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

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

Tap chi Co khi Viét Nam 1a co quan béo chi thuc hién ngén luan - 1y luan cua Téng hoi Co khi Viét Nam, dong thoi 1a tleng
noi, kénh thong tin chinh thong cia nganh Co khi Viét Nam. Tap chi ciing con 1a dién dan nghlen ctru khoa hoc cla cac nha quan
Iy-khoa hoc-chuyén gia-nghién ciru sinh, hoc vién cao hoc, ... trén ca nudc, do do da duoc Bg Khoa hoc va Cong nghé cap ISSN
2615 - 9910 (ma so chuan quoc té doi véi xuat ban pham nhiéu ky) va Héi dong Chirc danh Gido su Nha nudc cong nhan tinh diém
cong tinh khoa hoc-bai bao khoa hoc.

Tap chi Co khi Viét Nam c6 nhiém vu tuyén truyén, pho blen chu truong chinh sach cua Dang, phap luat cua Nha nude va
dinh huéng phat trién, hoat dong cta nganh Co khi Viét Nam; cong b cong trinh khoa hoc, két qua nghién ctru va chuyén giao cong
nghe chuyén dé khoa hoc va cong ngh¢ c6 ham luong khoa hoc va gié trj thuc tién cao ctia nha quan Iy-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. Ngoal ra, Tap chi cung con la noi
cong bo nhiing phat mmh sang ché, két qua thanh tich, dién hinh tién tién trong hoat dong nghién clru 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. Viéc cong bd cong trinh khoa hoc/ diing bai bao khoa hoc trong nganh Co khi va lién quan dén linh vue Co khi trén
Tap chi Co khi Viét Nam:

Tap chi Co khi Viét Nam nhan cong bd cong trinh khoa hoc/ ddng bai bao khoa hoc trong nganh Co khi va lién quan dén linh
vuc Co khi cua nha quan ly khoa hoc- chuyen gia-nghién ctru cru sinh, hoc vién cao hoc,... trén Tap chi Co khi Viét Nam (ban in glay)
gom: ‘Co khi Che tao may, *Co kht Quoc phong, 3Co khi Giao thong “Co khi Nong—lam nghlep Co khi Xdy dung, °Co: khi Thiy san,
"Co khi Bia chat, *Co khi Hoa chat, *Co khi Bao quan ché bién nong lam thiy san, "Co khi Péng co dot trong, "'Co khi O 16 - May kéo,
2Co khi May thuy khi, *Co khi Cong nghé nhiét lanh, '*Co khi may nang lwong, °Co khi Cong nghé dét, '°Co khi Cong nghé cat may,
7Cor khi Co-dién tit, *Co khi K3 thudt hé thong cong nghiép, "*Co khi ddo tao nguén nhan lic va nghién ciru chuyén giao.

3. Thé 1¢ vé cong bd cong trinh khoa hoc/ diing bai bio khoa hoc trong nganh Co khi va lién quan dén linh vue Co khi trén
Tap chi Co khi Viét Nam. Do dé, cong trinh khoa hoc/ bai bdo khoa hoc khi dugc ding trén Tap chi Co khi Viét Nam phai
dam bao cac yéu cau, nhu sau:

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

3.2. Bén thdo: Bai bao dang trén Tap chi Co khi Viét Nam, gdm c6 cac phin:

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

2. Tén tac gia, dong tac gia (kém theo ghl chu vé chirc danh khoa hoc, hoc ham, hoc vi, tén co quan cOng téc, emall)

3. Tom tat bai bédo bang tiéng Viét va tiéng Anh khong qua 350 tir (bao gom co tur khoa tiéng Viét va tiéng Anh dbi véi 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 thdo luan (c6 thé tach thanh 2 phén riéng biét: Két qua, Thao ludn).

7. Két Tuan.

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 18 trai phai moi bén: 3 cm, can 1& trén dudi: 2,5 cm, ché o 1é: “Justlﬁed” Dung luong moi
bai bao khoang 1.600-2.500 tir. Cac do thi, hinh va anh can trinh bay rd rang.

Céc thuat ngir khoa hoc néu chua dugc Viét hoa thi wu tién dung nguyén ban tiéng Anh. Céc ky hidu viét tit cAn phai giai
thich khi xuat hién 1an dau.

Th ty bang va hinh dugc danh s theo trinh ty trong bai, khong danh theo thir tw dé muc. Khong dugce viét tit cac tiéu myc,
tén bang, hinh v&. Tén bang dugc ghi bén trén bang, tén hinh v& duoc ghi bén duéi hinh. Chu thich in nghiéng.

Chi co nhung tai liéu dugc trich dn thug sy trong noi dung bai viét méi dua vao phan tai liéu tham khao. Tai liéu tham
khao dugc sap xép theo thir tu trich dan (ta1 liéu tiéng nuéc ngoal duogc sap xep theo ho cua tac gla tai liu tleng Viét sap xep theo
tén tac gid) va theo trinh ty: tén tdc gia, ndm xudt ban trong ngoac don (...), tén sach, tén nha xuat ban, noi xuat ban (d01 véi sach),
hodc tén bai bao, tén tap ch1 tap, s (doi vdi bai bao), trang dau va trang cuodi cua tai lieu Déi voi nhung tai li¢u khong c6 tac gia thi
xép theo chir cdi cua tir déu tién ctia co quan ban hanh tai liéy. Trong ban thdo, & nhitng ndi dung tac gia da tham khdo hodc sir dung
két qua nghién curu tir cac tai liéu khoa hoc khac, can danh dau bang SO (dat trong déu [...]) - 1a s6 thir tyr cta tai lidu xép trong danh
muyc céc tai liéu tham khao. Tai liéu tham khao cn ghi theo ngdn nglr goc, khong phién am, khong dich.

3.3. Giri hodic ndp bai: Ban thio gom 2 ban in va | ban dién tir. Khi dang ki nop bai, cc tac gia c6 thé dé xut 2 phan bién. Viéc
chon céc phan bién chuyén moén phu hop thudc quyén cua Hoi dong Bién tap Tap chi Co khi Viét Nam.

3.4. Phdn bién: Sau khi nhan bai viét giri dang ding v6i Thé thite quy dinh ciia Tap chi Co khi Viét Nam, Hoi ddng Bién tap s& gii
bai viét cho cac phan bién.

Nhirng bai viét duoc ch'?ip nhan dang, cac tac gia s€ nhan dugc thu phan hdi cua Hoi dong Bién tap voi thoi gian stra chita
duoc yéu cau tuy theo chat lugng cua bai viét. Ban stra chita 1an cuoi cua tac gia s€ duoc coi l1a ban goc.

Ban thao c6 thé ndp truc tiep hodc guri qua E-mail cia Tap chi. ] ]

Quy tac gia muon bict thém thong tin, xin vui 10ng lién hé véi TOA SOAN TAP CHI CO KHI VIET NAM

Dia chi: S6 4 Pham Vin Ddng (trong Vién Nghién ctru Co khi), Mai Dich, Cau Gidy, Ha Noi
bién thoai: (024) 37 920 650 - 0982 254 465 / 0985 696 263
Email: Tcckvn.bbkh@gmail.com * Website: cokhivietham.vn / tapchicokhi.com.vn
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TS. PO HU'U HAO (Chu tich)
GS,TSKH. BANH TIEN LONG (P. Chu tich)
KS. TA QUANG MAI (P. Chu tich)
TSKH. PHAN XUAN DUNG
PGS,TS. HA MINH HUNG
PGS,TS. TRUONG VIET ANH
GS,TS. PINH VAN CHIEN
GS,TSKH. PHAM VAN LANG
GS,TS. CHU VAN PAT
PGS,TS. TRAN VINH HUNG +, Nghién ciru tao 16p phi gdm WC-12Co bé mt tru trong 1am viéc trong méi trudng khic nghiét
PGS,TS. PAO QUANG KE *" bang phwong phap phun phi HVOF
PGS, TS. NGUYEN VAN BAY
PGS,TS. PAO DUY TRUNG

«%+  Anh hudng cia siét chat téi kha nang chiu lc clia méi ghép Bu léng - dai oc

%+ Nghién ciru thiét ké két cau cum than maket ong phéng tén liva phuc vu cho céng tac huan luyén

A , SH 320, thang 10 nam 2024
PGS’TS LE THU QUY Tap chi Co khi Viét Nam phit hanh ngay 20 thing 10 nam 2024

PGS, TS. BUI TRUNG THANH
PGS, TS. LE VAN PIEM

GS.TS. LE ANH TUAN TOA SOAN TAP CHIi CO KHI VIET NAM
GS,TS. NGUYEN HU'U LQC Sb 4 Pham Vin Bdng (trong Vién Nghién ctru Co khi), P. Mai Dich, Cau Gidy, Ha Noi
PGS.TS. DUONG VAN TAI Dién thoai: (024) 3792 0650  Hotline: 0985 696 263 - 0982 254 465

. Email: tcckvietham@gmail.com
TS. PHAN DANG7PHONG Website: cokhivietnam.vn / tapchicokhi.com.vn
TS. TA NGQC HAI % %

PGS,TS. TRAN NGOC HIEN Giéy phép hoat dgng Tap chi in va Tap chi Dién tir ciia B Thong tin va Truyén théng
PGS.TS. TRUGNG H OANH SON S6 378/GP-BTTTT, ngay 22 thang 6 ndm 2021

TS. HO TRAN ANH NGQC

Vin phong dai dién:

1. Tai TP. Ho Chi Minh: 2. Tai tinh Quéing Ninh: 3. Tai Thai Nguyén:
- PGS,TS. Bui Trung Thanh - TS. Hoang Minh Thuén - GS,TS. Vii Ngoc Pi
N N - Phong T4.0, Nha T, Truong Pai hoc Cong nghiép  Truong Cao ding Cong nghiép va Xay dung, $6234 Pha Xa, TP. Thai Nguyén, tinh Thai Nguyén
THIET KE MY THUAT ‘TP Ho Chi Minh ~ Lién Phuong, Phuong Dong, Uong Bi, Quang Ninh  Dign thoai: 0974 905 578
M S6 12 Nguyén Vin Bao, phuong 4, quan Go Vap,  Di¢n thoai: 0904 116 189 Email: vungocpi@tmut.edu.vn
NG AN GIANG TP. Ho Chi Minh Email: minhthuan.teckvn@gmail.com

Dién thoai: 0913 921 407
Email: teck.tphem@gmail.com

- GS,TS. Nguyén Hiru Lic

Phong 205, Nha B11, Truong Pai hoc Bach khoa,
Pai hoc Québc gia TP. HO Chi Minh,

sb 268 Ly Thuong Kiét, phuong 14, Quan 10,
TP. H Chi Minh.

Dién thoai: 0913 603 264

Email: nhloc@hemut.edu.vn

*Tap chi Co khi Viét Nam:

- In tai Cong ty C6 phan In Khoa hoc Cong nghé Ha Noi Phong vién thuong tra:
- Khuén khé 20,5cm x 28,5cm

48 wang

- Xudt ban méi thdng mot ky Dign thoai: 0913 063 747

- Gid ban 60.000 d6ng/quyén Tap chi Email: daidientcck@gmail.com
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DANH SACH

NHA KHOA HQC THAM GIA PHAN BIEN KHOA HOC CAC BAI BAO
KHOA HQC PANG TAI TREN CHUYEN MUC NGHIEN CUU - TRAO POI
TAP CHi CO KHIi VIET NAM, SO 320, THANG 10 NAM 2024

HOQC HAM, HOC VI; A ;
TT HO VA TEN DPON VI CONG TAC
1 | PGS,TS. Lé Van Tao
Hoc vién K¥ thuat Quan sy
2 | TS. Pd Thiét Lap
3 | PGS, TS. Lé Thu Quy P/hor:g "l:hl nghiém Trong diém Cong nghé Han va Xu
1y bé mat
4 | TS.Nguyén Vin S§ Truong Pai hoc Cong nghiép TP. H6 Chi Minh
X o Truong Pai hoc Ky thudt Cong nghiép,
5 | PGS,TS. Nguyén Dinh Ngoc Pai hoc Thai Neuyén
6 | PGS,TS. Tran Vinh Hung Truong Dai hoc Phenikaa
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U - TRAO DO

ANH HUONG CUA SIET CHAT TOI KHA NANG CHIU LUC CUA
MOI GHEP BU LONG - bAI 6C

EFFECT OF BOLT LOAD ON BEARING CAPACITY OF BOLTED JOINT

Nguyén Thu Huwong’, Trin Hoang Anh
Khoa Cong nghé Ché tao may, Truong Co khi, Pai hoc Bach Khoa Ha Noi

TOM TAT

Moi ghép bu 16ng — dai éc la mét kiéu moi ghép co khi dwoc g dung phé bién, rong rdi
trong cdc nganh co khi, thiét bi cong nghiép va cdc thiét bi dan dung khdac. Trong diéu kién thuec té,
do anh huéng ciia cdc diéu kién taz trong va cdc yéu té6 méi truong khién cho cdc moi ghep ren bz
hong, tir do gay ra anh hu’ang rdt IO’n dén chat lwong cdc cong trinh. Mot trong nhu"ng yéu to rat
quan trong khz thuee hién ldp ghep moi ghep bu long — dai oc do la klem sodt liee siét chdt, hay la
moment xodn trong qud trinh siét dai 6¢c. Néu luc siét bu long — dai oc khong du sé dan dén hién
twong cdc con éc bu long bi long, khéng dam bdo tinh cimg viing va gdy ra dén sw mat on dinh ciia
cdu triic moi ghép. Trong khi do, khi cac bu léng, dai éc hay méi ghép bi siét chat qud mire ciing
s€ tao ma sdt I6n, dé hw hong va qud tai ciia moi ghép. Trong bai bdo nay tdac gia sw dung phuong
phdp phan th hitu han vao mé phong danh gia kha nang chiu liee va bién dang ciia moi ghép bu
I6ng — dai éc dwéi sw anh hwéng ciia cdc gid tri lee siét khdc nhau. Két qua nghién civu ndy cé thé
gip cdc nha kj thudt liwa chon dwoc gid tri lyc siét chat hop Iy, qua @6 dam bdo qud trinh ldp rdp
an toan nhdt va tang tuéi tho cho méi ghép.

