thoi gian lai ¢6 sy chénh 1€ch tuong ddi, cum 2
s& c6 xu hudng vé nhanh hon do ¢6 nhiéu hon 1
10 xo K. Lo xo0 nay ‘g()p phan lam ‘Ehu hep bién
do dao dong trén do thi cum 2, dong thoi luc
dan hoi tir 10 xo ndy ciing di 1am cho dao dong
ctia cum 2 vé vi tri can béng nhanh hon.

Tir danh gia trén c6 thé nang cao ning
suat may got vo sau khi biét duoc thoi diém ca
hai cum tit dao dong bang céch tinh toan, tinh
chlnh hop 1y thot g1an glan cach giira hai lan
cip cl qua vao may dé toi wu hoa cong sudt lam
vi¢c cua may.

4. KET LUAN

Bai bao thiét lap va mo phong lai goc di
chuyén cua toan b cum got vo theo thoi gian,
kiém soat duogc thoi gian dao dong cua ca cum
dao. Céc dai luong c6 thé duoc diéu chinh sao
cho phul hop véi quy mé san xuat yéu cau. Hon
thé nira, bai toan da két hop duoc hai cum dao
thong qua lyuc tdc dong cua 10 xo K.

Cung véi d6 1a sy diéu chinh cua 10 xo
K Bai nghién ctru nay la mot trong nhiing cai
tlen trong qua trinh tinh ton gan sat véi diéu
kién thuc té, mé phong quy dao di chuyén cua
cum dao cit bang phan mém Matlab - Simulink
for student [7]. Tir d6 hiéu sdu hon sy anh
huong cac thong sé dén viée nang cao hiéu qua
trong may got vo ca rdt.

Song bai nghién ctru con nhimg diém
can cai tién vé cac diéu kién chuan so véi thuc
té, két qua nhan duoc hién tai déu dua trén cac
diéu kién 1y tuong véi cac bién dang don gian
hon so v61 cum dao dang dugc dé cap va xem
xét. Ngoai ra, bai nghién clru chi xoay quanh
phuong trinh toan hoc chwa c6 cac kiém nghiém
thuc té va bd phan cit got hién dang xem xét 1a
mot chat diém, chua c6 cac khao sat di siu vao
cac lyc can va diém dat luc cu thé. Cung voi do,
bai bao da dua ra phuong 4n nang cao hi¢u qua
clia may got vo va dong thoi tao diéu kién cai
tién cho cac nghién ctru sau nay.

Loi cam on:
Chung t61 xin cam on Truong Pai hoc
Bach khoa, PHQG-HCM di ho trg cho nghién

clru nay. <

Ngay nhan bai: 26/9/2024
Ngay phan bi¢n: 23/10/2024
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PHUN PHU PLASMA SiC-Cu TRONG KHi BAO VE
PLASMA SPRAYING OF SiC-Cu IN PROTECTIVE GAS
Ngé Xuin Cuong!, Lé Thu Quy', Nguyén Tuin Anh?, Tran Vin Diing?
'Phong Thi nghiém Trong diém Cong nghé Han va Xir Iy bé mit, Vién Nghién ctru Co khi
2Vién Ky thuat Nhiét déi, Vién Han 1am Khoa hoc va Cong nghé Viét Nam
3Trung tam Thiét bi cong nghiép, Vién Nghién ciru Co khi
TOM TAT
Cacbit silic (SiC) dwoc biét dén nhw mot vit liéu déic biét irng dung vao I6p phii cho thiét bi
lam viéc trong méi truong an mon. Viéc tao 16p phii nay lén bé mdt kim loai dé bdo vé bang phirong

phdp plasma vé cing khé khan do tinh chat bi phéan hiy va oxy héa & nhiét dg cao.

Trong bdo cdo ndy, nhém tdc gia gidi thiéu vé viéc cdi tién sing phun plasma truyén thong
bang phun plasma trong khi bao vé.

Ngi dung ciia bai bdo la thiét ké, ché tao va thir nghiém phun tao 6p phi plasma SiC- 50C.

Pay la gidi phdp nham bdo toan I6p phii tride sw oxy héa ciia méi trueong ngodi.

Tw khéa: Phun phu nhiét;, Phun phu plasma,; Cong nghé tao lop phu plasma SiC.
ABSTRACT

Silicon carbide (SiC) is known as a special material used in coatings for equipment working
in corrosive environments. Creating this coating on the metal surface for protection using the
plasma method is extremely difficult due to its decomposition and oxidation properties at high

temperatures.

In this paper, the authors present an improvement of the traditional plasma spray gun by
spraying plasma in a protective gas.

The main content of the paper is the design, fabrication and testing of SiC-50C plasma
coating.

This is a solution to protect the coating from oxidation in the external environment.

Keywords: Thermal spray,; Plasma spray, SiC plasma coating technology.
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1. GIOI THIEU

C6 nhiéu nghién ctru nham tao ra 16p
phu plasma SiC, 16p phu plasma SiC composite
nhung déu vap phai qué trinh phan hay va oxy
hoa SiC ¢ nhiét d§ cao ¢ 900° - 1100°C [5, 6].
Vén dé nay da duoc cong bd boi Hahnel va
cong su [6, 7] dua ra mo hinh 4 giai doan hinh
thanh 16p tiép giap giira SiC va oxy nhu sau:

2SiC+30,=2Si0, +2C0; SiC +0,=Si0+CO (1.1)
28i0 + O = 28i0,; 2SiC + O, = 28i0 + 2C;

SiC+0,=Si0,+C (1.2)
2C+0,=2C0 (1.3)
2C0=C+CO, (1.4)

Thi nghiém phun thdm do 16p phu
plasma SiC khéng c6 bao vé ludng phun tai
phong thi nghiém, qua trinh phan tich 16p phu
nay cling ching minh sy phan huy va oxy hoa
cua SiC (Hinh 1, Bang 1).

bay chinh 1a thach thuc cho 16p phu
plasma SiC.

e e

-
LEE T ]

Hinh 1. Phé tan xa tia X (EDS) ciia I6p phii SiC
trén thép nén C45.

Bdng 1. Két qua phan tich EDS cho mau SiC/thép

Nguyén to % Khbi lwong
C 3.95
(0] 7.11
Si 6.93
Fe 82.11

Trong viéc nghién ctru tao lop phu
plasma SiC-Cu, nhom tac gid da dua ra gidi
phap cai tién sing phun SG100 d¢ thyc hién
phun plasma trong khi bao vé argon (Ar).

2. NGHIEN CU'U, THIET KE, CHE TAO

2.1. Phén tich cai tién stiing phun plasma

R
(/"l’

Hinh 3. M6 hinh khi bao vé

Véi sung phun SG100 (hinh 2), khi thuc
hién phun thi ludng bdt phun néng chay trong
khéng khi ti bé mat chi tiét tao thanh 16p phu,
vi vy ludng bot ludn tiép xtic véi khong khi va
bi oxy hoa.

Viéc cai tién sing phun plasma trong
khi bao vé Ar nham giai quyét vin dé oxi hoa
ctia ludng bot phun trong khong khi. M6 hinh
nguyén ly bao vé ludng bot phun plasma duoc
mo ta nhu hinh 3.

Nguyén ly: Khi lam viéc, khi argon 5Psi
(0,04 MPa) cip vao sé& tao ra chup khi hinh nén
bao ldy ludng plasma va bé mat nén trong qua
trinh phun, ngin cach luéng bot va vat phun voi
khong khi.
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T yéu cu, muc dich do, ta tién hanh
thiét ké, ché tao chup bao v¢ c6 chuc nang lép
ghép duoc véi sing phun SG100 va tao ra 4o
khi hinh nén bao vé ludng bot phun.

2.2. Thiét ké ché tao chup khi bao vé

100

Trén Hinh 4 12 ban v& lap chup khi bao
vé c6 thé lap ghép duoc voi sung SG100. Hai 16
M8 dan khi Ar ap lyc cap vao khe 4o khi c6 do
con 60°tao ra 4o khi bao vé ludng bot phun. Co
thé diéu chinh khe h¢ khe 4o khi dé Iya chon
luu luong khi va mirc do kin (ngén cach véi
mdi truong ngoai). Thiét ké chi tiét, vat liéu ché
tao va dung sai lip ghép déu duoc tham khao tir
[1,2,3,4].

3. KET QUA THU NGHIEM VA THAO
LUAN

Hinh 5. Chup khi bdo vé ldp lén sing phun SG100

.

-

Hinh 6. Hinh anh luong phun plasma trong khi Ar

Ngon Itra plasma mau trang, vong khi
bao v€ ngan cach mau xanh. Kha nang bao v¢
cua chup khi dugc danh gia qua ham lugng oxy
c6 trong 16p phu.

Két qua ché tao, lap ghép trén sung
phun SG100 va hoat dong phoi hop cua chup
khi bao vé duogc thé hién trén hinh 5, hinh 6.

Kha nang bao v¢ nay bi anh hudng bai:
- Khoang céch phun;

- BPuong kinh vung bao v¢;

- Khe hé vong khi;

- Ap suat dit vao chup khi.

Trong diéu kién ché tao chup khi khe
hé nhé nhét ¢6 thé diéu chinh dugce 1a 0.05mm.
O day, chon diéu chinh khe hd diéu chinh 1a
0.1lmm, khi d6 tong dién tich khe ho xip xi
9mm? [1], [2], [3], [4]. Viy, khi c¢6 dinh 3 thong
s6 dau thi ta can phai xac dinh ap suat khi Ar
dat vao chup khi dé giam tbi da lugng oxy trong
16p phit thu duge. Tao 16p pha SiC-Cu [5] bang
phuong phap phun plasma trong khi bao v¢ Ar
thi két qua phén tich thanh phan 16p phu SiC-
Cu dat duoc:

-

Hinh 7. Phé tan xq tia X (EDS) I6p phii SiC-30Cu/C45
phun co khi bao vé.
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Bdng 2. Két qua phan tich EDS cho mau SiC-
30Cu/thép phun co khi bao vé

Nguyén t6 | % Khoi lwong | % Nguyén tir
C 32,41 54,38
0] 2,32 1,26
Si 33,49 24,03
Cu 31,78 23,29

Phan tich nguyén t6 bai phé EDS (Hinh
7 va Bang 2) cho thdy C (32,41 %); Si (33,49
%); O (2,32 %); Cu (31,78 %). SiC chiém toi
66% khdi luong 16p phi. Him luong oxy c&
2,3% phan khdi lugng c6 thé bao gom tir dong
g6p cua CuO/Cu,0O. Luc nay, phan bé mit thép
C45 dugc phu kin.

Nhu vay, khi phun cé khi bao v¢, 16p
phii thu duwoc ham lugng oxy giam di rat nhiéu
(tir 7,11% xudng 2,32%), tuong mg SiC ting
cao (66%) va van c6 mot ty 1 nhét dinh SiC bj
phan hay thanh Si va C trong qué trinh phun
plasma. Nhu vay, néu ham luong oxy trong 16p
phu giam thi kha nang bao vé cua chup khi Ar
cao.

4. KET LUAN

1) Pé tai da thiét ké, ché tao thanh
cong chup khi bao vé rng dung vao phun phu
plasma. Su thanh cong cua giai phap nay dem
dén mot giai phap cong nghé mdi cho viée tao
ra 16p phu plasma nhim nang cao chat luong
16p phu.

2) Viéc phun plasma SiC-Cu trong khi
bao vé Ar nham béo toan 16p phu giam thiéu su
oxy hoa.

Trong d6: Khoang cach phun trong
pham vi giéi han < 65mm (4p dung cho phun
bot gém, cac-bit); duong kinh ving bao vé nhod
nhat voi khoang cach 45mm 1a 160mm dam
bao cho cac mau phun nam trong ving khi bao
Ve.

3) Phun plasma trong khi bao v€ co y
nghia trong nghién ctru khoa hoc va ung dung
thue tién.

Loi cam on:
Nghién ctru nay duge hd trg cua Vién
Nghién ctru Co khi, Phong Thi nghi¢m Trong

diém Cong nghé Han va Xt Iy bé mat. <

Ngay nhan bai: 12/9/2024
Ngay phan bién: 24/10/2024
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THIET KE KHUON PHUN EP NHUA CO SU’ DUNG KENH
GIAI NHIET DANG 3D

DESIGN OF PLASTIC INJECTION MOLD USING 3D HEAT CHANNELS

Du Nguyén Truwong Thinh*, Pham Anh Tuén, Vii Dirc Hoan,
Bui Vin Hiéu, Huynh D§ Song Toan
Trudng Pai hoc Su pham K thuat Thanh phd HS Chi Minh (HCMUTE)

TOM TAT

Bai bdo nay nghién civu quy trinh thiét ké khuén ép bang phwong phdp sir dung cong nghé
in 3D kim logi (WAAM — Wire Arc Additive Manufacturing). Quy trinh thiét ké khuén 2 tam sir dung
kénh gidi nhiét 3D dwoc thiét ké c6 bién dang twa nhw san pham phun ép, tir d6 ndng cao kha néing
lam ngudi. Ciing véi sw két hop qud trinh ché tao cat I6p givip tiét kiém dwoc chi phi, ciing nhw gia
ting ndng sudt. Két qua cho thdy céng nghé in 3D kim logi WAAM c6 thé néng cao tinh chinh xdc
trong viéc san xudt khuén mau trong khodng thoi gian ngan hon so véi cdc phirong phép gia cong

khuén mau khac.
Tir khéa: Thiét ké; Kénh gidi nhiét dang 3D, Céng nghé in 3D kim loai; WAAM.
ABSTRACT

This article studies the injection mold design process using metal 3D printing technology
(WAAM — Wire Arc Additive Manufacturing). The 2-plate mold design process uses a 3D cooling
channel designed with the same profile as the injection molding product, thereby improving cooling
ability. Combined with the cutting process, it saves costs and increases productivity. The results
show that WAAM metal 3D printing technology can improve mold manufacturing accuracy in a

shorter time period than other mold processing methods.

Keywords: Design, 3D cooling channel; Metal 3D printing technology; WAAM.
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1. GIOI THIEU
1.1. Tong quan

Thuec té cho thdy, cac phuong phap giai
nhiét cho khudn phun ép hién nay chi yéu cé
hinh try thiang, duoc gia cong chu yéu bang
phuong phdp khoan sau. Véi cac kénh giai
nhiét nay, da s6 cac khuon ¢ Viét Nam chi c6
thé dép tng nhu cu san xuat cac san pham c6
chat lugng thong thudng. Ngoai ra, kénh giai
nhiét dang thang khong thé nio tdi vu héa qua
trinh giai nhiét cho cac san pham nhya. Cac 15i
thuong gap ¢ dang khudn nay la cong vénh,
khong dién diy, chit lugng bé mat thap...
Ngoai ra, thoi gian chu ky phun ép cling la
mot trong nhitng van dé can duoc cai tién cho
cac loai khudn truyén thong hién nay. Va viéc
thiét ké ché tao khudn phun ép nhwra c6 sir dung
kénh gidi nhiét dang 3D d tré nén dé dang nho
cong ngh¢ in 3D kim loai (WAAM — Wire Arc
Additive Manufacturing).

Nguyén 1y hoat dong ctia cong nghé
WAAM (Wire Arc Additive Manufacturing):
sir dung ngudn ning lwong han dé niu chay vat
lidu kim loai dang soi va bdi dap vat lidu theo
16p ¢6 khi bao hd nham tao nén san phém. Mot
hé thong WAAM bao gém hé thong tao hinh
(r6 bdt hodc hé théng may CNC), ngudn ning
lwong han (c6 thé 1a ngudn han MIG/GMAW,
ngudn han CMT, ngudn han TIG/GTAW hay
ngudn han plasma/PAW).

1.2. Co sé 1y thuyét

Dé tai nay nghién ctru cach ché tao long
khuon phun ép nhya trong cong nghé ép phun
cho san pham c6 hinh dang 3D bang cong nghé
WAAM voi vat li¢u han 1a ddy han MIG 0.8mm
va khi bao v¢€ argon (Ar).

WAAM c6 nhiéu vu diém nhu tinh linh
hoat va da dang trong thiét ké san pham, kha
ning tao ra cac san pham Ién véi chi phi thap,
tinh hiéu qua vé thoi gian so v6i cac phuong
phap truyén thong.

Bang 1. Co tinh cua thép C45

s . 2 Giéi han bén | Gi6i han chay | D9 gidn dai Pj cirng
Mac thép Tieu chuan sb (MPa) (N/mm?) | twong dbi 5 (%) HRC
C45 TC\?\; 51 765 610 360 16 23

May han sir dung dé nghién ctru dé tai nay 1a loai may han MIG NB270D J346:

Hinh 1. May han dwoc sir dung dé han
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Bdng 2. Théng sé kj thudt méy han MIG NB270D

J346
Mo ta 1 pha 220V
Dién dp vao AC220V, £15%
50/60Hz
Hé sb cong suit 0.67
bién 4p ho mach dinh 70
muc (V)
Pau ra dinh muc (A/V) 200/24
Chu ky tai dinh mtc (%) 30
;’Il)lglllr;lnv(l \(/i)leu chinh dién 1328
Pham vi diéu chinh don,
han (A) & 40-270
I\{guén sdy nhiét cua dong 120
ho (W)
Dic diém dau ra MIG:CV MMA:CC
Cép bao vé IP21S
Cép cach dién Mat khi
Puong kinh day han (mm) 0.8-1.0
Kich thudc (mm) 620x405x550
Trong lugng may (kg) 30.9

2. THIET KE BQ KHUON, CAT LOP TAM
KHUON PHUN EP NHUA

2.1. Thiét ké b khuodn

Thiét ké san pham phun ép: kich thudc
130x80x22.

Hinh 2. San phdam c6 bién dang 3D

Bo khuon hoan thién cé kich thudc:
3350x300x26 1mm.

Hinh 4. Tam khuén dwong

Hinh 5. Tam khudn am
2.2. Cit 16p hai tim khuén
Cit 16p tAm khuon c6 y nghia chimg minh
duoc qua trinh dp dung cong nghé WAAM vao

quy trinh ché tao mang lai mot hiéu qua dang ké
trong viéc ché tao kénh giai nhiét dang 3D.

Hinh 6. Tam khudn am dwoc mé phong cat I6p
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Hinh 7. Tam khuén dwong dieoc mé phéng cdt 16p

Hinh 8. Hinh anh thuc té cia 2 tam khudn sau khi
diege cdt 16p va han ghép lai voi nhau

2.3. Puwong nuwéc 3D

Viéc st dung duong nudc 3D thay vi
duong nude thang nhu thong thuong s& gitp
tang kha ning 1am ngudi gan nhu 1a ti wu. Vi
viéc duong nudc duoc thiét ké 3D 6m theo hinh
dang ctia san pham giup moi diém trén bé mit
ctia san pham co6 thé duoc lam mat cung ting
kha niang 1am mat 1én gip nhiéu lan. Dé thiét ké
dugc duong nude 3D thi viée cit 16p bo khuon
1a can thiét, vi dé thuan tién trong viéc thiét ké
duong nudce theo hinh dang tuy thich ma khong
gip kho khan trong gia cong, va dong thoi tang
kha nang thoat khi ctia 1ong khudn do céc ké ho
clia cac tdm khuon gitip thoat khi ma khong bi
xi nhya va chdy nudc lam mat.

3. KET QUA THUC NGHIEM

Hinh 9: Kénh gidi nhiét hinh 3D ¢ tam khudn ém

Hinh 10: Kénh gidi nhiét hinh 3D & tam khuén dwong

Qua trinh thuc nghiém vé viéc ung
dung WAAM vao ché tao khudn miu co su
dung kénh giai nhi¢t 3D da dem lai nhiéu hiéu
qua, dang cha ¥ nhét 1a téc do 1am ngudi duoc
giam xudng déng ké dem lai nhidu wu diém vé
mat k¥ thuat, giam dugc thoi gian 1am ngudi s
rat ngin duoc thoi gian chu ky cta san pham,
din dén tiét kiem duoc thoi gian va nang lugng,
ha gi4 thanh san pham.

Khi str dung cac kénh giai nhi¢t dang
3D, chat lugng bé mat (mot trong nhiing tiéu
chi chit lugng) ctia san pham duoc ting cao
so v6i san pham duoc lam bang cac kénh giai
nhiét thong thuong.

4. KET LUAN

Trong qua trinh thyc nghiém hoan thién
san pham va phan tich cac két qua, viéc thay
d6i cuong do dong dién trong qué trinh han c6
thé gay anh huong 16n két qua cua san pham,
viéc tao ra mot dudng han dep va c6 thé bodi dip
1én nhiéu 16p 1a két qua cia viéc su phdi hop
hai hoa giita cuong do dong dién, toc do ra day
cua cudn day va lugng khi bdo vé cung nhau
tao ra mot dudng boi dip dep va tron ven. Tuy
nhién, can thuc hién kiém soét can than dé dam
bao chét luong va do on dinh cua san phém.
Su két hop giira cong nghé va kiém soat chat
luong s€ mo ra nhitng co hdéi méi cho nganh
cong nghiép san xuat kim loai trong tuong lai.
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THIET KE TAM KHUON AM CO PUONG NUO'C 3D

DESIGN CAVITY MOLD WITH 3D COOLING CHANNEL

Pham Anh Tuin*, Nguyén Ngoc Thuin, Dw Nguyén Truong Thinh,
Hoang Vin Hiéu, P§ Thanh Trung
Truong Pai hoc Su pham K§ thuat Thanh phd Ho Chi Minh (HCMUTE)

TOM TAT

Bai bdo ndy nghién citu quy trinh g dung cong nghé WAAM trong ché tao long khudn am
cho san pham cé hinh dang 3D. Thiét ké khudn 2 tam, két hop véi qud trinh cdt l6p, givip giam chi
phi va tang nang sudt. Puong nwde 3D, dwoc thiét ké theo hinh dang san phdm, cdi thién dang ké
kha ndng lam ngudi va thodt khi. Két qua cho thay WAAM ¢6 kha néng sdan xudt khuén mau véi dé
chinh xdc cao, chi tiét tot va toc dé nhanh hon so véi phwong phdp truyén thong. Mdc di chi phi
ban dau cao, WAAM tiét kiém chi phi trong san xudt quy mé I6n nho tinh linh hoat va chat heong
cao, mé rong tiém nang ting dung trong nhiéu nganh céng nghiép.

Tir khéa: WAAM; Khuén am; Puong nwée 3D; Khudn 2 tam; Cdt 16p.
ABSTRACT

This article studies the process of applying WAAM technology in manufacturing mold
cavities for products with 3D shapes. The two-plate mold design, combined with the layer-cutting
process, helps reduce costs and increase productivity. The 3D cooling channels, designed according
to the product's shape, significantly improve cooling and venting efficiency. The results show that
WAAM can produce molds with high precision, good detail, and faster speed compared to traditional
methods. Although the initial cost is high, WAAM saves costs in large-scale production due to its
Sflexibility and high quality, expanding its potential applications in many industries.

Keywords: WAAM; Cavity, 3D cooling channel; 2 plate mold; Layer.

1. GIOI THIEU
1.1. Tong quan

Ngay nay, trong su phat trién manh
mé cua nganh cong nghi¢p kim loai k¥ thuat
san xudt nhu han dip thu hat sy cha ¥ dang ké
trong nganh cong nghiép vi kha néng tao ra cac
thanh phan kim loai 16n véi chi phi thap va thoi

gian ngan, 1am cho no trd nén xuét sic hon.
Wire Arc Additive Manufacturing (WAAM)
13 mot phuwong phap san xudt tién tién trong
nganh cong nghi¢p kim loai. Phuong phap nay
cho phép ché tao cac bd phan kim loai c¢6 hinh
dang phuec tap va kich thudc 16n mot cach hi¢u
qua va chinh xac. WAAM co6 ung dung rong rai
trong nhiéu linh vuc nhu hang khong, 6 t0, y té
va nang luong.
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1.2. Nguyén ly hoat dong

WAAM la phuong phap san xuat kim
loai 3D bang cach han dién giita day kim loai
va bé mat 1am viéc. Dong dién tao ra nhiét do
cao lam tan chay vat liéu han, tao thanh 16p mdi
han. Qua trinh nay lip lai dé boi dap san pham
3D tur cac lop vat licu han.

1.3. Co sé 1y thuyét

be¢ tai nay nghién ctru cach ché tao long

Hinh 1. Mdy han dwoc sir dung dé han

Bdng 2. Théng s kj thudt méy han MIG NB270D

khuén am trong cong nghé ép phun cho san J346
pham c6 hinh dang 3D bang cong ngh¢ WAAM
v6i vat liéu han 1a day han MIG 0,8mm va khi Mo ta 1 pha 220V
bao v¢ argon (Ar). . AC220V, +15%
o . o ?hap 50/60Hz
WAAM c6 nhi¢u vu di€m nhu tinh linh
hoat va da dang trong thi€t ké san pham, kha He s6 cong suat 0.67
n’ang t.aAo ra cqac fan pham 16mn VO’,l' ch} phi thap, Pién 4p hé mach dinh
tinh hiéu qua vé thoi gian so vdi cac phuong mitc (V) 70
phap truyén thong. -
Pau ra dinh muc (A/V) 200/24
Badng 1. Co tinh cia thép C45 Chu ky tai dinh mitc (%) 30
I?haf}l vi di€u chinh dién 1328
ap han (V)
Giédi bo
Gioi giin . Pham vi diéu chinh dong
Mic | Tieu | han | M7 | gy DO han (A) 40-270
. z PO chay cing
thép | chuan | bén sb N/ twong HRC L 2 .
(MPa) ( | aéis N§uon sdy nhiét cta 120
mm-) (%) dong ho (W)
Dic diém dau ra MIG:CV MMA:CC
Cép bao vé IP21S
TCVN Cép cach dién Mat khi
C45 | 1765 - 610 360 16 23
75 Puong kinh day han 0.8-1.0
(mm)
Kich thudc (mm) 620x405x550
May han sir dung dé nghién ctru d2 tai
ay han st dung dé nghién curu dé tai Trong luong méy (kg) 30.9

nay la loai may han MIG NB270D J346:
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2. THIET KE BQ KHUON, CAT LOP TAM
KHUON AM VA PUONG NUGC 3D

2.1. Thiét ké b khudn

Bo khudn co kich thudc
350x300x261mm, dugc thiét ké 2 long khudn
san pham c6 kich thude 130x80x22mm. Lya
chon viéc str dung thiét ké ché tao khuon 2 thm
thay vi khuon 3 tim vi nghién ctru chi can chimg
minh dugc viéc ing dung cong nghé¢ WAAM
vao khuon 3D, vi vay nén viéc st dung khudn 2
tAm c6 thé gitip gia thanh ré hon, thoi gian thiét
ké va gia cong nhanh hon va viéc thiét ké tro
nén don gian hon nhiéu so voi khuon 3 tim.

Hinh 2. Bo khuon hoan thién

Pé c6 duge tAm khudn 4m hoan chinh
hinh dang 3D cho nghién ctru, viéc thiét ké bo
khudén hoan chinh 1a viéc can thiét. Sau khi
hoan thanh viéc thiét ké by khuon, tién hanh
ldy tam khuon am c6 kich thude 300x300x80
cung vat liu thép S50C vai bg khuon.

L] i 4

D ~

Hinh 3. Tam khuén am san pham 3D

2.2. Cit 16p tAm khudn Am

Cit 16p tAm khuon c6 ¥ nghia chimg
minh dwoc qua trinh 4p dung cong nghé
WAAM vao nghién ctru ¢6 hi¢u qua. Viéc chia
nho tam khuon thanh timg 16p v6i nhau co tac
dung gitp san pham c6 kha ning giam nhiét do
nhanh chong sau khi nhya dugc phun vao bén
trong 10ng khuon va dién day, giai quyét duoc
bai toan thoi gian lam ngudi cia san pham. Qué
trinh d6 gitip tang ning suat cho san pham lén
nhiéu lan.

Hinh 5. Hinh san pham cat I6p thiee té

2.3. Puwong nwée 3D

Viéc su dung duong nudc 3D thay vi
duong nude thing nhu thong thuong s& giup
tang kha nang 1am ngudi gan nhu 1a t6i vu. Vi
viée duong nudc duoc thiét ké 3D 6m theo hinh
dang ctia san pham giup moi diém trén bé mat
ctia san pham co6 thé duoc 1am mat clng ting
kha niang 1am mat 1én gip nhiéu lan. Dé thiét ké
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duoc duong nudce 3D thi viée cit 16p bd khudn
1a can thiét, vi dé thuan tién trong viéc thiét ké
dudng nudce theo hinh dang tuy thich ma khong
gip kho khian trong gia cong, va dong thoi ting
kha nang thoat khi ciia 1ong khudn do cac k& ho
ctia cac tim khuon giup thoat khi ma khong bi
xi nhya va chdy nudc lam mat.

Hinh 6. Hinh dang cua dwong nuwoc 3D

3. KET QUA THU'C NGHIEM

Qua trinh thuc nghiém vé viéc ung dung
WAAM vao ché tao khuon mau 3D dd dem lai
nhimg két qua dang cha y. Pau tién, WAAM
cho thdy kha nang san xuat cac khudn mau véi
d6 chinh xac cao va chi tiét t6t, dong thoi cung
cép tinh linh hoat trong thiét ké voi cac hinh
dang phuc tap.