T kKhoa: Bu léng — dai oc; Bién dang; Ung sudt, Moment xodn.
ABSTRACT

Boltedjoint is one of the most common joining method widely used in mechanical engineering,
industrial equipment and other civil equipment. In actual conditions, due to the influence of load
conditions and environmental factors, threaded joints are damaged, thereby greatly affecting the
quality of works. One of the very important factors when doing bolted joint assembly is controlling
the tightening force, or torque, during the tightening of the nut. If the bolt-nut tightening force is
not enough, it will lead to the phenomenon of the bolts being loose, not ensuring the rigidity and
causing the instability of the joint structure. Meanwhile, when the tightening fore are to extensive,
it will also generate a significant friction, easy damage and overload of the joints. In this paper,
the finite element analysis method was employed to simulate and evaluate the bearing capacity and
deformation of bolt-nut joints under the influence of different tightening force values. This research
result can help technicians choose a reasonable tightening force value, thereby ensuring the safest
assembly process and increasing the life of the joint.

Keywords: Bolted joint,; Stress; Deformation, Bolted load.
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NGHIEN CUU - TRAO DOI

1. GIOI THIEU

Mdi ghép bu 1ong — dai ¢ 1a mot kiéu
méi ghép co khi duge str dung rong rai trong
cac nganh ché tao co khi, thiét bi cong nghiép,
cac cong trinh xay dyng, may moc, giao thong
& khap moi noi trén thé gidi. Nguyén 1y lam
viéc co ban mdi ghép bu long — dai 6¢ 1a dé
gitip kep chit cac chi tiét lai voi nhau. Mbi lip
ghép bu 16ng — dai bc chiu duoc tai trong kéo
va udn rat tt, dd bén cao va hoat dong 6n dinh
trong thoi gian dai. Ngoai ra, viéc thao lap va
hiéu chinh cac mdi lip ghép bang bu 16ng rat
don gian, thuan tién, thao tac nhanh chong va
khong doi hoi cong nghé phure tap nhu nhimg
mdi ghép khac. Viéc lya chon vat lidu dé san
xudt bu 16ng phu thudc nhiéu vao vi tri két ndi
ma né dugce sir dung, nhung thép van 1a vat liéu
dugc str dung phd bién nhit (dén 90%). Thong
thuong, bu 16ng, dai ¢ va vong dém dugc ché
tao tur thép, thép ctimg, thép khong gi, titan,
dong thau, nhom, hop kim ddng, nhwa. Tuy
nhién, hién nay thép van 1a loai vat liéu pho
bién nhat dé san xuat bu 16ng — dai 6¢ dua trén
tinh pho bién va gia thanh hop 1y.

Mic du 1a mot loai mbi ghép dugc su
dung phd bién ¢ tit cac cac linh vuc, tuy nhién
trén thue té, khong c6 nhiéu ngudi hiéu rd vé
nhitng kho khan ma nhiéu nguoi gip phai khi
Ira chon loai bu 16ng dap tng yéu cau duoc
néu ra trong ho so thiét ké lién quan. Quan ly
luc siét bu 16ng 1a mot trong nhitng cong viée
quan trong can phai cha y trong cong viéc thao,
lép bu I6ng. Mot luc kep chat qua nho co thé
khong dam bao tinh cung viing va gay ra su
méat 6n dinh cua ciu tric mbi ghép. Luc kep
chdt khong du cling 1a mot nguyén nhan gay
ra tai trong theo chu ky, gdy hong bu 16ng do
moi. Nguoc lai, luc siét qué chat co thé 1am
gdy bu 16ng trong qua trinh siét hodc khi c6 tai
trong lam viéc. Trong nghién clru nay, cac tac

gia ung dung phuong phap phan tir hitu han dé
mo phong danh gia kha ning chiu luc va bién
dang ctia mdi ghép bu 1ong — dai 6¢ dudi sy anh
hudng ciia cac luc xiét khac nhau. Tir két qua
nghién ctru, ¢ thé gitp cac nha ky thuat lya
chon dugc gia tri moment xoan hop 1y cho qua
trinh 1ap rap dé dat dugc mdi ghép an toan nhét.

2. CAU TRUC MOI GHEP BU LONG -
PAI OC

M&i ghép bu 1ong — dai ¢ dugc ciu tao
tir ba chi tiét co ban 1a: Bu 16ng, dai dc va vong
dém, nhu dugc minh hoa cu thé trong hinh biéu
dién 3. Mdi chi tiét c6 mot vai tro va chirc ning
khéc nhau.

Hinh 1. Cau triic dién hinh ciia moi ghép bu long
—dai oc.

L

Hinh 2. Céu tric dién hinh va kich thuéc chudi
cua bu long luc giac.
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NGHIEN CU’U - TRAO BOI

Bu long 1a mot chi tiét quan trong nhét,
dong vai trod truc két ndi chinh trong mdi ghép
bu 16ng — dai 6¢c. Cau tric dién hinh ciia bu
long thuong bao gdm c6 hai phan: phan dau
va than bu long. Tuy theo chic nang va yéu
cau vé tinh k¥ thuat, tinh thAm my cao va su
tién dung trong qué trinh san xuat va st dung,
dau bu 16ng thuong duge thiét ké theo nhidu
hinh dang khac nhau, gém c6: hinh tron; hinh
luc gidc 6 canh ngoai (bu long luc gidc ngoai);
hinh vuong, hodc hinh luc giac 6 canh dugc dap
chim bén trong (bu 16ng luc gidc chim); 8 canh
(bat gidc); hoac nhirng hinh khac nhu hinh 6
van, hinh nén. Than bu 16ng dugc ti¢n ren theo
hai kiéu: Ren subt va ren limg, than bu 16ng ¢
d6 dai du dé ludn qua céc chi tiét can dugc lap
ghép. Bu 16ng ren sudt s& duoc tién ren toan bo
phan than bu 16ng, tir du mi d&én cudi bu 16ng.
Bu 10ng ren limg thi chi dugc tién ren mot phan
than bu 16ng, bat dau tir ddu mil bu 16ng, do dai
tién ren s& tily thudc vao yéu cau thiét ké bu
16ng va yéu ciu cua cong trinh lap ghép.
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Hinh 3. Cau truc dién hinh va cdc kich thuéc
tuwong ung cia mot dai oc luc gidc.

Trong mbi ghép bu 16ng — dai bc, dai
¢ 1a mot chi tiét luon ludn di kém véi bu 16ng.
Céu tric dién hinh cta dai ¢ bao gdm mot khéi
kim loai nhé ¢6 13, duoc thiét ké véi nhiéu hinh
dang, bén trong dugc tién mdt dudong ranh (ren)
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xodn ¢ chay quanh 16 xuyén qua trung tam.
Pai 6c ludn duge ding v6i bu 16ng dé tao ra
ma sat ren va lgi dung stc cang cua bu 1ong,
strc nén cua chi tiét dé kep chat cac chi tiét véi
nhau. Cac loai dai ¢ s& dugc thiét ké dé phu
hop véi ting loai bu 16ng tuong Gmg. Tuong tu
nhu bu 16ng thi dai 6c luc gidc (6 canh) c6 cac
gbc dugce bo tron la loai dai dc duoc su dung
phd bién nhat hién nay.

Vong dém 14 chi tiét dong vai tro trung
gian giita dai dc va bé mat chi tiét dé dam bao
qua trinh siét chat dai 6c va dé ko lam anh
huéng bé mat chi tiét bi ghép. Ngoai ra, vong
dém cung cip thém kha nang hiéu qua va kha
nang chiu luc cho lién két bu 16ng — dai 6¢ nho
tang dién tich tiép xuc. Vong dém co nhiéu loai
khac nhau, bao gém: vong dém tron, vong dém
16 x0, vong dém vudng, vong dém rang, vong
dém khoa.

3. CAC DANG HONG PHO BIEN CUA
MOI GHEP BU LONG - PAI OC

Trong cac mdi lién két chiu tai trong,
bu 16ng thudng duoc siét chit dé dam bao ghép
cac bg phan lai voi nhau. Vé co ban, tat ca cac
loai bu 16ng thuong dugc ché tao tir nhing loai
vat liéu ¢6 tinh dan hoi. Dé tao dugc mot luc
kep cac bo phan lai voi nhau, chung cin phai
duoc kéo cang mot luong nhd dé phat trién luc
kep, tuy nhién néu kéo cang qua mirc, vuot qua
gidi han dan hoi, bu 16ng s& bi bién dang vinh
vién. Do vay, dé tranh trudng hop nay, chung
ta can dam bao rang, (mg suét trong bu 16ng
khong bao gio vuot qua gidi han dan hodi ca
trong qua trinh lp rap va chiu tai trong trong
qué trinh 1am viéc. Dé tranh rii ro nay, ching
ta can xac dinh tai trong dbi ching tmg suét
lam viéc ctia bu 1ong s& nho hon tai trong dbi
chtng, dé dam bao rang bu 16ng s& 1am viéc
& ving an toan, khong bi bién dang dudi tac

&
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dung cua lyc siét va tai trong trong qua
trinh lam viéc. Thong thuong luc kep,
hay luc siét dugc tinh toan béng 75%
tai trong dbi chtng, tuy nhién con sb
nay la tham khao, gia trj c6 thé cao
hon hoic thdp hon tlly vao yéu cau ing
dung va tinh todn ctia nha thiét ké [1-4].

Trong diéu kién lam viéc thuc
té, cac mdi ghép ren thuong bi hong do
tac dong cua diéu kién tai trong va cac
diéu kién moi truong khic nghiét, tir 46
gdy ra anh huong rat 16n dén chét luong
cac cong trinh. Do d6, diéu quan trong
nhat 1a phai xac dinh chinh xac dugc
dang héng va céc nguyén nhan gay ra.
Hinh 4 thé hién cac dang hong phd bién
ctia moi ghép bu 1ong — dai ¢ [5]. Vé
co ban, ching ta co thé phéan chia cac
dang hu hong ctia mdi ghép bu 16ng
— dai b¢ thanh hai loai chinh: hu hong
trén bu 16ng va hu hong trén chinh chi
tiét can kep chit. Mot trong nhirng dang
hong pho bién nhat 1a dut giy trén than
bu long duéi tac dung cia luc cat tai
vi tri bé mat tiép xtc gitra hai chi tiét
(Hinh 4a). Pay la dang hong thuong
xay ra voi moi ghép bu long — dai dc
dung dé kep chat hai chi tiét. Luc cét sé
duogc hinh thanh dudi tac dung cia hai
luc kéo nguoc chiéu nhau trén hai chi
tiét bi kep, gay ra dut than bu 16ng tai
vi tri bé mit tiép xuc giita hai chi tiét.
Ngoai ra, mot s6 dang hong lién quan
dén than bu 1ong c6 thé ké dén 1a: cong,
vénh trén than bu long thuong xay ra
v6i moi ghép kep chat tir 3 chi tiét tro
1én (Hinh 4c, 4f) va dut bu long do lyc
siét chat qua 16n (Hinh 4e). Cac dang
hong trén chi tiét thiét bi kep chu yéu
lién quan dén nut vo, dut gdy tai vi tri
10.

1 % | —

Shear failure of bolt

é:%_,

Shear failure of plate

(a) (b)
% N .
S

Bearing failure of bolt

(c) (d)

Tensile failure of bolts Bending failure of bolts Tensile failure of plate

O] ] @
Hinh 4. Cdc dang hong tiéu biéu ciia méi ghép bu long —
dai oc [5]

4. KET QUA MO PHONG
4.1. Mo hinh mé phéng

M6 hinh mo6 phong dugc xay dung dua trén
mo6 hinh thuce té cia méi ghép bu 16ng — dai é¢c. Phan
mém sir dung 14 Abaqus/Standard. Cau tréic dién hinh,
diéu kién bién va tai trong tac dung dugc thé hién chi
tiét trén Hinh 5. M6 hinh lap rap ctia mdi ghép bu
16ng — dai dc s& duoc tao thanh tir 05 chi tiét: bu long,
dai 6c, vong dém, va hai chi tiét bi kep. Trudc khi
tién hanh mo phong, ting chi tiét s& duoc chia ludi
phan tir. Loai phan tr duoc 4p dung trong mé hinh 1a
loai phén tir: C3D8R. Piac diém cua C3DSR 1a loai
phan tir hinh khi, bao gom 8 niit, cho phép tinh toan
g sudt, bién dang, chuyén vi ctia ting nut nén dap
ung dugc voi muc dich dit ra cho bai toan mo phong.
Diéu kién tiép xuc giita cac bé mit chi tiét duoc gia
1ap bang lyc ma sat, hé s6 ma sat p =0.2.
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1

— Ung
'} ) — Suit
I ™ Kéo

Mit rang
budc ¢b dinh

(b)
Hinh 5. Cdu triic mé hinh mé phong, chia luéi va
diéu kién bién

5. KET QUA VA THAO LUAN

Hinh 6 thé hién su phin bd tng suit
Von-Mises trén méi ghép bu 1ong — dai dc dudi
cac diéu kién lyc siét khac nhau. Tur két qua
su phan bd g suat cho ting truong hop, ta
c6 thé thay rang, véi cing mot gia tri luc kéo
dong vai tro la tai trong ngoai luc, vi tri cua
vung Gng suit nguy hiém s& thay doi dang ké
voi su thay ddi cua gia tri luc siét chat. Khi luc
siét chat twong dbi thap (Hinh 6a, luc siét chit
M =36Nm), ving img suat nguy hiém chu yéu
xuat hién trén cac chi tiét b kep, trong khi trng
suét trén than bu 16ng twong ddi thap Khi lyc
siét chat ting dan (Hlnh 6b, luc siét chit M, =
108 Nm), viung tmg sudt nguy hiém trén cac ch1
tiét bi kep cling thu hep dan. Khi lyc siét chat

= 108 Nm (Hinh 6c), ving tng suat nguy
hiém nhét da xuat hién trén than bu 16ng, tai vi
tri tiép xuc gitra hai chi tiét thay vi trén hai chi
tiét bi kep nhu truong hop Hinh 6a, 6b. Khi luc
siét chat ting 1én dang ké, ving tng suit cao
tiép tuc phat trién trén than bu 16ng (Hinh 6c,
6d, 6¢). Nhu vay co thé két luan, cac dang héng
cha yéu trén cac chi tiét bj kép cha yéu xuit
hién khi luc siét chit khéng da hodc mdi ghép
bu 16ng — dai dc bi 1ong dan theo thoi gian. Khi
luc siét chat ting 1én, cac dang hong chu yéu
s& lién quan dén than bu 16ng do ving g sudt
nguy hiém chu yéu phan bd trén than bu 16ng.
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Hinh 6. S phdn b6 iing sudt Von-Mises trén moi
ghép bu long — dai éc khi dp dung cdc lic xiét chit
khdc nhau (a) luc siét chét 36 Nm, (b) luc siét cht

108 Nm, (c) lyee siét chat 180 Nm, (d) luc siét chat

311.4 Nm, (e) luc siét chat 360 Nm, (f) luc siét
chat 622.8 Nm.

Tuy nhién, ciing can chd y ring vé co
ban, tng sut Von-Mises 1a mot loai ung suét
tuong dwong, vi thé no ko di dé moé ta duoc
ban chét cua sy vat, hién tuong. Trong khi do,
phuong va chiéu cia lyc rat quan trong dbi véi
d6 bén moi (fatigue strength), hodc la cac vat
lidu khong c6 sy dong nhat va dang hudng,
hodc 1a vat liéu phi tuyén. Néu chi can cir vao
gi4 tri Von-Mises, chiing ta khong thé thdy duoc
két cdu ciia mdi ghép bu long — dai ¢ dang
chiu lyc & trang thai gi, kéo hay nén, uén hay
xoan, cling nhu khong thé thdy dugc phuong,
chiéu, huéng cta tng suat. Hinh anh 7 thé hién
su phan bd ctia tng suat tri tng suat 1on nhat
(maximum principal stress) v6i cac diéu kién
luc siét chit khac nhau. Do day 13 Gmg sut that
su & bén trong chi tiét, nd thé hién duoc ding
vé phuong, chiéu, huéng, mé ta ding vé ban
chét cta Gmg sudt trong chi tiét. Két qua phan

tich cho thdy, khi luc siét chat thap (tr 36Nm ¥
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dén 180 Nm, Hinh 7a, 7b, 7c¢), trang thai g
sudt trén chi tiét bi kep 1a chiu Gng suat kéo va
trén than bu 16ng 1a chiu tng suit nén. Do viy,
than bu long s€ chiu it rai ro, hong, nit v hon
s0 v6i cac chi tiét bi kep. Nguoc lai, khi luc siét
chat vuot qua 311.4 Nm (Hinh 7d, 7e, 7f) trang
thai ing sudt trén than bu 16ng 1a trang thai mg
suét kéo, do vy ving nguy hiém s& chu yéu tap
trung trén than bu 16ng dudi diéu kién lam viéc
thuc té.

Hinh 7. Sw phan bé gid i ing sudt lon nhat cua
cdc g sudt phdp trén moz ghép bu léng — dai oc
khi ap dung cac luc xiét chat khdc nhau: (a) luc
xiét chdat 36 Nm, (b) luc xiét chat 108 Nm, (c) luc
xiét chdt 180 Nm, (d) lic xiét chat 311.4 Nm, (e)
liee xiét chat 360 Nm, (f) e xiét chat 622.8 Nm.

6. KET LUAN VA KHUYEN NGHI

Dua trén truong phan bd tng suit, bién
dang nhan dugc tir m6 hinh mo6 phong, chung ta
thu dugc mot s6 két luan quan trong dudi day:

* Dudi cung tdc dung cua mot luc kéo
dong vai tro la tai trong ngoai luc, vi tri cua
vung Gng suit nguy hiém s& thay doi dang ké
voi su thay ddi cua gia tri luc siét chat. Khi luc

siét thip, ving g suat nguy hiém chu yéu tap
trung trén than cac Chl tiét bi kep. Nguoc lai,
khi Iyc siét chit dai 6c da 1on, ving tng suét
tap trung phan bd trén than bu 1ong.

« Dya trén su phan b ctia ving Gng suét
nguy hiém dudi cac diéu kién luc siét chit khac
nhau, chiing ta ¢6 thé phong doan cac dang hoc
chu yéu trén céc chi tiét bi kép chu yéu xuét
hién khi luc siét chit khong da hodc mdi ghép
bu 16ng — dai 6c bi 1ong dén theo thoi gian. Khi
luc siét chat tang 1én, cac dang hong chu yeu
s€ lién quan dén than bu long do ving ting sudt
nguy hiém chu yéu phan b trén than bu 16ng.

« Can tinh toan gia tri cua luc siét chat
bu 16ng — dai 6c mot cach hop 1y dé dam bao do
an toan ctua mdi ghép, ciing nhu cac bién phap
phong tranh hu hai cho mbi ghép. %
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NGHIEN CU'U TOI WU HOA BQ BEN BAM DINH LOP PHU
WC-12Co TREN BE MAT TRU TRONG BANG CONG NGHE PHUN
PHU NHIET KHi TOGC PO CAO HVOF

OPTIMIZING THE ADHESION STRENGTH OF THE WC-12Co COATINGS ON THE
INTERNAL SURFACE USING THE HIGH-VELOCITY OXYGEN-FUEL (HVOF)
THERMAL SPRAY TECHNOLOGY

Nguyén Tuédn Hai', Pinh Vin Chién??
'Khoa K§ thuat, Trudng Pai hoc Cong nghé Pdng Nai
*Truong Pai hoc Mo — Dia chét
STrudng Pai hoc Kinh té — Cong nghé Thai Nguyén
TOM TAT

Muc dich cua nghién ciru nay la 16i wu héa dé bam dinh ciia 16p phu dwoc tao ra o bé mat
tru trong bang céng nghé phun phii HVOF. Vit liéu phii la bt WC-12Co trén nén thép ong 20Cr.
Cdc théng s6 chinh ciia qud trinh phun dwoce nghién ciru bao gom leu lwong phun, khodng cach
phun va vin toc twong doi cia sing phun. Céc thi nghiém dwoc bo tri theo thiét ké Taguchi L9. Két
qua nghién civu cho thdy cdc tham sé qud trinh phun dwoc lwa chon trong thi nghiém dnh hwéng
ddng ké dén dé bam dinh ciia 16p phii v6i bé mdt nén thép éng 20Cr. Theo phan tich Taguchi va
ANOVA trong cdc thir nghiém, cdc gid tri théng s6 phun t6i wu dat dwege ¢ khodng cach phun 0,25
m, e leong bét 26 g/phiit va vin toc twong doi cia sing phun la 0,15 m/s. Véi cac théng sé nay,
gid tri A6 bam dinh t6i wu dat dwoc la 66,47 MPa. Két qua nghién ciru ciing cho thday anh hwong
ciia cdc thong sé qud trinh phun dén do bam dinh, trong dé khoang cdch phun anh hwéng 38,4%,
T lwong bot 34,7% va van toc twong doi sing phun 25,7%.

T khéa: Phun phii nhiét khi toc do cao; P bam dinh; Théng so phun; Cdc-bit vonfram.

ABSTRACT

The purpose of this study is to determine the adhesion strength characteristics of the coating
layer created inside cylindrical surfaces using HVOF technology. The coating material is tungsten
carbide powder on a 20Cr steel substrate. The main parameters of the spraying process studied
include spray flow rate, spray distance, and relative velocity of the spray gun. The experiments are
arranged according to Taguchi L9 design. The research results show that the selected spraying
process parameters in the experiment significantly affect the adhesion strength of the coating to
the substrate. According to Taguchi and ANOVA analysis in the experiment, the optimal spray
parameter values are achieved at a spray distance of 0.25 m, powder flow of 26 g/min, and relative
velocity of the spray gun at 0.15 m/s. With these parameters, the optimal adhesion strength value
obtained is 66.47 MPa. The analysis results also indicate the influence of the spraying process
parameters on adhesion strength, with spray distance contributing at 38.4%, powder flow rate at
34.7%, and spray gun velocity at 25.7%.

Keywords: High-velocity oxygen-fuel; Adhesion,; Process parameters, Carbide wolfram.
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1. PAT VAN PE

Cong nghé phun nhiét nhién liéu oxy
toc d6 cao (HVOF) duoc phat minh vio nhiing
nam 1980 va 1a cong nghé phu bé mit ¢ thé
thay thé 16p phii crom ctig do 16p phii phun
nhiét HVOF c¢6 hiéu suit mai mon va dn mon
t6t hon [1]. Tuy nhién, cac quy trinh HVOF bj
gidi han boi tinh chit khong gian 1am viéc cua
chung, nghia 13 viéc phun bé mit ¢ nhitng khu
vuc chat hep 1a mot thach thac khi so sanh véi
cac quy trinh ma crom cung truyén thong. Viéc
tao 16p phu trén cic bé mit bén trong chi tiét
c6 khong gian chat hep véi cac hinh dang phirc
tap su dung cac hé théng HVOF thuong mai bi
nhiéu han ché do kich thudc cia sing phun va
khoang cach phun can thiét dé c6 nhiét do va
van tdc hat t6i wu. Trong nghién ciru ndy, phun
phu nhiét bé mat trong HVOF dugc nghién ctiu
va phat trién v6i myc dich nang cao chat lugng
16p phua khi cac thong sé phun ctia hé thong
hoat dong ¢ mirc nang lwong téi ru nhung dong
thdi van giir duoc dong niing cao cho phép phu
nhiéu bé mat bén trong mot cach hi¢u qua hon.

Vat liéu cac-bit WC-12Co 1a Iya chon
hang dau trong cac tng dung chéng an mon va
mai mon do sy két hop giita d6 cing cao cia
cac-bit vonfram va tinh linh hoat ctia coban.
WC-12Co thé hién d6 bén va do cung cao, tang
cuong kha nang chéng mai mon, in mon va va
dap bé mat. Piéu nay gitip cho chi tiét dugc phit
c6 kha nang chiu dugc ap luc va moéi truong
lam viéc khac nghiét [2].

Luc lién két gifra vat liéu nén va 16p phu
dac trung cho do bam dinh cua 16p phu. Viéc
kiém tra do bén nay rat quan trong dé kiém soat
chat luong cuia thiét bi phun va quy trinh phun.
Uu diém cua HVOF so véi cac ki thuat phun
nhiét khac 1a van tdc hat cao hon so véi cac
cong ngh¢ phun phu khac nhu phun ngon lira
va phun nhiét h6 quang day. Két qua 12 16p phu
cudi cuing thuong c6 d6 xp thap hon. Hon nita,

do nhiét do ngudn nhiét thap hon nén sy thay
doi pha cua céc hat trong qua trinh bay it xay ra
hon véi phun nhi¢t HVOF [3-4].

Dua trén nghién ctru da cong bd, viée
tao 16p pht bé mat trong phat sinh nhiéu van
dé vé thiét bi ciing nhu ché do van hanh so voi
qua trinh phun tiéu chuin bé mit ngoai va chua
¢6 nhidu nghién ctru danh gia. Bé tao 16p phu
bé mit trong chi tiét lam viéc trong diéu kién
khic nghiét thi vat lidu cacbit thuong sir dung.
Trong nghién ctru nay st dung vat licu WC-
12Co dé tao 16p phii bé mat trong va danh gia
d6 bam dinh 16p phu t6i wu thong qua ché do
phun. Nghién ctru st dung k¥ thudt phan tich
Taguchi-Anova dé quy hoach ti wu hoa thuc
nghiém.

2. NOI DUNG NGHIEN CUU
2.1. Phuwong phap nghién ciru

Thiét ké thi nghiém dya trén phuong
phap Taguchi dugc sir dung trong nghién ciru.
Phuong phap Taguchl cho phép tao ra to hop cac
thi nghlem theo sap Xep mang truc giao (OA)
nhim c6 duoc to hop tdi wu ma tiét kiém thoi
gian va chi phi thi nghiém thay vi phai kiém tra
tat ca cac td hop co thé c6 cua cac tham sé dau
vao. Mot dic diém quan trong khac ctia phuong
phap Taguchi 14 ty s tin hiéu trén nhidu (S/N)
duogc st dung lam thudc do mirc d6 anh hudng
ctia cac yéu t6 nhidu dén dic tinh chat luong
dau ra. Trong nghién ciru nay, khoang cach
phun, lru lwong phun va tbe d6 trong d6i sung
phun duogc coi la cac yéu td anh huong. S6 mirc
d6 ctia mdi yéu t6 anh huong 1a ba murc d6. Vi
vay, thiét ké thi nghiém L9 theo Taguchi dugc
str dung dé bd tri thi nghiém (Béang 2, Bang 4).
Do bam dinh cua 16p phu 1a dép tng dau ra bi
thay d6i boi cac yéu td anh huong. “Cao hon 1a
t6t hon” 1a dic tinh chit lugng cua ty s6 S/N do
Taguchi xac dinh theo phuong trinh (1):
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S/N = —10log (12%) 1)
n yi

Trong phan tich phuong sai (ANOVA),
cac cong thirc toan hoc chinh dugc st dung cho
nghién clru nay la cac phuong trinh (2), (3), (4),
(5), (6). Gia tri trung binh cua cac ty so S/N d6i
v6i timg murc cia timg yéu té dugc xac dlnh
theo cong thirc (2). Cong thic (3) biéu thi tong
binh phuong d6 1éch cua cac mirc (SS). Tong
binh phuong do Iéch gitra cac mire (SS)) duoc
bleu thi bang cong thirc (4). Dé xac dinh tham
sO toi uu, ty 1& phan trim anh huong cia timg
yéu t6 (%E) dén cac tham sé da chon s& duoc
danh gia va tinh toan bang phuong trinh (5).
Gi4 tri d6 bam dinh t6i wu t__do Taguchi du

doan duogc xac dinh theo cong thure (6) [5].

S/N = 5 Yaey (S/N)i @)

— /M) 3)
3 (/N — /D) @

ss1

SS = M=1((S/N);;
SSi ==

%E=—.100% (5)

Tmax = 1 + E 1(T —T) ©®

Ky hiéu j la cac yéu t6 duoc chon; i 1a
muc do cua cac yeu t6; E 1a phan traim dong
gop cua timg yéu t6, T 1a két qua trung binh thu
dugc tr cac thi nghiém; T, dai dién cho gia tri
trung binh cta cac thi nghiém.