Tbc d6 san xuit cia WAAM cling dugc
chirng minh 1a nhanh hon so véi cac phuong
phap truyén thng, dic biét 1a dbi véi cac san
pham c6 tinh phtc tap cao. Mic du chi phi ban
dau co6 thé cao hon do viéc cit cac tim khudn
thanh nhiéu 16p nho da 1am doi 1én chi phi ban
dau nhiéu hon, nhung néu tmg dung trong qua
trinh san xuét 16n, WAAM c6 thé tiét kiém chi
phi dang ké do tinh chinh xac cao, chi tiét tt va
su linh hoat trong thiét ké.

Pénh gia vé do bén va do 6n dinh cua
két cAiu WAAM ciing cho thdy kha ning chiu
tai va do bén vat liéu cao. Tuy nhién, viéc kiém
soat qua trinh san xuat va diéu chinh cac tham
$6 (thong $6 han) can dugc thuc hién can than
dé dam bao chit luong san pham cudi cung.

= Két qua nay 1am rd tiém ning va uu
diém cua viéc sot dung WAAM trong linh vuc
ché tao khudén méu 3D va dé xuit mé rong Gmg
dung cua no trong cac nganh cong nghi¢p khac
nhau.

4. KET LUAN

Trong qua trinh thyc nghi€ém hoan thién
san pham va phan tich cac két qua, viéc thay
d6i cuong d6 dong dién trong qua trinh han c6
thé gy anh huong 16n két qua cua san pham,
viéc tao ra mot dudng han dep va c6 thé bdi dép
1én nhiéu 16p 1a két qua cua viée su phdi hop
hai hoa gifta cuong do dong dién, toc do ra day
cua cudn day va lugng khi bao vé cung nhau
tao ra mot duong boi dép dep va tron ven. Tuy
nhién, can thuc hién kiém soat can than dé dam
bao chat luong va do on dinh cta san ph'flm.
Su két hop giita cong nghé va kiém soat chat
luong s€ mo ra nhitng co hdéi méi cho nganh
cong nghiép san xudt kim loai trong tuong lai.

(*) Péng goép ciia tac gia:

- Hinh thanh y tuéng va muc tiéu nghién
ctru: 6 Thanh Trung;

- Thuc hién nghién ctru, thu thap dir
liéu, phan tich dit liéu, viét va chinh sta bai
bao: Pham Anh Tuén, Nguyén Ngoc Thuén, Du
Nguyén Truong Thinh, Hoang Vin Hiéu.

Loi cam on:

Nhoém nghién ctru xin cdm on Truong
Pai hoc Su pham K¥ thuat Thanh phé H6 Chi
Minh d tai trg kinh phi ciing nhu hd tro trong
qué trinh nhém thuc hién nghién clru nay. Bai
bao nay 1 san pham cua dé tai NCKH véi ma
s0: SV2024-243.
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(PNG DUNG MAY HAN DIEM VAO HAN PA BIEM CHE TAO
CANH BOM HUT NUO'C HO NO MIN

APPLICATION OF SPOT WELDING MACHINE IN MULTI-POINT WELDING FOR
MANUFACTURING WATER PUMP IMPELLERS FOR MINE SUMP PUMPING

Ngé Xuin Cuong"’, Pao Quang K&
'Phong Thi nghiém Trong diém Cong nghé Han va Xur 1y bé mit, Vién Nghién ctru Co khi
*Truong Pai hoc Hoa Binh

TOM TAT

Trong ché tao co khi phirong phdp han t6 hop chi tiét tao nén cdc chi tiét ¢6 hinh dang phirc

tap duoc ap dung rong dai va mang lai hiéu qua kinh té.

Trong bai bdo nay giGi thiéu viéc nghién civu, 1ing dung mdy han diém vao han da diém ché
tao canh bom hiit nude hé né min. Trén co s phdn tich phirong phép han tiép xiic dé xdc dinh ché
dé han va cdc théng sé anh hieong dén chdt heong moi han, tie d6 dwa ra phirong phdp han phit hop

nhat.
Tir khéa: Mdy han diém; Han da diém; Canh bom; H6 né min.
ABSTRACT

In mechanical production, the method of welding parts to create parts with complex shapes

is widely applied and brings economic efficiency.

This paper introduces the research and application of spot welding machine to multi-spot
welding to manufacture D90 water pump impeller. Based on the analysis of contact welding method
to determine welding mode and parameters affecting weld quality, the most suitable welding method

is proposed.
Keywords: Spot welding machines; Multi-point welding,; Impeller;, Mine sump.
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1. GIOI THIEU

Cong nghé han 4p lyc nhicu diém la
mot cong ngh¢ da dugc nhiéu nudc tién tién
trén thé giéi nhu My, Anh, Uc, Nhat Ban... ap
dung dé han cac chi tiét c6 thanh vach mong va
cho hi¢u qua cao[6].

Viéc tng dung cong nghé nay vao viéc
han canh bom hé nd min gitip giam bét thoi
gian san xuat ciing tiét kiém chi phi, nhat la
trong thoi diém nudce ta dang tién hanh hoi nhap
manh mé& nhu hién nay. Viéc van dung may han
diém 2106B80 (ARO) vao han da diém dé ché
tao canh bom la mot nghién ctru rat sang tao va
¢ y nghia thyc tién.

Qua trinh nghién ctru bao gdm:
2. TINH TOAN THIET LAP CHE PQ HAN

2.1. Xdac dinh mé hinh cong nghé

Hinh 1. Canh bom hut D90

Trén Hinh 1 1a hinh dang va cau trac
canh bom D90 dugc cau tao tir nhitng phan tir
riéng 18, to hop va lién két voi nhau thong qua
cac diém han. Pay chinh 13 mé hinh, 1a dau
bai cho viéc tinh toan ché do han tiép xtc (han
diém) phu hop.

2.2. Tinh toin xac dinh cac thong s6 cong
nghé han nhiéu diém dwéi ap luc

2.2.1. Co s¢ xdc dinh ché d¢ han

Dé xac dinh dugc ché do han cho chi
tiét canh bom, can can ctt vao dic tinh cia han
tiép xtc nhiéu diém va tinh han, kich thudc
hinh dang vat li€u liéu co ban cua thép khong
gi SUS 304 [5].

» Dic tinh cua han tiép xuc nhu sau:

« Thanh phan hoéa hoc cia ving lién két
khong thay dbi hodc thay d6i khong dang ké;

« Ap luc 16n tac dung 18n chi tiét thuc té
loai trr sy hinh thanh rd;

« C6 thé diéu khién trong pham vi rong
ap luc, cho phép tao trang thai ing suit thuin
loi va loai trir cdc vét nit;

« Mitc d6 bién dang cuc bo tai diém han
16n trong khoang thoi gian ngan cho phép dé
dang pha huy va tach cdc mang oxit;

« C6 thé d& dang lién két cac kim loai
ddng nhét hodc cac hop kim trén mot nén.

» Tinh han lién quan t&1 do day: Trong
qua trinh han, kim loai chiu tac dung co nhiét
dan dén su thay doi ddng ké thanh phan hoa
hoc, ciu tric va cac tinh cta kim loai nguyén
thuy.

D6i v6i mdi kim loai cu thé xac dinh
duge mot ché d¢ tdi uu dam bao cac lign két
v6i cac kich thude yéu cau va tinh han tot nhat
(Bang 1). Céc kich thudc dinh muc cta cac lién
két xéc 1ap dugc khi chon ché do can phai 16n
hon c4c kich thuée tdi thiéu 15 + 20%. Khi han
céc chi tiét chidu day khac nhau, sy néng chay
tb1 thiéu cua chi tiét mong phai khong nho hon
20% 9.
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Bdng 1. Kich thude cdc lién két khi han diém va han moi, mm [10]

Do diy chi kiII:ll:)O('ililégm D(?{.l‘f)l‘lg Do chap téi thiéu khi Budée diém cong nghé t6i thiéu
tiet han moi han han :
Cic gia tri t6i thiéu H‘-”;’h‘;‘m Thf{‘i’;l“-”p HK nhe Tht‘;l%;{K Hllféflhl(l)ll:igétgl’

0,3 2,5 2,0 8,0 6 8 7 5
0,5 3,0 2,5 10,0 8 11 10 7
1,0 4,0 3,5 12-14 12 14 12 10
1,5 6,0 5,5 16 - 18 14 20 14 12
2,0 7,0 6,5 18 - 20 16 25 18 14
3,0 9,0 8,0 24 - 26 20 35 24 18
4,0 11 10,0 28 - 30 26 45 32 24
5,0 13 12,0 34-36 34 55 40 30
6,0 15 14,0 38-43 44 65 52 40

2.2.2. Xdc dinh cdc théng sé anh hwéng téi
chit lwong moi han

Trong qué trinh han, ¢ rat nhiéu cac
yéu t6 anh huong dén chat lugng mdi han, mdi
yéu t6 mang mot théng sb anh huong. Ta tién
hanh phén tich mot s6 thong s6 chinh.

» Nhiét luong: Sy nung nong chi tiét
han trong han dién tiép xuc duoc thuc hién boi
ngudn nhiét do dong dién chay qua bé mat tiép
xtc cua chi tiét han trong mot thoi gian ngan.
Luogng nhiét Q sinh ra trén phan kim loai gitta
hai dién cyc trong thoi gian th dugce xac dinh
theo dinh luat Jun-Lenxo:

0= f[szr (1)
Hay O = f[Udz (2)

Nhiét lugng Q co tdc dung, lam chay
kim loai tai diém tiép xuc cua cac vat han lam

cho chung lién két v6i nhau hinh thanh méi han
diém.

Ttr cong thie (1), (2) nhan thiy, Q chiu
anh huong tir ba thong sb chinh 1a dong han I,
thoi gian han t va dién trd toan phan R hoic
dién ap han U. Quan hé R, U, I cho tung dang
mdi han duoc thé hién trén Hinh 2.

“)

Ry M, [

<)

Hinh 2. Dién tré tiép xiic
Trong do:

Han diém (a); han giap mbi (b); ludi
dién tré (c);

I — Dong dién han; S — Chiéu day tim
han; d_— Duong kinh dién cuc [9].
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Vi¢e tinh toan nhiét lugng Q phu hop
cho moi han cé thé tinh toan thong qua céac
thong s6: R, I vathoac I, Uvat.

Pién tro toan phén duoc xac dinh theo
so dd Hinh 2(c): R=R_+ 2R, +R’ +R" .

Trong do:
~-R,—Dién tro tiép xtc cua chi tiét voi
chi tiét;
- R, — Dién tr¢ tiép xuc gitra dién cuc
va chi tiét;
-R',R" —

ct’

chi tiét han.

Dién cuc tro riéng cua cac

Khi han cac chi tiét day biang nhau
(hodc ti€t di¢n bang nhau) thi: R’ =R"”_ =R .

bigntr6 R_va R, .phu thude Vao dién tro
tiép xuc gitra chung va so luong diém tiép xuc.

Gié tri Q ciing c6 thé tinh gan dung theo
di€u ki¢n trang thai nhiét vat lieu: Q = Q, + Q,
+Q,(J), voi:

- Q, la lugng nhiét can thiét dé lam kim
loai chay (J);

- Q, la nhi€t lugng nung noéng ¢ vung
anh hudng nhiét khi han (J);

- Q, la nhiét nung néng dién cuc han (J).

Trong d6, Q, la nhiét lugng co ich, Q,,
va Q, la nhiét lugng vo6 ich, hay nhiét lugng
lang phi. Giam dugc Q, va Q, s€ tich ki¢ém
duoc nang lugng, vi theo bleu thirc dinh luat
Jun-Lenso thi nhiét lugng tong ty 1¢ thuan voi
cuong do dong dién (dong han).

Tu Q, ta co thé xac dinh dugc dong han
theo cong thirc:

_ o
V0.24kR 1, [A]

O day: R__— Dién trd ca chi tiét & giai
doan cubi qua trmh nung nong, Q; k — H¢ so
ké dén sy thay ddi dién tro trong qua trinh han;
t. — Thoi gian han (s).

» Dong han: Dong han 1a thong sb
chinh tao ra nhiét lugng can thiét dé hinh thanh
moi han.

Cuong do dong dién han dién tiép xiic
c6 thé 1én toi 20000 A, ty 1¢ thuan véi bé day
clia tam thép can han. St dung 2 thyristor dé
thay d6i cuong do dong dién han (Hinh 3 va
Hinh 4).

Cuting dé dong dién

N

Thoi gian téng déng han Thi gian han

duy tri lye ép Fe

Dong dién han k

Thdi gian han

Bat dau c3p dong
dién han

Hinh 3. Trinh tu cua mot qua trinh han diém

S d6 mach Hinh dang déng dién han

s May han xoay chiéu tan s& 50 Kz b

|

Hinh 4. Dang cwong do dong dién han khi dong,
mao dung thyristor

» Dién ap han: Quan h¢ gitra dong dién

A
va dién ap han: 9= jIUdf; Cong suat: P=U.L
0

Thyrisor din

Hinh 5. Dang dong dién sau khi qua thyristor
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Dién 4p han qua thap s& tao ra dong han
rat 16n co thé lam chay thung méi han. Dién ap
han qua cao, dong han s& nho co thé s& khong
dat dugc yéu cau hinh thanh mdi han va giy
nguy hiém cho nguoi va thiét bi trong qua trinh
han. Thyc té chon dién ap han diém tir 4 dén 6
V (Hinh 5).

» Luc ¢p han: Pugc thuc hién thong
qua céc xy-lanh khi nén ép dién cuc han vao vat
han va cac chi tiét can han voi nhau. Lyc nay
can du 16n dé tao ra mdi han. Luc €p phu thudc
tinh chat co 1y ctia vat lidu han, kich thudc tiét
dién mbi han. Luc ép dugc tinh theo cong thuc:
F = S.p [N]. Trong d6: S — Tiét dién trong xy-
lanh; p — Ap suét khi nén.

» Thoi gian han: La thong s6 chinh tao
ra nhiét lugng can thiét d¢ hinh thinh moi han,
thot glan ngan khong da nhiét luong can thiét
cho mo6i han moéi han khong ngau thoi gian han
dai, lvgng nhiét cung cap cao moi han bi chay,
dut cac chi tiét can han, gdy oxy hoa mbi han.
Khi chiéu day vat han § < 5Smm c6 thé han véi
ché d6 han cling (t, nho), T, cimg = 0,2~ 1,5 s.
Kh1 chiéu day vat han 0> Smm hodc ché d¢ han
mém (t, lon), T, mém=2=+3s.

» Thoi gian ép: La thoi gian xy-lanh khi
nén ép cac chi tiét han trudc khi phong dién han,
nham dam bao cac chi tiét tiép xic nhau tranh
hién tuong phong hd quang tao ra cac khuyét tat
méi han nhu 16, chay dat cac chi tiét han.

» Thoi gian gilt ngudi: La thoi gian
cac xy-lanh khi nén tiép tuc ép khi da két thuc
giai doan phong dong han dé mbi han 6n dinh
chdng lai sy dan hoi cua vat liéu. Thoi gian qua
ngan, moéi han khong ngau, dé bi bong. Thoi
gian cho mot mdi han dién tiép xuc bang 0,1
+ 0,4 (s), bao gom thoi gian ép, thoi gian han,
thoi gian gilr nhiét.

2.2.3. Xdc dinh théng sé ché dé han

Viéc xac dinh cac thong sd han thich
hop cho han diém 1a mot van dé rat phic tap.
Mot thay doi nho ctia mot tham s s& co anh
huong toi tit ca cac thong sb khac. Trong qua
trinh han, mat tiép xuc dién cuc tang dan, dé
thiét 1ap mot bang thong sé han Bang 2.

Bdng 2. Tiéu chudn cdc théng sé han tiép xiic diém [9]

Po day tim | Ap lwe, | Cwong dd dong dién | Thoi gian han | Thoi gian | Pwong kinh dién
han, t [mm] P [kN] han, I [A] [s] giir [s] cue, d [mm]
0.63 +0.63 2.00 8500 0,12 0,02 6
0.71 +0.71 2.12 8750 0,14 0,02 6
0.80 + 0.80 2.24 9000 0,16 0,04 6
0.90 + 0.90 2.36 9250 0,18 0,04 6
1.00 + 1.00 2.50 9500 0,2 0,04 6
1.12+1.12 2.80 9750 0,22 0,04 6
1.25+1.25 3.15 10000 0,26 0,06 6-7
1.40 + 1.40 3.55 10300 0,28 0,06 6-7
1.50 + 1.50 3.65 10450 0,3 0,06 6-7
1.60 + 1.60 4.00 10600 0,32 0,06 6-7
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1.80 + 1.80 4.50 10900 0,36 0,06 6-7
2.00 +2.00 5.00 11200 0,46 0,08 7-8
2.24+2.24 5.30 11500 0.52 0,08 7-8
2.50 +2.50 5.60 11800 0,6 0,1 8
2.80 +2.80 6.00 12200 0,68 0,12 8
3.00 +3.00 6.15 12350 0,76 0,12 8
3.15+3.15 6.30 12500 0,76 0,12 8

Céc thong sd vé cong nghé han c6 anh
hudng rat 1on toi chat luong méi han, dé mbi
han dam bao chat luong va ning suét han cao,
cac thong sd phai duge chon sao cho phu hop
voi kich thudc va vat li€u co ban han (SUS
304).

*Cac thong sé canh bom D90:

Vit li¢u canh: SUS 304; Do day céanh:
0,8 mm; S6 lugng céanh: 6.

SO luong diém han trén moi canh: 6.
Tong cong c6 36 diem han cung mat luc.

Tiét dién mdi diém han 13 0,8 x 2 mm
= 1,6 mm> Tiét dién tong s& 1a 1,6 x 36 = 57,6

mm?.

Quy tiét dién tong vé mot tiét dién
tron, ta c6 duong kinh khoang 8 mm. Can ctr
vao Bang 2, ta xac dinh dugc: Dong han 1a [ =
12500 A; Luc ép 1a P = 6,30 kN; Thoi gian han
va gitt cia diém han c6 d6 day 0,8 13: 0,16 s va
0,04 s.

*X4c dinh thong s6 ché dd han canh bom
D90 (Bang 3).

Bdng 3. Bang thong sé ché d¢ han canh bom

Podaythm | Aplye, P | CUO"89% 1 ppaician | Thoigian | Dién ap han | Duong kinh
han, t [mm] | [kPa dong dien |y on Is] i [s] [V] dien cue, d
’ han, I [A] g [mm]

. 12500 + B
1.20 + 0,80 4+6,3 16500 0,04 4+6 8

Theo bang thong s cong nghé ché do 3. KET QUA

han Bang 3 thi cong suat cua thiét bi han can
dat: tr 50 + 75 kVA.

Ttr cac phan tich vé cu trac canh bom,
cac dac tinh co - Iy han diém; can cr vao céc tai
liéu [1] = [4] nhom dé tai da thiét ké duoc bo
dd g4 han da diém dé han t6 hop ché tao canh
bom D90 lap ghép trén may han diém 2106B80
(ARO).

Trén Hinh 6 13 két qua thuc nghiém
han da diém canh bom D90 trén may han diém
2106B80. Thyc hién han 100% diém han dong
thoi theo tinh toan. San phdm canh bom D90
nhan dugc dat hinh dang hinh hoc va chét
luong yéu cau.
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Kiém tra méi han da diém
Hinh 6. Thuc hién han da diém va két qua han da
diém ché tao canh bom D90

4. KET LUAN

1) C6 thé ap dung thiét bi han diém
2106B80 (ARO) tai Phong Thi nghiém Trong
diém Coéng nghé Han va Xu 1y bé mit, Vién
Nghién ciru Co khi dé ap dung.

2) Dé tai da tinh toan va xay dung duoc
ché d6 han va quy trinh cong nghe han hop ly
dé thyc hién han 36 diém, dong thoi ché tao
canh bom D90 dat chat luong.

3) Pay la thanh cong cia mdt nghién
cuu tng dung cong ngh¢ han diém.

4) La tai liéu tham khao b6 ich cho cac
nha chuyén mon va hoc sinh, sinh vién nganh
han.

Lo1i cam on:

Nghién ctru nay dugc hd tro cia Bo
Cong Thuong, Vién Nghién ctu Co khi, Phong
Thi nghiém Trong diém Cong nghé Han va Xir
1y bé mit.
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TiNH TOAN, THIET KE VA TOI WU KET CAU KHUNG MAY EP
THUY LUC 4 TRU, LUC EP 20 TAN

DESIGN AND OPTIMIZATION A FOUR PILLARS, 20 TON HYDRAULIC PRESS
MACHINE

Nguyén Son Tung, Tran Pirc Huan
Khoa Co — Dién, Truong Pai hoc Mo — Dia chat

TOM TAT

May ép thuy luc dwoc sie dung réng rdi trong gia cong dp lwc va vmg dung ldp rdp, sita
chita két cdu co khi. Hién nay, cung véi swe phdt trién ciia nén céng nghiép ché tao, nhu cau sir dung
mdy ép thuy lyc tang cao. Tuy nhién, qua khdo sdt cho thdy ndng lirc san xudt, ché tao mdy ép thuy
liee trong nuede con han ché, nhiéu doanh nghiép 16m va nhé van phdi nhdp khau mdy ép san xudt
& nueée ngodi hodc mua mdy cii vé sira chita lai. Qua nghién ciru cdc tdi liéu, cong trinh khoa hoc
dirpc cong bé & trong va ngodi nude, nhom nghién ciru thdy rang cé thé khdc phuc han ché vé thiét
ké, gia cong ché tao két cau khung mdy, gép phan ndang cao ndng lwc tir chii, néi dia hod san xudt
may ép thuy lwc trong mede ddp iing yéu cau dit ra hién nay. Bai bdo nay trinh bay tom tat két qua
nghién ciru, t6i wu héa két cdu khung may ép thuy lwe 20 Tdn sir dung trong gia cong ché tao dé
banh kem. Khung mdy ép dwoc t6i wu hod bang cdach sit dung cong cu hé tro thiét ké co khi - phan
mém Solidworks.

T kKhoa: T0i wu két cau co khi; Solidworks; CAE; Mdy ép 4 tru.
ABSTRACT

Hydraulic machine is widely used for metal deformation technology and workshop. Nowaday,
the need of using hydraulic press machine increase day by day. In contrast, the result of survey shows
that most of hydraulic machines are imported because of the limitation in manufacturing in Vietnam.
By researching the materials and science papers, the authors find that using the CAE (Computer-
Aided Engineering) to design and optimazation the hydraulic machine frame is a solution to deal
with this issued limitation. This paper brifly presents the result of design and optimazation a pour
pillars, 20 Ton hydraulic press machine by using CAE technique. The Solidworks is choosed as an
approach method of designing and optimazing the structure frame.

Keywords: Optimization; Solidworks, CAE; Hydraulic machine; Four pillars hydraulic
machine.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
IO TAP CHI CO KHI VIET NAM, S6 322, thang 11 nim 2024
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

1. MO PAU

May ép thuy luc la mdt loai may duoc
su dung rong rai trong linh vyc gia cong ap luc,
cong nghé bot, ciing nhu lap rap co khi, nén
ép vat liéu phi kim, phé liéu... Véi ung dung
gia cong bién dang, tao hinh kim loai, may ép
thuy luc con mang cac tén goi khac nhau nhu
may dap vudt thiy lyc, may rén thuy lyc, may
chit thuy luc, may cat thuy lyc, may dot 15 thuy
luc... [5] va [7]. Mot sb san pham dang tAm
nhu vo 6 t6, may bay, tam Gp xe may, chi tiét
dang vo hop duoc gia cong ché tao bai may ép
cho nang sut cao, tiét kiém kim loai, gén nhu
khong phai thém budc gia cong nao sau dap
[5]. Tty theo két cu khudn va co ché tac dong
lyc, may ép thuy luc cé thé duoc sir dung dé
thuc hi¢én mdt trong sb cac churc nang sau [1],
[2],[9] va[10].

May ép thuy luc hoat dong theo nguyén
ly ctia dinh luat Pascal. Ap suit do bom thuy
luc thé tich tao ra dugc truyén t61 khoang lam
viéc cua xy-lanh. Ap lyc tac dong 1én bé mat
pit-tong do ap suat bén trong khoang lam viéc
tao ra. Ap luc do xy-lanh tao ra dugc str dung
dé gay bién dang, tao hinh vat ép (phdi). Do
cung viing cia khung may dong vai trd quan
trong quyét dinh t&i do chinh xac cta san pham
gia cong va do bén cua may ép. Theo 1y thuyét
bién dang dan hoi, dudi tac dung cua ngoai luc,
két ciu khung may sé& bi bién dang va bén trong
két cau khung may xuat hién tng sudt nham
chéng lai su bién dang cua vat liéu. Ngoai luc
cang 16n, bién dang cang tang va g suit ciing
tang 1én cho t6i khi dat t&i gia tri can bang
thi qua trinh bién dang két thic. Nhu vay, dé
khéng ché bién dang cua két cau can sir dung
vat lidu c6 do bén 16n hoac tang dg cung viing
ctia két cAu bang cach tang bé day cua chi tiét,
Iira chon két cau hop ly. Hién nay, trén da phat
trién ctia nén cong nghiép Viét Nam, nhu ciu

sir dung may ép thuy luc trong gia cong ché tao
két cau co khi, thiét bj ap luc, chi tiét 6 6, xe
méy va thiét bi gia dung... ting cao. Qua khao
sat, nhom nghién ctru thay rang chi c6 mot sb
may ép ¢& nhé hodc luc ép dudi 100 Tan duoc
gia cong ché tao trong nudc, da phan cic may
ép van phai nhap khiu hodc sta chita lai may
ép da qua sir dung O nudc ngoai. Vi sb may
ép tu ché tao trong nude, két cAu khung may ép
thuy luc con tdn tai nhiéu bat cap, khéi luong
méy con qua ning né, tiéu hao vat liéu nhiéu,
chua khai thac triét dé kha ning 1am viéc cua
vat liéu (stc bén cua vat ligu). Vi vay, nghién
ctru tinh toan thiét ké va tdi uu hod két cau cua
khung may ép, lam chii cong nghé ché tao trong
nude co y nghla rat quan trong, dap ung yéu
cau cip thiét hién nay. Bai bao trinh bay két
qua nghién ctru t6i wu két cdu khung may ép
4 try, lyc ép 20 Tan st dung gia cong ché tao
dé banh kem sinh nhat. Trong nghién ctru nay,
nhom nghién ctru dd phén tich han ché cta ban
thiét ké nguyén mau va dua ra phuong an thiét
ké thay thé.

2. QUY TRINH TINH TOAN THIET KE
TOI UU HOA CAU TRUC KHUNG MAY

Téi uu hoa két cdu khung may nham
muc dich tiét kiém vat liéu trong khi van dam
bao d6 cimg vimg cia két ciu va tinh cong
nghé, d& dang gia cong ché tao, lap rap may.
Viéc ti wu hoa két cdu may ép thuy luc da thu
hut sy quan tdm nghién ctru cia cac nha khoa
hoc, cac gido su va hoc vién tai truong dai hoc
trén thé gigi. C6 nhiéu cong trinh nghién ciru
t61 uru két cdu may ép duoc cong bd tai Hoi nghi
khoa hoc toan quéc vé linh vuc K¥ thuat co khi,
Khoa hoc cong nghé duogc td chirc tai An Do
qua cac nam tur 2014 t&1 2021. Cac nghién ctru
cho thdy rang cac nha khoa hoc van sir dung
phuong phap tinh toan truyén théng dé xéc

dinh kich thudc co ban cua khung may. Kich &
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thudc ctua khung may can dép Gmg yéu cau lam
viéc vé kich thudc khudn, ga kep khudn, hanh
trinh lam viéc cua xy-lanh, khong gian thao tac
cép phoi va 1y san phdm. Sau 0, str dung cong
cu hd tro thiét ké co khi dé tién hanh xay dyung
mod hinh 3D va mé phong phan tich tng suit,
bién dang ctia két cau. Két qua phan tich, mo
phong du doan tng suét va bién dang 1 co so
dé diéu chinh két cAu nham muc dich thu duoc
két cau t6i wu nhit dap ing yéu cau dat do cing
vimng, gidi han bién dang chuyén vi, giam trong
lwong may, tiét kiém vat liéu [1], [3], [4] va [9].

Céac phan mém hd tro thiét ké co khi
hién nay nhu Ansys, Creo, Autodesk Inventor
va Solidworks... Mdi phin mém ¢ nhiing
tinh nang vuot troi riéng. Tuy nhién, cac phﬁn
mém nay déu dua trén co sO ly thuyét phan tir
hiru han. Phan mém cung cip t1nh nang giai
cac phuong trinh, ma trén (g suét, bién dang
chuyén vi mot cach nhanh chong. Pay 1a mot
vu diém vuot tri so voi phuong phap tinh toan
giai tich thuan tuy. Tinh ning hd trg nay da
vuot troi hon nhiéu so véi cac ph?ln mém nhu
phan mém SAP 2000 va cic phan mém tuong
tu.