2.2. Vat li¢u thir nghiém

Trong nghién ctru nay, bot phun nhi¢t
WC-12Co do cong ty Eutectic cung cap duoc
su dung lam vat li¢u phun. Bt nguyén li¢u co
hinh dang va kich thudc tir 15 dén 45 pm da
duogc phan tich va quan sat nhu trong Hinh 1.
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L6p phut duge phun bang cach phun HVOF 1én
bé mit bén trong ctia dng thép DN400 lam bang
vat liéu 20Cr c¢6 thanh phén dugc mo ta trong
Bang 1. Bé mat vat liéu nén duge 1am nham
dén Ra = 10 um trude khi phun dé ting cuong
kha nang bam dinh cia céc hat véi vat liéu nén.
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Hinh 1. Anh SEM va phan tzch EDX cua bot
WC-12Co

Bdng 1. Thanh phan cia thép 20Cr

Thanh

A C Si Mn | Cr | Ni Mo
phan

0.18-10.17-]05-]07-
0 1 a -
PTG 000 037 | 08 | 10 |93

2.3. Ché tao 16p phi

Thiét bi phun HVOF véi sing phun
HP-2700M do cong ty MEC — An D6 cung cap
két hop véi dd ga phun bé mit bén trong duoc
st dung dé tién hanh thi nghiém. Céc thong sb
phun dugc thiét ké ¢ ba mirc do (Bang 2) va
duoc thiét ké thir nghi¢m theo theo mang truc
giao L9 (Bang 4) cta phuong phap Taguchi.
Céc thong ) phun con lai dugc lya chon theo

khuyén céo ciia nha san xuit (Bang 3).
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Bdng 2. Théng s6 phun va cdc mike thir nghiém

Théng s6 L yen Mirc do
ché d9 phun Ky higu 1 2 3
Khoang cach phun (m) L 0.2 0.25 0.3
Luu lugng phun (g/phut) P 20 26 32
Tdc d6 twong ddi sting phun (m/s) \Y 0.1 0.15 0.2
Bdng 3. Cdc théng sé6 phun HVOF khdc
. A Tri s6 ap suit (MPa) Gia tri luu lwgng (I/phut)
Thong so . -
0, C,H, N, Air C,H, Air N,
Gia tri 0.98 0.69 0.4 0.69 40 550 20

2.4. Do do bam dinh

Do bam dinh cua 16p
phu voi bé mit vat liéu nén
duoc xac dinh dua trén tiéu
chuén JIS-H-8304-2017 [6].
Trong d6, mau thtr duoc gia
cong theo hinh vanh khan va
bé mit cta 16p phu duge mai
dé dam bao do day 16p phu
1 500 um. Viéc kiém tra do
bam dinh cta 16p pha v6i bé
mit nén duoc thuc hién trén
may thir kéo nén dé xac dinh
luc nén P, (N) theo nguyén
1y thé hién trén Hinh 2.

Do bam dinh 16p phu
t© dugc tinh bang ty sb giita
P, va dién tich bam dinh cua
16p phu v6i bé mat nén F
(mm?):

R (7)

=

Fuimh
= ey | didn
hurcmig

Hinh 2. Nguyén 1y kiém tra do bam dinh cia 16p phii
3. KET QUA VA THAO LUAN
3.1. Két qua thir nghiém

Duya trén cac thong sb thi nghiém va két qua thuc nghiém
dugc tinh toan dé xac dinh do bam dinh cuia 16p phii (mau thir d6
bam dinh va d thi bién dang Hinh 3, 4) va gi tri d6 bam dinh
thu dugc trong Bang 4. Gi4 tri S/N cting dugc tinh tuong g voi
tung thi nghiém.

Tir Bang 4 cho thay: gia tri d6 bam dinh cta 16p phu thay
doi trong khoang 52,1-65,6 MPa, mau tht 5 véi thong sb phun
L,PV,(L=02m, ’P =26 g/phut, V = O,; m/s) c6 muc cao nhat
la 65,6 MPa. Tt két qua thu dugc, ta thay do bam dinh cua lop
phu bi anh hudng boi su thay d6i cac thong sd phun, chimg to cac
thong s phun duoc lua chon cho nghién ctru 1a phu hop.
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Bdng 4. Két qua thir nghiém dg bam dinh

TN Théng s6 phun Py bam dinh S/N
L P A% (MPa)
1 0.20 20 0.10 52.1 34.5671
2 0.20 26 0.15 65.3 36.0281
3 0.20 32 0.20 61.2 35.7350
4 0.25 20 0.15 59.5 35.4903
5 0.25 26 0.20 65.6 36.3645
6 0.25 32 0.10 58.3 35.2235
7 0.30 20 0.20 53.8 34.3534
8 0.30 26 0.10 55 34.7439
9 0.30 32 0.15 57.5 35.1631

(Lt
(Lt
([ {

Hinh 3. Mau thir d6 bam dinh

Hinh 4. Biéu do thir @6 bam dinh
3.2. Xac dinh cac ché @ phun t6i vu

Viée tang cuong do bam dinh cua 16p
phu gitp cai thién tinh chit co tinh bé mit bén

trong cta hé thong dudng dng trong qua trinh
van hanh, dic biét ddi voi 16p phu c¢6 kha ning
chéng mai mon, an mon, v.v. Do do, ty s6 S/N
theo Taguchi gi4 tri cang cao biéu thi dic tinh
d6 bam dinh 16p phu cang tét (cang cao cang
tét). Dua vao két qua thyc nghi¢m tr Bang 4,
bang cong cu phan mém tinh toan Minitab tinh
duoc gia tri ti s6 S/N cho ting thong sé ché do
phun Ung voi timg muc do, dé thi minh hoa
Hinh 5. Két qua cho thy (mg voi cac muc ti s6
trung binh S/N cao nhat cta cac thong sé phun
s& cho du doan vé dd bén bam dinh t6i wu cta
16p phii 1a 66.47 MPa tai thong s6 phun téi wu
dugc duwdoanlaL, P,V (L,=0,25m,P,=26
g/phat va 'V, = 0,15 m/s).

03 03 oW M 3 13 ol olf 03
SN Loy Trcy pivl sy boows

Hinh 5. Phdn mirc tac dong cia cdc thong sé phun
dira trén ty s6 S/N t6i d¢ bam dinh 16p phii
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3.3. Phéan tich phwong sai

Bang 5 thé hién phan tich phuong sai
ctia thi nghiém, két qua cho thiy cac thong sb
phun dugc chon trong thi nghiém 1a cac thong
s6 anh hudng chinh dén dic tinh bam dinh cta
16p phu véi chat nén thé hién qua do sai s6 nhod
va do tin cdy thong ké cao (P < 0.05). Két qua

phan tich phuong sai thé hién van tdc twong
d6i sung phun 12 anh hudng it nhit dén do bam
dinh 16p phu trong 3 thong s6 khao sat voi mirc
anh huong 1a 25.7%, ké tiép 1a luu luong phun
v6i gia tri anh hudng 1a 34.7% va thong sb
anh hudng 16n nhit dén do bam dinh 16p phu
la khoang cach phun véi gid tri anh hudng la
38.4%.

Bdng 5. Két qua phdn tich phwong sai diea trén dg bam dinh 16p phit.

Thamsé | Bactwdo | GiatriSS | GiatriMS | Tris6F | TriséP lxg;;:: ’;f,‘/i‘)
L 2 63.936 319.678 32.58 0.030 38.4
P 2 57.722 288.611 29.42 0.033 34.7
% 2 42.762 213811 21.79 0.044 25.7
Sai sb 2 1.962 0.9811 1.2
Tong 8 166.382 100
4. KET LUAN

Trong nghién cltru nay, phuong phap
Taguchi va phan tich ANOVA duoc sir dung dé
nghién ctru anh hudng cta cac théng sd phun
dén do bam dinh bé mit cua 6ng thép véi vat
liéu phu WC-12Co béng phu’orng phép HVOF.
Téi wu hoa cac thong sO phun bang phuong phap
Taguchi bao gom céac thong so6 khoang cach
phun, luu lugng phun Va van toc tuong dbi cua
sting phun. Cac thong sé phun tdi wu dugc xac
dinh 1a khoang cach phun L = 0,25 m, luu lugng
phun P =26 g/phut va van toc twong dbi cua sing
phun ¢ V=0,15 m/s. Két qua d6 bam dinh ti uu
theo dy doéan cuia 16p phu dat duoc la 66,47 MPa.
Phan tich ANOVA chi ra rang khoang cach cé
anh huong dang ké nhat dén do bam dinh cua 16p
phu voi mirc 38,4%, tiép theo 1a luu luong phun
& mirc 34,7% va cudi cing 1a van tdc trong doi
cta sung phun & murc 25,7%. %

Ngay nhan bai: 26/9/2024
Ngay phan bién: 15/10/2024
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PHAN TiCH BDAP I'NG PONG CUA DONG CO PMSM TRONG
TRUONG HOP S’ DUNG BO TRUYEN BANH RANG VA BO
TRUYEN CVT

DYNAMIC RESPONSE ANALY SIS OF PMSM MOTOR IN THE CASE OF USING
GEAR TRANSMISSION AND CVT TRANSMISSION

Lé Thanh Quang, Ly Vinh Dat, L.é Thanh Phuc
Khoa Co khi Dong lyc, Truong Pai hoc Su pham K¥ thuat Thanh phd Ho Chi Minh

TOM TAT

Nghién cieu trinh bay két qua phdn tich, danh gia vé hiéu qua, wu nhiege diém cia hé thong
truyén dong trén xe dién sit dung hdp sé vé cap CVT (continuously variable transmission) va hdp
s6 truyén thong. Nghién civu sir dung phwong phdp phan tir hitu han diwa trén phan mém ANSYS
dé mé phong ddc tinh co hoc ciia hé thong truyén dong CVT va hé thong truyén déng banh rdng
dan dong bang xich thong thuong. Pau vao la tin hiéu céng sudt cia dong co PMSM (permanent
magnet synchronous motors) ba pha véi hé thong phanh tdi tao, dwgc mé hinh héa bang MATLAB
Simulink. M6 hinh phan tir hitu han dwoc xdy dung tir dit liéu quét laser 3D ciia dong co xe Toyota
Prius doi 2009. Hiéu qua, vu diém va nhwoce diém ciua hai thiét ké truyén dong dwoc danh gia dya
trén biéu do dac tinh mé-men xodn-vong quay dau ra cia déng co PMSM.

T khoa: Hé thong truyén dong; Xe dién; Hop sé vé cap CVT: Hop s6 truyén thong.
ABSTRACT

This article presents the results of an analysis and evaluation of the efficiency, advantages
and disadvantages of the transmission system on electric vehicles using CVT and conventional
gear transmission. The study uses the finite element method based on Ansys software to simulate
the mechanical behavior of the CVT transmission system and the conventional chain-driven gear
transmission system. The input is the power signal of a three-phase PMSM motor with a regenerative
braking system, which is modeled using MATLAB Simulink. The finite element model is built from
3D laser scanning data of the engine of a 2009 Toyota Prius. The efficiency, advantages, and
disadvantages of the two transmission designs are evaluated based on the output torque-revving-
power characteristics graph of the PMSM motor.

Keywords: Transmission system, Electric vehicle; CVT transmission; Traditional

transmission. &
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1. PAT VAN PE

V6i nhiing uu diém vuot troi vé hiéu
suat cong suat, mo-men xodn dinh, mo-men
khoi dong va ki thuat diéu khién, viéc sir dung
dong co PMSM trong nganh cong nghi¢p xe
dién da tro nén pho bién trén thé gidi thay cho
cac loai dong co DC chdi than (brushed DC
motor), dong co DC khong choi than (brushless
DC motor), dong co cam ung ba pha (induction
motor). Kém theo do, viéc lya chon co cu
truyén dong ciling tré' thanh mot van dé quan
trong. Phan 16n cic xe dién déu s dung hé
thong giam tc don 1 cip banh ring cho dong
co dién, khong co co ciu banh ring bo sung
dé thay d01 ti s6 truyén [1], do d6 lam giam
nhu cau vé banh ring va hop sb. Tuy nhién, o
tdc d6 cao hon, khi dong co dién chay & tde do
vong tua qua cao, md-men xoan s& khong dugc
duy tri lién tuc, didu nay lam giam hiéu qua
hoat dong va gioi han vé pham vi hoat dong ddi
v6i dong co. Hop sb banh ring truyén thong s&
lam gidm hieu suét truyén dong cua dong co
dién. Hop s6 vo cap CVT [2] trén cac loai xe su
dung dong co dbt ‘trong truyén thong da ting
giai quyét dugc van dé nay, giup tao ra nhidu
mo-men xodn hon véi vong tua may it hon, va
c6 thé dat dugc cac loi ich nhu bo pin c6 thé
thu nho hon, trong khi van duy tri pham vi hoat
dong tuong tu [3].

Nghién ctru d dé xudt mot phuong phap
phan tich va so sanh m&i bang phuong phap
phan tr hitu han s dung phan mém ANSYS
két hop dau vao cia MATLAB Simulink [4].
Trong nghién clu, tic gia da tién hanh thu
nghiém va mo phong theo so do mach dién va
mo phong qué trinh diéu khién bing MATLAB
Simulink, cac thong sb va kich thudc dya trén
moé hinh thuce té, cong sut va vong quay thiét
ké ctia dong co PMSM ciia Toyota Prius 2009.
Tt d6 phan tich tich dugc tin hi¢u md-men
x04n & cubi truc dong co, lam dau vao cho qua
trinh phan tich phan tir hiru han cta hop sb vo

cap CVT va hop s banh ring mot cip thong
thuong. Két qua dugc danh gia dua trén dac
tuyén mo-men — vong quay dong co.

2.VATLIEU VA PHUONG PHAPNGHIEN
cUvu

2.1. Phwong phap diéu khién dong co PMSM

LL 59 @ o @ —e ) =C)
T ZI:{—_J‘J =0 ) - ]
e b 11
g B
== .
1. 1. L
I'T1
Ll Lpe 1
T

Hinh 1. So d6 diéu khién dong co PMSM sir dung
ba trinh diéu khién IGBT va ba cdp IGBT

Pong co PMSM dugce diéu khién thong
qua ba cap IGBT, dugc van hanh béi IC lai
dong IR21XX. Cac cip IGBT nay kéo day dua
trén phuong phap nghich luu ngudn ap ba pha
tao song sin diéu khién ba cudn day cia dong
co PMSM [4]. Bé giam ton that chuyén mach
va nhiét cia IGBT cang nhiéu cang tdt, diéu rét
quan trong la phal chon dién tré phu hop n01
tiép v6i cuc cong cua IGBT. Pién tré cuc cong
s& anh huong dén kha nang dan dong cua mach
dan dong cho IGBT. Néu dién tro cuc cong qua
16m, n6 s€ can tr0’ su dan dién cua cuc cong; néu
dién tré cuc cong qué nho, dién ap dan dong sé
dao dong. IC 14i cip IGBT tuong thich v6i dau
vao logic 3,3V va 5V, va dién ap ndi kénh lam
viéc khai dong ciia né co thé dat t6i +200V. N6
o thé chuyén ddi tin hiéu chuyén mach 3,3V
dau ra cia MCU thanh tin hiéu diéu khién cong
cua MOSFET. Ngoai ra, IC lai nay c6 mach
ngan chin ban xuyén tich hop cho tat ca cac
kénh thuong c6 thoi gian chét, c6 thé ngin
ngura su ¢6 doan mach cua cac canh cau trén va
dudi trong qua trinh hoat dong ctia mach.
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s

Hinh 2. Vi diéu khién chinh cia driver PMSM va
mé-dun phan hoi dong dién sir dung op-amplifier
V6i chire ndng khir nhiéu PWM

Phuong phap hoi tiép dong c6 loc song
PWM duoc str dung dé ngan hién tuong qua
dong trong qué trinh diéu khién dong co. IC
duogc str dung thudc dong OP-AMP vi sai co
khir nhiéu PWM INA12X. Ngoai ra, con co
mach loc thong bd trg cho viée loc tin hiéu.
Dong pha chay qua dién trd phan ludng tao ra
mot dién ap giam can duoc bd chuyén doi AD
ldy mau thich hop khi cac MOSFET phia thap
duoc bat. Khong thé do dong dién béng dién tro
phan ludng tai mot thoi diém tuy y. Diéu nay 1a

do dong dién chi chay qua dién trd phan ludng
khi bong ban dan dudi cing ciia chan bién tan
tuong ung dugc bat. Do do, khi xem xét so dd
duoc mo ta trong Hinh 2, dong pha A duogc
do bang dién tré phan ludng cua pha A va chi
c¢6 thé 14y mau khi MOSFET pha A duoc bat.
Tuong tng, chi c6 thé do dong dién trong pha
B néu MOSFET pha B duoc bat va chi c6 thé
do dong dién trong pha C néu MOSFET pha C
dugc bat. Bé co duoc thoi diém cam bién dong
dién thuc té, phai thuc hi¢n phan tich dang séng
dién ap. Thoi diém 1y mau t6t nhat cua dong
dién pha la ¢ gitta chu ky PWM, khi tat ca cac
bong ban dan dudi cung duoc bat.