- Lycép;
- Két ciu khung miy;
= Kich thwde khudn, san phim.

Xiic dinh yéu ciiu
chirc nang

Phan lye lign két;
Tinh todn I¥ thuydt M& men quan tinh;
h - Lyra chon vt lidu;
Xac dinh kich thwde co ban.

Xiv dung mé hinh - Solidworks, Inventor, Ansys ...;
- .;D 4 = Mo hinh 3D chi tiét;

- Mate, Assembly, constraint.

- Solidworks, Inventor, Ansys. ...;
- Chia luedi phiin tir;
- Xac dinh didu kién bién.

MG phong Két citu

- Solidworks, Inventor, Ansys ...;
- Khao sat img suat (Von mises

stress),
- Khao sit chuyeén vi, hé s0 an toan.

Két ludn

Hinh 1. Luu trinh todn thiét ké, t6i wu khung may
ép thuy luc

3. TINH TOAN THIET KE KHUNG MAY
EP THUY LUC 4 TRU, LUC EP 20 TAN

May ép thuy luc 4 tru ¢6 vu diém két
céu vig chac, lyc ép chinh tim, dim ngang
di dong duoc dan hudng tét nén dam bao do
chinh x4c cao cua san pham gia cong. May
ép thuy luc 4 tru duoc st dung phd bién trong
cong nghé dap vudt, gia cong chi tiét yéu cau
c6 tinh thAm my cao. May ép thuy luc 4 tru,
luc ép 20 Tan duoc sir dung trong xudng san
xuat dé banh kem sinh nhat c6 kich thudc ban
may: 860 mm x 660 mm, két cdu nguyén ban
sir dung thép tam day 40 mm, 2 gén ting ciing
day 30 mm va cao 50 mm.

Moé-men tinh cua tiét dién dam [6]:

S, =[y-da=b-4
A

(3-1)
S,=[x-dd=a-4

_Trong (316: S, — Mo-men tinh cua dién
tich tiét dién dam doi véi truc Ox; b — Khodng
o1 truc Oy so voi h¢ toa do di qua trong tdm
tiét dién; S — Mé-men tinh cta dién tich tiét
dién dam d6i véi truc Oy; a — Khoang roi truc
Ox so voi hé toa do di qua trong tam tiét dién;
A — Dién tich tiét dién.

Néu C la trong tam cua tiét dién va hé
truc toa do vudng goc Oxy c6 goc O trung voi

C thi:
{Sx =0
<>
Sy =0

Khi truc Oy dugc chon trung véi truc

[y-a4=0
3-2
[x-da=0 o

aéi ximg cua tiét dién thi [x-d4=0. Pidu

kién C la trong tdm mat cit s% la:S =0.
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S,=[y-d1=Yh-4-0 3
A i=1

Mo6-men quan tinh cua tiét dién dam doi
véi truc nam ngang [6]:

J, = Iyz -dA
4 (3-4)

J. =J. +b* -4

Trong d6: J — Mo6-men quén tinh cua
tiét dién ddi voi truc nam ngang; J o — MoO-men
quén tinh cua tiét dién d6i véi truc nam ngang
di qua trong tam tiét dién; b — Khoang cach roi
truc; A — Dién tich cua tiét dién.

Chuyén vi (vong) dam chiu uén ngang
phang [6]:

E} (3-5)

X

y =-

Trong d6: y" — Dao ham bac 2 ctia ham
chuyén vi; M _—Mo-men ubn trén tiét dién dam;
E — M6-dun dan hoi cua vat lidu; J M6 -men
quén tinh cia tiét dién dbi véi truc nam ngang.

Két ciu sira doi sir dung gan ting cing
dang khung hop. Két qua tinh toan 1y thuyét thu
duoc:

Dam ngang trén:

- Bé day tAm thép ban dé: 25 mm;

- Bé day gan tang cung: 16 mm;

- Chiéu cao gan ting ctng: 200 mm;

- Lién ket han, duong han lién, moi han
hai phia.

388 16

16
¥ _-“—;
k]
.
ﬁ%g ok Sk

/AJ:_ | X
1

Hinh 2. Mt cdt ngang tiét dién dam ngang trén tai
vi tri tiét dién nguy hiém

Hinh 3. So do xdc dinh phan lyc lién ket va biéu
do mo-men uon

Lua chon vat li€u thép tam Q345B
(Tiéu chuan GB-1591-2008).

Két qua tinh toan 1y thuyét dam ngang trén:

- Khéi luong: 171 kg;

- Moé-men quan tinh tiét dién:
35119218,24 mm*;

- Ung suat kéo 16n nhat: 117,59 MPa;

- H¢ sb an toan: 1,94;

- Chuyén vi 16n nhat: 0,1145 mm.
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Dam ngang duéi:

- Ban tam thép mit trén day: 20 mm;

- Bé day gan tang cung: 16 mm;

- Chiéu cao gan tang ctng: 200 mm;

- Ban tdm thép mat dudi day: 12 mm;

- Thép tim Q345B (Tiéu chuin GB-1591-2008);
- Khéi luong: 192,5 kg;

- M6-men quan tinh: 209890653,34 mm?*;
- Ung suét kéo 16n nhét: 20 MPa;

- Hé s6 an toan: 17,25;

- Chuyén vi: 0,02 mm.

4. KET QUA MO PHONG KHAO SAT
UNG SUAT VA CHUYEN VI KET CAU

Mo hinh 3D cua khung méy dugc xay
dung trong méi trudng Solidworks, sau dé tién
hanh mé phong dit ngoai luc, gin diéu kién bién
tdm dé ¢ dinh. Piéu nay 1a hop 1y do két cdu
dam ngang dudi c6 d cimg vimg 16n hon nhiéu
s0 v6i dam ngang trén. Nhom nghién ctru d tién
hanh mé phong du doan tng suét va bién dang
ctia két cAu may ép nguyén ban va két ciu may
ép sau khi duoc cai tién voi két qua nhu sau:

Khung may ép nguyén ban:

- Vat liéu: Thép AISI 1020;

- G161 han chay: 350 MPa;

- Khdi luong riéng: 7870 kg/m?;
- Khéi luong: 485,65 kg;

- Ung suat 16n nhat: 497 MPa;

- Chuyén vi 16n nhat: 1,44 mm.

Hinh 4. M6 hinh 3D va két qua mé phong bién
dang chuyén vi cua khung may ép de banh kem
nguyén ban

Két cdu ddm ngang trén va dim ngang
duéi cua khung may nguyén ban c6 dang tim
det, kich thudc bé day nho hon nhiéu so véi
kich thudc bé rong, vi vdy mod-men quén tinh
clia mit cit co gid tri nho dan toi do cing viing
thap. Viéc bd sung gan tang ctng chi cai thién
dugc phan nao han ché nay. Thém vao d6, gan
tang cimg chi dugc bé tri theo mot phuong dan
t6i chuyén vi cta két cAu 16n. Két qua 1a giam
chat lugng in hoa van trang tri trén san pham,
duong van khong du sic nét, ty 1¢ san pham 15i
cao.

Khung may ép thay thé:

- Vat liéu: Thép AISI 1020;

- Gi61 han chay: 350 MPa;

- Khéi luong riéng: 7870 kg/m?;
- Khéi luong: 437,52 kg;

- Ung suét 16n nhat: 299 MPa;

- Chuyén vi 16n nhét: 0,873 mm.

Hinh 5. Mé hinh 3D va két qua mé phéng bién
dang chuyén vi cia khung mdy ép dé banh kem
sira doi

O khung may ép sitra ddi, gan ting
ctimg da dugc bb tri theo ca hai phuong vuong
goc, dé giam khdi lugng, chung t6i da s dung
phuong an giam bé day cua gan ting cing va
tang chidu cao ciia gan tang ctmg dé dat duoc
mo-men quén tinh ctia mit cit 16n hon, tir 6
dam bao dugc do cung viing cua két cau khung
may. Qua mo phong, ching toi ciing thdy duoc
kich thudc bé day va chidu cao hop 1y cia gan
tang cimg. Két qua cho thay bién dang chuyén
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vi ciia khung méy da giam rd rét. Chuyén vi 16n
nhat chi con 0,873 mm, gidm gan 40% so vdi
két cau nguyén ban.

5. KET LUAN

Lua chon tiét dién hop 1y 1a mot yéu td
co ban dam bdo sir dung hiéu qua, tiét kiém
vat li€u, str dung triét dé kha nang lam vi¢c cua
vat lieu. Két qua mo phong khao sat truong
g suét, chuyén vi két cdu va hé s an toan la
mot co sé quan trong dé nguoi thiét ké dua ra
phuong an diéu chinh, xac dinh kich thudc tbi
vu cua két cau khung may.

Vi cong cu hd tro thiét ké Solidworks,
ngudi thiét ké c6 thé xay dung ban thiét ké,
mo phong kiém tra kha niang chiu luc mot cach
nhanh chéng. Két qua mo phong 1a mot co so
khoa hoc dé tinh toan, xac dinh cac kich thuéc,
t6i wru hod két cdu khung may nham tiét kiém
vat liéu, trong khi van dam bao kha ning lam
viéc va thuan lgi trong gia cong ché tao.+
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THU'C NGHIEM PO PHAN BO NHIET DO CUA KHUON AM
(DANG LOM)

SIMULATION OF TEMPERATURE DISTRIBUTION OF PLASTIC INJECTION
MOLD FOR 3D PRODUCTS

Tran Chi Bao*, Nguyén Vi¢t Tuan Anh, Truong Vin Thanh, Lé B4 Tan
Trudng Pai hoc Su pham K§ thuat Thanh phd H5 Chi Minh (HCMUTE)

TOM TAT

Trong nganh cong nghiép ché tao, quda trinh phun ép nhira déng vai tro quan trong trong
viéc san xudt hang loat cdc san pham nhiea ¢é dg chinh xac cao. Tuy nhién, mot trong nhitng thach
thire I6m nhdt cia qua trinh nay la viéc kiém sodt va t6i wu héa nhiét @ trong khuon, vi nhiét do
khéng dong déu cé thé dan dén khuyét tat san pham va giam hiéu sudt san xudt. Bai bdo nay tdp
trung vao viéc mo phéng phdn bo nhiét @ trong khudn phun ép nhua cho san pham dang 3D. Cdc
tac gia sir dung phan mém Ansys, mot cong cu mo phong $6 hang dau, dé phan tich nhiét do tai cdc
diém khdc nhau trong khudn va xdc dinh cdac yéu té anh hieong dén si phdn boé nhiét. Nghién civu
tdp trung vao sw phan bé nhiét dg trong khudn phun ép nhwa dang 3D vi mé phong nhiét dé dang
3D phike tap hon so véi cac mé hinh san pham 2D va 2.5D tride ddy. Trong khi mé hinh 2D chi xem
xét hai chiéu va mé hinh 2.5D thém yéu té dé day, mé hinh 3D cho phép mé phong toan dién tdt ca
cdc yéu t6 khéng gian, givip tdi hién chi tiét hon vé phdn bé nhiét dg trong toan bé khudn phun ép.
Két qua nghién civu cho thdy nhiét dé khudn khoang 75,4°C dén 79,6°C va viéc sir dung mé hinh
3D trong mé phong phdn bé nhiét dg khéng chi ting dé chinh xdc ma con giip t6i wu héa thiét ké
khuén va quy trinh san xudt.

Tir khoa: Phén bo nhiét dé; Khuon phun ép nhwa; 3D.

ABSTRACT

In the manufacturing industry, the plastic injection molding process plays an important role
in the mass production of high-precision plastic products. However, one of the biggest challenges
of this process is controlling and optimizing temperature in the mold because uneven temperatures
can lead to product defects and reduced production efficiency. This article focuses on simulating
temperature distribution in plastic injection molds for 3D products. The authors used Ansys
software, a leading numerical simulation tool, to analyze temperatures at different points in the
mold and identify factors that influence heat distribution. The research focuses on the temperature
distribution in 3D plastic injection molds because 3D temperature simulation is more complex than
previous 2D and 2.5D product models. While the 2D model only considers two dimensions and
the 2.5D model adds the thickness factor, the 3D model allows for comprehensive simulation of all
spatial elements, helping to reproduce in more detail the temperature distribution in entire injection
mold. Research results show that the mold temperature is about 75.4°C to 79.6°C and the use of 3D
models in temperature distribution simulation not only increases accuracy but also helps optimize
mold design and production process.

Keywords: Temperature distribution; Plastic injection mold; 3D.
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1. GIOI THIEU
1.1. Téng quan

Quy trinh phun ép nhua 1a mot trong
nhitng phuong phap san xuat quan trong nhat
trong nganh cong nghi€p nhua, cho phép tao
ra cac san pham c6 hinh dang phtc tap va do
chinh xéc cao. Qua trinh nay bao gém céc budc
nhu nap nhya, gia nhi¢t, phun vao khuon, [am
ngudi va thdo san pham. Sy kiém soat nhiét do
trong sudt cac giai doan nay 1a yéu t6 quyét dinh
dén chit lugng va tinh dong nhit ciia san pham
nhya. Mo phong phan bd nhiét d6 khuon ép
nhya dang 3D cho phép mé hinh hoa chi tiét va
toan dién hon so vdi cac mo hinh 2D va 2.5D.
Mo hinh 2D chi xem xét cac yéu td trén mot
mat phang, thiéu di d6 siu va cac yéu t6 khong
gian. M6 hinh 2.5D c6 cai tién bang cach thém
yéu t6 do day, nhung van con han ché trong
viéc mo ta chi tiét cac hién tugng phirc tap xay
ra trong khudén. M6 hinh 3D khéc phuc duogc
nhitng han ché nay bang cach tai hién day du
cac yéu t6 khong gian, gitp hiéu rd hon vé su
phan b nhiét do trong toan bo khudn. Dicu nay
dic biét quan trong d6i vai cac khudn co hinh
dang phtrc tap, noi ma cac yéu té nhu goc canh,
d6 day va ciu tric bén trong khudn c6 thé anh
huong dang ké dén qué trinh 1am ngudi va dong
két cia nhya. Nghién ctru nay nham muc dich
nang cao hiéu biét vé cach nhiét do dugc phan
bd trong khudn phun ép nhwa dang 3D, cung
cap thong tin chi tiét va chinh xac hon so véi
cac mo hinh trudc day.

1.2. Co sé ly thuyét

Qua trinh phun ép nhuya la mdt quy
trinh cong nghiép pho bién dé san xuat cac san
pham nhua c6 hinh dang va kich thudc chinh
xac. Quy trinh nay bat dau bang viéc nung chiy
hat nhya trong mot phéu chira nhiét. Khi nhya

dat dén trang thai long, né dugc dua vao khuon
thong qua mot 6ng phun dudi ap luc cao. Khudn
thuong dugc 1am tir kim loai va ¢ thiét ké theo
hinh dang mong muén ciia san pham. Khi nhya
16ng duoc bom vao khudn, né s& dién day cac
khoang khuon va tao hinh san pham. Sau do,
khuon dugc 1am mat dé nhwa dong ctimg va duy
tri hinh dang. Cubi cing, khuén mo ra va san
pham nhua dugc day ra ngoai, hoan thanh quéa
trinh phun ép nhya.

Céc yéu té anh huong dén phan b nhiét
d6 trong khuén phun ép nhya bao gdm loai vat
lidu ctia khuon, thiét ké hé thong lam mat, va
cac thong s6 k¥ thuat ctia qua trinh phun ép.
Vat liéu khuon quyét dinh kha nang dan nhiét
va phan tan nhiét 46 déu khap khuodn. Thiét ké
hé théng 1am mat, bao gdm vi tri va hiéu suét
cua cac kénh lam mat, c6 vai trd quan trong
trong viéc duy tri nhiét d6 6n dinh va ngin
chan hién tugng noéng cuc bo. Cac thong )
ky thuat nhu nhiét do phun, ap suat phun, va
tbc d6 phun ciing anh huong truc tiép dén cach
nhi¢t d§ dugc phan b trong khudn. Sy diéu
chinh khong hop 1y céc yéu td nay co thé dan
dén su phan bd nhiét d6 khong dong déu, gay
ra khuyét tat san phdm va giam chat luong san
xuat.

So sanh cac m6 hinh mo6 phong nhiét do
trong khudn phun ép nhua cho thdy su khéac biét
1 rét vé do phuec tap va do chinh xac. M6 hinh
2D chi xem xét hai chiéu (chiéu dai va chiéu
rong), khong tinh dén chiéu sau, do d6 don gian
va nhanh chong nhung thiéu d¢ chinh xéc trong
cac hé thong phire tap. M6 hinh 2.5D bao gém
ca chiéu day, cung cip cai nhin chi tiét hon so
v6i mo hinh 2D nhung van ton tai nhitng han
ché nhét dinh trong viéc tai hién khong gian
déy du. Mo hinh 3D, tai hién toan dién cac yéu
t6 khong gian (chiéu dai, chiéu rong va chiéu
sau), mang lai d§ chinh xac cao hon trong viéc

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)

TAP CHI CO KHI VIET NAM, S6 322, thang 11 nam 2024

167

cokhivietnam.vn / tapchicokhi.com.vn

&



NGHIEN CUU - TRAO DOI

md phong sy phan bd nhiét do trong toan bo
khuon. Piéu nay dic biét quan trong trong viéc
phan tich cac khudn c6 hinh dang phuc tap va
nhiing bién d6i nhiét do phurc tap, 1am ndi bat
wu diém vuot trdi cia mo hinh 3D so véi cac
md hinh 2D va 2.5D.

2. PHUONG PHAPMO PHONG MO HINH
CAC TAM KHUON SAN PHAM DANG 3D

2.1. Xay dung mé hinh trén CAD

Mo hinh CAD cho bai bao nay duoc
xdy dung trén phan mém Creo Parametric va
ANSY'S Workbench. Hinh hoc ba chiéu 3D bao
gom kénh lam mat, long khudn am (duong) va
vo khudn hinh chit nhat. Vige thiét ké duoc
minh hoa trong hinh 1.

3 T2

Hinh 1. M6 hinh thiét ké tam khudn san pham
dang 3D

Bdng 1. Cung cdp cdc yéu té cau thanh cia hinh
hoc cua mé hinh.

S6 thir tw cac thanh phén Mo ta
1 Kénh lam mat
2 Long khudén
3 Khuén

2.2. Vat li¢u

Trong phan mé phdéng, cac nha nghién
cuu su dung cac vat li¢u dé lam tham s6 dau
vao: nudc dugc st dung trong kénh lam mat,

polypropylen (PP) duogc sir dung trong phan
phun nhya vao long khuon. Thép C45 dugc
str dung dé ché tao khuon. Trong s cac thanh
phan, nudc 1a chat long, con PP va thép C20
duoc coi 1a vat liéu ran.

Bdng 2. Trinh bay tong quan vé tinh chdt ciia cdc
vat liéu.

Vit lidu Nuére PP C45

Khdi lwong riéng

(ke/m’) 997 850-950 | 7850

Nhié¢t dung riéng

(U/keK) 4200 ~2000 480

Do dan nhiét

(W/m.K) 0.6 0.2 49.8

3.PHUONG AN VA KET QUA MO PHONG

Phuong phap chia ludi trong nghién
ctru nay la Inflation va Face Sizing, hai mo-
dun nay déu st dung cac tham s6 ludi duoce tao
boi phan mém Workbench. M6 hinh chua dugc
tham sb ho4 (bén trai) va mé hinh da dugc tham
s6 hoa chia ludi (bén phai) trong hinh 2.

U

Hinh 2. M6 hinh chira tham sé (trdi) va mé hinh
dd tham s6 chia luéi (phai)

Thiét ké hé thong duong nudc vio
khuén nhur hinh 3. Thiét 1ap khuén & 30°C gia
nhiét khudn bang nudc & nhiét do 80°C trong
70 gidy, ta c6 két qua mo hinh mé phong nhu
hinh 4.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
I TAP CHI CO KHI VIET NAM, S6 322, thang 11 nim 2024
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

ket Outhet
. f o yd
- v

Hinh 3. Puong nude vao tam khudn

Temperature
Oedack Fisd Sold interiace Scle |

. .
.
Al

Hinh 4. Két qua mé phong khuén & 30°C (trdi),
khuon gia nhiét 80°C trong 70 giay

DPé xem rd hon cac nhiét do tai cac vi
tri nhat dinh, cic nha nghién ctru dung phuong
phap polyline dé xuét ra dit liéu nhu hinh 5. Dé
so sanh véi thuc nghi€ém khi do nhiét do phan
b thuc té, cac tac gia dung di liéu polyline tao
thanh biéu d6 duong vién nhu hinh 6.

TiTufusd i
iy &

t T

e
™ '
g
7T =
A F W
Kl .

Hinh 5. Xay dung két qua mé phong dui dang
polyline

perasars (1)
s 4 @ W o¥ @
v

X

Hinh 6. Két qua duwdi dang biéu do dwong vién

4. KET LUAN

Két qua bai bao cho thiy do chinh xac
va d6 chat luong ciia mod phong nhiét do trong
khuon phun ép nhwa san pham dang 3D. Giap
cho viéc so sanh gitra dit liéu mé phong va dir
liéu thuc nghiém dé dang, danh gia duoc do tin
cay ctia mo phong. Phan tich sy phan bd nhiét
d6 trong khudn phun ép va cac vung khac nhau
ciia san pham dang 3D. Xac dinh cac diém
néng hodc ving co nhiét do khong dong déu
gdy anh huong dén chat luong san pham. Moi
lién h¢ gitra phan bd nhiét do va cac khuyét tat
¢6 kha nang xuét hién trong san pham nhya nhu
co ngot, cong vénh, hodc bi bong bong khi. bé
xuit cac phuong phép cai thién qué trinh phun
¢p nhua nham dat duoc phan bd nhiét do d@)ng
déu. Goi y diéu chinh cac thong s6 ki thuat nhu
ap suat, toc o phun, va thoi gian lam lanh dé
t6i wu hoa quy trinh.

M0d phong gitip xac dinh cac vung trong
khuén c6 nhiét d6 qua cao (diém noéng), tir
d6 c6 thé diéu chinh thiét ké khuén hodc diéu
chinh quy trinh 1am mat dé giam nguy co cong
vénh, co ngét hodc cac khuyét tat khac trong
san pham. Két qua mo phong cung cap dir liéu
cu thé dé toi wu hoa thiét ké khuon, dam bao
phan bd nhiét d6 dong déu hon trong sudt qué
trinh phun ép, tir 46 cai thién chat luong san
pham.

(*) Dong gop cua tac gia:

- Hinh thanh ¥ tuéng va muc tiéu nghién
cuu: Lé Ba Tan;

- Thyc hién nghién ctru, thu thap dix
li¢u, phan tich dir li¢u, viét va chinh sua bai

béo: Tran Chi Bao*, Nguyén Viét Tudn Anh,
Truong Van Thanh.
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DPIEU KHIEN NHIET DO LONG KHUON HINH CH(r NHAT
DYNAMIC TEMPERATURE CONTROL FOR RECTANGULAR MOLD CAVITY

Phiing Anh Quang*, Huynh Thi Tuyét Minh, Trin Twong Vi, Tran Thai Son
Truong Pai hoc Su pham K§ thuat Thanh pho H6 Chi Minh (HCMUTE)

TOM TAT

Trong linh vuc ép phun, viéc diéu khién nhiét dé ciia khuén hinh chiv nhdt la cuc ky quan
trong. N6 anh huong tryc tiép dén chat hrong san pham va hiéu sudt san xudt. Duy tri mot nhiét do
on dinh va phéan bé déu trén bé mdt khudn la yéu t6 then chot dé san xudt cdc san pham nhwa chat
liwong cao. Nghién ciru ndy tdp trung vao viéc ap dung cdc ky thudt diéu khién nhiét do tién tién dé
dat dwoe diéu kién nhiét t6i wu trong khoang khuén. Bang cdch phén tich cac phwong phdp diéu
khién khdc nhau va tac déng cia chiing 1én phin bé nhiét do, nghién ciru nham ndng cao dg dong
nhat ciia san pham va giam thiéu khuyét tat, tie do cdi thién hiéu sudt san xudt tong thé.

Tir khéa: Ep phun; Lam néng khuén; Diéu khién nhiét dé khuon; Gia nhiét bang khi néng.
ABSTRACT

In the field of injection molding, controlling the temperature of the rectangular mold is of
paramount importance. It directly affects product quality and production efficiency. Maintaining a
stable and uniform temperature distribution on the mold surface is a critical factor for producing
high-quality plastic products. This study focuses on applying advanced temperature control
techniques to achieve optimal thermal conditions within the mold cavity. By analyzing different
control methods and their impact on temperature distribution, the research aims to enhance product
uniformity, minimize defects, and thereby improve overall production efficiency.

Keywords: Injection molding, Mold heating, Mold temperature control; Air heating.

1. TONG QUAN

Ep phun 1a mot quy trinh san xudt nhua
hiéu qua va chi phi thap, c6 kha ning tao ra
nhiéu hinh dang san pham khac nhau va ngay
cang phd bién. T4i vu héa su thay d6i nhiét do
trong qua trinh lam néng khuon bang khi néng
dac biét quan trong dé cai thién chat luong san
pham va hiéu qua san xuat. Diéu nay bao gdm
viéc dam bao phan bd nhiét do dong déu dé
tranh hién tuong néng lanh khong déu, gy ra

cac khuyét diém trén san pham. St dung cac
cam bién nhiét do chinh xac va hé thong diéu
khién phan hoi nhanh dé duy tri nhiét d6 mong
mudn 13 rat can thiét. Pong thoi, tdi wu hoa
thiét ké hé thong dan khi dé giam thiéu sy mat
mat nhiét va dam bao khi nong tiép xuc t6t voi
bé mit khuon. Viéc chon lya vat liéu khudn co
kha nang chiu nhiét tt va truyén nhiét hiéu qua
cling dong vai trd quan trong trong vi€c tang
cudng hiéu qua cua qua trinh sudi 4m.
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2.COSOLY THUYET

Cac ky thuat ép phun hién tai can cai
thién dé dap tng yéu cau vé hinh dang phirc
tap va chét luong cao. Quan 1y nhiét d6 khuon
1a mot chién luwoc hiru ich. Nhiéu nghién ctru
da thuc hién vé cac k¥ thuat kiém soat nhiét do
khudn nham tang nhiét d6 khoang khudn nhung
van duy tri thoi gian chu ky ngan. Cac k§ thuat
nhu sudi 4m béng tia héng ngoai, ltra, laser, cam
g va khi néng duge dé xuat dé nang cao hiéu
qua va giam tiéu thu ning luong. Sudi 4m bang
tia hong ngoai ting do bén san pham, trong khi
sudi 4m bang laser nhanh chong nhung chi phu
hop cho cac san pham nho. Sudi 4m cam tng
nhanh chong nhung gap kho khin vé phéan phdi
nhiét do va thiét ké cudn day. Nghién ctru nay
tap trung tdi wu hoa sy thay dbi nhiét do trong
qué trinh 1am néng khuén bang khi néng, dic
biét 1a voi hinh dang canh da duong.

3. MO PHONG

Thiét ké ciia nip khi dugc trinh bay
trong Hinh 1, viéc Gng dung trong qua trinh
lam nong duoc quan sat dé danh gia phan b
nhiét do trén tim chén nhu trong Hinh 2. Tam
chen co kich thude 200x100 mm va do day 1
mm. Mot loat cac loai nép khi c6 d6 day tuong
1 mm da dugc sir dung trong sudt qua trinh lam
néng bang khi dé diéu tra tac dong ciia khoang
cach tiém, thé tich khi, chiéu cao va sd luong
16 ra 1én phan bd nhiét d6 cua tim chén. Thi
nghiém duoc thyuc hién voi nhiét d6 dau vao khi
1a 400°C va thoi gian 1am néng 1a 20 giay.

Stamp 28000 108 B
Ar. 1538 TR

¥
14

Hinh 3.1. Thiét ké ndp chup khi

Hinh 3.2. Thiét ké tam chén
4. PHUONG PHAP MO PHONG

Dé nghién cru phan bd nhiét do trén
bé mat khudn, moét mod hinh mod phdng chi tiét
da duoc xay dung. Bang cach thém mot yéu tb
cach nhiét dé bao quanh phan lam néng, mod
hinh dugc don gian héa va tap trung vao hai
phan chinh: tim chén va phan khi nong. Cac
Hinh 3 trinh bay diéu kién bién va mé hinh
lu6i. Phan ludi cua tim chén duogc tao ra b?mg
k¥ thuat phan tir chil yéu 1a hex va 10 16p cua
phuong phép ludi né dugc ap dung cho céac
bé mit tiép xtic dé cai thién do chinh xac mo
phong. Mot phan tir tr dién duge sir dung dé
dai dién cho thé tich khi. Phan mém ANSYS
duoc str dung dé nghién ctru qua trinh 1am nong
Ex-GMTC va tai tao diéu kién bién thi nghi¢m.
Vi nhiét d6 moi truong 14 25°C va hé s6 truyén
nhiét 1a 10 W/m?2K, tit ca cac bé mit bén ngoai
ciia tim khuén duoc cdu hinh cho ddi luu tu
do vao khong khi nhu 1a phuong thirc truyén
nhiét. Bé cai thién hiéu qua lam néng, mdt tam
chén ciing dugc tich hop vao bo thiét 1ap thi
nghiém gan trung tdm khoang. M6 phong sir
dung khoang nhiét do tr 200°C dén 400°C cho
dau vao khi. Hinh 4 1a m6 hinh luéi bang phan
mém ANSYS.

Hinh 4.1. Thiét ldp dau vdo va dau ra cho khéng
khi trong phan mém ANSYS dé mo phong
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N

Hinh 4.2. M6 hinh chia hedi trén phan mém ANSYS

P T T T |
L L L

Hinh 4.3. Suw thay d6i cdc canh tirong g véi gid
tri a, b va c trén truc toa do xOy

5. KET QUA VA THAO LUAN

Mo hinh luéi dugc st dung dé danh
gia budc lam néng véi nhiét do khi nong dat
60 400°C va thoi gian lam nong la 20 giay.
Dé tim hinh dang t6t nhéat cho qué trinh lam
nong, nhiéu loai nép khi khac nhau da duoc tha
nghiém. Két qua cho thiy nhiét do t6i da dat
duoc tai khoang cach tiém ngén hon, cai thién
kha ning hap thu nhiét ctia tim chén. Mt khéc,
cac khoang cach tiém dai hon cai thién phan b
nhiét d¢ vi khi nong tang tdc do dong khi khi n6
di qua nap trudc khi ra ngoai. Nhimg phat hién
nay cho thiy khoang cach tiém anh huéng dang
ké dén nhiét do va phan bd nhiét trén tim chen.

Bdng 1. Bang thong sé két qua ciia qud trinh mé phong

STT 1-E 2-D 3-C 4-B 5-A P14 — Nhiét | P15 — Nhiét Denta
(mm) | (mm) (mm) (mm) (mm) do (min) do (max) (max-min)
1 4 4 4 4 2 80.064 427.479 74.265
2 4 4 4 4 2.5 91.157 409.284 44977
3 4 4 4 4 3 91.194 401.716 37.372
4 4 4 4 4 3.5 91.177 401.811 37.484
5 4 4 4 4 4 91.181 407.738 43.407
6 4 4 4 3.5 2 91.161 422.836 58.525
7 4 4 4 3.5 2.5 91.185 414.616 50.281
8 4 4 4 3.5 3 91.162 414.357 50.045
9 4 4 4 3.5 3.5 91.272 402.419 37.997
10 4 4 4 3.5 4 91.145 414.593 50.298
11 4 4 4 3 2 91.157 419.23 54.923
12 4 4 4 3 2.5 91.268 402.516 38.098
13 4 4 4 3 3 91.221 430.138 65.767
14 4 4 4 3 3.5 91.223 421.513 57.14
15 4 4 4 3 4 91.216 425.688 61.322
16 4 4 4 2.5 2 91.208 426.408 62.05
17 4 4 4 2.5 2.5 91.258 426.167 61.759
18 4 4 4 2.5 3 91.291 401.652 37.211
19 4 4 4 2.5 3.5 91.264 401.596 37.182
20 4 4 4 2.5 4 91.259 401.688 37.279
21 4 4 4 2 2 91.258 401.622 37.214

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)

TAP CHI CO KHI VIET NAM, S6 322, thang 11 nam 2024

173

cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

22 4 4 4 2 2.5 91.185 401.685 37.35
23 4 4 4 2 3 91.232 401.626 37.244
24 4 4 4 2 3.5 91.239 401.613 37.224
25 4 4 4 2 4 91.23 402.22 37.84
26 4 4 3.5 4 2 91.274 401.645 37.221
27 4 4 3.5 4 2.5 91.196 426.994 62.648

Tur cac truong hop md phong trinh bay
& Bang 1, rd rang truong hop thir 90 thé hién sy
thay d6i nhiét do it nhat 1a 13,495°C trong qua
trinh gia nhiét, voi cac thong sd (a, b, ¢, d, e) =
(3, 4,2, 4, 4). Ngoai ra, khi gia tri ctia tham s
a bat dau chuyén dan sang gia tri ¢, tvong Ung
Vo1 vi tri cua éng thoat, thi s€ dat dugc su phan
b6 nhiét d6 toi uu nhét. Piéu nay chimg to tinh
hiéu qua cua viéc diéu chinh cac thong sé nay
trong viéc dat duoc diéu kién gia nhiét tdi wu.

6. KET LUAN

Dé danh gia phan bd nhiét do dat duoc
trong qua trinh 1am néng bang viéc sir dung cac
ndp khi cling nhu tiém ning cta no trong viéc
cai thién chiéu dai dong chay noéng chay cua
cac san pham tir ép phun, nghién ctu nay da
tién hanh céc tinh toan va thi nghiém doc 1ap.
Mot loat cac loai nép khi da dugc danh gid véi
céc kich thude cb dinh: dudng kinh 16 dau vao
l1a 24 mm, duong kinh 16 ra ¢6 dinh 12 10 mm
va ¢ 4 16 ra khi. Khoang cach giita cac 16 vao
va ra cling dugc gitr & murc 25 mm. Két qua cho
thy gia tri nhiét do g1am tir 4 xudng 2 khi vi tr1
cua diém C di xudng. Dé dat duoc nhiét do tbi
wu nhit, gia tri nhiét do tai diém A dan chuyen
vé phia gia tri tai vi tri C, ciing 14 vi tri ciia dng
dau ra. Nhu‘ng két qua nay cho thay hiéu qua
cta thiét ké nap khi trong viéc t6i wu héa qua
trinh 1am noéng trong ép phun va cai thién su
phan bé nhiét do.

(*) Dong gop cua tac gia:
- Hinh thanh y tuédng va muc ti€éu nghién
cuu: Tran Thai Son;

- Thuc hién nghién ctru, thu thdp dir
lidu, phan tich dir liéu, viét va chinh sta bai
bao: Phing Anh Quang*, Huynh Thi Tuyét
Minh, Tran Tuong Vi.

Loi cam on:

Nhom nghién ctru xin cdm on Truong
DPai hoc Su pham K¥ thuat Thanh phé H6 Chi
Minh d3 tai trg kinh phi ciing nhu hd trg trong
qua trinh nhom thyuc hién nghién ctru nay. Bai
béo nay la san pham cua dé tai NCKH v6i ma
s0: SV2024-259.%%

Ngay nhan bai: 05/5/2024
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THIET KE CHE TAO PO GA HAN DA PIEM CHO CANH BOM HUT
D90

DESIGN AND MANUFACTURE OF MULTI-POINT WELDING JIG FOR D90
SUCTION PUMP IMPELLER

Ngé Xuin Cuong', Pao Quang K&
'Phong Thi nghiém Trong diém Cong nghé Han va Xir Iy bé mit, Vién Nghién ctru Co khi
*Truong Pai hoc Hoa Binh
TOM TAT

Trong bai bdo nay, nhom tdc gid gidi thiéu vé thiét ké do ga han da diém dé ché tao canh
bom hut nuwoc ho no min D90 phuc vu cho khai thac mo.

Do gd co nhiém vu:

- Ga dat, dinh vi cac phdn tir han cua canh bom D90.

- Két n6i véi may han diém 2106B80.

- Thuc hién qua trinh han da diém dé ché tao canh bom.

Tw khéa: Han dp lwe; Han diém; Mdy han diém; Han tiép xiic; Han da diém.
ABSTRACT

In this report, the author introduces the design of a multi-point welding fixture to manufacture
D90 blast hole water pump impeller for mining.

The fixture has the task of:

- Mounting and positioning the welding details of the D90 pump impeller.

- Connecting to the 2106B80 spot welding machine.

- Performing the multi-point welding process to manufacture the pump impeller.

Keywords: Pressure welding; Spot welding; Spot welding machine; Contact welding;

Multi-point welding. &
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1. GIOI THIEU

Cong nghé han 4p lyc nhidu diém 1a
mot cong ngh¢ da dugce nhiéu nudc tién tién
trén thé gidi nhu My, Anh, Uc, Nhat Ban... ap
dung dé han cac chi tiét c6 thanh vach mong va
cho hi€u qua cao. Hién tai, Phong Thi nghiém
Trong diém Cong nghé Han va Xir 1y bé mat,
Vién Nghién ctru Co khi duoc trang bi thiét bi
han diém 2106B80 (ARO).

2. TINH TOAN THIET KE
2.1. Phan tich cAu tric canh bom D90

Hinh dang va cdu tao cua canh bom
duoc thé hién trén hinh 1.

Céc thong s6 chinh:

> Puong kinh budng bom d = 90 mm;

> S6 luong budng bom 13 5 budng;

> S6 Iuong canh bom trong mdi budng 14 z=6 canh;
» Luu lugng Q = 240 lit/phat = 4 1/s;

» Goc nghiéng canh so voi truc cua banh cong
tac o= 30°;

> Chiéu sau hiit ciia bom h = 28m;

> Tdc do quay cia truc bom n = 3000 vong/phut;
> Dién tich mot canh bom S = 5,6 cm”.

Hinh 1. Hinh dang canh bom hut D90

Do dic diém hinh dang va kich thudc
canh bom 13 chi tiét dugc t6 hop tir nhiéu phan
tir ¢6 nhiéu thanh vach mong trong khong gian
hep: 6 manh canh, con trén va con duodi (Hinh
2, Hinh 3). Yéu ciu cac phan tir han phai dugc
ga dat va dinh vi chinh xac dé dam bao do can
bang cho hoat dong cua canh bom (Hinh 1).
Theo [1], [2], [3], [4], [5], [6], viéc thiét ké va
ché tao dd g4 han phai dap tmg dugc nhitng yéu
cau vé dinh vi, kep chit va nhimng yéu cau vé
cong ngh¢ han.

Hinh 3. San pham con trén va con duoi

2.2. Thiét ké dd ga han canh bom
2.2.1. Yéu cdu thiét ké do g han
* Yéu ciu vé dinh vi
Dinh vi trude khi han 1a sy xac dinh vi

tri chinh xdc twong doi cua chi tiét canh bom
so vo1 hai dau dién cuc cia may han. Khi dinh
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vi chi tiét trén dd g4, ta ding cac chi tiét hay
bd phan tiép xuc truc tiép véi bé mit dung lam
chuén cua chi tiét canh bom, nhim dam bao do
chinh xac vé vi tri twong quan giita bé mit gia
cong cua chi tiét v6i dién cuc may han. Cac chi
tiét do goi 1a do dinh vi (co cau dinh vi, chi tiét
dinh vi). Can dam béao nhitng yéu cau sau:

- Co céu dinh vi can phai phu hop véi
bé mat dung lam chuan dinh vi cua chi tiét gia
cong vé mat hinh déng va kich thude. O day,
chuan dinh vi 13 cac mit con trén va con dudi.

- Co céu dinh vi can phai dam bao do
chinh xéc 1au dai vé kich thudc, vi tri twong quan
va cac yéu cAu vé dd chinh xac hinh hoc. Pic
biét, dbi voi canh bom phai dam bao do dong
tam giita cac chi tiét phdi hop dé san pham sau
khi han dat duoc do can béng can thiét.

- Co cau dinh vi chi tiét canh bom can
c6 tinh chong mai mon cao, ddm bao tudi tho
qua nhicu lan g4 dat.

* Yéu cau veé kep chat

Khi thiét ké d0 g4, sau khi d4 chon dugc
phuong an dinh vi twong dbi hop 1y, tiép theo 1a
ta chon phuwong an kep chit canh bom trong dd
ga dé co thé tién hanh han.

Kep chit 1a tdc dong lén hé théng dd
g4, cu thé 1a canh bom mot lyc dé lam mat kha
nang x¢€ dich hodc rung dong do luc ép khi han
c¢6 thé gy ra. Viéc lya chon phuong an kep
chat ciing phai tuan thi theo nhitng nguyén tic
nhit dinh:

- Khi kep khong dugc pha hong vi tri
cua chi tiét da duogc dinh vi chinh xac;

- Tri s luc kep vira da dé chi tiét canh
bom khéng bi chuyén vi duéi tac dung cua ap

luc han va cac anh hudng khac trong qua trinh
han;

- Khong 1am hong bé mat do lyc ép tac
dung vao né;

- Thao tac nhanh, thuan tién an toan, két
cAu gon, nhung du do bén, khong bi bién dang
khi chiu luc;

- Két cau don gian, d& ché tao va stra
chira.

* Pam bdo di€u kién han

- biéu kién dau tién ciing 1a quan trong
nhat ma do ga can dam bao 1a: cac phan ca-t6t
va a-ndt phai cach dién véi nhau, dong dién chi
chay qua cac diém han khi thyc hién han. Tong
dién tich dién cuc ché tao phai nhé hon dién
tich dién cuc may han.

- P4 ga phai ap dung duoc trén thiét bi
han di chon. Cac kich thudc cua do ga phai
nam trong khong gian 1am viéc cta thiét bi han
diém da chon, dam bao cho viéc thuc hién han
canh bom dé dang va thuan tién [7].

2.2.2. Két ciu dé gd

Dudi day 14 hinh v& két cau tong thé do
ga han canh bom.

1. Dién cuc trén;

2. Mat con trén;

3. Nura trén dinh vi trén;
4. Nira dudi dinh vi trén;
5. Tém chan;

6. Canh bom;

7. Mat con duoi;

8. Dinh vi dudi.

9. Nura trén dién cuc dudi;
10. Nita dudi dién cuc dudi.
11. Vit cay MS.

Hinh 4. Ban vé do gd han canh bom

Hinh 4, ban v& lip d6 ga han canh bom
gom cdac chi tiét dinh vi va kep chat.
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Céc chi tiét dinh vi gdm céc chi tiét va
cum chi tiét 1a: B6 dinh vi canh bom cach dién
gom dinh vi trén 3, 4 va dinh vi duéi 8 vat liéu
ché tao 1a vat liéu cach dién Bakenit, tim chan 5
vat liéu ché tao thép CT3 va bg di¢n cuc dudi 9 va
10 vat liéu ché tao 1a Cu 99,97. Céc chi tiét dinh
vi nay c6 nhiém vu dinh vi canh bom theo ding
goc phan d6 di dinh dong thoi dinh vi hai mit con
trén va con dudi ép sat vao canh bom, ding vi tri
dam bao cho qua trinh han. Trong qué trinh ché
tao can dam bao do dong tAm giira cac mit dinh
vi cta cac chi tiét dinh vi 1a khong vuot qua @
0,03. D6 nham bé mat ¢ nhitg mat dinh vi va lap
ghép Ra can dat 14 2,5. Lap ghép giira cac bé mat
14 kiéu 1ap long truot chinh xac H8/h7.

Chi tiét kep chat 1a bon vit cdy 11 (M8),
né vira dong vai tro kep chit va din hudng
trong qua trinh théo lap do6 ga. Bé dat duoc yéu
cdu d6 thi trong qua trinh ché tao, cac 15 cia ba
chi tiét 5, 9 va 10 phai dam bao do dong tam.
Vit cay duoc chon theo TCVN.

3. KET QUA VA THAO LUAN

a. Pinh vi cdc la canh

b. Lap ghép do ga

c. Lap ghép dé ga 1én mdy han diém

d. Thuc hién han da diém

) |

e. Kiém tra do tron, kha nang chiu momen xodn
canh bom sau han

f. Kiém tra chiéu cao canh bom sau han
Hinh5. Thuc hién ga, han canh bom D90 trén mdy
han diém bang do gd han da diém
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Qué trinh han thyc nghiém cho thiy:

- Qua trinh han yéu cau ga dat phdi
chinh x4c, tat ca cac tiép di€ém han phai tiép
xuc vo1 cac bé mat con.

- Ché d¢ han chuan cho cac diém han
du ngiu 1a: Ap suat khi cAp cho xy-lanh ép la
4,5 bar, cuong do dong dién han [, = 16000
(A), thoi gian ép 1a t,= 0,16 (s), thoi gian han
lat, =0,16 (s), thoi gian gitt 1a tn™ 0,08 (s).

- Néu cuong do dong trén 22000 (A) s&
xuat hién hién tugng cac chan dién cuc gia s€ bi
chay cut.

- Vi tri tvong ddi giira cac 14 canh va hai
mit cén dugc dinh vi chuan trén do ga va 6n
dinh trong qua trinh han. Sau qua trinh han chi
tiét dam bao hinh dang va két ciu nhu thiét ké.

- V&i ché d6 han trén, quan sat bang
kinh lup phong dai 5 lan thidy 36 diém han
ngau déu, dat yéu cau lap rap va mang di khao
nghi¢m.

4. KET LUAN

B6 do gé han dép ung duogc yéu cau
thiét ke va thuc hién dugc cac chiic nang:

1) Ga dat, dinh vi chinh x4c cac phan tir
han canh bom D90.

2) Thuc hién duoc 100% sood diém han
(36 diém) dat yéu cau do bén moi han.

3) Dam bao yéu cau vé hinh dang, kich
thudc canh bom D90.

4) Lap ghép dong bo trén may han diém
2106B80 (ARO) tai Phong Thi nghiém Trong
diém Cong nghé Han va Xu 1y bé mit, Vién
Nghién ctru Co khi.

Loi cam on:

Nghién ciru nay dugc hd tro cia Bo
Cong Thuong, Vién Nghién ctu Co khi, Phong
Thi nghiém Trong diém Cong nghé Han va Xur
1y bé mit. <
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NGHIEN ClrU KHAO SAT ANH HWONG LOP IN BEN O BEN
SAN PHAM WAAM

INVESTIGATE THE EFFECT OF PRINTING LAYER ON WAAM PRODUCT
DURABILITY

Nguyén Ngoc Duy*, Pham Thanh Phong, Pham Ngoc Trién, Nguyén Vin Minh
Trudng Pai hoc Su pham K thuat Thanh phd HS Chi Minh (HCMUTE)

TOM TAT

Nghién ciru “Khdo st anh huéng I6p in dén @ bén san pham WAAM” dwoe thuwe hién nham
muc tiéu nghién civu vé cdc théng sé I6p in dén dé bén ciia san pham. Két qua ciia dé tai sé gép phan
quan trong trong viéc hiéu ré cdc co ché anh hwéng ciia qud trinh in dén cau tric vt liéu va do bén
ciia san pham WAAM. Tir @6, cdc gidi phdp ky thudt nham t6i wu héa qud trinh san xudt, cdi thién
dé bén cho san pham WAAM sé dwoc dé xudt. Dé tai nghién ciru nay ¢6 y nghia cdp thiét va thiét
thue doi véi viée phat trién cong nghé in 3D kim logi tién tién WAAM tai Viét Nam. Két qua nghién
civu s€ gép phan iing dung cong nghé 4.0 trong sdan xudt cong nghiép, nang cao nang lwc canh tranh

cua doanh nghiép trong nuoc.
Tir khéa: WAAM; In 3D kim logi; P bén san pham,; Théng s6 in 3D.
ABSTRACT

The project “Investigating the effect of printing layer on WAAM product durability”
was carried out for the purpose of this basic research. The results of the project will make an
important contribution to understanding the mechanisms affecting the printing process on the
material structure and durability of WAAM products. From there, technical solutions to optimize
the production process and improve the durability of WAAM products will be proposed. Thus, this
research topic has urgent and practical significance for the development of advanced metal 3D
printing technology WAAM in Vietnam. Research results will contribute to the application of 4.0

technology in industrial production, improving the competitiveness of domestic enterprises.

Keywords: WAAM; 3D metal printing; Product strength; 3D printing parameters.
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1. GIOI THIEU
1.1. Téng quan
*Trong nwoc:

- Cong nghé in 3D kim loai dang dugc
nghién ctru va tmg dung rong rai trén thé gisi
trong nhitng nim gan day. Tai Viét Nam, cong
ngh¢ nay cling dang dugc quan tam nghién ctru
va ung dung. Cac nhom nghién ctru tai mot sd
truong dai hoc, vién nghién ctru nhu Pai hoc
Bach khoa Ha No¢i, Pai hoc Cong nghé, Vién
K¥ thuat Nhi¢t déi... da va dang thuc hién cac
dé tai, du an nghién ciru vé cong nghé in 3D
kim loai.

- Mot so de tai nghién curu tiéu biéu gan
day co thé ké dén nhu:

« Nghién ctru ché tao két cdu 3D bang
cong nghé ndu chay bot kim loai laser truc tiép
(DMLM) str dung nguyén liéu 1a hop kim nhom
AlSi110Mg, thyc hién bdi nhém nghién ctru Dai
hoc Bach khoa Ha Noi.

* Nghién ctru ung dung cong nghé in
lién két 16p mong kim loai (WAAM) trong ché
tao cac bg phan co khi, thuc hién béi Vién Co
khi.

« Nghién ctru ché tao cac cau truc 6
vuong bang k¥ thuat in 3D kim loai, thyc hi¢n
bao1 nhém nghién ctru Dai hoc Cong nghé.

* Nghién ctru ng dung ky thuét in lién
két 16p mong kim loai (WAAM) trong san xuat
cac bo phan co khi, thyc hién boi Vién Cong
nghé May va Tu dong hoa.

* Nhin chung, cac nghién clru tai Viét
Nam dang tdp trung vao vi¢c irng dung cong

nghé in 3D kim loai, dac biét 1a cong nghé
WAAM dé ché tao cac bd phan, ciu kién co
khi. Mot s6 van dé then chdt dang dugc quan
tam nghién ctru gom t4i wu hoa thong sb in,
nghién ctru vat li€u, cai thién do chinh xéac hinh
dang va co tinh ciia san pham.

*Ngoai nudc:

- Cong ngh¢ WAAM (Wire Arc Additive
Manufacturing) hay con goi 14 in lién két day
kim loai, 1a mdt cong nghé in 3D kim loai st
dung qua trinh han MIG/MAG dé tao ra cac chi
tiét kim loai. Cong nghé nay c6 uu diém 1a toc
d6 nhanh, chi phi thip so vdi cac cong nghé in
kim loai khac.

- Cong nghé WAAM duogc phat trién
tr nhirng nam 1990s véi céc cong trinh nghién
ctru tién phong cua Pai hoc Cranfield (Anh).
Sau d6, cong nghé nay dugc phét trién manh
mé tai cac nudc chau Au nhu Anh, Phap, Duc;
cling nhu mot s6 nudce chau A nhu Trung Qudc,
Nhat Ban, Han Quéc.

- Céc van dé then chdt trong nghién ctiru
WAAM ¢ nudc ngoai tap trung vao:

* Nghién curu vat liéu: str dung cac loai
vat liéu khac nhau nhu thép, hop kim nhom,
titan... trong WAAM.

* T61 wu hoa cac thong so in nhu toc do,
cong suat, vat liéu dau vao... dé cai thién chat
luong san pham.

* Kiém soat nhi¢t va cang gay ra trong
qué trinh in dé gidm bién dang va g suat du.

« Giam thiéu cac khuyét tat trong san
pham WAAM nhu vét nat, 16 khi, két dinh
kém...
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» Tang cuong do chinh xac hinh dang
va kich thudc cua san pham.

« Cai thién co tinh va do bén ctia san pham
WAAM nhu d6 bén kéo, do ciing, d§ bén moi...

« Cac phuong phap nghién ctru chi yéu
bao gom: thi nghiém khao sat cac dic trung co
hoc, phan tich ciu triic vat liéu bang kinh hién
vi, nhidu xa tia X, mo phong 1y thuyét qua trinh
nhiét va tmg suit trong WAAM.

- Mot s6 hudng nghién ciru tiém ning
trong thoi gian t&i 1a t6i uu hoa chi phi san xuit
WAAM, mé rdng ing dung cho cic nganh cong
nghiép hang khong, 6 t6, co khi ché tao... Day
van 1a nhimg thach thirc 16n d6i véi viée tmg
dung rong rai cong nghé WAAM trén thé gioi.

- Nhu vay, nhom nghién ctu da trinh
bay toém tat tinh hinh nghién ciru WAAM tai cac
nudc phat trién trén the gidi lién quan dén dé tai.

1.2. Co s6 Iy thuyét

- Dé tai s& nghién ciru khao sit anh
hudng cua 16p in dén d6 bén co hoc cia san
pham dugc ché tao bang cong nghé¢ WAAM.
Cu thé:

+ Khéo sat anh huong cua chiéu day
16p, huéng in va hinh dang mép 16p dén do bén
kéo, dd bén udn va dé bén moi cua san phém
WAAM. Xac dinh cac thong s6 in ti vu dé dat
dd bén co hoc tot nhit cho san phém WAAM.

11520.2

435 43

HERENRSRERCARHAED

-=-5x+0.25

Hinh la. Hinh mau thiét ké

Hinh 1b. Hinh mdu thuc té
2. MO HINH THU NGHIEM
2.1. Miu ché tao

Bang 1. Céc théng sé ché tao mau

STT I | Offset a \Y D
(A) | (mm)  (mm) | (mm/phit) | (mm)
1 | 120 2 |Thang| 425 16.5
2 | 120 2 |Thang| 425 17
3 /120 2 | Thang| 425 17.5

+ Puong kinh mau: Trong khoang 15
mm dén 20 mm, chon ba kich thudc duong
kinh ndm trong khoang dé han theo Bang 1.

| D=16fs mm [ DE17mm D=7 5mm

o 3o

Hinh 2. Hinh mdu sau khi ché tao

—

Hinh 3. Hinh mdu sau khi ché tao va gia céng tién
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2.2. M6 hinh may han MIG WAAM 4 truc

Hinh 4. M6 hinh may han MIG WAAM 4 truc
(*) Thong s6 may:

* Hanh trinh tryc: 300 x 260 x 250 (mm);
« Cong suét tiéu thu ti da: 1.5 kW;

« Tdc d6 t6i da cac truc: Max 2500 mm/phit;
* B chinh x4ac 1dp lai: < 0.03mm.

2.3. M6 hinh may thir kéo

Hinh 5. May thir kéo Universal Testing machine
WE-1000B

Thong so may:

- Model: WE-1000B;

- S6 Serial: 72106;

- Luc ti da: 1000 kN;

- B0 chinh xac: + 1 %;

- Khong gian thtr kéo: 0-700 mm;
- Khong gian thtr nén: 0-600 mm;
- Ham kep: Béng tay/Thuy luc;

- Ham kep cho mau tron: ®14-45 mm;

- Ham kep cho méu phing: 0-40 mm;

- Truc nén: ®225 mm;

- Hanh trinh piston: 200 mm;

- Puong kinh con 1in uén: ®50 mm;

- Kich thuéc may tinh 16n: 900 x 700 x
2250 mm;

- Kich thudc tit diéu khién: 550 x 500 x
1250 mm;

- Cong suat may: 1.1 kW;

- Trong lugng: 2900 kg.

3. KET QUA THU'C NGHIEM

Hinh 3.2. Biéu d6 gid tri bién D = 17mm

. L

Hinh 3.3. Biéu d6 gid tri bién D = 17.5mm

Qua qué trinh lam thuc nghiém do
cuong do kéo cua ba mau han nhu trén thi
nhom nghién ctru rt ra duge bang thong sd va
biéu do nhu trén Hinh 3.1; 3.2; 3.3 va Bang 2.
Ta thay rang anh huong cia 16p in 1én do bén
ctia san pham 13 c6 thay d6i khi san pham c6
thong s6 han nhiéu hon can tng suat 16n hon
dé bi bién dang gidng v6i mau khac. Hon nita,
diém bén kéo cua san pham co 16p in 16n hon
thi can ung suat va luc kéo dut 16n hon.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 322, thang 11 nim 2024 183
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

Bdng 2. Két qua dat dwoc sau khi thi nghiém kéo

Miu Puong kinh | Tiét dién Luc kéo Giéi han | Lwc kéo dut | Gidi han
(mm/phit) (mm?) chiy (kN) | chiy (Mpa) (kN) dit (Mpa)
1 16.5 226.98 52.82 139.00 69.70 183.40
2 17 230.75 48.46 124.60 49.30 143.40
3 17.5 234.83 43.82 115.30 44.30 116.40
4. KET LUAN qua trinh nhom thuc hién nghién clru nay. Bai

Thong qua qua trinh thyc nghiém va
phan tich két qua thuc nghiém, viéc tang 16p in
lam anh huong dang ké dén kha ning bién dang,
dd climg va cuong do kéo clia mau han WAAM.
Tuy thudc vao yéu cau thuc tién va kha ning
tmg dung cua san phim ma s& st dung mau véi
16p in khéc nhau. Trong céc nganh cong nghlep
nhu ché tao méy, xay dung, va san xut két cau
thép, viéc chon 16p in han phu hop rit quan
trong. Tuy nhién, can cin nhic thém vé cac yéu
td khac nhu loai vat liéu, hinh dang mdi han va
diéu kién thi cong thuc té.

(*) Péng gop ciia tac gia:

- Hinh thanh y tuéng va muc tiéu nghién
ctru: Nguyén Van Minh;

- Thyc hi¢n nghién ctru, thu thap di
liéu, phan tich dir liéu, viét va chinh sta bai
bao: Nguyén Ngoc Duy*, Pham Thanh Phong,
Pham Ngoc Trién.