2.2. M6 phéng hoat dong ctia dong co PMSM

Dua trén so dd mach dién va thuat
toan diéu khién dong co PMSM ba pha, thuat
toan diéu khién dong co PMSM cua Toyota
Prius 2009 dugc mo hinh hoa bang MATLAB
Simulink.

Hinh 3. Luu do thudt todn diéu khién va tao tin hiéu cia dong co PMSM 3 pha sur dung MATLAB SIMULINK

MBS hinh thuét toan diéu khién va tao tin
hi¢u dong co PMSM duya trén do tu cam duoc
ap dung dé mé phong hanh vi PMSM. Xét
truong hop phi tuyén tinh trong d6 thong luong
la ham cua dong dién, phuong trinh dién ap co
thé duoc biéu thi nhu sau:

_ D diffdig , [aqiffdig app
Va = Relg + Laqg 5, +Ldq 5 — q (D
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diffdig | rdiffdia
Vq = Rsig + Lgq dt+qu "

we (L i + Ypm) (2)

Trong do: V, va v, la dién ap truc d va
q; i, va 1 la dong dlen truc tuong ung; R, 1a
dién tro cuon day stato; o_la tbc do dién cua

r0-to; Lq S va Ld

ham ctia dong dién va vy, 1a lién két tr thong

nam cham vinh ctru [4].

la d6 tu cam biéu kién 1a
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2.3. M6 hinh héa hop s6 CVT

Hinh 4. Qua trinh ky thudt nghich ddo cia mo-dun
truyén dgng co ciia Toyota Prius 2009: (a) Quét
mé hinh 3D véi nén xanh, (b) Bé mat xir Iy va diém
dir liéu tir méy quét 3D va (c) Thiét ké lai mé hinh
CAD tir diém di liéu

Véi yéu cau vé do chinh xac va phuc vu
cho nhu cau thuc nghiém sau ndy, cong nghé
quét laser md hinh ba chiéu da dugc str dung
nham tai tao lai cdu tric CAD ctia hé dong co
— bo truyén dong cua xe Toyota Prius 2009.
Mo hinh sau khi quét ba chiéu s& duoc dua vao
phan mém CATIA va xay dung lai cau trac bé
mit, chuan hoa céc kich thudc.

a)
(c)@
Hinh 5. M6 hinh thiét ké 3D hop s6 vé cap CVT sir
dung cho dong co PMSM cua Toyota Prius 2009
thay vi hop so thuong: (a) Mat trucc hop so thuong,

(b) Mdt sau hdp sé thirong, (c) Mdt truée hdp so
CVT thay thé, (d) Mt sau hop s6 CVT thay thé.

e

Cau trac hop s6 vo cap CVT dugce thiét
ké dua trén khoang cach hai truc chinh ctua bo
truyén dong banh rang [5] v6i gia tri 37,5cm,
vat liéu sir dung cho dai la thép, vat liéu st
dung cho cac thanh phan con lai 1a thép. M6
phong phan tir hitu han c6 xét dén hé s6 ma sat,
mo-men quan tinh, gia téc trong truong, hé s6
ma sat vong bi tron, vong bi con, h¢ sb6 ma sat
tiép xuc dong luc gitra hai bé mat kim loai [6].
Mo hinh duoc phan tich trong mién dan hoi, gia
thiét khong xay ra bién dang déo. Cac gia tri
duogc cho theo bang 1.

Bdng 1. Théng so tién hanh mé phong

B{ truyén vé cip CVT Gidtri | Donvi D0 ruyénbinhring Giatri | Ponvi
thuong 1 cap
Vat liéu dai Thép Vat liéu xich Thép
Vit liéu pu-li Thép
Vit lidu cac chi tiét khac Thép Vit lidu cac chi tiét khac Thép
Vat liéu truc Thép Vat liéu truc Thép
Gia tdc trong truong 9.81 m/s? | Gia tdc trong truong 9.81 m/s?
Khoi lwong riéng 7890 kg/m® | Khbi lugng riéng 7890 kg/m’
Hé s6 ma sat tinh thép-thép 0.31 Heé s6 ma sat tinh thép-thép 0.31
Heé s6 ma sat dong thép-thép 0.16 Hé s6 ma sat dong thép-thép 0.16
Hé s6 ma sat vong bi tron 0.001 Hé s6 ma sat vong bi tron 0.001
Moé-dun dan hoi 210x10° | N/m’ | Mo-dun dan hoi 210x10° | N/m’
Hé sb Poisson 0.3 Hé sb Poisson 0.3
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Mo hinh phan tir hiru han bao gdm phan
tr dang tir dién (tetrahedral), phan tr dang
lang tru (prisms), phan tir dang kim ty thap
(piramids), phan tir dang luc dién (hexahedral)
va phﬁn tor dang da di¢n, vdi tuy chon tuyén
tinh hodc phi tuyén. M6 hinh phan tir hiru han
sir dung trong phan tich dong luc hoc hop sd
CVT [7] duoc thiét 1ap dua trén phan tir tir dién
(tetrahedral) tuyén t1nh do khong xét bién dang
déo phi tuyen bao gdm bon nut voi sau bac tu
do tai mdi nat. Pap ung cdu tric bién dang va
tiép xuc véi mé hinh ba chiéu phtrc tap ciia phan

tir tir dién tot hon phan tir luc dién va phan tir
hinh ném. Hé s Skewness dat gia tri trung binh
0.57, hé s6 Aspect dat gia tri trung binh 1.12 va
hé s6 Orthogonal dat gia tri trung binh 0.153.
Céc hé s6 ndm trong ngudng tiéu chi hoi ty cia
md hinh phan tr hitu han. Hé sé Orthogonal
Quality danh gia d6 léch ctia phan tir ludi voi
phan tir tiéu chuan. Hé s6 Skewness danh gia
d6 léch goc cuia phan tir ludi so véi phan tir tiéu
chué’n. Bang 2 thé hién chit luong luéi qua cac
h¢ so.

Bdng 2. Chdt hrong lwdi ciia mé hinh phan tir hitu han

Hé s6 1:1{2:12? Excel-lent | Very Good Good At:‘;elg- Bad U?:;::p-
Skewness 0.57 0.0-0.25 0.25-0.5 0.5-0.8 0.8-0.94 | 0.95-0.97 | 0.98-1.00
Orthogonal 0.153 0.95-1.00 | 0.7-0.95 0.2-0.69 0.15-0.2 | 0.001-0.14
Aspect 1.12 4 4

Hinh 6. Chia ludi bg truyén dong vé cap CVT va
bé truyén dong banh rdng

Mo hinh phan tir hitu han cta bd truyén
dong duoc thuc hién dua trén phuong phap ludi
cuc bd. Céac bd phan cua hé truyén dong duoc
phan tach ra nham dat duoc tiéu chi nhat dinh
cho Iudi cuc b cua tirng by phan. Hinh anh
ludi bd truyén dong duoc thé hién truc quan &
trén hinh 6. Cac phan tir lu6i nho va day hon
¢ nhiing chi tiét nho, va nguoc lai & nhitng chi
tiét 16n hay it c6 su thay d6i vé hinh hoc, hé s6
chuyén tiép & mic cao, cac tiéu chi Skewness,
Aspect, Orthogonal dugc thiét lap can nhu
Bang 2. Mién tiép xtc giita cac bd phan sé
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dugc mo hinh hoa boi phan tir tiép xuc tuyén
tinh (linear contact).

2.4. Phuong phap do mo-men dong lue

Viéc danh gia va lya chon hé truyén
dong nao tdi uu hon phu thudc vao dac tuyén
dap ung mo-men dau ra cia tryc [8]. Khong
nhu viéc phan tich mo-men tinh hodc tinh toan
gia tri m6-men quan tinh, viéc phan tich gia tri
moé-men dong luc hoc theo thoi gian s€ phirc
tap. Tac gia dé xuat mot phuong phap do mo-
men dong ap dung cho mé hinh phan tir hitu
han [9]. St dung phén tt sinh chét tao diém va
cham dot ngot ngay khi hé thong dang quay, tir
d6 tién hanh phan tich dap ung dong luc cua
cAu truc tai thoi diém va cham [10]. Phan tich
dong 1a phuong phap dung dé xac dinh phan
g dong cua két cdu theo thoi gian. Théng qua
phan tich ttc thoi, ching ta ¢6 thé thu dugc két
qua phu thudc thoi gian nhu chuyén vi, bién
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dang, ung suét va phan lyc cua két cAu dudi su
két hop tuy ¥ cua tai trong on dinh, tai trong
tire thoi va tai trong hai hoa. Uu diém 16n nhét
cua phan tich trc thoi so voi phan tich tinh la
n6 xem xét dén hiéu ing quan tinh va hiéu g
giam chan.

Trong nghién ctru nay, tac gia su dung
phuong phap phan tich diy di. CAu hinh chi
tiét hé may thuc hi¢n mo phong dong luc dugc
Iwra chon bao gém CPU Dual Xeon E5 2699A
V4 88 CPUs, card man hinh RTX4090 ho tro
CUDA ting toc tinh toan véi 16384 CUDA
core, DDR4 BUS 3600 128GB, 6 cing NVME
M2 1TB gitip van hanh mé hinh 16n trong diéu
kién phan tich dap ung dong luc hoc.

3. KET QUA VA THAO LUAN

Cac thong sb cua bd truyén dong vo
cép CVT duoc do dac, tinh toan 1am dau vao
trong mo phong Ansys Workbench. O day, hai
mo-dun Structure Transient va Rigid Body
Transient dugc sir dung dé tinh toan md-men
X04n clia cac bd phéan bén trong hé.

B: Stat l-csmmud
Equivalent
Yyp Iq ml t(wnM #1) Stre:

IS/W.‘IUN 1745

2.3744e8 Max
791656
6.0272¢6
5.93706
4.2486e6
3.9593¢6
2.969%6
1.9806¢6
9513265
2004.7 Min

Diém tinh toin mé-men dong lyc

Hinh 7. Sw phdn bé iing sudt ma st bén trong bo
truyén dong CVT

Phé ung suét dugc thé hién mot cach
tryc quan trén hinh 7. Ung sudt duoc trai tir
thip dén cao twong tng tir gam mau lanh dén
noéng. Dya vao hinh 7, ung suét 16n tai khu

vuc tiép xuc giita cac thanh phan. Dic biét 1a
noi tiép xtc giita day dai véi bé mat puli, didu
nay phu hop véi 1y thuyét va thuc t& van hanh
vi khu vuc nay c6 ma sat 16n do sy quay va
trugt lién tuc gitra cac chi tiét co khi 1én nhau.
Tuy nhién, xét dén tinh tong thé, ma sat cta bd
truyén dong CVT nho hon bo truyén dong banh
rang thong thudng do céu trac phirc tap, cong
kénh hon ctia cac banh ring.

Hinh 8. D6 thi toc dé va mé-men xodn thay doi
theo thoi gian

Hinh 8 cho ta mdi tuong quan giita
su thay ddi tbe do va mod-men xodn theo thoi
gian. Khi toc do thay doi, sy chénh léch mo-
men xo0dn dau vao va ra kha nho dbi véi hop sb
CVT. C6 thé thiy, ty sb truyén tdi wu phu hop
v6i moi téc d6 ma CVT cung cap khién chung
tr¢ nén ly tudng cho viéc chay trong thanh
phé, cac thao tac dung, khoi dong va tang tbe,
dap ung mo-men khong qua khac biét. Sy van
hanh muogt ma cua chiing mang lai su thoai mai
trong khi van duy tri higu suat ctia dong co. Dbi
v6i dong bo truyén dong banh rang thong qua
xich, d6 bién thién cia mé-men xodn la rat 16n,
dap ung khong dong nhat theo céc cap toc do.
Viéc dap ¢ g mo-men xodn cua bo truyen dong
CVT it bién thién theo sy thay ddi tbc do gitp
cho luong hao phi pin dugc tdi wu déng ké.

Hinh 9. Do thi ty s6 hiéu sudt gitta b truyén CVT
va bo truyén dong banh rang thay doi theo thoi gian
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Hinh 9 so sanh ty sé hiéu suét cia bo
truyén dong CVT va bd truyen dong banh rang
thuong so véi mo-men xoan dau vio cua dong
co PMSM. Két qua cho thay dap tng hiéu suat
ctia bo truyén dong CVT troi hon hau nhu toan
mién phan tich. O khu vuc giita ctia mién thoi
gian phan tich, qua trinh m6 phong su thay d01
toc do dién ra, tai day dap ung ty s6 hiéu sut
ctia b truyén dong CVT thay doi theo chiéu
hudng c6 1oi nhét. Do trén thuc té, khi Chuyén
doi téc do dot ngdt, ban kinh puli dau vao cia
b6 truyén dong vo cép CVT giam khi vong tua
may tang trong khi dong thoi, duong kinh puli
dau ra ting theo ty 1. Piéu nay glup gitr do
cang cua day dai khong (101 bat ké diéu chinh
toc do. Hop sb CVT tang toc ‘mugt ma nhung tir
tor hon, khong can chuyen s6 xudng gap, va do
do dap img ty s6 hiéu suét co loi hon so voi bd
truyén dong banh ring.