Loi cam on:
Nhém nghién clru xin cam on Trudng

Pai hoc Su pham K§ thuat Thanh phd H6 Chi
Minh d tai trg kinh phi ciing nhu hd tro trong

bao nay 1a san pham cua dé tai NCKH véi ma
$0: SV2024-255.4

Ngay nhan bai: 03/5/2024
Ngay phan bié¢n: 05/6/2024
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KHAO SAT DO BEN KEO CUA CAC MAU WAAM
VOI CAC CUONG PO DONG PIEN KHAC NHAU

STUDY ON TENSILE STRENGTH OF WAAM SAMPLES
WITH DIFFERENT CURRENT INTENSITIES

Lé Minh Ta*, Nguyén Viét Tuin, Nguyén Viét Hai Dang, Nguyén Hoang Nghia, Lé Ba Tan
Truong Pai hoc Su pham K§ thuat Thanh pho H6 Chi Minh (HCMUTE)

TOM TAT

Bai bdo nghién ciru vé dé bén kéo ciia cdc san pham sir dung cong nghé WAAM véi cdc
théng s6: toc dp han, khodng cdch giita cac dwong han, goc xodn la giong nhau, chi cwong d dong
dién khac nhau lan lwot la 1104, 1204 va 130A khi han dép 1én cdc vong long dén sdt. Két qud phdn
tich d¢ bén kéo cho thdy: Khi han véi cuong dé dong dién Mid (1204) cho ra san pham c¢é dg bén
kéo cao hon so voi cac gia tri cwong do dong dién Min (1104) va Max (130A4).

Tir khéa: DS bén san phcfm; WAAM; In 3D kim logi; Cuong do dong dién.
ABSTRACT

This paper investigates the tensile strength of products using WAAM technology with
parameters such as welding speed, distance between weld paths, and twist angle kept constant, but
with different current intensities of 1104, 1204, and 1304 applied while welding on iron washer
rings. The tensile strength analysis results indicate that welding with a medium current intensity
(1204) produces products with higher tensile strength compared to those welded with the minimum
(1104) and maximum (130A) current intensities.

Keywords: Product strength; WAAM,; 3D metal printing; Amperage.
1. GIOI THIEU nay st dung mot dau phun hd quang dién dé
nau chay day kim loai va ling dong né theo 16p
dé tao ra céac chi tiét kim loai phuc tap. O Viét
Nam, nghién ctru vé cong nghé WAAM van

1.1. Tong quan

* Trong nudc:

Trong nhiing nim gan day, cong nghé
in 3D kim loai da thu hut sy quan tdm ngay
cang tang, dac biét 1a trong linh vuc san XUAL.
Mot trong nhitng phuong phéap in 3D kim loai
tién tién nhat hién nay 1 cong nghé ling dong
hd quang kim loai diy (WAAM). Phuong phéap

con kha han ché. Mot s6 nhém nghién ctru da
budc dau khao sat ing dung ciia cong nghé nay,
tap trung vao viéc tdi uwu hoa cc thong sb qua
trinh dé cai thién chat luong in 3D. Tuy nhién,
céc nghién ctru vé tinh chét co hoc cia cac chi
tiét WAAM van con han ché. Dic biét, nghién
ctru vé anh huong cta cuong 6 dong dién han
dén do bén kéo clia cac mdu WAAM con moi.
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Vi viy, dé tai "Khao sat d6 bén kéo cua cac
mau WAAM véi cac cudng do dong dién khac
nhau" c6 y nghia quan trong trong viéc danh
gi4 chi tiét cac tinh chét co hoc then chét cia
cac chi tiét WAAM, dong thoi cung cap dit liéu
thuc nghiém hiru ich cho cac nha nghién ctru va
san Xuat.

* Ngoai nuéc:

Cong ngh¢ WAAM dang thu hut nhiéu
su quan tAm cua cac nha nghién ctru trén thé
gidi do tiém nang ung dung cao trong linh vuc
san xuat. Mot sd trung tAm nghién ctru hang
dau thé gioi nhu Pai hoc Cranfield (Anh),
Vién Cong nghé Lién bang Thuy Si, Pai hoc
Sheffield (Anh) dd va dang tién hanh cac
nghién ctru sau vé cong nghé nay. Cac nghién
clru gan day tap trung vao viéc cai thién tinh
chat co hoc ctia cac chi tiét WAAM théng qua
t6i uu hoa cac théng sd qua trinh. Trong do,
anh huong cia cuong do dong dién han dén
do bén kéo 1a mot trong nhiing van dé dugc
quan tam. Mot s két qua nghién ctru chinh:
Nhém cua Tang (Trung Quéc, 2019) [1] khao
sat 6 muc cuong do dong khac nhau tur 100-
160A trén thép khong gi 316L. Két qua cho
thiy cuong d6 dong 130-140A mang lai d6 bén
kéo cao nhit (550-570 MPa). Williams (Anh,
2020) [2] nghién ctru anh hudng ctuia dong 110-
150A 1én hop kim nhom 6061. Cuong do kéo
t6i wu dat & 130A (330 MPa). Nhém cua Ding
(Trung Qudc, 2021) [3] khao sat cuong do 120-
180A trén thép khong gi 316L. Két qua cho
thdy 160A thich hop nhét, dat d6 bén 550MPa.
Nhin chung, hau hét cac nghién ctru déu chi ra
réng viéc lya chon cuong do dong phu hop co
tac dong dang ké dén d6 bén kéo clia cac mau
WAAM. Tuy nhién, cudng d6 dong tdi wu phu
thudc vao nhiéu yéu té nhu loai kim loai, thong
s6 han khac, v.v. Do d6, viéc khao sat cu thé
cho tirng loai vat liéu 13 can thiét.

1.2. Co sé ly thuyét

Dé tai nghién ctru vé su anh hudng ctia
cuong do dong dién dén chéat luong san pham
dang truc, khi sir dung phuong phap WAAM.
St dung nguyén 1y cta qua trinh han hd quang,
trong d6 mdt dong dién duogc su dung dé tao
ra cam bién han giita ddy han va bé mat lam
viéc kim loai. WAAM st dung thiét bi han tiéu
chuan sén cé: nguén dién han, moé han va hé
thong cap day. Chuyén dong c6 thé dugc cung
cAp bang hé thong canh tay robot (hinh 1A)
hodc hé thong may CNC (hinh 1B). WAAM
loai bo cac budc ché tao truyén théng bang
cach xay dung san pham tir dit liéu k¥ thuat sd,
gilip tao ra san pham c6 hinh dang phirc tap ma
khong can khudn mau hay cong cu dic biét.

Hinh A

Hinh 1. Hé thong canh tay robot va Hé thong CNC

Uu diém cua phuong phap gia cong nay
1a: san xuét v6i te do nhanh vi ty 18 ling dong
WAAM dua trén GMAW cao hon 2-3 lan so
voi cac ky thuat dua trén GTAW hoac PAW,
tinh tuy chinh cao, tiét ki€ém nguyén vat li€u,
tiét kiém chi phi, ddc biét 13 c6 thé tao ra cac
san pham c6 kich thudc 16n v6i hinh dang phirc
tap. Tuy nhién, WAAM dya trén GMAW kém
6n dinh hon va tao ra nhiéu tia lira han va khoéi
han hon do dong dién duoc cap truc tiép vao
nguyén liéu tho.
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So véi cac cong ngh¢ in 3D kim loai
khac (str dung vat liéu bdt kim loai) thi cong
nghé¢ WAAM 1a phi hop nhét véi diéu kién
hién tai trong nudc, khong chi vé chi phi dau tu
ma con vé mién tng dung, cling nhu nén tang
kién thirc cong nghé han di duoc nghién ctru
va ung dung rong rai tai Viét Nam. Cong nghé
WAAM c6 thé dap tmg dugc ngay cac nhu cau
trong céng nghiép co khi trong nudc. Cu thé,
nhiéu chi tiét quan trong trong hé thong co khi,
may moc co thé stra chira, phuc hdi, hodc ché
tao méi dé thay thé bang cong nghé¢ WAAM.

2. MUC TIEU

Muc tiéu chinh cua dé tai 1a khao sat
sy anh huong cia cuong d6 dong dién han dén
d6 bén kéo cua cac mau in 3D bang cong nghé
WAAM. Cac muc tiéu cu thé bao gdm:

- Str dung céng nghé WAAM dé in céc
mau thir nghiém véi cac cuong do dong dién
khac nhau;

- Tién hanh céac thi nghiém kéo dé xac
dinh d0 bén kéo va dd dan dai cua cac mau thu
v6i cac cuong do dong dién khac nhau.

3. PHUONG PHAP

Phan nay cung cap thong tin vé tiéu
chuan TCVN-5400 dé xac dinh d6 bén kéo cua
mau WAAM 3D dang truc. Ngoai ra, cung cap
vé quy trinh san xuat mau, cac thong sb thiét ké
va may thu nghiém.

Trong phuong phap han bdi dip, toc do
ra day c6 anh hudng 16n dén chét luong va do
bén ciia san pham. Toc do ra day duoc kiém
soat tryc tiép trén bang diéu khién ctia may han.
Khi téc d6 ra day qué thap s& ddn dén mdi han
nhé cao, hep, doi khi khong c6 su hoa quyén

gitta bién mdi han va vat han. Nhu hinh dudi
day:

Hinh 2. Duong han nhé du cao, dep

4. THIET KE MAU

1]
17205 ! i @220
L} + — 1

b—q44—<L 312 L 444 -

- 120 -

Hinh 3. Mdu kéo tiéu chudn TCVN-5400

5. SAN XUAT MAU THU

SPECIMEN
PARAMETER - -
Min | Mid | Max
I1(A) 110 | 120 | 130
Offset 2 2 2
V (mm/phut) 425 | 425 | 425
Goc xodn (do) 180 | 180 | 180
Puong kinh long dén (mm) | 17 | 17 | 17

Véi cac thong sb quy trinh di chon,
mau thir nghiém duoc chuan bi thong qua bon
budc duogc liét ké dudi day:

1) M6 hinh ba chiéu (3D) ctua miu
thtr duoc chuan bi thong qua phan mém thiét
ké SolidWorks 2020, sau d6 tao ban v& 2D dé
thuan tién cho viéc chuan bi phdi nham xac
dinh phuong phép in phu hop.

2) Tao chuong trinh G-code va tién
hanh nhap vao may CNC, nham thiét 1ap hinh
dang chi ti€t can san xuat vao may.
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3) Mau dugc tao ra sau khi diéu chinh
thiét 1ap may.

4) Mau duoc lay ra khoi may sau khi
thuc hién hoan tat chuong trinh gia cong va tién
hanh loai bé cac vat liu con thira.

Hinh 4. Mau kéo trude va sau khi gia cong xong
6. KIEM NGHIEM VA BAO CAO

Sau khi qué trinh san xuidt mau hoan
tat, thir nghiém do bén kéo duoc thuc hién dé
tim d6 bén kéo va do bién dang cua mau. May
kéo van ning WA-1000B dugc sir dung dé thu
nghiém.

Hinh 5. Ga dat dé kiém tra dé bén kéo ciia mau

7.XU LY SO LIEU

Hinh 6. Két qua thir nghiém kéo mau cuong dé
dong dién 1104

Hinh 7. Két qua thir nghiém kéo mau cuong do
dong dién 1204

Hinh 8. Két qua thir nghiém kéo mau cieong do
dong dién 1304

Do bén kéo (MPa)

210

200
190
180 . I
170
Min

Mid Max

Hinh 9. Biéu dé thé hién dé bén kéo ciia mau thir

Qua két qua thi nghiém, ta co thé thiy
cudng d6 dong dién c6 anh hudng dén tinh chét
co hoc cua san phém vOi cac mau thir dugc
han tir ngudn dién co cuong do dong dién cua
ba mau Min, Mid, Max tht ti 1 186.398 (A),
206.117 (A), 202.329 (A). Mau kéo Mid duoc
han tir cudng do dong dién 120A c6 do bén
t6t nhat va mau kéo Min duoc han tir cudong
d6 dong dién 110A c6 d6 bén kém nhat trong
ba mau > Cuong do dong dién thap hon mirc
trung binh c6 thé cho ra san pham c6 do bén
kém hon. C6 thé noi, anh huong cua cudng do
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dong dién khi han c6 anh hudng dén chét luong
san pham. Dic biét, khi giam cuong d6 dong
dién, do nga‘iu ctia mdi han s& kém hon so viée
su dung cuong dé dong dién cao trong pham vi
kha thi. Tuy nhién, cuong d¢ dong dién ¢ muc
trung binh ¢6 thé ldy lam tiéu chuan khi mang
lai san phém c6 d6 bén tot nhat.

8. KET LUAN

Thong qua qua trinh thyc nghiém va
phan tich Kkét qua thuc nghiém, viéc thay doi
cuong do dong dién c6 anh hudng dén chit
lwong mbi han, d6 ngau giira cac mbi han, cdu
trac vi mo va tinh chét co hoc ciia san phdm
dang truc. Cuong d¢ thich hop s€ tao ra mot
mdi han c6 do cing va do bén cao hon, trong
khi mot mdi han c6 cuong do dong dién qua
thip hodc qua cao s& khién cho méi han c6 chit
lugng kém. Viéc lga chon tde do ra day phu
hop sé& gitip cho san phim duoc tao ra ¢ chit
lugng.

(*) Dong gop cua tac gia:

- Hinh thanh y tuong va muc tiéu nghién
cuu: Lé Ba Tan;

- Thyc hi¢n nghién ctru, thu thap du
li¢u, phan tich dir li€u, viét va chinh stra bai
bao: Lé Minh Tu, Nguyen Viét Tuan, Nguyén
Viét Hai Bang, Nguyen Hoang Nghia.

Loi cam on:

Nhoém nghién ctru xin cam on Truong
Pai hoc Su pham K¥ thuat Thanh phé HO Chi
Minh d3 tai trg kinh phi ciing nhu hd trg trong
qua trinh nhom thyuc hién nghién clru nay. Bai
bao nay 1 san pham cua dé tai NCKH véi ma
s6: SV2024-253.%
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THU'C NGHIEM CHE TAO SAN PHAM DANG TRUC BANG CONG
NGHE WAAM VOI CAC TOC PO DAY KHAC NHAU

EXPERIMENTAL STUDY ON FABRICATION OF CYLINDRICAL PRODUCTS
USING WAAM WITH DIFFERENT WIRE SPEEDS

Nguyén Vin Vién*, Tran Chi Bao, Trwong Vin Thanh,
Nguyén Thanh Nam, Tran Minh Thé Uyén
Trudng Pai hoc Su pham K5 thuat Thanh phd HS Chi Minh (HCMUTE)

TOM TAT

K thudt san xudt han ddp dwoe quan tam rat nhiéu trong céng nghiép boi kha nang ché tao
nhitng chi tiét kim logi 6n véi chi phi thap va thoi gian ngdn. Pady la cong nghé twong dong véi
cac cong nghé in 3D kim logi dua trén bot kim loai, diém khdc biét & day la cac cong nghé in khac
ding chiim tia e hodc laser lam nguén ndng lrong dé néng chdy bot hodc day kim logi thi WAAM
lam chay ddy kim logi bang hé quang dién. Hién c¢é nhiéu cong trinh nghién ciru xem xét danh gid
co tinh cia vit liéu sau khi han ddp cho thdy hop kim titan sau gia cong cé thé so sanh dwoc véi
vit diic hodc rén. WAAM hai déy cé khd ndng ché tao hop kim intermetallic va cho thdy cong nghé
day tiém ndng trong twong lai thay thé hodn toan cho cdc phwong phdp gia cong truyén thong khdc.
Giong nhw EBAM va DED, cdc cong nghé WAAM tao ra san pham gan voi thiét ké nhat, sau dé két
hop gia cong CNC d@é dat yéu cau vé chat lwong bé mdt va kich thuede hinh hoc (ciing c6 thé hiéu
la phwong phdp tao phéi van nang), diéu dé cho phép giam thoi gian gia céng, tiét kiém vt liéu va
ndng cao ndng sudt.

T khéa: Cong nghé WAAM; In 3D; Téc dé in 3D; D¢ bén.

ABSTRACT

Wire and Arc Additive Manufacturing (WAAM) is a promising additive manufacturing (AM)
technique for fabricating large metal parts at low cost and short lead times. It is similar to powder-
based metal AM technologies, but instead of using an electron beam or laser as the energy source
to melt the powder or metal wire, WAAM uses an electric arc. Several studies have investigated
the mechanical properties of WAAM-deposited materials, and have shown that titanium alloys
can achieve properties comparable to those of cast or wrought materials. Dual-wire WAAM has
the potential to fabricate intermetallic alloys, and has shown promise as a future replacement for
traditional machining methods. Like Electron Beam Additive Manufacturing (EBAM) and Directed
Energy Deposition (DED), WAAM produces near-net-shape parts that can then be machined
with CNC to achieve the desired surface quality and geometric dimensions (which can also be
understood as a universal preform method). This can reduce machining time, save material, and
improve productivity.

Keywords: WAAM technology,; 3D printing, Printing speed, Product strength.
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1. GIOI THIEU

Trong nhimg nim gan day, cong ngh¢
san xuat boi ddp kim loai (WAAM) di thu hut
su quan tAm dang ké cuia cac nha khoa hoc va
k¥ su tai Viét Nam. WAAM str dung nang luong
tap trung nhu laser hodc voi plasma dé ndu chay
kim loai dang day hay bdt va tao ra cac chi tiét
kim loai theo 16p. So véi cac phuong phap san
xut truyén thong, WAAM c6 vu diém 1a téc do
nhanh, chi phi thap, kha nang tu dong héa cao
va it lang phi vat liéu.

Mot s6 cong trinh nghién ctru tiéu biéu
vé WAAM: Nhom nghién ctru tai Pai hoc Bach
khoa Ha Noi dd phat trién thanh cong quy
trinh in 3D boi ddp kim loai bang cong nghé
WAAM st dung voi plasma va day nhom lam
nguyén liéu. Cac mau in di dat do chinh xac
cao [1]. Pai hoc Bach khoa Ha Noi da nghién
ctru anh hudng cua cac thong sd qua trinh dén
chat lugng mbi han trong WAAM. Két qua cho
thdy toc d6 day 1a yéu t6 then chét anh huong
dén cdu trac va co tinh cta vat liéu [2]. Nhém
nghién ctru cua Vién Khoa hoc Vit liéu da ché
tao thanh cong cac chi tiét kim loai phuc tap
bang thép khong gi sir dung cong nghé WAAM.
Céc thong sd qua trinh da duoc toi uu hoa dé
dat do chinh xac cao. Cong nghé WAAM ra doi
tir nhitng nam 1990 va dén nay da c6 nhiéu tién
bd déng ké. Cac nha nghién ctru hang dau trén
thé giéi déu quan tam dén viéc phat trién cong
nghé nay. Cranfield University (Anh) la mot
trong nhirg trung tim nghién ctru hang dau
vé WAAM. Nhom nghién ctru ctia GS. Stewart
Williams tai day da phat trién cac quy trinh in
3D cho nhiéu loai kim loai nhu thép khong gi,
titan, hop kim nhom, niken. Ho cling nghién
ctru cai tién cac thudc tinh co hoc cua vat liéu
sau in bang phuong phap xir 1y nhiét [3].

Tai Dai hoc Sheffield (Anh), GS.

Moataz Attallah da tién phong trong viéc sur
dung cong nghé WAAM dé san xuét cac chi
tiét 16n va phtc tap nhu canh tua bin gi6, than
may bay. Ong ciing nghién ctru cach tbi wu hoa
cac thong sb qua trinh dé nang cao ning suit
va chét lugng in 3D [4]. Cac nha nghién ciru
Trung Qudc ciing rat chi trong dén WAAM.
Vién Han va Gia cong Kim loai Trung Qudc
da phat trién thanh cong quy trinh in 3D cho
cac hop kim nhom phuc tap nhu Al-Cu-Mg, Al-
Zn-Mg. Ho ciing tap trung vao tng dung cong
nghé nay trong linh vyc hang khong vii tru [5].
Nhin chung, xu huéng nghién ctru WAAM trén
thé gidi 1a mo rong pham vi vat liéu c6 thé sir
dung, nang cao ning suit va chat luong in 3D,
g dung san xuét cac chi tiét 1on phic tap cho
cac nganh cong nghiép. Cac thong sé qua trinh
nhu téc d6 ddy, cong suat laser van dong vai trd
then chdt va cn duoc tdi wu hoa.

Wire Arc Additive Manufacturing
(WAAM) 1a mdt cong nghé in 3D kim loai tién
tién, két hop phuong phap han hdé quang va
san xuat boi dép dé tao ra cac chi tiét kim loai
16n va phtrc tap. WAAM duoc biét dén véi kha
ning ché tao nhanh chéng va hiéu qua cac san
pham c6 kich thudc 16n, gitp tdi wu hoa chi phi
va thoi gian san xuat. Cac tinh chat cua cac bd
phan do san xuit bi anh huong dang ké boi cac
thong sb xtr ly. Cac thong sé xir Iy ndy c¢6 nhirng
wu diém mau thudn can dugc diéu tra. Bai bao
nay diéu tra anh huéng cua téc do ra day cua
may han dén tinh chat kéo cua cac thanh phan
dugc san xuét bang ky thudit WAAM. Nghién
ctru dugc thyc hién trén thép cacbon, béng cach
sir dung thiét ké giai thira ddy du ciia thi nghiém
dé phén tich anh huong cua toc do ra day dén
tinh chit kéo ctia mo hinh. Ddi véi cude diéu
tra, ba két qua — do bén, gidi han chay, 46 déo —
duogc xem xét. TUr cude diéu tra, nguoi ta quan
sat thay rang, toc do ra day c6 anh huong dén
tinh chét kéo cia md hinh.
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2. PHUONG PHAP

Phan nay cung cdp thong tin vé tiéu
chuan TCVN-5400 dé x4c dinh d6 bén kéo ctia
mau WAAM 3D dang truc. Ngoai ra, cung cap
vé quy trinh san xuat mau, cac thong sb thiét ké
va may thir nghiém.

Trong phuong phap han bdi dap, toc do
ra ddy c¢6 anh hudng 16n dén chét lugng va do
bén cta san pham. Téc d6 ra day duogc kiém
sodt truc tiép trén bang diéu khién ctia may han.
Khi toc d6 ra diy qua thap s& ddn dén mbi han
nho cao, hep, doi khi khong co sy hoa quyén
gitra bién mdi han va vat han, nhu hinh duéi
day:

Hinh 1. Duong han nhé cao, hep

3. THIET KE MAU
/ Ra 128
=
&/ f\"'r
| /
[ o =l /
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HE |
— pu——
1
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L M4 32 M|

Hinh 2. Mau kéo tiéu chuan TCVN-5400

4. SAN XUAT MAU THU

Bang 1. Théng s6 ciia mdu thir

SPECMENT
PARAMETER
A | B C
1(A) 115 | 115 | 115
Offset 225 | 225 | 225
% 450 | 450 | 450
Goc xoén (do) 180 | 180 | 180
Ty 18 16p dép (%) 70 70 70
o 4 7 10
Toc do ra diy (Min) | (Mid) | (Max)

Vé6i cac théng sb quy trinh dd chon,
mau thtr nghi¢m dugc chuan bi thong qua bon
budc duoc liét ké duoi day:

1) M6 hinh ba chiéu (3D) cta mau thir
dugc chuan bj thong qua phan mém thiét ké
Inventor 2025, nham xac dinh phuong phap in
phu hop.

2) Tao chuong trinh G-code va tién
hanh nhdp vao may CNC, nham thiét 1ap hinh
dang chi ti€t can san xuat vao may.

3) Mau duoc tao ra sau khi diéu chinh
thiét 1ap may.

4) Mau duoc ldy ra khoi may sau khi
thuc hién hoan tat chuong trinh gia cong va tién
hanh loai bo cac vat liéu con thtra.

110

Hinh 3. Mdu kéo sau khi gia cong xong
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5. KIEM NGHIEM VA BAO CAO 6. XU LY SO LIEU
Sau khi qud trinh san xuat mau hoan Max-stress average (MPa)
tat, thir nghiém do bén kéo duoc thyuc hién dé 480

tim do bén kéo va do bién dang cua mau. May
kéo van nang WA-1000B dugc st dung dé thu
nghiém.

Min Mid Max

58888

W oW w

Hinh 6. Biéu dé thé hién dé bén kéo ciia mau thir

Trong mot biéu d6 kéo, o bén kéo dut

14 chi s6 khong thé thiéu. Vi cac mau thi ¢6
toc do ra day lan lugt 12 Min, Mid, Max thi co

d6 bén kéo twong g 12 381.5 Mpa, 457.1 Mpa,

436.3 Mpa. Day 1a chi s6 vo cling quan trong,

vi n6 biéu thi cho cuong do cang t6i da ma vat

liéu co thé chiu duogc trude khi bi dut giy. Do

bén kéo dut phu thudc chi yéu vao thanh phan

hoéa hoc, qué trinh san Xuét va xu 1y nhiét cua

vat liéu.
Hinh 4. Kiém tra dé bén kéo ciia mau
Upper yield (KN)

350

340

330

320

310

300 .

250

Min Mid Max

Hinh 7. Biéu d6 thé hién dg bén chay ciia mau thir

Ta thay lan luot cac mau thir c6 toe do
ra day lan lugt 1a Min, Mid, Max, ¢6 gidi han
chay lan luot & mic 309.4Mpa, 346.7Mpa,
337.8Mpa. Day 1a mot chi sd quan trong dé
danh gia tinh chit co hoc cua vat liéu, 1a noi
ma vat liéu bat dau chay va bién dang vinh vién
dudi tac dong cua tai trong. Trong thuc té, cac
nha thiét ké st dung chi s6 nay dé lya chon vat

Hinh 5. Cac két qud ciia qud trinh thir nghiém liéu phi hop voi nhu clu tai trong can ding. %
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Percentage total extension after fracture (%)

Mid Max

Hinh 8. Biéu do thé hién dé dén dai cia chi tiét

Diay dan hoi 1a chi sé kha dugc chi v,
cac mau thir ¢ toc do ra day lan luot 1a Min,
Mid, Max tuong mg voi diy dan hoi 41.5%,
51%, 48%. Pay la phan cua biéu dd kéo bén
ma vat liéu van c6 thé phuc hdi vé trang thai
ban dau ma khong gy ra bién dang vinh vién
sau khi ap luc bi loai bo. Nhin chung ta co6 thé
thiy, tc do ra day c6 anh huong 16n truc tiép
dén tinh chét co hoc ctia san pham.

Tdc d6 ra diy cao: Dan dén luong kim
loai bd sung nhiéu hon, tao ra bé han 16n hon
va moi han c6 thé day hon. Tuy nhién, néu qua
cao, co thé gay ra hién tuong tich tu qua nhidu
kim loai, din dén cac khuyét tat nhu bot khi
hodc cac vét nirt.

Tdc d6 ra day thap: Luong kim loai bd
sung it hon, bé han nho hon va mbi han co thé
mong hon. Néu qua thap, c6 thé dan dén mdi
han khong di kim loai, gay ra cac van dé vé do
bén va két cau.

7. KET LUAN

Thong qua qua trinh thyc nghiém va
phan tich két qua thuc nghiém, viéc thay doi
toc d6 ra day lam anh huong dang ké dén chat
lwong mdi han, kha nang két dinh gitra cac 16p
pht, ciu tric vi mé va tinh chét co hoc cua san
phém dang truc. Tbc do ra day thich hop s€ tao

ra mot mdi han c6 do cung va do bén cao hon,
trong khi mot mdi han co6 téc do ra diy qua
thip hodc qua cao s& khién cho mbi han c6 chit
lugng kém. Viéc lya chon tde do ra day phu
hop sé& gitp cho san phdm dugc tao ra c6 chat
lugng.

(*) Péng gop cua tac gia:

- Hinh thanh y tuong va muc tiéu nghién
ctru: Tran Minh Thé Uyén;

- Thuc hién nghién ctru, thu thap dir
lidu, phan tich dir liéu, viét va chinh sira bai
bao: Nguyén Vin Vién, Tran Chi Bao, Truong
Vin Thanh va Nguyén Thanh Nam.

Loi cam on:

Nhoém nghién ctru xin cam on Truong
Pai hoc Su pham K¥ thuat Thanh phé HO Chi
Minh d3 tai trg kinh phi ciing nhu hd trg trong
qua trinh nhom thyuc hi¢n nghién clru nay. Bai
bao nay 1 san pham cua dé tai NCKH véi ma
s6: SV2024 — 266.
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Ngay phan bi¢n: 09/6/2024
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GIO'I THIEU MOT SO TiNH CHAT CO’ LY CUA SOl TRE

A REVIEW ON MECHANICAL PROPERTIES OF BAMBOO FIBER

TS. Hoang Van Thanh
Truong Dai hoc Hang hai Viét Nam

TOM TAT

Cay tre kha phé bién & Viét Nam va cdc nwde nhiét déi, né da duoc siv dung lam vat liéu xdy
dung va co khi tir ldu doi. Viéc nghién ciru tinh chdt co hoc ciia tre rat can thiét dic biét xem xét sy
phite hop cia co s polyme véi soi tiw nhién (Tre) thay thé vit liéu tw nhién diwa trén tiém ndang tinh
chdt lam vat liéu cé dinh trong vit liéu tong hop polyme. Bai bdo ndy gidi thiéu tinh chdt co ban
ciia tre trén quan diém la vt liéu polyme composite. N6 néu bét cong viéc triede ddy da dwege thie
hién trong linh vuec soi tre dinh nghia ciia o gang tong hop vt liéu. Viéc nghién ciu tdi liéu nay sé
la nguon tai liéu tot cho cdc nha khoa hoc, kj sie va nhitng ngwoi quan tam nghién ciru vé sir dung

tre trong linh viuec ky thudt.
Tw khéa: Tre; Vit licu composite; Tinh chdt co hoc.
ABSTRACT

Bamboo is quite popular in Vietnam and tropical countries, it has been used as a
construction and mechanical material for a long time. The study of the mechanical properties of
bamboo is essential, especially considering the complexation of the polymer base with natural
fibers (Bamboo) to replace natural materials based on the potential of immobilizing properties in
the material polymer synthesis. This article introduces the basic properties of bamboo from the
perspective of a polymer composite material. It highlights previous work that has been done in the
field of bamboo fiber by attempting to synthesize the material. Studying this document will be a

good resource for scientists, engineers and those interested in researching the use of bamboo in the

field of engineering.
Keywords: Bamboo, Composite materials; Mechanical properties.
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1.GIOITHIEUVEVATLIEUCOMPOSITE

Tre 1a mét dang vat li¢u composite gém
mot pha la soi tre, mot pha la chit nén. Hai
vat liéu nay két hop v6i nhau tao ra vat li¢u
composite c¢6 tinh chat cao hon hin so véi ban
than cac vat li¢u riéng 1 [1].

Tre 1a dang vat li¢u ty nhién c6 mdt tac
dung rat 16m 13 vat liéu than thién méi truong.
Tre c6 thé thay thé cac vat liéu béng nhua, tre
khong chi thay thé nhya véi tinh chét co, 1y
gan tuong dwong va giam chi phi cho san phim
cudi cung. Vi ly do do, vat liéu tong hop tir soi
tu nhién nhu tre dugc st dung lam vat liéu gidi
phap thay thé dang dugc chap nhan rong rai.
Diéu nay 1a do polyme vat liéu tong hop duoc
gia c6 bing soi tu nhién mang lai mot giai phap
thay thé kha thi ma ching c6 thé gbp phan vao
kha ning ton tai ctia cac san pham khéac nhau.

Vat liéu téng hop tir soi tre co thé bd
sung va cudi cuing s& thay thé vat liéu composite
géc dau mo vat liéu trong mot sb ung dung, va
do d6 cung cap nong nghiép, moi trudng, san
xudt va loi ich cia nguoi tiéu dung [1-4]. Nhin
chung, tiém nang dé vat liéu composite tre co
tac dong tich cyc 1én vat li¢u vi tinh chét co
1y 1a rat 16n. Trong van dé nay 1y do, vat liéu
composite dua trén cac ngudn tai nguyén tai tao
c6 thé dan dén cac thanh phan chi phi thip va
kha thi lya chon thay thé cho vat liéu polymer
cho cac img dung san pham. Sy sin c6 cla cac
thanh phan composite chi phi thip dwa trén cac
ngudn tai nguyén tai tao ciing s& don gian hon
trong thoi gian vong doi. Ngoai ra, cic Gng
dung ky thuat cho tre 1a khu vuc co trién vong
phat trién va tién ich cua tre khién no tré thanh
mot lya chon kha thi dé tao viéc lam va phat
trién nong thon.

Bai bao nay tong quan vé tinh chét

co 1y cua tre trén quan diém vat liéu polymer
composite. Viéc xem xét nghién ctru vé soi tre,
mg x1r va tinh chat co hoc ctia ching s& duogc
thao ludn trong cac phan dudi dy cua bai bao.
Dé hiéu tdt hon vé& cach chit xo tu nhién co
thé dong gop vao cac dang san pham composite
khac nhau sé dugc tao ra, nghién clru nay sur
dung tre tron voi polyme dé cai thién su lién két
gitra soi va vat li¢u nén.

2. PAC TRUNG CAU TAO CUA CAY TRE

Cay tre 1a loai co khong 16, phat trién
nhanh, c6 than gd. Pic diém ctua mdi loai khac
nhau kich thudc, théi quen sinh trudng, kha
nang chiu néng, nhu cau d6 4m cua dat va kha
nang chiu nhiét 4o nong/lanh.

Mot s6 nha khoa hoc da nghién cuu tre
nhu mot nguén soi libe va mot nguff)n cellulose
tir qua trinh nghién tre [5, 6]. Mot trong nhirng
lgi ich khi st dung soi tre 1a tre 1a nguén tai
nguyén thién nhién doi dao & chau A, Trung
My va Nam My.

Soi tre ty nhién c6 cdu trac phirc tap
1a lignocellulose bao gdm céc vi soi cellulose
duoc qur?in xodn 6c¢ trong mdt ma tran v dinh
hinh gém lignin va hemiaellulose nhu mo ta
trong tai liéu chuyén khao cua Kelly [7].

Hinh 1. Soi tre
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Hién c6 mot s6 phuong phap hoa hoc
c6 thé cai thién d6 bam dinh gitra cac soi va
nén. Cac nghién ciru bién d6i bé mat vat 1y va
héa hoc trén nhiéu loai soi tu nhién da duoc
danh cho viéc tim hiéu va ting cudng do
bén bé mat gitta soi tu nhién va nén polyme,
chang han nhu: Soi xo dira dugc xir 1y bang
kiém (lam bong) va ty tring [8], chat lién két
y-aminopropyltrimethoxysilane (y-APS) [9],
axit benzoic va natri hydroxit [10],...

3. MOT SO TINH CHAT CO HQC CUA
SQI TRE

3.1. Tinh dan hdi

Theo Sameen Rugia Imadi va cong su
[1] d6 dan hoi cua than tre duoc quan sat thdy
tang theo tudi. DO dan hoi cua than tre ti 18
thuan véi trong luc riéng. Khi 16p tre bén ngoai
bi loai bo, trong luc dac bi¢t giam Xuéng va do
d6 d6 dan hoi giam. C6 su giam dang ké mé-
dun dan hoi gitra cac duong cong doc va ngang.
Yu va cong sy [11] di thuc nghiém do dac tri s6
mo-dun dan hdi theo hudng doc 14 16,1 GPa va
mo-dun dan hoi theo hudng ngang trong thanh
té bao 14 5,91 GPa.

3.2. Kha niing chiu uon

Yao va Li 2003 [12] da nghién cuu dac
trung chiu udn cua tdm sandwich vira gia ¢
bang soi tre, két qua cho thiy cac tam duoc gia
cd b?mg soi tre 6 d6 bén udn 1én téi 90 MPa. B
bén udn clia soi tre cho thay sy gia tang dang ké
khi bd sung amino propyl trimethoxysilane va
tetramethoxy ortho-silicate sau khi xir Iy bang
kiém [13]. Dieu va cong su [14] d4 nghién ctru
thuc nghiém so1 tre thuy tinh composite tron
theo ty 18 tre va thay tinh 1a 1:4 cho thay d6 bén
uén la 140 MPa.

3.3. Cudng do cua sgi tre

Soi tre thuong dugc goi 1a soi tu nhién,
s¢i thuy tinh do c6 do bén cao so véi trong
lugng cua nod, xuat phat tir cac soi duge sap xép
theo chiéu doc trong than cay tre [15]. Theo
Thwe va cong su [16], 6 bén kéo cia soi tre
tuong ddi cao va co thé dat toi 370 MPa. Piéu
nay lam cho tre tr¢ thanh mot lya chon thay thé
cho thép trong nhitng c4u kién chiu kéo. Bang 1
cho théy su so sanh vé ham luong so¢i tu nhién
va cac tinh chét co 1y ctia chiing.

Bang 1. So sanh tinh chdt cia mot s6 soi tw nhién [17]

Sei tu nhién Ceg,zl)" ¢ | Lignin (%) Pe';f,z,s)a“s Ash (%) C‘("ﬁ'l‘)ga;m ?g;tmi‘;
Kenaf 44-57 15-19 22-23 2-5 930 1.45
Banana 65 5 - - 500 1.35
Palm Oil 65 19 - - 200-250 1.45
Rise husk 35 20 . 17 ? ?
Sugarcane 55 15 25 - 290 1.25
Bamboo 26-43 21-31 15-26 1.7-5 140-230 0.6-1.1
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Soi tre dugc chiét xudt bang phuong
phap n6 hoi c¢6 do bén dic thu rat cao. Theo
Okubo va cong su [15], do bén cu thé cua soi
tre nd bang hoi nudc twong dwong voi soi thuy
tinh thong thuong. Cuong do riéng cua soi tre
cao hon nhua, khién chung tré thanh sy lua
chon rét tot dé ché bién nhiéu chat bao gom
ca dd noi that [18]. Cuong do riéng cua sgi tre
khi so sanh véi cuong do riéng cua thép nhe
cao gap 3-4 1an. Vat liéu composite nhwa gia ¢
bang soi tre co do bén dic biét rat cao [19].

4. KET LUAN

Bai bao da trinh bay tom tit vé mot s6
tinh chét co ban sgi tre va tre — mot dang vat
liéu composite Kkét hop soi tre va vat liéu nén.
Soi tre 1a mot loai sgi ¢ nhiéu tac dung dé st
dung cho nhiéu linh vuc. N6 1a mot vat liéu dét
c¢6 kha ning phan huy sinh hoc, khong hap thu
tia cuc tim va tia hong ngoai. Pé thuong mai
hoa tre san pham duya trén nhiéu nghién ctru va
kién thirc 13 can thiét dé thé giéi co thé nhan
duoc, dugc huong loi tur nguén chét xo ré tién.
Tre siéu chic va bén hién nay dang dugc s
dung 1am san va tm &p. Tinh 6n dinh, d6 cing,
tinh linh hoat va cudng do cua no 1a nhiing tinh
chat noi bat ctia n6. Trong tuong lai, tre s& dugc
st dung 1am vat liéu thay thé cho gb trong san
xudt d6 ndi that va vt lidu xdy dung. Vi tre dé
bi nghién thanh bdt nén né c6 thé dugce st dung
hidu qua trong san xuét gidy va may, mang lai
loi ich cho chung t6i v&i chi phi thip hon va
tinh san c6 cao. Nganh cong nghiép sé c6 duoc
loi thé to 16n tir soi tre trong twong lai gan, vi
tre nhe, than thién vai moi truong. %
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NGHIEN Cc(rU GIAlI PHAP CHONG DAP NHAM
CHAN GA - CHAN PHANH

A STUDY ON SOLUTION OF PREVENTING MISTAKEN PEDAL

Nguyén Dong, Vii Hai Ding, Ngé Xuin Pat, Pham Minh Ding Khoa,
Pham Anh Pire, Trwong Van Thuan*
Truong Co khi, Pai hoc Bach khoa Ha Noi

TOM TAT

Bai bdo nay trinh bay két qua nghién ciru vé gidi phdp phong ngira tai nan do 16i dap nham
chan ga-chdn phanh. Mot cau hinh thiét bi diea trén nguyén Iy thiyy lyc dwoc dé xudt cé xét téi hanh
vi théng thuong ciia ngueoi ldi xe. Cum thiét bi bao gom xy lanh, van phdn phéi, van tiét heu dworc tich
hop theo so d6 va két cau hop 1y dé cé thé dé dang bé tri ldp dat thém trén cdc phwong tién hién hanh.
Qud trinh tinh todn, thiét ké, mé phong sé va thuwe nghiém dwoc thwe hién dya trén nén tang co sé ly
thuyét co hoc rdn va long. Cac dac tinh dong lyc nhu luc, ap sudt lam viéc, van toc, va luu luwong dau
dd dwoc tinh todn nham dam béo hé théng hoat dong on dinh trong cdc diéu kién van hanh khac nhau.
Két qud mé phong va thuee nghiém ban dau cho thdy, hé thong ndy c6 kha nang ddp iing dwoc cdc yéu
cau k thudt va an toan da ddt ra. Tinh on dinh, bén bi, va tin cdy cia gidi phap nay cé thé mang lai
hiéu qua cao trong viéc ngan chdn hanh vi dap nham chin ga-chdn phanh. Nghién ciru nay khéng
nhitng dong gop mot manh ghép hitu ich trong linh vuee cong nghé an toan trén phuong tién giao thong
ma con la co s6 cho cdc nghién civu tiép theo vé hé thong ho tro ldi xe.

T khoa: Pap nham chdn ga-chdn phanh, Thiét bi thity lwe; M6 phong so.
ABSTRACT

This paper presents the results of a study on preventing accidents caused by mistaken pedal
(accelerator and brake). A hydraulic-based device configuration, considering common driver
behavior is proposed. The device consisting of a cylinder, distribution valve, and throttle valve,
were incorporated into a logical design for convenient installation on existing vehicles. Calculation
process, design, numerical simulations and experiment were performed based on the theoretical
foundation of solid and fluid mechanics. Dynamic characteristics such as force, working pressure,
velocity, and oil flow rate were calculated to ensure the system's stable operation under various
operating conditions. Initial simulation and experimental results show that the system can meet the
specified technical and safety requirements. The stability, durability, and reliability of this solution
can be highly effective in preventing mistaken pedal. This research offers a valuable contribution
to the field of vehicle safety technology and serves as a foundation for future research on advanced
driver assistance systems.

Keywords: Mistaken pedal; Hydraulic device; Numerical simulation.
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1. GIOI THIEU

Tai nan giao thong do dap nham chan
ga 1a mot van d¢ dang bao dong va la mot 16
c6 tinh pho bién trén toan thé gisi, dic biét &
cac qubc gia co mat do phuong tién giao thong
cao. Hanh vi nay thuong xay ra dot ngdt khién
mat kiém soét, din dén nhitng hau qua nghiém
trong. Day 1a mdt trong nhiing nguyén nhéan
hang dau giy ra tai nan giao thong va co thé
xay dén & moi ddi twong va lira tudi ciing nhu
gidi tinh nguoi 1ai xe. Hinh 1 dudi day thé hién
su lién quan cua tudi tac, bang lai ti sb vu tai
nan do nhAm ban dap tai My trong cac nam tur
2000 dén 2010.

r

WP Y o Felit Aoy e e el L
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il

ap =g

Hinh 1. S6 liéu thong ké ciia Co quan ATGT
Puong cao toc tai My [1]

Theo do, cot mau do 1a ty 1€ tai nan do
nham ban dap gy ra boi cac nhom tudi, cot
mau xanh 13 ty 18 bang 1ai trong cac nhom tudi
khac nhau. Nhitng ngudi ¢6 tudi dudi 20 chi
chiém khoang chua dén 5% lugng bang lai
duoc cap tai My (gan 200 triéu bang 14i), nhung
gdy ra toi gan 12% s6 vu tai nan do nham ban
dap, gap 2,38 lan ty 1é bang 1ai. Dic biét, nguoi
c6 d6 tudi trén 65 thi twong quan giira hai ty 18
nay cang chénh 1éch. O phia nguoc lai, nhiing
ngudi nam trong do tudi 35-39 chiém t6i 10%
luong bang li & My, nhung chi gay ra khoang
2% s6 vu tai nan do dap nham chan ga va phanh.

Bang 1, Bang 2 duéi day thong ké cac

nguyén nhan va s0 vu tai nan gay ra boi cac
van dé lién quan dén ban dap nhu truot chan,
sai ban dap [2].

Bdng 1. Tai nan é 16 khi ding do

Nguyén nhin S6 lwong
Truot chan 126
Sai ban dap 153

Bdng 2. Tai nan é 16 khi dang di chuyén

Nguyén nhan S6 lwong
Truot chan 2640
Sai ban dap 821

S liéu chi ra rang trong 4240 vu tai nan
giao thong gay ra khi 6 t6 dang di chuyén va
khi dirng d6. S6 luong tai nan giao théng khi 6
t6 dang di chuyén c6 s lugng 16n hon nhiéu so
véi khi 6 t6 dang dimng d6 (3461 so v&i 279).

Hién nay da c6 nhiing nghién clru
duoc dua ra nham giai quyét cac van dé nham
1an chan ga — chan phanh. D3 c6 y tuéng clia
Rickard Nilsson vé viéc két hop ban dap ga va
phanh két hop véi nhau [3], hé thong cac bod
phan co khi két hop véi vi mach dién tur cua
Nguyén Uy Long [4]. Trong mdt cong bd gan
day cua nhom sinh vién dén tir Pai hoc Bach
khoa Ha Noi vé giai phap chong dap nham chan
ga — chan phanh sir dung cong nghé co dién tr
dugc dé xuat. Tuy nhién, hé théng nay can thu
thap va xt 1y luong dit liéu 16n dé co thé hoat
dong chinh xac [5].

Trude tinh hinh nghién cou khi ma
chua c6 cong nghé hay giai phap nao dugc dua
vao su dung rong rai, nghién ctru nay xay dung
mot cau hinh thiét b chdng dap nhdm chan ga
— chan phanh hoat dong trén co so thudn co khi.
Giai phap nay c¢6 uu diém nhoé gon, bén bi, tin
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cdy, d& sir dung va khong 1am thay doi két cAu
ban dau cua xe, hon nita gan nhu khong lam
thay d6i hanh vi ctia nguoi 14i. Chi tiét vé qua
trinh nghién ctru, tinh toan, mé phong va thu
nghiém dugc trinh bay ¢ nhitng phan tiép theo.

2. CAU HINH HE THONG PE XUAT

Nhu da duge dé cap O trén, tai nan do
16i dap nhdm chan ga — chan phanh c6 thé xay
ra véi moi ddi twong va qua trinh nay thuong
1a bi dong. Do d6, cac thong sé dong luc dic
tinh cta qua trinh dap ga ddi véi hanh vi chu
dong va bi dong 1a khac biét. Hai thong sb dién
hinh 1a thoi gian tac dong va lyc dap cua lai xe
trong cac trudng hop nay duoc thé hién ¢ Bang
3 dudi day [6].

Bang 3. Thoi gian va lyc dap

Trwong hop Thoi gian Luc dap
Co chu dich 0.7s (20-50) N
Binh thuong 1,2s (20+50) N
Khan cép 1,55 (500+700) N

Dit liéu trén qua phan tich cho thay c6 thé
xir Iy bang hudng tiép can thity Iyc. Hinh 2, Hinh
3 mo ta mot cAu hinh thiét bj dé xuat bao gom:
ban dap ga (1); xy lanh (2); khép ndi (3); bé dau
(4); van tiét Iuu (5); van phan phdi 2/2 (6).

=

B

s
i

11}

Hinh 2. Mach thity lyc ciia hé thong

Heé thdng nay hoat dong theo nguyén Iy
sau: xy lanh (2) duoc ndi voi chan ga thong qua
khop. Trong truong hop dap c6 chu dich, dau
duogc luan chuyen 1an luot tir khoang khong can
qua van phan phéi 2/2 (6), qua van tiét luu (5)
vé bé dau (4), luc nay khoang c6 can hut dau tir
bé dau vao trong khoang lam cho can xy lanh
chuyén dong nhip nhang. Nguoc lai, ¢ truong
hop dap khan cip, luc dap dot ngot tao ra ap
sut cao do qua trinh dot thu qua van tiét luu.
Van phan phdi 2/2 (6) s& duogc kich hoat 1am
hé théng bi khoa ctrng. Lic nay, can xy lanh
khong thé di xubng.

Trén co s¢ mach thiy khi va nguyén ly
hoat dong trén, cAu hinh 3D cua thiét bi duoc
xdy dung. So d6 bd tri mat trude va sau cua
thiét bi 1an lugt thé hién ¢ Hinh 3a va Hinh 3b.

Hinh 3a. Mat truoc cua hé tho”'ng

Hinh 3b. Mdt sau ciia hé thong
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Nhu viy, v6i thiét ké nay, cum chong
dap nham chan ga — chan phanh c6 thé tich
hop dé dang trén cac phuong tién hién hanh ma
khong lam anh hudng dén két cau cua xe, cam
giac thoai mai cia nguoi lai.

3. PONG LUC HQC VA MO HINH HOA
HE THONG

Trén co s& mach nguyén ly da duoc
xdy dung ¢ phan trudc, phan nay tién hanh mo
phong xay dung cac phuong trinh toan hoc dé
md ta lyc dap va van tde dap. Van tde dap dugc
tinh boi cong thie (1):

h
V=—
t (1)

Trong d6: v 1a van toc dap (cm/s); h 1a
hanh trinh dap (cm), t 1a thoi gian phan Gng (s).

Phuong trinh luu lugng qua van tiét luu
duoc thé hién & phuong trinh (2).

2(]31 — pz) (2)
p
Trong do, q,1a luu luO’ng qua van tiét
luu; C, la tr¢ luc thuy luc; S 1a tlet di¢n van; p,
la ap suat dau vao van; p2 la ap sudt dau ra van;
p 14 khoi lugng riéng cua chat 1ong.

Qq =C4-Sq-

Phuong trinh khoang khong can duoc
thé hién & phuong trinh (3).

a, =8 - % ®

V=(h-x)S+V,

Trong do S 1a di¢n tich khoang khong
can; K lah¢ sO dan hoi ciia chat long, h 1a hanh
trinh Xy | lanh; v, 1 thé tich 6ng dan véi khoang
khong can.

Phuong trinh can bang luc dugc thé
hién ¢ phuong trinh (4).

Fga:K-erpa-S ()]

Trong d6, K 13 hé s6 dan hoi cua 1o X0;
F, , 1a luc dap ga; x 1a do dich chuyén cua can
xy lanh p, laap sut ciia khoang khong can.

Trén co s& cac phuong trinh toan hoc
da duogc xay dung, mot mach thuy luc duoc
thiét ké bang phan mém Automation Studio dé
mo phong luc dap va van tdc dap ciia nguoi 1ai
dugc thé hién ¢ Hinh 4.

B ks |
el —|—]— E
’ j\ rl l’-/’ 'I'I'I. ) '-l-
b — —2
o _— -
4 |
., =]
\\ T . & P I
N EIE D S
Lidr] E . v
Y Ry = e
s
&
= W

Hinh 4. Mach thuy luc mo phong luc va
van t6c dap

He¢ théng bao gdm: tram ngudn thuy luc
(1) cung cip luu luong va ap sudt vao khoang
¢ can cua xy lanh; van an toan thuy luc (2)
dung dé cai dit luc dap bang cach tinh toan ap
suit m& tuong ng ciia van an toan; xy lanh
thity Iye (3) hoi vé bang 10 xo; van phan phdi
thuy luc 2/2 (4) dung dé khoa cting hé théng
khi xay ra truong hop dap khan cap.

Dua vao cac phuong trinh toan hoc da
dugc xay dung ¢ trén, mot so do tong quat mo
phong d6 dich chuyén cia can xy lanh trong
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truong hop dap khan cip dugc thuc hién bang
phan mém Matlab/Simulink nhu trén Hinh 5a.
Trong so d6 nay, khéi mo phong chi tiét duogc
lam rd nhu trén Hinh 5b.

TVehd L1

e
Leb—

Hinh 5a. So' do mé phong tong qudat

Hinh 5b. Khoi mé phong chi tiét &g dich chuyén
cua can xy lanh

Véi mo hinh trinh tinh toan dugc xay
dung trong cac phian mém cong nghiép trén,
thong s6 do dich chuyén cua can xy lanh, ap
suat thiy lyc trong hai truong hop dap khan cip
va dap binh thuong s& duoc khao sat bang tinh
toan sb. Két qua mo phong sé dugc trinh bay &
phan tiép theo.

4. MO PHONG SO VA KET QUA

Trong phan truéc, md hinh tinh toan
da duoc phat trién va xay dung trén phan mém
Automation Studio va Matlab/Simulink. Phan
nay s& dua ra két qua mo phong sb ap suit cia

khoang khéng can khi dap binh thudng va dap
khén cép; do dich chuyén clia can xy lanh khi
dap khan cap véi timg d6 mo ctia van tiét luu.
Thong s6 md phong ciia hé thong duoc chi ra
tai Bang 4.

Bdng 4. Théng so cua hé thong

Théng sb Gia tri
Puong kinh ngoai 16 (mm)
Puong kinh can 8 (mm)
Hanh trinh 35 (mm)
Luc dap khan cap 600 (N)
Luc dap binh thuong 35(N)

Gia tri 4p suat 1on nhéat cua khoang
khong can khi dap khan cap tng voi tung do
mo cda van tiét luu duge thé hién nhu Bang 5.

Bdng 5. Ap sudt ciia khoang khong can khi dap
khan cdp theo dg mé van tiét luu

D) mé van tiét luu Ap suit 16n nhit
(“0) (bar)
0 11.7
10 10.8
20 10
30 8.9
40 8.1
50 6.7
60 53
70 4.3
80 3.5
90 2.9
100 2.4
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Ap suat khoang khong can tng voi gia
tri d0 mo van tiét luu tir 50% dén 100% ndm
trong dai ap suat hoat dong ctia van phan phdi
2/21a 1.5 + 8 (bar).

Do dich chuyén ctia can xy lanh khi dap
khan cap tmg véi tung do md van tiét luu dugce
thé hién ¢ Hinh 6.

5 ey wmn S e

Hinh 6. D¢ dich chuyén ciia can xy lanh

Ung voi timg gia tri d6 md cua van tiét
luu tir 0% + 100%, d6 dich chuyén cua can xy
lanh ting dan tir 0 = 0.034 (m). Dé dap tng
yéu cau cua hé thong 1a 4p suit nam trong dai
ap suat hoat dong ctia van phan phdi 2/2 va do
dich chuyén ciia can xy lanh 1a tdi thiéu nhat.
Can ctr vao sb liéu ciia Bang 5 va Hinh 6, lya
chon khao sat hé thong ¢ gia tri d0 mo cua van
tiét uu 12 50%.

Hinh 7a, Hinh 7b lan luot 1a ap sudt
khoang khéng can khi dap thuong va khi dap
khan cap véi do mo tiét luu 1a 50%.

Hinh 7a. Ap sudt khoang khéng can khi dap binh thuong

Khi dap véi luc dap binh thuong, ap
suat khoang khong can tang tir tir dén ap suit on
dinh. Khi khong tac dung luc dap, nho vao luc
dan hoi cua 10 xo & xy lanh va ban dap ga, su
thay doi thé tich do6 tao ra ap suat chan khong.

bar

f |-

Hinh 7b. Ap sudt khoang khong can khi dap khén cdp

Khi tac dung luc dap dot ngdt, xung ap
suét tang vot lam kich van phan phéi 2/2. Liic
nay can xy lanh bi khéa cting. Do dich chuyén
clia can xy lanh duogc thé hién & Hinh 8.

Hinh 8. D¢ dich chuyén ciia can xy lanh khi dap
khan cap

Sau khi tién hanh mé phong s6, mot mo
hinh thir nghiém da dugc ché tao dé danh gia
hiéu qua va tinh kha thi cta hé théng. Hinh 9a
va Hinh 9b dudi day 1a hinh anh mé hinh thu
nghiém cua hé théng.
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Hinh 9b. Mat sau mé hinh thir nghiém

Két qua thyc nghiém cho théy hé théng
d3 hoat dong dung nguyén 1y mong mudn va
két qua mo6 phong. Hé thong hoat dong 6n dinh
va tin cdy gitp cho nguoi 1ai nhan thic duoc
da dap nham va nhanh chéng chuyén sang ban
phanh.

5. KET LUAN VA HUONG PHAT TRIEN

Nghién ctru da phat trién thanh cong
mot hé théng chong dap nham chan ga-chan
phanh. Cum thiét bj voi két cau don gian c6
thé 1ap 1én moi loai xe. Giai phap nay sir dung
nguyén 1y thudn co khi, dam bao sy don gian
va tinh bén bi trong qua trinh st dung. Thiét ké

nhé gon giup giai phap nay dé dang duoc tich
hop vao céac phuong tién hién hanh ma khong
lam thay d6i hanh vi cta nguoi lai. Két qua
nghién ctru 1a co s¢ cho nhiing nghién ctru va
thir nghiém sau hon hudng té1 dua gidi phap
vao ung dung rong rai.

Ngay nhan bai: 26/7/2024
Ngay phan bién: 16/9/2024

Tai liéu tham khéo:

[1]. “Tai nan do dap nham chdn ga, ai dé dinh
nhdt”, 14/2/2015. [Online]. Available: https:/
laodong.vn/archived/tai-nan-do-dap-nham-
chan-ga-ai-de-dinh-nhat-725785.1do.

[2]. R. A. Schmidt and D. E. Young, “Cars gone
wild: the major contributor to unintended”.
Frontiers in Psychology, 2010.

[3]. R. Nilsson, “Evaluation of a combined brake—
accelerator pedal”. ScienceDirect, vol. 34, no.
2, pp- 175-183, 2002.