C6 thé thdy riang, dic tuyén mé-men
xodn sau khi chuyén ddi tir hé banh rang thuong
sang hé truyén dong vo cap CVT 6n dinh cao
hon, d6 chénh 1éch mé-men xodn diu ra va
dau vao nho hon. Hop s6 CVT két hop dong
co PMSM dugc lap trinh tot mang lai hiéu qua
tiét kiém nhién liéu tot hon trong diéu kién giao
thong do thi dimg d6 lién tuc, téi uvu héa vong
tua may dé dat dugc toc dd can thiét. Tuy su
hao mon day dai 16n va tdng nhiét trong khi van
hanh nhung hop sé6 CVT van c6 loi thé 1a ton
that tong ma sat ctia hé thong truyén dong thap
hon, do c¢ it bd phan tiép xuc va va dap lién
tuc v6&i nhau hon. Viée ap dung CVT trén thi
truong dai chiing & phan khuc xe nho gon khién
chi phi san xuit ré hon dang ké, nhd vao quy
mod san xuat va chi phi thay thé day dai CVT
cling nhu kha nang tiét kiém pin.

4. KET LUAN
Bai bao da phan tich dap Ung dong

luc h(_)c‘ dau ra cta dong co PMSM dua trén
bo truyén dong CVT dugc don gian héa danh
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cho xe dién gitp it hao phi m6-men xo0dn ¢ dau
ra, diéu nay gitp tiét kiém nang lugng pin hon.
Thiét ké nay khong chi cai thién hiéu suat cua
xe, ma con giam dang ké chi phi san xuét va sir
dung hang ngay nho vao pham vi ty s truyén
c6 sin rong hon va CVT hiéu qua trong viéc
thay ddi tde do dot ngot. Su két hop gitra dong
co EV PMSM va b6 truyén dong vo cap CVT
da cho uu diém tiét kiém dang ké ning luong
cho khdi pin trong thoi gian dai, giam chi phi
nguyén vat li¢u so vdi viéc ché tao bd truyén
dong banh riang nhiéu cp, ting cam giac thoai
mai hon khi nguoi str dung ting/giam tbc do,
giup tang trai nghi€ém cua nguoi su dung. %
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NGHIEN CU'U THU'C NGHIEM ANH HUONG CUA RUNG DONG
SIEU AM DEN LU'C TAO HINH TRONG QUA TRINH TAO HiNH TAM
BANG PHUONG PHAP TAO HINH PA PIEM

AN EXPERIMENTALLY INVESTIGATING THE EFFECTS OF ULTRASONIC
VIBRATION ON THE FORMING FORCE DURING INCREMENTAL SHEET
FORMING PROCESS

La Ngoc Tudn', Nguyén Quang Thanh', Nguyén Hong Ngoan', H Ky Thanh?"
'Truong Pai hoc Su pham K§ thuat Vinh
*Truong Dai hoc K¥ thuat Cong nghiép, Pai hoc Thai Nguyén

TOM TAT

Bai bdo nay trinh bay mét sé két qud nghién ciru thwe nghiém céng nghé tao hinh da diém cé
va khéng ¢6 rung dong siéu am tro giip gia cong tam hop kim nhém Al 5052 véi cdc chiéu day 0.5
va 1.0mm. Trong qud trinh thuc nghiém, dung cu bién dang déo chuyén déng theo dwong xodn vit
Véi toe do 2400mm/ph va buéce tién theo phwong doc truc 0.5mm dé tao thanh san pham dang nén
cut ¢é goc thanh twong 45° va chiéu sdu tao hinh 20mm. Két qua cho thdy, nho rung dong siéu am
tro givip, lc tao hinh chinh Fz va cdc lic can tré chuyén dong ciia dung cu bién dang theo phirong
ngang déu giam manh. Bén canh dé, diedi tdc dung ciia rung déng siéu am, thanh phan lyc tao hinh
chinh Fz nhanh chéng dat gid tri cuee dai roi ¢é xu hudng giam dén khi két thic qud trinh tao hinh.
Ngodi ra, két qua thwc nghiém con cho thdy hiéu quad giam lyc bién dang nho rung dong siéu dm
tro gilip cua tam day I6n hon so véi tam mong.

Tir khéa: Rung déng siéu am; Siéu am tro gitip; Tao hinh da diém; Ly bién dang; Giam
luc tao hinh.

ABSTRACT

In this work, the incremental sheet forming (ISF) process with and without the assistance
of ultranonic vibration was deployed to form Al 5052 aluminum alloy sheet with two thicknesses
of 0.5mm and 1.0m. During the experiment, a spiral tool trajectory with a feed rate of 2400mm/
min and a step depth of 0.5mm was used to form truncated cone products with a wall angle of 45°
and a forming depth of 20mm. The results showed that, with the assistance of ultrasonic vibration,
the main forming force Fz and the forces hindering the horizontal movement of the forming tool Fx
and Fy were significantly reduced. The results also showed that, due to ultrasonic vibration, the
main _forming force Fz quickly reached its maximum value then tended to decrease. In addition, the
experimental results also showed that the reduction efficiency of major forming force Fz for 1.0mm
thick plates was greater than that of 0.5mm thick plates.

Keywords: Ultrasonic vibration; Ultrasonic-assisted, Incremental sheet forming; Forming
force; Reduction.
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1. PAT VAN PE

Ngay nay, rung dong siéu am da va dang
duoc nghién ctru, mg dung pho bién trong cac
linh vuc san xuat cong nghiép va trong doi séng
[1]. Ning luong siéu 4m cudng do 10n co thé
kich hoat mdt loat cac co ché, ch’fmg han nhu
nhiét, khqu tron, khuéch tan, x4o tron bé mit
tiép xuc, ma sat, phd hiy co hoc va céac hiéu
tmg héa hoc [2]. Trong linh vuc gia cong cit
got, cac nghién ctru cho thdy, rung dong siéu
am trg gitp da mang lai nhitng hi¢u qua tich
cuc, chéng han nhu gidm lyc doc truc, mé-men
va cong cét khi khoan [3]; cai thién do nham
khi phay [4]; on dinh qué trinh cat va dé thoat
phoi khi tién [5].

Tir phat hién cta Langnecker vé hién
tuong Ung sudt chay giam dudi tac dung cta
rung dong siéu 4m [6], nhiéu cong nghé tao
hinh bang cac phuong phéap bién dang déo khai
thac rung dong siéu am tro giup di dugc trién
khai nghién ctru va ing dung vao thyc tién san
xuat. Rung dong siéu am trg gitip giam lyc can
thiét dé bién dang déo, ting kha ning bién dang,
cai thién chat lugng tao hinh va chét luong bé
mat, chang han nhu khi trg giup qua trinh dap
vubt [7-8], kéo day [9], ép dun [10], chon nong
[11]; tang kha ning tham thdu bién dang déo
khi chon ngudi [12].

Khoang mot thap ky tr¢ lai day, céac
nghién ctu khai thac rung siéu am trg giap
cong nghé tao hinh da diém (incremental sheet
forming, goi tat 1a cong nghé ISF) tng dung
dé ché tao cac san pham dang tAm, vo bat dau
duoc trién khai trén thé gidi. Pugc phat minh
nam 1967 [13], cong nghé ISF c6 muc dich
khéc phuc céc nhuoc diém cd hitu cua cong
nghé dap vudt truyén thong, chang han tinh dic
thu cong nghé, chi phi van hanh 16n va cong
ngh¢ phuc tap [14]. Cong ngh¢ ISF dua trén su
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bién dang cuc b lién tuc phoi tam béng cach su
dung dung cu bién dang déo c6 dinh dang chom
cau di chuyén trén mot quy dao xac dinh cho
dén khi hoan thanh san pham. Quy dao chuyén
dong cua dung cu thuong duogc lap trinh bdi
cac may CNC hodc canh tay r6-bét [15]. Uu
diém nodi bat cua cong nghé ISF 1a rat linh
hoat trong san xuat san pham, chi phi khuon
va dung cu bién dang thép, khong can thiét bi
dét tién, c¢6 kha nang cai thién chét luong bé
mit san pham [16], chi phi phan mém thap va
gitip cai thién kha ning bién dang déo cua vat
lidu [14]. Twong tu nhu qua trinh tao hinh bang
bién dang déo khéac, nghién ctru qué trinh tao
hinh bang cong nghé ISF c6 rung dong siéu am
trg giup (ultrasonic-assisted incremental sheet
forming, goi tat 1a cong nghé UAISF) cho thay,
luc tao hinh giam [17-20], kha nadng bién dang
déo tang [17], hién twong dan hoi ngugc giam
[17], phan b bién dang dong déu hon [21].

Tuy nhién, phan 16n cac nghién ctru
trudc day da cong bd vé UAISF chi thuc hién
v6i toe do tién dung cu bién dang kha thép
(chi dén 2000mm/ph) [17, 18, 22], hodc tng
dung tao hinh céc vat liéu dé bién dang déo nhu
hop kim nhém AA 1050 va AA 1060 [17, 18,
20, 21]. Cac nghién cuu tng dung cong nghé
UAISF thuyc hién & tc do cao hon 2000mm/ph,
kha hiém cac nghién ciru trién khai véi vt liéu
kho bién dang hon, chang han nhu cac hgp kim
nhom két cdu hodc thép két cau.

Nhidm mé rong kha niang tmg dung cua
cong nghé UAISF, trong nghién ctru nay, toc do
tién dung cu bién dang déo dugc khao sat dén
2400mm/ph. Pong thoi, hop kim nhom két cdu
Al 5052, mot hop kim khé bién dang hon nhiéu
so voi cac hop kim nhdm AA 1050 va AA 1060,
v6i hai chiéu day 0.5mm va 1.0mm duoc sir
dung trong qua trinh nghién ctru thuc nghiém.

&
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2.VATLIEU VA PHUONG PHAPNGHIEN
cUUu

direclion

V£
i A B
Ne=

Hinh 1. So' do6 qud trinh tao hinh bang cong nghé
UAISF

So d0 chung quéd trinh tao hinh san
pham dang tdm vo bang cong nghé UAISF
duoc thé hién nhu trén hinh 1. Phéi ban dau (1)
duoc kep chit boi chin phéi (2) va tim dé (5).
Dung cu bién dang (3) duoc kep chat trén bo
phat rung siéu am (4) va co thé di chuyén theo
quy dao phu hop véi tée do tién f va budc tién
theo phuong doc truc Az dén khi két thuc qua
trinh gia cong dé tao thanh san pham (6). Trong
qué trinh tao hinh, by phat rung siéu am dugc
cap dién va thuc hién rung theo phuong doc
truc tao nén su tiép xUc gian doan gitra bé mat
dung cu bién dang va bé mit phoi gia cong.

Cac cong bd trude ddy vé cong nghé
ISF cho thdy, tng xur cua cac thanh phan lyuc
trong qud trinh tao hinh la chiu d4nh hudng
manh boi cac thong s6 dau vao, chéng han nhu
budc tién theo phuong doc truc Az, duong kinh
dung cu bién dang d, goc thanh tudng ¢, toc do
tién dung cu f va chiéu day tdm t, quy dao tién
dung cu... Su thay ddi cua cac thong sd nay s&
gdy ra sy thay doi 16n cua cac thanh phan luc
tao hinh ciing nhu kha nang tao hinh san pham.

M6 hinh thyc nghi€ém qua trinh tao

hinh bang céng nghé UAISF dugc trinh bay
trén hinh 2, trén co s& nghién ctru trudc day

cua nhom tac gia [22]. Trong do, bo phat rung
siéu am (2) lam viéc & tan s 20 kHz dugc kep
chit trén ddu may phay (1) tai diém nat (diém
c6 bién do rung dong bang “khong”). Dung
cu bién dang déo (3) duoc ché tao dudi dang
mot dau khuéch dai thir hai va dugc kep chat
trén dau bo phat rung bang mdi ghép ren. Phoi
(4) dugc kep chit trén bo do ga gdbm chan phoi
(5) va tim dé (6) boi cac bu-léng. Trong qué
trinh tao hinh, lyc ké 03 thanh phan duoc st
dung dé thu thap tin hiéu cta cac thanh phan
lyc tao hinh tac dung 1én phoi vé may tinh va
dung dé xir Iy két qua vé sau. Trong nghién ciru
nay, dung cu bién dang déo dugc ché tao bang
thép C45, dinh dang chom cau c6 dudng kinh
16mm. Céc nghién clru trude day [21, 23, 24]
cho théy, toc d6 quay cua dung cu khong anh
huong nhiéu dén thanh phan luc tao hinh, do d6
trong nghién ctru thuc nghi¢m, phuong an dung
cu bién dang déo khong quay dugc lua chon
cho tat ca cac thi nghiém.

e o | %
i .'”

|
-
B
;

Hinh 2. Anh chup hé thong thiét bi thi nghiém

Phoi thi nghiém la hgp kim nhom Al
5052 tim duogc cit thanh cic tAm vudng cé
kich thudc 240mm x 240mm véi hai loai chiéu
day 0.5mm va 1.0mm. Tbc do tién dung cu bién
dang déo dugc lya chon khao sat 1a 2400mm/
ph. Tat ca céc thi nghiém dugc thuc hién dudi
diéu kién boi tron bang dau cong nghiép. Luong
tién dung cu theo phuong doc truc Az, chiéu
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sau tao hinh h va gdc thanh tuong ¢ (xem hinh
1) dugc lua chon cb dinh, 1an luot 1a 0.5mm,
20mm va 45°, Déng thoi, quy dao tién dung cu
duoc lya chon dang X0an vit khong gian cho
moi thi nghiém.

3. KET QUA VA THAO LUAN

Biéu do cac thanh phan luc bién dang
khi tao hinh bang cong nghé ISF thong thuong
cho céc tim c6 chiéu day 0.5 mm va 1.0 mm
duogc trinh bay 14n luot trén cac hinh 3 va 4. D&
dang nhan théy, thanh phén luc tao hinh chinh
Fz 1én hon nhiéu so véi cac thanh phén luc tao
hinh theo phuong ngang Fx va Fy. Ngoai ra,
két qua con cho thdy, khi ting chiéu siu tao
hinh h thi cac thanh phén Iuc tao hinh c6 xu
hudng gia ting. Vi tAm c6 chiéu day 0.5 mm,
khi chiéu sdu tao hinh dat khoang 15 mm thi
cac thanh phén luc dat gia tri cuc dai va c6 xu
huéng khong d6i. Voi chiéu day tam nay, gia
tri cuc dai ctia thanh phan luc tao hinh chinh
Fz khoang 250N; trong khi dé céc thanh phan
luc theo phuong ngang Fx va Fy, gia tri cuc
dai dat khoang 125N. Tuy nhién, véi tam day
hon (chiéu day 1.0 mm), gié tri cuc dai cua cac
thanh phan Iyc chi dat dugc khi chiéu sau tao
hinh h ting dén khoang 18mm. Véi tim day,
gia tri cuc dai cua thanh phén luc Fz khoang
450N; céac lyc theo phuong ngang Fx va Fy
dat cuc dai khoang 175N. Hi¢n tugng tang luc
tao hinh chinh Fz khi tang chiéu sau tao hinh
h trong qua trinh tao hinh bang céng nghé ISF
thong thuong c6 thé dugc giai thich boi sy hoa
bén cua vat liéu. Dong thoi, cac thanh phan lyc
theo phuong ngang tang bdi luc can do ma sat
tiép xuc gitra dung cu bién dang va bé mat vat
li¢u. Tuy nhién, khi dat dén chiéu sau tao hinh h
nhit dinh, su can bang giita bién mong thanh va
héa bén bién dang dan dén thanh phﬁn luc tao
hinh chinh Fz dat gia tri cuc dai va c6 xu hudng
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khong thay ddi. Két qua nay lam cho céc thanh
phan luc can trd chuyén dong cta dung cu theo
phuong ngang Fx, Fy cling ¢6 xu hudéng khong
doi.

54 ! 00
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Hinh 3. D6 thi cdac thanh phd‘n luee tao hinh tam c¢é
chiéu day 0.5mm khi gia cong bang cong nghé ISF
thong thuong
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Hinh 4. Dé thi cac thanh phdn luc tao hinh tam c6
chiéu day 1.0mm khi gia cong bang cong nghé ISF

thong thuong

Hinh 5 va 6 lan luot trinh bay do thi
cac thanh phan lyc tao hinh tam c6 chiéu day
0.5 va 1.0mm bang cong nghé UAISF. Két qua
cho thay, twong ty nhu khi tao hinh bang cong
ngh¢ ISF thong thuong, thanh phan lyc tao hinh
chinh Fz 16n hon nhiéu so véi cac thanh phan
luc theo phuong ngang Fx va Fy. Tuy nhién,
cac thanh phan lyc ndy nhé hon nhiéu so véi
khi tao hinh bang cong nghé ISF thong thuong.
Diéu nay khang dinh hiéu qua cta rung dong
siéu 4m d6i v6i qué trinh tao hinh bang cong
nghé UAISF. Ca hinh 5 va 6 déu cho thay, dudi
tac dung cua rung dong siéu 4m, thanh phan
luc tao hinh chinh Fz nhanh chong dat dén gia



NGHIEN CUU - TRAO DOI

tri cuc dai (khi chiéu sau tao hinh dat khoang
10mm), sau d6 giam xudng. Vi tam cé chiéu
day 0.5mm, gia tri cuc dai cua luc Fz chi dat
khoang 125N, bang khoang 50% so véi khi tao
hinh bang cong nghé ISF thong thudng. Trong
khi d6, voi tAm co chiéu day 1.0mm, luc Fz cuc
dai chi khoang 200N, bang khoang 44% so véi
khi tao hinh bang cong nghé ISF thong thuong.
Hién tuong gidm manh lyc tao hinh chinh Fz
c6 thé dugc giai thich boi ning luong siéu 4am
da kich hoat cac léch trong long vat lidu chuyén
dong, con goi 1a hiéu tng thé tich [25]. Hé qua
1a vat liéu tré nén mém hon, dé bién dang déo
hon. No6i cach khac, rung dong si€éu am giap
giam luc bién dang déo can thiét. Ngoai ra, su
chuyén dong cua léch va ma sat tiép xuc giira
bé mit dung cu véi bé mat phoi déu sinh nhiét.
V&i tAm c6 chiéu day 16n hon, ton that nhiét ra
moi truong xung quanh nhé hon, do doé hi¢u
qua giam lyc cua tim day cao hon so voi khi
tao hinh tim mong.
N
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Hinh 5. 6 thi cac thanh phdn luc tao hinh tam c6
chiéu day 0.5mm khi gia cong bang cong nghé UAISF
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Hinh 6. Dé thi cac thanh phcfn Iuc tao hinh tam c6
chiéu day 1.0mm khi gia cong bang cong nghé UAISF

Két qua thuc nghiém ciing cho théy,
nhd rung dong siéu am, cac thanh phan lyc theo
phuong ngang Fx va Fy déu giam manh so véi
khi tao hinh bang cong nghé ISF thong thuong.
Gia tri cyc dai cua cac thanh phan luc Fx va Fy
trong qua trinh tao hinh bang cong ngh¢ UAISF
khoang gan 50N véi tam day 0.5mm, giam
khoang 60% so véi khi tao hinh bang cong
nghé ISF thong thuong. Trong khi do, véi tim
day 1.0mm, gid tri cuc dai cua cac thanh phén
luc Fx va Fy trong qua trinh tao hinh bang cong
ngh¢ UAISF la khodng trén 50N, giam khoang
70% khi so v6i tao hinh bang cong nghé ISF
thong thuong. Hién tuong nay c6 thé giai thich
boi hiéu tng bé mit [25]. Theo d6, rung dong
siéu am lam gian doan tiép xtic cia bé mat dung
cu v6i bé mat phoi, qua doé gitp cai thién diéu
kién boi tron va glam ma sat tiép xuc. Két qua
nay ciing cho thay, khi tim c6 chiéu day 16n
hon, hiéu qua giam cac thanh phan luc theo
phuong ngang 16n hon.

4. KET LUAN

Trong cong trinh nay, cong ngh¢ tao
hinh ISF c6 va khong co sy trg glup cua rung
dong siéu am duoc trién khai dé tao hinh tim
hop kim nhém Al 5052 véi hai chiéu day
0.5mm va 1.0mm. Qué trinh thuc nghiém st
dung quy dao xodn vit véi toc do tién dung cu
2400mm/ph va budc tién theo phurong doc truc
0.5mm dé tao hinh san phém dang non cut cé
goc thanh tudng 45°, chiéu siu tao hinh 20mm.
Két qua cho thay, so v&i qua trinh tao hinh bang
cong nghé ISF thong thuong, qua trinh tao hinh
bang cong nghé UAISF c¢6 cac dic diém:

- Luc tao hinh chinh Fz va cac thanh
phan lyc can tr6 chuyén dong cua dung cu theo
phuong ngang Fx, Fy nho hon nhiéu;

- Luc tao hinh chinh Fz dat gia tri cuc
dai nhanh hon, sau khi dat cuc dai thi do 16n
cua Fz c6 xu hudng giam;
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- Hiéu qua giam lyc cac thanh phan luc

tao hinh phu thudc vao chiéu day tam, chiéu
day 16n hon thi mirc d§ giam cua cac thanh
phan lyc 16n hon.

Loi cam on:

Céc tac gia xin bay to 101 cam on voi

nhitng hd tro cua Truong Pai hoc Ky thuat
Cong nghi¢p, Pai hoc Thai Nguyén va cua
Truong Pai hoc Su pham K§ thuat Vinh trong
qua trinh thyc hién nghién ctru nay. <
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NGHIEN Cl’U THIET KE KET CAU CUM THAN MAKET ONG
PHONG TEN LUA PHUC VU CHO CONG TAC HUAN LUYEN

RESEARCH ON THE STRUCTURE DESIGN OF MISSILE LAUNCHER TUBE
MOCKUP BODY ASSEMBLY FOR TRAINING PURPOSES

Mai Pinh Si", Lé Thanh Binh!, Pham Van Chinh?
'Trung tdam Cong nghé, Pai hoc Ky thuat Lé Quy Pon — Ha Noi
2Vién Ky thuat Hai quan — Hai Phong
TOM TAT

Bai bdo nay trinh bay két qua nghién civu thiét ké maket 6ng phéng tén lira phuc vu cho céng
tdc hudn luyén trong quan doi. Phwong an thiét ké dwoc lwa chon nhir sau: Phan vé ciia maket dwoc
ché tao tir Inox 316 nham ting kha nang chong chiu voi tdc ddng tir méi truong bién trong thoi gian
dai. Trong long maket bé sung tdi trong tir gang hodc thép. Viéc thiét ké két cau dang nay givip giam
chi phi ché tao san pham nho giam dwoe chi phi phéi Inox 316 (ddt gdp 4 + 6 lan so véi sat thép)
va chi phi gia céng. Vé maket dwoc kiém bén bang phirong phdp phan tir hitu han dé lira chon chiéu
day t6i wu. Két qua mé phéng da chi ra rang, vo maket éng phong cé thé duwoc ché tao tir Inox 316

dang ong véi thanh ong day 10 < 12 mm.
T khoa: Maket ong phong; Thiét bi hudn luyén; Phwong phdp phan tir hitu han.
ABSTRACT

This paper presents the results of the research on the design of missile launcher mockup
assembly for military training. The selected design has the following structure: The shell of the
mockup is made from 316 stainless steel to increase its resistance to impacts from the marine
environment over a long period of time. The inside the launcher mockup is supplemented with loads
from cast iron or steel. Designing this type of structure helps reduce the cost of manufacturing the
product by reducing the cost of billet made from 316 stainless steel (4 + 6 times more expensive than
iron and steel) and processing costs. The rocket launcher shell is tested for durability using the finite
element method to select the optimal thickness. Simulation results have shown that the launch shell

can be made from 316 stainless steel in the form of a tube with a wall thickness of 10 + 12 mm.

Keywords: Missile launcher mockup, Training equipment; Finite element method.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 320, thang 10 nim 2024
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

1. MO PAU

Hién nay, ¢ cac nudc c6 nén cong
nghiép quéan su phat trién manh, viéc thiét ké,
ché tao maket cac khi tai quan trong c6 gié tri
cao nhu tén lira, ngu 16i, thiét bi bay... phuc
vu cong tac thr nghiém trong qua trinh thiét
ké, hoan thién thiét ké hay trong huén luyén bd
d6i duoc chu trong thuc hién [1, 2]. Than vo
maket céac thiét bi nay co thé xem nhu 1a mot
két cau co kich thudc va trong luong 16n vai ty
1¢ thiét ké 1:1 so v6i san pham that. Vo maket
thuong c6 két ciu dang 6ng va dugc ché tao tir
vat liéu co chat lugng va gia thanh cao. Chinh
vi vay can phai lya chon chiéu day thanh dng
mét cach toi wu. Phan trong lugng thiéu hut con
lai dugc bd sung bang vat liéu phd thong dé
giam chi phi ché tao san pham.

Trong thoi gian gan day, dé kiém bén,
t6i wu hoa két cdu thuong st dung phuong
phap phan tir hitu han. Day 1a phuong phap da
dugc Gmg dung ¢ nhiéu linh vuc cong nghiép
co khi khac nhau va da khéng dinh duoc hiéu
qua trong viéc gitp giam thiéu chi phi cho thir
nghiém, ting do tin cdy cua san pham thiét ké
[3,4].

Muc ti€u cua nghién ctiu nay la xay
dung phuong an thiét k& cum than v6 cho
maket 6ng phong va phan bd trong luong trong
long 6ng; mo phong kiém bén két cau dé Iya
chon phuong an thiét ké phu hop véi yéu cau
ky thuat dat ra.

2. NOI DUNG NGHIEN CUU

2.1. Co sé hra chon phwong an thiét ké va
vat liéu sir dung

Thong sé k¥ thuat chinh cta san pham
can thiét ké nhu sau: Tong khdi luong 13 3.380
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kg; Puong kinh ngoai 1a @708 mm. Céc thong
$6 ky thuat khac dugc the hién trén Hinh 1.

3630 +15
Vi #ri ching ciu 01

7840

Hinh 1. Ban vé phdc théao san phiam can thiét ké.

Maket nay duoc st dung dé phuc vu
cong tac hudn luyén thao tic ciu, nap, thao
va mot sb thao tac khac & khu vuc bién ddo.
Chinh vi vay, vat li¢u duoc chon dung cho ché
tao cum vo la Inox 316 JIS G3459. Day la loai
thép khong gi niken crom austenit c6 kha nang
chéng an mon vuot troi so voi cac loai thép
niken crom khac. Tuy vay, gia thanh phdéi Inox
316 cao hon so voi gia thép 4-6 1an. Ngoai ra,
Inox 316 1a vat liéu kho gia cong cat got dan
dén chi phi gia cong cao hon nhiéu so véi gia
cong cac chi tiét tir vat liéu thép, gang. Chinh vi
viy, can t6i wu hoa do day cua dng phu hop cho
mg dung cta san pham, giam chi phi ché tao.
Phan khéi luong con thiéu duoc bu bang cach
str dung cac trong vat ché tao tir gang hodc thép
va bd tri doc trong 1ong dng.

Qua danh gia so bd, bén phuong an
do day thanh 6ng duoc lya chon va dua ra mo
phong kiém bén 1a: 4 + 12 mm. Dé thuén tién
cho viéc tai phan b6 khéi lvong dam bao khdi
luong téng ctua két cAu va vi tri trong tam, can
chia tong khdi luong can phan bd ra n phan
béng nhau. Gia tri n dugc xac dinh can cr vao
khoang cach 1 va L, tir hai d%iu cQa két E:éu dén
vi tri trong tam. Lic nay, can bo tri s6 luong
trong vat n, ¢ phia I va n, ¢ phia I, dam bao
diéu kién:

n, _ TNy

L L

(1) F
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Thiét ké trong vat can dam bao duoc hai
yéu to: Co két cau don gian, chi phi ché tao
thap; C6 khdi luong phu hop, kich thudc hop
1y thuan tién van chuyén, thao lap.