[4]. N. Phuong, “Nguyén Long Uy Bdo ciing ban
sdang ché b chong nham chan ga”, 22/4/2018.
[Online] Available:https://vtcnews.vn/
nguyen-long-uy-bao-cung-ban-sang-che-bo-
chong-nham-chan-ga-ar395531.html.

[5]. Sy-Le Ho, Xuan-Giao Nguyen, Van-Hop
Pham, Tien-Bang Nguyen, Van-Thuan
Truong, “A study on anti-pedal error system
in car based on hydraulic approach”. In
AUN/SEED-Net Joint Regional Conference
in Transportation, Energy and Mechanical
Manufacturing Engineering — RCTEMME
2021, 2021.

[6]. M. Green, “How long does it take to stop?”.
Methodological Analysis of Driver Perception-
Brake Times, Transportation Human Factors,
pp. 195-216, 2000.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 322, thang 11 nim 2024 [
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

XU THE S’ DUNG XE O TO LAI VA XE DUNG PIN NHIEN LIEU
TREND OF USING HYBRID VEHICLES AND FUEL CELL VEHICLES

Lé Thuong Hién, Té Ngoc Thién
Truong Pai hoc Bién luc

TOM TAT

Sur dung xe 6 10 lai (hybrld) va xe dung pin nhién liéu (Fuel Cell Vehicle - FCV) dang phat
trién nhanh chéng nho nhu cau glam phat thai khi nha kinh va tim kiém cdc giai phép thay thé bén
vitng cho déng co dét trong truyén thong.

Xe hybrld sé tiép tuc déng vai tro la gidai phdp trung gian, ddc biét & nhitng thi truong chua
san sang chuyén han sang xe dién hodc FCV, Trong khi d6, xe ding pin nhién liéu cé tiém nang tro
thanh gml phap dai han, dac bzet la trong cac nganh cong nghiép van tdai nang va nhirng quoc gia
c6 ha tang diéu ché va phat trién vé linh vuec khi hydro.

T khoa: Xe lai; Pin nhién liéu.
ABSTRACT

In this paper, the adoption of hybrid cars and Fuel Cell Vehicles (FCVs) is increasing
swiftly, driven by the need to lower greenhouse gas emissions and find sustainable alternatives to
conventional internal combustion engines. Hybrid vehicles will remain an intermediary solution,
especially in markets that are not fully prepared to shift to electric vehicles or FCVs. On the other
hand, fuel cell vehicles have the potential to serve as a long-term solution, particularly in heavy

transportation sectors and in countries with established hydrogen infrastructure.

Keywords: Hybrid; Fuel cell.

1. MO PAU

Xu thé nghién ctru va str dung xe hybrid
va xe dung cong nghé t& bao nhién liéu (Fuel
Cell) dang tr¢ thanh trong tdm trong nganh
cong nghiép 6 t6 nhim huéng téi muc tiéu
giam phat thai va ting cudng tinh bén vimg [1].

Su tang trudng nhanh chong cua thi
truong xe dién (EV), voi hon 10 tri¢u xe trén
duong vao cubi nam 2020. Mic du dai dich,

doanh s6 EV toan cau van tang 41%. Cac chinh
sach hd tro, chi phi pin giam va ngdy cang c6
nhiéu mau xe méi 1a yéu t6 thuc dy xu huéng
nay. Du bao dén nam 2030, s lugng EV c6 thé
dat 145 tridu, va lén t&i 230 tri¢u néu c6 hanh
dong manh m& hon vé khi hau.

Dy bao doanh sb xe dién s& ting manh
nho chi phi pin giam, cic quy dinh vé khi thai
nghiém ngit hon va nhu cau tiéu ding ting cao.
B4o céo cling nghién ctru ha tang sac, tai ché
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pin va tic dong cia xe dién dbi v6i hé thong
nang lugng toan cau. Xe dién duoc du bao sé
chiém linh doanh s xe m&i vao giira thé ky,
doéng vai tro quan trong trong viéc gidm phat
thai [2].

Doanh s ban xe va du bao dugc thé
hién trén hinh 1. Biéu d thé hién doanh sb
ban xe hybrid tir nim 2020 dén 2023 trén toan
cdu, ciing nhu tai cac thi truong 16n nhu Trung
Quéc, Hoa Ky, va chau Au. Biéu dd cho thay
su ting truong on dinh trong doanh sb ban xe
hybrid & tat ca cac khu vuc nay.

Hybrid Vehicle Sales (2020-2023)

8 Global Sales
+— China Sales

—e— USA Sales

—e— Europe Sales

Sales (Millions)
w Iy n o -
.
\
1

N

-

2020.0 2020.5 2021.0 2021.5 2022.0 2022.5 2023.0

Hinh 1. Doanh sé tiéu thy xe hybrid [2]

Doanh s6 xe 6 t6 ding pin nhién liéu
(fuel cell vehicles - FCV) da c6 su tang trudng
nhung van thap hon so v&i xe dién thuan. Trong
quy 2 nam 2023 tai Hoa Ky, da c6 1.076 xe pin
nhién liéu dugc ban, tang 34% so vdi cung ky
nam trudc. Toyota Mirai chiém phan 16n doanh
s6, dic biét & California - thi truong chu dao
cho loai xe nay [3].

Ca hai loai xe déu dong vai tro quan
trong trong quéa trinh chuyén d6i sang mot
nganh cong nghiép 6 t6 bén viing va than thién
v&1 moi trudng.

2. XU THE XE O TO LAI (HYBRID) VA
O TO DUNG PIN NHIEN LIEU (FUEL
CELL)

2.1. O t6 lai (Hybrid)

Xe hybrid sir dung két hgp dong co d6t
trong va dong co dién nham giam thiéu tiéu thu
nhién li€u va lugng khi thai. Xu huong nay da
phat trién manh trong hai thap ky qua, vdi cac
cong nghé duogc cai tién lién tuc nham ting hiéu
suit va giam gia thanh:

Nghién ciru c6ng nghé hybrid plug-in
(PHEV): Két hop dong co dién c6 kha ning
sac tir ngudn ngoai, gitip mé rong pham vi chay
dién trude khi st dung dong co.

Plug-in Hybrid Electric Vehicle

Hinh 2. Két cau chung xe PHEV [2]

T6i wu héa hi¢u suit dong co va pin:
Nghién ctru vé pin hiéu suit cao va kha ning tai
tao niang luong tir phanh dang duoc trién khai
manh m&. Coéng nghé pin lithium-ion tién tién
hon va cac hé thdng quan 1y ning luong théng
minh da gitp xe hybrid tré nén hiéu qua hon.

Chién lwge bic ciu giira xe dong co
dbt trong va xe dién hoan toan: Xe hybrid
duogc coi la giai phap trung gian hop ly trudc
khi chuyén hin sang xe dién (EV). V6i kha
nang giam tiéu thu nhién li¢u nhung khong phu
thudc hoan toan vao ha téng sac dién, xe hybrid
phtt hop cho cac khu vyc chua ¢ ha ting EV
phat trién.

2.2. O t6 dung Pin nhién liéu (Fuel cell)

Xe FCEV (viét tit cuia Fuel Cell Electric &~
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Vehicle) 1 xe dién sir dung té bao nhién liéu
(fuel cell) hay con goi “pin nhién liéu” dé cung
cap nang luong cho dong co dién trén xe. Cac
khéi pin nhién liéu bién doi nang lugng héa hoc
ctia nhién liéu - cha yéu 1 hydro - thanh ning
luong dién, vi vay xe FCEV con duoc goi 1a 6
to sur dung nhién li¢u hydro hodc xe dién hydro
(hydrogen car). Khong giéng nhu pin (battery)
hodc dc quy, pin nhién liéu khong bi mat dién
va cling khong c6 kha nang tich dién. Pin nhién
liéu hoat dong lién tuc khi nhién li€u hydro &
dang nén phan Gng véi oxy duogc dua tir ngoai
vao. Hau hét cac xe sir dung nguyén hydro 1a
phuong tién khong phat thai, chi thai ra nudc
va nhiét.

Electric Engine

Fuel Tank Neck

Fuel Cell

Il Electricity
Hydrogen

llim Propulsion

Hinh 3. Két cau chung xe FCEV [3]

Xét vé nguyén 1y hoat dong, mot chiée
xe FCEV thuc chat 1a mot loai xe hybrid, 1a
su két hop giira dién ning sinh ra tir phan ng
nhiét hydro + oxy dé chay dong co dién va khi
xe chay thi dong co dién dong thoi cling tré
thanh m{t may phat dé sac dién cho éc—quy cua
xe, gan twong tu nhu xe plug-in hybrid.

Xu hudng nghién ctru va st dung xe
FCV ¢6 nhiing diém dang chu y nhu:

Tang cwong sin xudt va si dung
hydrogen xanh: Nghién ctru tap trung vao cach
san xuat hydrogen tir cac ngudn tai tao thay vi
tir khi thién nhién nhim giam phat thai trong

qua trinh san xuat hydrogen. Diéu nay giup lam
cho xe tré nén “xanh” thuc su.

Niéng cao hiéu sudt té bao nhién liéu:
Nhiéu cong ty dang tap trung vao cai thién cong
ngh¢ té bao nhién liéu, tang cuong hi¢u sudt
chuyén doi nang luong va giam chi phi san xut.
Toyota Mirai va Hyundai Nexo 1a hai trong sd
nhitng mau xe FCV dang dan déu thi trudng.

Phdt trién ha ting tram nhién liéu
hydrogen: Su phat trién cua xe FCV doi hoi
phai xdy dung ha tang tram nhién liéu hydrogen.
Céc qudc gia nhu Nhat Ban, Han Quéc, va Dirc
da dau tu manh mé& vao viéc xdy dung mang
ludi tram hydrogen dé hd tro su phat trién cta
xe FCV.

Tiém ning cho cdc phwong tién hang
nang: Xe FCV dang dugc nghién ctru manh mé
trong linh vyc van tai hang nang nhu xe tai,
xe buyt va tau thay, vi ching c6 loi thé vé kha
nang hoat dong trén quang duong dai véi thoi
gian tiép nhién liéu ngan hon so véi xe dién.

2.3. So sanh giira xe hybrid va xe Fuel Cell

Phat thdi: Xe hybrid Vﬁn’phét thai CO,
do su dung mot phan dong co dot trong, trong
khi xe FCV khong phat thai khi CO,, chi thai ra
nudc.

Pham vi hoat djng: Xe FCV c6 lgi thé
trong viéc di chuyén trén quing dudng dai hon,
trong khi xe hybrid phu thudc vao kha nang sac
pin dé duy tri hiéu suat.

Ha tang hd trg: Xe hybrid hién c6 wu
thé vi khong yéu cau ha ting dic biét nhu tram
sac dién hay tram hydrogen, trong khi xe FCV
phu thudc vao ha tang nhién liéu hydrogen van
dang duoc phat trién.
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Ca hai cong nghé déu dang phat trién
song song va c6 thé ton tai ciing nhau trong thoi
gian té1. Xe hybrid dong vai tro nhu mot gidi
phép trung gian cho nhiing khu vuc chua phat
trién day du ha ting cho xe dién, trong khi xe
FCV c¢6 tiém nang trd thanh lya chon dai han,
dac biét la trong céac linh vuc van tai nang va cac
qudc gia dau tur manh vao ha tang hydrogen.

3. KET LUAN

Xe hybrid s& tiép tuc phat trién va
chiém mot phan quan trong trong thi truong 6
t6 toan cau nho kha nang tiét kiém nhién liéu va
giam phat thai ma khong yéu ciu ha tang phtrc
tap. Xe dung pin nhién liéu c6 tiém ning 16n
trong tuong lai xa hon, véi trién vong sir dung
hydrogen 1am ngudn ning luong sach thay thé
cho dong co xdng truyén thong.

Ca xe hybrid va xe fuel cell déu co
tiém nang 1én trong viéc giam thiéu tdc dong

dén moi trudng va dap tmg nhu cau di chuyén
bén vitng. Tuong lai c6 thé ching kién su két
hop va dong hanh giita hai cong nghé nay, phu
thudc vao sy phat trién cta ha téng, chinh sach
va thoi quen tiéu dung. %
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CAU TRUC XOAN CHO CO' CAU CHUYEN DONG MICRO DUA
TREN CO CAU TUAN THU

ATWIST STRUCTURE FOR MICRO-ACTUATOR BASED ON FLEXURE MECHANISMS

Tran Quang Phudéc
Khoa Co khi, Truong Pai hoc Bach Khoa, Pai hoc Quéc gia Thanh phé HO Chi Minh

TOM TAT

Cdc co cdu chap hanh dich chuyén micro dwoc tao ra bang cdch sir dung tinh chdt uén cong
cia cdc thanh phan dé dat dwoce chuyén dong mong muon. Loi ich cia co cau linh hoat bao gom
chuyén dong chinh xdc va dé chinh xdc cao, cdu triic nhe, khong ma sat va nho gon. Nghién cu“u
nay s dung deO’ng cong néi suy spline dé cdu hinh hlnh hoc khép néi linh hoat cua cdu triic xodn,
chuyén doi chuyén dong quay thanh chuyén déng tuyen tinh. M6 hinh dwoc dé xudt da dwoc danh
gid va mé phéng bang cdch sit dung phwong phdp phan twe hitu han. Hon nita, phwong phap tiép
cdn toi wu héa thudt todn lai Taguchi-Grey da dwoc két hop dé thu dwoc dau ra dich chuyén 1ém va
phan lyc lon. Ma tran truc giao cua Taguchi duoc sw dung dé thiét ké ma trén thi nghiém. Phan
tich quan hé xam dwoc phdt trién dé xdac dinh gid tri phit hop cho dau ra dich chuyén va phdn lyc.
Phurong phdp entropy dwoc sir dung dé tinh trong so twong doi ciia moi muc tiéu phan g va cdi
thién dg chinh xdc danh gid. Hon nita, phwong phdp phdn tich héi quy dwoc siv dung dé thiét lip
quan hé rang budc phi tuyén tinh ciia moi bién dau vao véi bic quan hé xam. Két qua cho thdy bdc
quan hé xam cao hon voi cac muc két hop moi. Mo phong xdc thuc va thi nghiém da dwoc thyc hién
dé danh gia tac dong ciia phirong phap.

Tir khoa: Co cdu tudn thi; BY dich chinh micro; Co cdu mém.

ABSTRACT

Compliant micro-positioning actuators are created by utilizing the bending properties of
compliant members to achieve desired motions. The advantages of flexure mechanisms include
precise motion and high accuracy, lightweight structure, frictionless operation, and compact size.
This research utilizes spline interpolation curves to configure the compliant joint geometry of a
helical structure, converting rotational motion into linear motion. The proposed design is evaluated
and simulated using the finite element method. Moreover, a Taguchi-Grey relational analysis-based
optimization approach is incorporated to obtain large displacement output and high reaction force.
The Taguchi orthogonal array is used to design the experimental matrix. Grey relational analysis
is carried out to determine the suitable values for displacement output and reaction force. The
entropy method is employed to calculate the relative weight of each response objective and improve
the accuracy of evaluation. Furthermore, regression analysis is utilized to establish the nonlinear
relationship of each input variable with the grey relational grade. The results reveal a higher grey
relational grade with the new levels of combination. Validation simulations and experiments are
conducted to evaluate the effectiveness of the proposed method.

Keywords: Compliant mechanism; Micro-positioning stage, Flexure mechanism.
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1. GIOI THIEU

Co cau linh hoat dugc ché tao bang
cach sir dung tinh chat uén cong cua vat liéu
dé tao ra cac chuyén dong mong muén [1]. Dé
tao ra chuyén dong voi nhiéu bac tu do, cac
ciu trac dong phang voi hai bac ty do da duoc
phat trién, thé hién do phan giai vai nanomet
[2] va hanh trinh déng ké [3]. Ly thuyét v& bo
khuéch dai da cip da duoc dé xuat voi khép
ndi chit Z, dat duoc ty 1¢ khuéch dai gép 13 lan
[4]. Dé kiém soat tot hon chét lugng, ning suit
va chi phi ctia quy trinh, tdi vu hoa 1a mot cach
tiép cAn manh mé& dé nang cao chét lugng san
pham vé&i chi phi thip hon mét cach thoa dang.
Phan tich quan hé xam [5] 1a mot trong nhung
phu’ong phép hiéu qua va hiru ich nhat dé giai
quyét cac bai toan tdi uvu hoa da muc tiéu.

Nghién ctru da gidi thi¢u mot khai niém
méi vé viée st dung cac dudng cong ndi suy
spline dé thiét ké hinh dang khép nbi linh hoat
clia ciu tric xoan oc¢ hinh try c¢é thé truc tiép
chuyén doi chuyén dong quay thanh chuyén
dong tuyén tinh. M6 hinh dugc dé xuat di duoc
phan tich va mo6 phong bang phuong phap phan
tu hitu han (FEM) va ching t61 da st dung
phuong phép tiép can toi wu héa lai két hop
thuat toan Taguchi, xam (TGrey) dé dat duoc
cong suat dau ra dich chuyén va phan luc t6i
da.

2. CO CAU CHAP HANH TUYEN TiNH

Trong nghién ctru ndy, mot co cdu chap
hanh tuyén tinh tudn thii méi da dugc phét trién
dé bién doi truc tiép chuyén dong quay thanh
chuyén dong tinh tién tuyén tinh.

Mot duong cong ndi suy spline, nhu
duoc hién thi trong Hinh 1b, da dugc su dung
dé thiét ke hinh dang cua cau truc xoan. Nghién

ctru cling phan tich anh huong cua cac thong
s6 hinh hoc cua cu trac, bao gdm do day cua
dudng cong ndi suy spline (t), chiéu cao cia
duong cong ndi suy spline (h) va vi tri cua hai
diém cua duong cong ndi suy spline (B, C),
chang han nhu khoang cach (a) va khoang cach
(b), trén phan luc va dich chuyén dau ra.

1 pilla ol oo

—
F«.r,,i —
k--|.-.ﬁlh-E?;jl - Torec scaction

23

a) Mo hinh va nguyén ly lam viéc

II‘t

b) Thanh xodn
Hinh 1. Cau truc co cau

3. PHUONG PHAP LUAN

*Phuong phap Taguchl La mot cong cu
manh mé trong viéc thiét ké tham sb, dam bao
ciu trac thiét ké hop ly va hiéu qua, tiét klem
thoi glan va chi phi, dong thoi giai quyét van dé
v6i 86 lan thir nghlem t6i thiéu. Tuy thudc vao
muc ti€u cua phan hoi hiéu suét, no duge hién
thi nhu:

Cang thap cang t6t duoc chon khi yéu
cau cua dau ra phan hoi cang thap cang tot.

S/N = —1nlc.g( xm.ed)
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Cang cao cang tot dugc chon khi yéu
cau cua dau ra phan hoi cang cao cang tot.

S;’N=—1Dlug[ 2 1 Z )

Danh nghia la tdt nhat duoc chon khi
yéu cau cua hé thong can giam bién.

g)) O

Trong do, g, 1a phan ing chit luong, i 1a
sO thi nghiém, m 14 s6 thi nghiém va g, la gia tri
muc tiéu ctia phan hoi.

S/N = —10log(-X2,(g; —

Trong nghién ctru nay, chung t61 da quan
sat thay rang ty 16 S/N cang cao thi phan hoi chit
luong cang tt. Muc tiéu cua tham so thiét ké
1a cang cao cang tot vi do dich chuyen 16n va
phan lyc cao s¢ tang kha nang cua co cau chap
hanh tuyén tinh tuén thu. Ung suét cua két cau
cling 14 mot yéu td quan trong; cang thap cang
t6t 1a muyc tiéu mong mudn cia yéu té tmg suét.
Tuy nhién, dé dat duoc pham vi tot hon vé gia
tri dich chuyén va phan luc, can giam thiéu cac
diéu kién bién dong thoi dam bao ring gia tri
{mg suit van ndm trong gidi han cho phép, didu
niy c¢6 nghia la nho hon mg sut gioi han cia
vat li¢u. Ngoai ra, dya trén phan tich phuong sai
(ANOVA), tac dong ctia moi tham s6 dén phan
hoi dau ra da dugc so sanh va danh gia. Sau do,
phan tich quan hé xam dugc st dung dé tai tao
cac phan hoi tir ddu ra dich chuyén va phan luc
thanh mot muc tiéu duy nhét bang cach st dung
quan h¢ xam.

*Phan tich quan hé xam (GRA): Nghién
ctru hién tai tap trung vao viéc toi uwu hoa cac
tham s6 thiét ké hinh hoc ctia SIC dé téi da hoa
hiéu suat phan hdi, bao gdm dau ra dich chuyén
va phan liuc. Cac tham s thiét ké dugc phan tich
1a d6 day (t), chidu cao (h), khoang cach (a) va
khoang céch (b). Céac budc sau day da dugc thuc
hién dé dat dugc muc tiéu nay [5]:

Budc 1: Budc dau tién cua phuong
phap lién quan dén xtr 1y dit liéu trude, trong
d6 cac gia tri dau ra dich chuyén va phan luc
duoc chuan hoa. Nghién ctru nhim muc dich
t6i da hoa hiéu sudt ctia cac gia tri ndy, véi muc
tiéu “cang cao cang tot”.

x{ (g)-minxf (g)
maxx; (g)-minx? (g)

% (g) = (4)
Budc 2: Viée tinh toan hé sb quan hé
xam (GRC) lién quan dén viéc chuan hoa dir
liéu d4u ra dich chuyén va phan lyc, dugc thuc
hién trong budc xu 1y trudc dir lieu. Trong
nghién ctru nay, muc tiéu la dat dugc gia tri cao
hon cho ca ddu ra dich chuyén va phan lyc.

[ ) i min + Eﬂmax (5)
C "ﬁﬂl( ) + Eﬂmax

Budce 3: Bac quan hé xam (GRG) thu
dugc bang cach lay trung binh cong cac GRC
twong tng véi hai dac trung.

1 n
Vi= =) wehi(®) (6)
g=1

Trong do, W, thé hién tam quan trong
tuong ddi cta hé so g trong leh ban thuc te
N6 duoc st dung dé gan trong s6 cho cac yéu
td khac nhau dya trén mutc do quan trong cua
chung.

Tiép theo, anh hudng cta cac yéu t6 dau
vao dén phan hdi dau ra da duoc danh gia va
so sanh bang ANOVA. Phan tich nay cung cap
thong tin vé ty 1¢ phan trim déng gop ctia mdi
yéu t6, cling nhu thng ké twong tmg (F) va xac
suét (P). Dé cai thién d6 chinh xac va do tin
cdy cua két qua, phén tich trong sb cua dau ra
phan hoi da dugc thuc hién bang cach sir dung
phuong phap entropy. Khong giéng nhu nhidu
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nghién clru trudc day, phuorng phép nay duoc
str dung dé xac dinh trong s6 ctia cac phan hoi
dau ra.

Budc 4: Trong sb entropy.

Phuong phép entropy la mot phuong
phap dua trén 1y thuyét xac suat dugc sir dung
dé giai quyét cac van dé mo hd. N6 duogc biét
dén v&i d6 chinh xac va do tin cay trong viéc
xéac dinh trong s6 cho cac phan hoi dau ra [5].
Gié tri entropy (Eg) dugc tinh bang cong thic
sau:

E. = — E!}J:i Pwg ln{ngj

g In(h) ’ 7

w{1,2..h}. g€ {1,2..k}

Muc do 1éch (d ) cua dir liéu goc duoc
cho bdi tuong quan véi xép hang gan trén diém
tham chiéu pug co thé duoc biéu thi 1a:

d=1-E,g{12..k (8)

Gia tri cua d biéu thi cu0’ng do tuong
phan ban dau cta p, va trong s6 entropy c6 thé
dugc tinh nhu sau:

d
wg:ﬁyg{lrz--'k} ©)

4. KET QUA VA THAO LUAN

Nghién ctu st dung mang truc giao
L27 dé thiét ké ma tran thi nghiém, bao gém
bon yéu t6 va mdi yéu t6 co ba muc, dya trén
cac thong sb duoc liét ké trong Bang 1.

Pau ra dich chuyén va phan lyc duogc
phan tich bang Phuong phap phan tir hitu han
(FEM) trong phan mém ANSYS véi dau vao
quay 1 do.

Trong hinh 2, ty 1& SN cao nhit ciia mdi
yéu t cho dau ra dich chuyén dugc quan sat &
t0.5h21al1b8, va do 1éch cao nhat 1a 2.846.

Bang 1. Cac murc gia tri bién dau vao

£ X . Mirc do
Yeéu to Don vi :
1 2 3
Do day (1) mm 0.5 1 1.5
Chiéu cao (h) mm 21 | 22 | 23
Khoang cach (a) mm 7 9 11
Khoang cach (b) mm 8 9 10

Ml F ierts Pl e % raiion.
'

L el e,

b . ]

bl el W
" £ B £

1

18
- 4 ' " . " -

Hinh 2. Biéu d6 anh huéng chinh cia ty sé SN doi
voi dau ra dich chuyén

Két qua cia GRC va GRG bang cach
su dung (4) va (8), gia tri trong s6 duoc tinh
bang (12). Két qua mo phong cho truong hop
thir 19 cho thay gia tri GRG cao nhat, cho thay
thtr hang vuot trdi cua nd. Muc két hop tdi wu
ctia mdi yéu t6 duoc xac dinh 1a t1.5h21a7b8 tir
hinh 3, v6i @9 léch cao nhét 1a 1.548.

Suin Flecis Floi lor 55 rwd e
Beg e

e o, o TN e
i B .
3 E 2
-
_——
-

[T T T 5 3 5 ¥ L] 1 [ ¥ L]

Hinh 3. Biéu d6 anh hwéng chinh ciia ty s6 SN doi
voi GRG
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Tir két qua phan tich ANOVA, hinh
4 minh hoa moi twong quan gitra két qua mo
phong va phuong trinh ham héi quy cua GRG.

. Wi
LR ]
L]
LR 1] ./JI
E L]
[ ]
i, Jilnl
s P il i Lm

o, il
— R Regresdon

i
] a 3 T o 1 13 13 IT W 11 B ®|’ I7
Purzbar od engarimerd

Hinh 4. M6 phong va phicong trinh hoi quy
cua GRG

5. KET LUAN

Trong nghién ctru ndy, bang cach sir
dung dudng cong ndi suy spline dé thiét ké ban
1¢ udn ctia ciu trac xodn dc, chuyén dong quay
dugc chuyén doi truc tiép thanh chuyén dong
tuyén tinh, mang lai hiéu qua tich cuc.

Két qua cho thay, phuong phap co céu
uén dich chuyén va quay khong gian, két hop
v6i phuong phép t6i uru hoa lai ¢6 thé nang cao
dang ké quy trinh thiét ké cho b vi thao tac va
cac ung dung khac. <
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STUDY AND DESIGN THE INJECTION MOLD FOR SYNTHETIC
BADMINTON FEATHER RIBS

NGHIEN CUU THIET KE KHUON EP PHUN CHO SAN PHAM SONG LONG
NHAN TAO

Tran Quang Phuoc'?
"Faculty of Mechanical Engineering, Ho Chi Minh City University of Technology
*Vietnam National University Ho Chi Minh City

ABSTRACT

Nowadays, with the rapid advancement of industrialization, the livestock sector has
become increasingly reliant on scientific and technological innovations in engineering practices.
In the case of ducks, a reduced growth period may indeed impede feather development, which
presents significant challenges for their utilization in technically demanding sectors. Notably, the
manufacturing of badminton shuttlecocks, which traditionally relies on high-quality duck feathers,
faces a potential material constraint issue. To address this pressing concern, this proposal advocates
for the artificialization of the shuttlecock's feathers. This innovative solution aims to circumvent the
material constraints posed by the changing livestock industry, while still ensuring the production of
high-quality shuttlecocks. The study employed advanced simulation techniques, utilizing Moldflow
software integrated with the finite element method and boundary element method, to identify potential
defects and optimize the design. Following the simulations, process parameters were meticulously
determined for the design and fabrication of the injection mold. The result was an efficient and
effective method for producing artificial feather shuttlecocks, which maintains the quality standards
of traditional models. This article presents a comprehensive analysis of the plastic injection-molded
shuttlecock feather ribs product. It provides a detailed description of the engineering process, the
challenges faced, the solutions developed, and the results of the rigorous testing process.

Keywords: Micro Molding; Synthetic Badminton Shuttlecocks; Injection Molding.
TOM TAT

Ngay nay, véi sy phdt trién nhanh chéng cia cong nghiép héa, nganh chdan nudi ngay cang
phu thude vao nhitng doi méi khoa hoc va cong nghé trong thyee tién kj thudt. Doi véi vit, thoi gian
sinh truéng gidm c6 thé can tré sw phdt trién long, diéu ndy ddt ra nhitng thdach thLi"c ddng ké cho
vigc st dung chung trong cdc linh vue doi hoi ky thudt cao. Bang chu y, vzec sdn xudt cdu long von
dwa vao 16ng vit chdt lwong cao, dang phdi doi mdt véi van dé han ché vé nguyén liéu tiém an.

DPé gidi quyét van dé cdp bdch nay, dé xudt ndy ung hé viéc nhan tao héa long cau. Gidi
phap sang tao nay nham muc dich khac phuc nhitng han che vé nguyén liéu do nganh chan nuoi
thay doi, dong thoi van dam bao san xuat cau long chat lwong cao. Nghién cuu da sw dung cac ky &
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thudt mé phong tién tién, sir dung phan mém Moldﬂow tich hop VO phu’ong phap phan tir hitu han
va phwong phap phan tir bién, dé xdc dinh cdc khuyét (Gt tiem dn va toi wu héa thiét ké. Sau khi mé
phong, cac thong so quy trinh dwoc xac dinh ti mi cho vzec thiét ké va ché tao khuén ép phun Két
qud la mét phicong phép hiéu qua va hiéu qud dé san xudt cau 1ong nhan tao, duy tri tiéu chudn chdt

lwong cua cac mo hinh truyén thong.

Bai viét trinh bay phan tich toan dién vé san pham gan 1ong cau dwoc ép phun nhwa. N6
cung cap mo ta chi tiét vé quy trinh ky thudt, nhitng thach thirc phai doi mat, cdc giai phap dwoc
phat trién va ket qua cua quy trinh thir nghiém nghiem ngat.

T khéa: Ep phun vi mé; Cau léng tong hop; Ep phun.

1. INTRODUCTION

Plastic injection molding process is
a popular and fast-growing manufacturing
method that produces a wide range of products
with complex shapes at low cost [1, 2]. The
process involves injecting molten plastic into
a mold, where it cools and solidifies in three
phases: filling, packing, and cooling. The
popularity of this process is evident from
the numerous products produced using this
method [3], which offers advantages such as
high production rates, repeatability, and the
ability to produce complex shapes with tight
tolerances using a variety of plastic materials.

The passage emphasizes the increasing
importance of semi-artificializing shuttlecocks
for environmental protection. Synthetic
shuttlecocks offer better durability than
feathered ones, albeit with more complex
aerodynamics, resulting in slower movement
but better speed retention [4]. Feathered
shuttlecocks are made using feathers from the
left wings of ducks or geese [5], which raises
sustainability concerns. The shift towards semi-
artificial shuttlecocks represents a positive
step in addressing environmental issues while
maintaining the game's essential characteristics.
Previously, the production of shuttlecocks

required a large amount of duck feathers and
rubber, resulting in unnecessary waste and
environmental pollution. Improvements in the
artificialization of shuttlecock production have
significantly reduced this waste. Manufacturers
now use friendly materials to produce
shuttlecocks, increasing product sustainability
and protecting the environment. Furthermore,
this provides athletes with a better playing
experience.

2. 3D MODEL FOR FEATHER RIBS OF
SHUTTLECOCK

b) 3D model
Fig. 1. Detail drawing of the product
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The detailed drawing of the product
is shown in Fig.1, and the feather ribs must
meet the requirements for strength, weight,
and flexibility. Therefore, a technical plastic
material with low shrinkage coefficient was
chosen. Among the available materials,
Polyamide 6 with shrinkage coefficient of 1.0
is a suitable material for making the shuttlecock
body. The product specifications are indicated
on the drawing.

3. METHODOLOGY
Simulation of processes:

In this study, the finite element method
and boundary element method embedded in
Moldflow were used toidentify potential defects.
Then, the process parameters are established to
design and manufacture the injection molding.
Based on the aforementioned properties, PA
resins, specifically PA6, are suitable for the
product's operational requirements.

| ")/-"_
a) Fill time

.-}
o

>

I e

=

b) Confidence fill
Fig. 2. Fill time and confidence of fill

The filling ability is 100% and there
are no defects. Time fill time is approximately
0.87s. The simulation result is shown in Fig. 2.

Fig. 3 illustrated the average temperature
and pressure during injection process. The
average temperature of the molding process is
298°C. The injection pressure is approximate
159 Mpa.

P

a) Injection pressure

b) Average temperature
Fig. 3. Injection pressure and average temperature

The locations of the weld line and air
traps were determined in Fig.4. It is the basis
parameter for mold design and prediction of
possible damage during injection molding.

a) Air traps
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b) Weld line
Fig. 4. Air traps and weld lines

Design of the sliding system:

In this case, core was pulling with angled
ejection, and undercut release, a cylindrical
cam can be designed to control these actions
synchronously.

Calculations for the slider cylindrical
cam, where:

Length of the cam's angled section
(La), length of the cam's straight section. (L),
sliding movement distance (M), cam's tilt angle
(), gap between the cam and the sliding plate
(C), cam's dwell distance (D), blocking distance
for movement (d), length of the straight edge of
the hole (e).

M=Ls»*tanx — C (D
C

D=(Ls—e)+—0 2)
tano

From equations (1) and (2), it follows that:

M+ C
L, = tana (3)
_DXtana—C
LS—W‘FE (4)

Heat Exchanger:

- Mold dimensions: 230 x 200 x 163 mm;

- Mold material: SKD 61 Steel;

- Ambient temperature: 30°C;

- Mold temperature: 100°C;

- Time required to reach temperature:
20 minutes.

To calculate the heating power needed
for the mold, consider the entire block with
the surface areas mentioned. The heat required
for the mold includes the heat needed to raise
the mold temperature and the heat loss due
to thermal exchange with the surrounding
environment.

Heat required to raise the mold
temperature from 30°C to 100°C:

Q, =G xc xAt (5)

With: G = 58.48 kg; ¢ = 0.45 kJ/Kg52;
At=100—30=70°C.

Thus:
an = 58.48%x0.45x70 = 1842.12 k]

The molding machine operates in a stable
temperature environment. The mold temperature
is transferred to the outside environment
naturally. Therefore, we calculate heat loss to the
environment as natural convection.

The heat loss is the total heat transferred
through the environment at the 6 faces of the
mold.

Heat loss calculation:

Q=ax$xAt (6)
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Grashof number (Gr):
X BxtxL?
Gr="2 BV (7)

Refer to the physical property tables for
dry air: v=16.69 x 10

With g =9.81 m/s%.

1
B= t+ 273
At=100—-30=70°C

Horizontal surface: L = 200 (select
smaller dimension):

981 x . x 70 % 0.23

338 - 973832

G
'n 16.69 X 10-5

Vertical surface: L = 163 (select taller
dimension):

981X % X 70 X 0.1633
Grqg = T OIEl=s = 527177
Rayleigh number (Ra):
Ra=Grx Pr (8)
Refer to the tables for dry air: Pr=0.699
Thus,

Ra =973.832 % 0.699 = 680.708
Ra,=532.177 % 0.699 = 368.497

Heat transfer coefficient:

_Nuxl 9
a=— 9)

Refer to the tables for dry air:

w
A=276 X 10_2Edegree

And the coefficient:
Nu=C x Ra" (10)
Heat Dissipation from the Surfaces:

Q,=a xS xAt=0.8630
Q,=a xS x At=1.5875
Q,=a, x S x At=1.2368
Q,=a,x S x At = 1.4224

Total heat loss:

Q,=>Q=0.8630 + 1.5875 + 1.2368 +
1.4224 =5.1097 kJ

Total heat required:
Q=Q,+Q,=1847.23kJ

Select the Heating Time for the Mold:
20 minutes.

Required Heating Power:

Q 184723

=1 11
: 1200 1539 kW (11)

We select a heating element with a
power of 1.6 kW.

4. RESULTS AND DISCUSSION
The completed 2D drawing and 3D

model of the injection molding for feather ribs
is shown in Fig. 5.
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Fig. 5. 2D drawing of the mold
5. CONCLUSION

In this article, a detailed analysis of the
plastic injection molded shuttlecock feather
ribs product, including both description and
results of the testing process is presented.
Moreover, some basic characteristics of the
injection mold design are introduced to provide
a comprehensive overview of the production
process for this product. <+
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EVALUATING THE INFLUENCE OF TECHNOLOGICAL
PARAMETERS ON THE SHAPE ACCURACY OF 3D PRINTED
RESIN LIQUID CRYSTAL DISPLAY PRODUCTS USING RESIN-WAX
MATERIALS

DANH GIA ANH HUONG CUA THONG SO CONG NGHE PEN CHAT LUQNG SAN
PHAM IN 3D-LCD BANG VAT LIEU NHUA SAP

Trong Hieu Bui, My Le Du, Thanh Luan Dinh, Huu Nghi Huynh*
Ho Chi Minh City University of Technology (HCMUT), VNU, Vietnam

ABSTRACT

Shrinkage is one of the important issues when fabricating casting patterns using 3D printing
technology. This article presents the process of studying the influence of five input technological
parameters, including layer thickness, exposure time, infill density, shell thickness, and final layer
exposure, on the shape accuracy of models for Invesment Casting (IC) made with LCD (Liquid Crystal
Display) 3D printing technology using Anycubic Dental Castable Resin material. The experimental
plan was designed according to Response Surface Methodology (RSM) and data analyzed using
Minitab software. The results showed that technological parameters and the interaction between
them have a great influence on the set goal, and the optimal set of parameters found includes: layer
thickness of 0.0662 mm, exposure time of 20s, infill density is 20%, shell thickness of 1.7121 mm,
and final layer exposure of 80s. The success of the research contributes to improving the quality of
3D Resin LCD printing products in the field of prototyping for the IC process towards applications
serving the needs of the manufacturing industry in developing countries, including Vietnam.

Keywords: IC; LCD, Technological parameters.

TOM TAT

Co ngét la mét trong nhitng vin dé quan trong khi ché tao mau diic bang cong nghé in 3D.
Bai bao nay trinh bay qua trinh nghién curu anh hu’o‘ng ciia ndm théng sé cong nghé dau vdo, bao
gom dg day 16p, thoi gian phoi sdng, mdt d¢ lap day, dé day vé va phO’l sdng 16p cudi ciing, dén dg
chinh xdc hinh dang cua cac mo hinh Puc mdu (IC) duoc tao ra bang cong nghé in 3D LCD (Man
hinh tinh thé long) st dung vat lieu Nhya duc nha khoa Anycubic. Ké hoach thir nghiém dwoc thiét
ké theo Phwong phdp bé mat dép g (RSM) va dit liéu dwoc phdn tich bang phan mém Minitab.
Két qua cho thdy cdc thong sé cong nghé va sw twong tac giita ching c6 anh hwéng lom dén muc
tiéu ddt ra va bg thong sé t6i wu dwoc tim thdy bao gom: do day I6p la 0,0662 mm, thoi gian phoi
sdang la 20 gidy, mat do lap ddy la 20%, do day vo la 1,7121 mm va phO’i sdng 16p cudi cing la 80
giay. Thanh cong cua nghién ciru gop phdn ndng cao chat lwong san pham in 3D Resin LCD trong
linh vue tao mau cho qua trinh IC huong toi wng dung phuc vu nhu cau cua nganh cong nghiép san
xudt tai cdc nuwée dang phdt trién, trong dé cé Viét Nam.

Tw khéa: IC; LCD; Technological parameters.
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1. INTRODUCTION

AM (Additive Manufacturing)
technology in general and 3D resin printing
technology in particular are experiencing strong
developments and have been applied in many
different fields. Some researchers [1, 3] have
focused on understanding and determining
the influence of spray process parameters on
the dimensional stability of wax samples.
Meanwhile, H. N. Huynh et. al. [4] showed
that the type of filling and the number of shell
layers had the most important influence on the
percentage of ash remaining in the mold of an
investment casting process.

Regarding research to improve the
quality of 3D resin printed products, A.
Katheng and colleagues [5] concluded that
curing time and temperature parameters affect
the dimensional accuracy and degree of curing
of products using SLA technology. D. P. Romli,
M. Yanis, and D. S. Amrillah [6] studied
the effects of layer thickness parameters,
exposure time, and final layer exposure time
on the surface roughness of test specimens
manufactured by DLP technology. S. L.
Campanellia and colleagues [7] performed a
statistical analysis of the product manufacturing
process of 3D resin printing technology using
the Viper Si2 device. The results showed that
for each different resolution, the values of the
parameters would be different. Z. Zhang et
al. [8] showed that for DLP technology, the
optimal layer thickness was 50 pm, and for SLA
technology, the dimensional accuracy increases
as the layer thickness decreases. S. L. Sherman
and colleagues [9] studied the influence of
product location parameters on the machine
table, layer thickness, and shell thickness on the
shape accuracy of the sample. The results show
that the DLP device meets the requirements

when the layer thickness is between 50 and
100 microns. The survey shows that, with the
IC, the (dimensional and shape) accuracy of
the sample is one of the important criteria to
evaluate the quality of casting products. The
application of AM technology, especially 3D
printing, has many potentials in this field due to
the advantages of time, flexibility, and low cost.
For a casting pattern made from 3D printing,
accuracy is always an important criterion. The
devices used in the study are mostly industrial
machines. In addition, experimental planning
methods and optimized tools are often used
to determine the impacts of input parameters
on output goals and optimize product quality
depending on its features.

2. METHODOLOGIES AND DATA

The purpose of this study is tounderstand
the influence of parameters in the 3D printing
process of the liquid material Resin-LCD on the
accuracy of the test sample, thereby helping to
minimize intermediate errors and increase the
final casting product quality. The experimental
and analysis processes are conducted according
to the following steps:

* Select the input parameters and their
value levels.

* Develop an experimental plan
according to the RSM method.

* Select and manufacture test samples.

* Collect, analyze, and evaluate data.

Accordingly, input parameters,
including two groups: fixed parameter
groups and variable parameter groups, are
selected based on survey results, statistics of
published research projects, and the actual
machine operation process. The variable
parameters and their values are presented in
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Table 1. The experimental plan was designed
according to the B-type quadratic symmetric
composite planning method (Face-centered
Central composite design - FCCCD) with five
parameter inputs. Each numerical parameter
has three value levels: low (denoted -1),
medium (denoted 0), and high (denoted +1).
The total number of tests determined by the
FCCCD method is 32.

The  experimental matrix  with
parameters in encoded form is shown in Table

2. Regarding test samples, currently, there
is no standard test sample specifically for
sample products used in the molding process
fabricated by using AM technology in general
and AM technology using resin in particular.
With the goal of investigating the influence
of deformation during the manufacturing
process on dimensional accuracy for small-
sized models, the team proposed a test sample
with a hollow cylindrical shape with an outer
diameter of 30 mm, a height of 35 mm, and a
wall thickness of 5 mm, as shown in Figure 1.

Table 1. Parameters and experimental values

Fixed parameters
Value
Parameters Symbol | Encode | Unit Low level | Medium level | High level

-1 0 (0))
Layer Thickness A x1 mm 0.05 0.06 0.07
Exposure Time B x2 ] 20 22 24
Infill Density C x3 % 20 40 60
Shell Thickness D x4 mm 1.5 2 2.5
Bottom Exposure Time E x5 S 60 70 80

I
1

(a) @10 L

%
%

7
-"{-’J
/

Y
W

! - b 4

D2

- | (b)

L H2

Figure 1. Test sample (a) and measurement location (b) outer diameter (D) and height (H).

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 322, thang 11 nim 2024  J#K
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

Table 2. Experimental matrix and results

Coding factor Coding factor

No. D (mm) (mm) No. (mm) | (mm)

x1 x2 [ x3 | x4 | x5 xI | x2 [ x3 | x4 | x5

1 -1 -1 -1 -1 1 2995 | 3548 | 17 | -1 0] 0 0 0 2992 35.31

2 1 -1 -1 -1 | -1 29.92 | 3529 | 18 1 0] 0 0 0 2993 | 35.28

3 -1 1 |-1] -1 -1 2997 | 3544 | 19 0O -1]70) 0 0 |29.86| 35.12

4 1 1 | -1 -1 1 29.88 | 3539 | 20 0 1 0/ 0 0 |29.79 | 35.25

5 -1 -1 1] -1 1 2996 | 3547 | 21 0 0j-1, 0 0 |29.89| 3533

6 1 -1 1] -1 -1 2992 | 3544 | 22 0 0 1] 0 0 |29.85| 35.24

7 -1 1 1 -1 -1 29.95 355 | 23 0 0] 0] -1 0 |29.82| 35.18

8 1 1 1] -1 1 2995 | 3542 | 24 0 0] 011 0 129.79| 352

9 | -1 | -1 |- 1 1 2998 | 3522 | 25 0 0] 0] O] -1 |29.77] 3526

10 1 -1 ] -1 1] -1 29.83 | 3529 | 26 0 0] 0 0 1 ]29.79 | 35.25

11 | -1 1| -1 1] -1 2996 | 35.19 | 27 0 0] 0] O] 0 |29.82] 3529

12 1 1| -1 1 1 2991 35.25 | 28 0 0] 0 0 0 129.79| 353

13 | -1 -1 1 1 1 2997 | 3549 | 29 0 0] 0 0 0 129.76 | 3531

14 1 -1 1 I -1 29.80 | 3527 | 30 0 0] 0 0 0 |29.77| 35.26

15| -1 1 1 I -1 2998 | 3524 | 31 0 0] 0 0 0 129.80| 35.1

16 1 1 1 1 1 29.81 35.15 | 32 0 0] 0 0 0 |29.81| 35.19

Figure 2. Measure outside diameter D1, D2 (a) and height HI, H2 (b) with sample No. 32
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After designing on Solidworks software,
setting the parameters, the model is sliced and
converted to G-codes for manufacturing on the
PhotonS series resin 3D printing device using
liquid resin material type Anycubic Dental
Castable Resin. This is a material used to make
models for the casting process in dentistry.
After the fabrication process, the sample is
postprocessed and stored at room temperature
for 24 to 48 hours. Then, the sample was
measured using an electronic caliper from
Insize with an accuracy of = 0.03 mm to collect
straight size data in height (H) and diameter
(D). The measurement positions are shown in
Figure 2. Each dimension is measured at two
perpendicular positions, and the average value
is taken. Measurement results are presented in
Table 2.

3. RESULTS AND DISCUSSION

Experimental data analysis is performed
on Minitab 19 software with a second-order
polynomial regression equation with the
following general form:

y =bo+ I, bixi + T, buxi2 + ¥, bixix; (1)
ij=1

In which:

y is the output response.

X, X, are factors, respectively 1, j.

k is the total number of input factors.

According to the results of variance
analysis, the diameter size (D) has a Lack-of-
fit value (P-value) less than 0.05. This showed
that the regression equation for diameter
with the RSM method is not appropriate.
Meanwhile, the analysis of variance for the
height dimension (H) has a Lack-of-fit value
(P-value) greater than 0.05. This shows that the
regression equation for the height dimension
with the RSM method was appropriate,

meaning that the proposed model matches the
data well. The distribution chart shows that
most of the data obtained follow a normal
distribution with 95% confidence. From there,
the encrypted regression equation representing
the relationship between height dimension
(Y) and input parameters (x,) is determined as
follows:

Y =35.2564 +0.0994 x1 +0.0367 x4 +
0.0591 x4*x4 2)

Through the Pareto chart, it can be
seen that the layer thickness parameter (A,
coded as x1) has the greatest impact, followed
by the shell thickness parameter (D, coded as
x4). From there, the research team made some
comments as follows:

The layer thickness parameter has a
great influence on the dimension in height (z
direction), this shows the characteristics of AM
technology in general and Resin 3D printing
technology in particular, meaning the thickness
error of each layer will affect the overall error of
the product. The shell thickness parameter also
plays an important role because the smaller the
thickness, the larger the deformation, affecting
dimensional errors. In addition, the values of
the layer thickness parameter have a small
difference (0.01 mm) plus a large exposure
time (greater than 20 s). From there, the
exposure time parameter has no effect on the
target. The final layer exposure time parameter
is a factor that helps details adhere tightly to
the print bed surface and ensures the quality
of the first printing layers. Experiments show
that this parameter has very little impact on
the set goal. In terms of directions, for the xy
direction, the layer thickness will affect the
shrinkage of Resin when curing. Analysis of

the measurement results shows that the level &
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of variation between the measured results and
the nominal diameter of the sample is very low
(max =29.98 mm; min=29.75 mm; avg =29.86
mm). This is also the reason why the regression
equation does not match because there is too
little change. With the above viewing angle,
the LCD will create details with good XY
geometric accuracy. For the z direction, both
layer thickness and shell thickness affect the
size in this direction. The experimental results
are larger than the nominal size as a result of the
expansion process during curing. Especially in
the final layers, the curing process takes place
freely, leading to a rough surface causing
geometric errors. The difference between the
experimental value and the predicted results is
shown in Figure 3. To compare and evaluate
the accuracy of the predicted results according
to RSM, the authors used the average absolute
error value (Mean Absolute Error — MAE)
between data sets. MAE value is calculated
according to formula (3).

1 o~
MAE=1SPlyi—5il O

In which: y is the actual observed value;
y, 1s the predicted value; N is the total number
of experiments.

/'\/\/\J&:\/ ! ”“’\/\J'\ L

{
B0 10010 051617 16 19 PR EEE

Esperimtit vihis
=h=jli R5M =V ihié Ked

Figure 3. The difference between the experimental
value and the predicted value.

Performing optimization using the
Response Optimizer tool on Minitab 19, the
result is the optimal set of parameters for the
height dimension with the following values:
Layer thickness (A) of 0.0662mm, exposure
time (B) of 20 s, infill density (C) of 20%,
shell thickness (D) of 1.7212mm, and bottom
exposure time (E) of 80 s. The results show
that the MAE index is very small (MAE =
0.032475). This shows that the RSM method
predicts results with high accuracy. However,
in RSM, there are still R-Large Residual values
that create a disproportionate impact on the
regression model.

4. CONCLUSIONS

The study presents the experimental
process to understand the influence of five input
parameters, including layer thickness, exposure
time, infill density, shell thickness, and bottom
exposure time, on the shape accuracy of the
sample used for the process. The IC process is
fabricated by using DLP technology and resin-
wax material. Data analysis results show that
the layer thickness parameter has the greatest
influence, followed by the shell thickness
parameter. At the same time, the authors also
determined the optimal set of parameters
for dimensional accuracy in the Z direction.
With a MAE value of 0.032475, it shows that
RSM has very good prediction ability for the
set goal. However, in order to be able to use
LCD technology to create samples for the IC
process, it is necessary to continue to research
the effects of other technological parameters,
select more appropriate value levels for the
parameters, and continue. Continue to build
prediction models for other important quality
criteria, such as surface quality and the amount
of ash remaining after burning the sample.
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LILAMA10 khfnng dinh nang lwe trong linh vuc ché tao két
cau thép va thiét bi

ong ty C6 phan LILAMA10 khong chi 1 don vi ¢6 nhidu nim kinh nghiém trong cong tac

lap dat thiét bj cong nghé, cung cép cac dich vu k¥ thuét cho cac cong trinh, di 4n ma con
C di dau trong linh vuc ché tao két céu thép va thiét bi.

Tir nhidu ndm trude, LILAMA10 dé 14 nha cung cp chuyén nghiép cac san pham nha thép
tién ché, két cau thep cho cong trinh dién, xi mang, loc dau, ning luong, cac cot dién thép 500 KV
va ché tao cac loai bon bé chira xing dau hoa chat thuc pham co dung tich 16n dén 60 000m? chiu
ap luc cao, cac thiét bi cong nghiép: cau truc, cong truc nang ha, h¢ thong thong gio, cip nhiét, loc
bui, cot vi ba... hang dau tai Viét Nam. Cong ty cung cip céac dich vu dong bd hoic ting phan theo
yéu cau trong linh vuc thiét ké - ché tao - lp dat hodc hudng dan chuyén g1ao cong nghg... Chét
lwong thiét bi va két cdu thép do LILAMA10 ché tao dap ing dwoc moi yéu cau khit khe nhit vé
mat k¥ thuat va my thuat, duogc ddi tic, khach hang tin twdng, danh gia cao.

L
._-t..»" ' b ‘

Cdn bé ky s LILAMA 10 ché tao 02 mé-dun thiét bi dién phdn thudc dir dn nha mdy san xudt hydrogen
xanh tai West Coast (My).
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Cdc san pham dwoc gia cong ché tao tai nha may ciia LILAMAIO.

Chu tich Hoi dong quan tri LILAMA10, 6ng Ping Vin Long cho biét, Cong ty hién c6 02
nha may ché tao thiét bi két cau thép:

- Nha may ché tao thiét bi va két ciu thép Hai Duong: Km sé 64, Qudc 16 5, xa Cong Hoa,
huyén Kim Thanh, tinh Hai Duong, dugc xdy dung trén tong dién tich 57.900 m?, trong d6 bao gobm
15.000m? nha xuéng, 8.000m? bii ché tao, 1.500m? nha lam viéc va hé théng phu tro. Cong suit
10.000 tin/nam;

- Nha may ché tao thiét bi va két cau thép Phi Ly: Qudc 16 21A, xa Thanh Chau, thi xa
Phu Ly, tinh Ha Nam, duogc xay dung trén tong dién tich 25.000m?, bao gom 7.500m? nha xudng,
17.500m? bai ché tao. Cong suat 7.000 tin/nim.

Céc nha may duoc trang bi day chuyén san xuét két cau thép tién tién, ddng bo dimg hang
dau vé gia cong két ciu thép. Cac ky thuat tién tién, may moc hién dai cta thé gi6i luén duge Cong
ty dau tu, cap nhat. Cac cong nghé han cat, chng bién dang, 1am sach, son dugc t6i wu hoa dam bao
kha ning hoan thién san pham t6t nhit v6i gia thanh canh tranh nhét. Vi cong suit 17.000 tin/nim
san pham két cau thép, LILAMA 10 san sang thoa mén nhanh nhat cac yéu cau ctia khach hang voi
phuong cham: "Chat luong - Tién do - Pong bo va Dich vu tot nhat".

Bén canh d6, LILAMA10 con sé hitu doi ngii gﬁn 2.200 can by cong nhan vién, trong d6 c6
350 k§ su k¥ thuat, nhan vién nghiép vu va hon 1.800 céng nhan k¥ thuat c6 chuyén mén, tay nghé
cao, giau kinh nghiém. Nhan su LILAMA 10 dugc trang bi day du phuong tién thiét ké, ché tao, thi
cong tién tién, hién dai.
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Theo Chu tich Hoi dong quan tri LILAMA10, d¢ dam bao ngudn nhén lyuc tay nghé cao dap
ung yéu cau cua cac dy an, hang nim Cong ty t6 chirc cac khoa dao tao tho han nang cao tay nghé;
t6 chtrc cho cac can bo ki thuét co tay nghé cao di hoc nang cao ngoai ngit va chuyén moén nghiép
vu tai nuéc ngoai. Hé thdng can bd ngudn duge lya chon k§ tir nhitng guong séang trong lao dong;
cac giai phap sang tao, cai tién k¥ thuat dugc khuyén khich véi co ché phu hop; chinh sach, ché do
dbi voi nguoi lao dong dugce dam bao kip thoi nhat.

Dén nay, san pham cua LILAMA10 da c6 mat trén khip dat nuéc Viét Nam. Dic biét,
LILAMA10 con 14 doanh nghiép Viét Nam dau tién ché tao thanh cong thiét bi mo-dun dién phan
cho nha may san xuét hydrogen xanh, qua viéc hop tac voi Tap doan Thyssenkrupp Nucera — Cong
hoa Lién bang Ptic thyc hién ché tao va to hgp 02 mo-dun dién phan cho Nha may hydrogen xanh
West Coast tai bang Arizona cia My; gia cong ché tao va té hop 110 mo-dun thiét bi dién phan cho
du an hydrogen xanh Neom tai A Rap Xé-ut. Tir d6, mo ra mot hudng dl mdi cho doanh nghiép
trong hanh trinh vuon ra thé gidi theo xu thé chuyén dich ning luong toan cau, hudng dén cac ngudn
ning luong xanh va bén viing.

Trong thoi gian tdi, cung véi viée phat huy cac linh vuc kinh doanh nhu thuy dién, nhiét dién
va dién khi, Cong ty sé tiép tuc tham gia toan bo chudi gia tri ca vé thi cong xay lap va gia cong ché
tao, chu trong phat trién cac dich vu tu van thiét ké, gia cong ché tao thiét bi két cAu thép cho cac
nha may, phét trién ning luc gia cong ché tao cho tung hang muc cong nghé phu tro trong nha may
dién than, di¢n khi, dién dot rac; mo rong phat trién thi truong thuy dién tai Lao, tiép can cac thi
truong mai; tham gia tu vén, dai tu, stra chira, cai tao cho cac nha may thuy dién dang van hanh.

Cong ty tiép tuc ddy manh cong tac tiép thi tim kiém viéc 1am trong nudc va nudc ngoai dé
dam bao du viéc lam, 6n dinh cho ngudi lao dong va trién khai thuc hién hang loat cac bién phap
nang cao chat luong san pham, ting budc nang cao ning luc canh tranh cua san pham, dich vu cua
Cong ty. Pac biét, Cong ty tiép tuc xay dung doi ngii ngudi lao dong cb tay nghé cao, tic phong
chuyén nghlep va xay dung van hoa doanh nghiép chuyén nghiép, than thién. Do 1a cach khoi day,
phat huy t6i da cac ngudn lyc huéng téi muc tiéu tang trudng & muc cao nhét ciia LILAMA10. %%

PV
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