2.2 Ung dung cong cu Stress Analysis trong
phan mém Inventor dé kiém bén két cau

Viéc mo phong kiém bén két céu
(chuyén vi, ing suit, va hé sb an toan) sau khi
thiét ké duoc thyuc hién ing dung cong cu Stress
Analysis trong Inventor [3, 4]. Pau vao cta qua
trinh mo6 phong tinh toan dugc xac dinh nhu
sau: Gia toc cu 16n nhat 1a a_ =2 m/s. Bai
toan mo phong nay dugc thuc hién theo phuong
phap phan tich tinh véi gia dinh chuyén vi tai
hai vi tri chang cau bang 0. Lic nay, thanh dng
chiu tac dung déng thot cua trong luc va luc
quan tinh, gia tri 16n nhét cua chung dat duogc
khi hai thanh phan luc nay cung chiéu va gia
tdc a dat gia tri lon nhét:

F =F +F

max tl qtmax

=mg+ma  (N) (2)

Trong dé: F — Tong lyc tac dung 1én san
pham; F, — Trong luc tac dung lén san phém
F Luc quan tinh sinh ra khi cAu san phdm

qtmax
1én véi gia toc a e & Gia tbc trong truong

bang 9,81 m/s2.

Chi tiéu vé do tin cdy cua san phém
duoc danh gia thong qua hé so an toan k. H¢ so
nay dugc tinh bang cong thtrc:

Fgigi ha
k=== (kg) 3)
max
Trong do: FGlUl wan— 1 tr 2161 han ctia luc

tac dung 1én két cau (gia tri dua Vao mo phong)
F_ —Giatrilén nhét cta thong s6 nay trong diéu
kién lam viéc (dat duoc tai a_ khi cau san pham

1én, tir 1a Amnax cung phuong véi g).

Diéu kién san pham dat duoc do tin ciy
la: k > [k] (4)

Trong d6, [k] — Hé sé an toan dinh
mure duoc xac dinh tir kinh nghiém thyc té xay
dung cac két cau tuong tu va mirc do yéu cau
ky thuat. Dbi véi san pham Qudc phong duogc
nghién ctru: [k] =4,0 [5]

Céac md hinh tuong tmg chiéu day vo dng
khéc nhau duge md phong dé so sanh vé g suat
du, chuyén vi va hé sb an toan. Gia tri chuyén Vi
16n nhét cho phép khong vuot qua 1 mm.

3. KET QUA VA THAO LUAN

3.1. Lua chon phwong an thiét ké két cAu san
phiam

Viéc phan b tai trong cho két cau dugc
thuce hién b?mg cach str dung cac khdi trong vat
ché tao tir thép hodc gang va bd tri bén trong
long 6ng. Trén co so phan tich yéu cau k¥ thuat,
diéu kién st dung thiét bi di dwa ra hai phuong
an thiét ké trong vat va bo tri trong 1ong 6ng.

*Phuong 4n 1 (PA1): Phuong an thiét
ké dau tién dugc tinh dén 1a sir dung cac tém
d6i xtmg tam, lap trén cac gan trong long 6ng
dé dam bao trong tam cua khdi trong vét nay
trang voi duong tam cua 6ng (Hinh 2).

Hinh 2. PAl: Bé tri cdc trong vt doi xirng qua

tdm ong.
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Vi phuong an bd tri nay, khéi trong vat
c6 thé co tiét 1a cac khdi da giac déu nhiéu canh
gitip dé dam bao trong tdm trung véi duong
tAm cua 6ng.

*Phuong an 2 (PA2): Cin c vao dau
bai cua nhi¢m vu nay, toa do trong tam chi cé
vai trd quan trong theo phuwong doc cua thiét bi
dé dam bao can béng khi ciu va dat trén xe van
chuyén. Chinh vi vay, mot phuong an thiét ké
khac duogc tinh dén l1a st dung céac khbi trong
Vat hinh chit nhat, l3p nim ngang thing nhau
vé cling mdt phia so voi duong tam cua bng
(Hinh 3). Tuong tu nhu PA1, dé thuén tién cho
vige van chuyén trong long ong va lap rap 1én
vi tri ¢b dinh, cac khéi trong vat sau kh1 Xac
dinh dugc kh01 luong tuong ddi s& duoc to hop
thanh cac tim c6 trong lugng phu hgp cho van
chuyén trong 1ong dng.

Tém trong vét
-

S

v

—~— Gia dd trong vt

Hinh 3. PA2: Bé tri trong vat vé mot phia so voi
tdm ong

D& dang nhan thdy, PA2 c¢6 nhiéu uu
diém va phii hop hon cho san pham can thiét ké
do d& dang ché tao, van chuyén, thao lap trong
1ong dng, chi phi san xuat thap ma van dép tng
dugc yéu cAu dit ra.

3.2. T6i wu héa d¢ day cia ong lam tir Inox 316

Trén co s¢ lya chon phuong an phan
bd tai trong dugc thuc hién & muc 3.1, nhém
nghién ciru tién hanh xay dyng mé hinh két cau
dam bao diéu kién dau vao cta bai toan va tién
hanh m6 phong kiém bén.

Hinh 4. M6 phong chuyén vi ciia mé hinh két cdu
voi do day ong 4 mm.

Mo phong tuong tu danh cho cac
phuong an khac dugc thuc hién twong ung cho
cac phuong an thiét ké thanh 6ng day 6 mm,
8 mm, 10 mm va 12 mm dugc thé hién trong
bang 1.

Bdng 1. So sanh két qud mé phong véi d day thanh ong khdac nhau.

P day thanh 6ng, mm
Théng s6 ky thuat
4 8 10 12
Chuyén vi max (mm) 4,8 2,6 1,5 1,1 0,9
Ung suit max (MPa) 374,2 195,0 89,5 63,2 47,4
Hé s6 an toan min 0,6 1,2 2,6 3,6 4,8
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Tir két qua nhan duoc ¢ bang 1, dé dang
nhan thiy ring, cung voi viéc ting chiéu day
ong thi cac thong s6 nhu chuyén vi va tng suat
max giam dan. Piéu nay dong nghia véi viéc
d6 bén cua két cdu duoc ting 1én 1én. Piéu nay
duoc khéng dinh béng su tdng ctiia hé sb an toan
tir 0,6 18n 4,8 khi chiéu day thanh dng ting tir 4
1én 12 mm.

Khi chiéu day 6ng dat do day 12 mm,
gia tri chuyén vi dat dugc trong gidi han cho
phép 12 < 1 mm. Tuong tmg véi d6, img suat du
max 1a 47,4 MPa va h¢ s an toan min 13 4.8.
Phuong 4n thiét ké két cau véi thanh c6 do day
10 mm c6 tng suét max 13 63,2 MPa, hé s an
toan min 14 3,6 v6i chuyén vi max 1,1 mm van
c6 thé dugce sir dung néu chép nhén gidm hé sb
an toan cua thiét bi nay. Khi d6, xac sut rui ro
tang 1én nhung chi phi vét tu sir dung cho ché
tao cum vo gidam di dugc 16,4%. Viéc quyét
dinh Iya chon d¢ day nao dé ché tao 6ng v6 phu
thudc vao tan suit str dung san pham trong diéu
kién thuc té.

4. KET LUAN

Két qua nghién ctru da chi ra rang,
phuong an thiét ké maket dng phong tén lia
phuc vu huin luyén & khu vuc bién déo c6 két
céu vo 6ng lam tir vat liéu Inox 316 JIS G3459
va phan bd tai trong trong 10ng éng bang cac

trong vat lam tir vat liéu nhu gang hodc thép la
phi hop theo tiéu chi vé do bén va giam chi phi
san xuat. Trong d6, vo dng dugc khuyén nghi
ché tao tir phoi 6ng véi do day thanh 10 + 12
mm. Phuong phap va két qua nghién ctru nay
c6 thé ap dung cho viéc thiét ké maket cac khi
tai khac. <
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NGHIEN CUO’U TAO LOP PHU GOM WC-12Co BE MAT TRY
TRONG LAM VIEC TRONG MOI TRUONG KHAC NGHIET BANG
PHUONG PHAP PHUN PHU HVOF

RESEARCH ON CREATING WC-12Co CARBIDE COATING FOR INTERNAL
SURFACES WORKING IN HARSH ENVIRONMENTS BY USING HIGH VELOCITY
OXYGEN-FUEL THERMAL SPRAY (HVOF)

Nguyén Tu4n Hai', Pinh Vin Chién??
'Khoa K¥ thuat, Truong Pai hoc Cong nghé Pong Nai
Trudng Pai hoc Mo — Dia chét
’Trudng Pai hoc Kinh té — Cong nghé Thai Nguyén

TOM TAT

Phuwong phap ma crom cung (EHC) dé tao 16p phii bao vé thuong dwoc sir dung rong rdi
trong nganh hang khéng, 6 t6 va thiét bi dau khi ngoai khoi... Tuy nhién, cong nghé ma tdc déng
xdu dén méi trwong do dung dich ma crom chira cdc hop chat crom héa tri sau (Cr®*), mot chat cue
ky déc hai va gdy ung thw. Gidi phdp thay thé cho EHC da dwoc phdt trién réng rdi trong thip ky
qua bang cong nghé phun phii nhiét sir dung nhién liéu oxy toc do cao (HVOF). Céng nghé HVOF
cho trang thai hat phun hoat dong ¢ déng nang cao, nhiét do hat thcfp, ndng cao ddc tinh chong mai
mon va an mon. Bdi bdo trinh bay két qua nghién ciru tao lop phu gom WC-12Co bang céng nghe
HVOF nham nang cao chat lrong cua bé mdt bén trong chi tiét tru trong méi trieong lam viéc khac
nghiét. Vit liéu nén dege sir dung la ong thép CT38. Cdc dic tinh I6p phii dwoc nghién ciru bao gom
dé xop, do cing té vi, dg bam dinh véi nén thép, thanh phan pha. Cé ba théng s6 cong nghé phii da
diege khdo sdt gom toc dg sing phun tirong doi, khodng cdch phun va luu lu’ong bét. Hé thong phun
HVOF duwoc trinh bay trong nghién ciru cung voi do gd phun duge thiét ké ddc biét cho hé thong
phun bé mat trong véi dwong kinh t6i thiéu 400 mm da dwoc ché tao va voi kha nang phun mau 0
chiéu sdu lén t&i 600 mm. Céc dac tinh ciia [6p phu dwoc thao ludn dé toi wu héa hon nita hiéu sudt
cua lop phu trong cac ung dung twong lai.

Tw khoa: HVOF; WC-12Co, Bé mdt trong,; Lép phii phun nhiét.
ABSTRACT

Electrolytic hard chrome (EHC) methods are still widely utilized in the aerospace,
automotive, and offshore industries. Alternative solutions to EHC have been widely developed in
the past decade by High-velocity oxygen-fuel (HVOF) processes, which operate at higher kinetic
energy and more particularly at lower temperatures, significantly increasing wear and corrosion
resistance properties. The paper presents the research results on the fabrication of WC-12Co

carbide coatings by HVOF, which was used to improve the quality of the internal surface of pipes &
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operating in aggressive environments. The pipe material used is CT38 steel pipe, the investigated
coating properties include porosity, microhardness, adhesion to steel substrates, and phase
composition. There are three coating technology parameters that have been surveyed, including
relative spray gun speed, spray distance, and powder flow. A dedicated internal diameter HVOF
system is presented here and specially designed fixtures with a minimum inside diameter of 400 mm
have been manufactured for this purpose, with a possibility to spray samples at increasing lengths
up to 600 mm. Coating properties are discussed for further optimization of coating performance.

Keywords: High-velocity oxygen fuel; WC-12Co;, Internal surface; Thermal spray coatings.

1. PAT VAN PE

Trong nhiéu nganh cong nghiép sir dung
céc chi tiét nhu: van, long khuon, xylanh, duong
éng. .. str dung bé mat 1am viéc 1a bé mit trong.
Céc b phan, chi tiét nay dugc sir dung rong rai
dé van chuyén céc vat liéu ran, long hoac su
dung trong thiét bi ap luc va chung thudong hoat
dong trong diéu kién khac nghiét nhu in mon
vd mai mon, nhiét do cao. Bao vé bé mit bén
trong cua chi tiét nham nang cao tudi tho hoat
dong cua chung da duogc nhiéu nha khoa hoc
nghién ciru va dat duoc thanh cong déng ké [1-
3]. Phuong phép phd bién duoc st dung hién
nay dé bao vé bé mit trong 1a crom cing cong
nghiép hodc tao crom cing dién phan (EHC).
Cong ngh¢ EHC da chirng minh dugc hi¢u qua
trong viéc bao vé bé mit. Tuy nhién, phuong
phap nay dit ra cac van dé nhu yéu trude ngoai
luc, d6 bam dinh kém. Phun nhiét oxy-nhién
lidu téc do cao (HVOF) la cong nghé co thé
thay thé EHC vi n6 mang lai kha ning chdng
an mon va mai mon cao hon, nang cao hiéu qua
tong thé [4-5].

L6p phii bé mit cac-bit vonfram WC-
Co thuong dugc sir dung dé tang do cung, kha
ning chdng mai mon va chéng in mon cia
cac bg phan k¥ thuat khac nhau, vat li¢u nay
6 thé duoc tao 1én trén bé mit bai cong nghé
phun HVOF. Ngudi ta da ching minh rang 16p
phu WC-Co dugc phun nhi¢t thé hién céc cau

truc vi mo da pha phuc tap [6-9]. Mtrc d§ phan
huy bot trong qué trinh phun bi anh hudng bdi
nhiéu yéu t6 qua trinh phirc tap nhung chu yéu
phu thudc vao hai yéu té: qué trinh nhiét do —
thoi gian cua céac hat trdi qua va dac tinh cua
hat nhu kich thudc hat, d6 x6p va kich thudce
hat. Su phan huy xay ra ¢ nhi¢t d§ cao va van
toc thap. Viée sir dung kich thudce hat gbm nho
trong cac hat bot déu thuc day su hoa tan gébm
vao ma tran néng chdy va qua trinh khir céc-
bon sau do.

So véi phun bé mat ngoai, qué trinh
phun phu bé mat bén trong cua chi ti€t van con
nhiéu van dé can dugc nghién ctru nhu:

- Sting phun phai c6 kha nang hoat dong
& khoang cach phun ngan. Khi cac hat trai qua
qua trinh tang toc & khoang cach phun ngan,
két qua cudi cting 1a chit lugng 16p phu kém do
van tdc khong du cua cac hat khi va cham véi
chat nén.

- Qua trinh oxy hoa cac hat c6 thé xay ra
nhiéu hon khi phun vét li¢u dang bt min hon
$0 vGi phun ngoai.

- Cac hat min hon cé xu hudng di theo
duong di cua dong khong khi manh hon so véi cac
hat 16n hon va do cac dong khong khi & gan bé mat
tach ra khoi bé mat nén nén cac hat nho hon c6 thé
di theo dudng nay, khong bam vao bé mit.
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- Qua trinh oxy hoa cua vat liéu phu cé
thé xay ra sau sy tac dong cua cac hat vat li¢u
pht 1én vat liéu nén.

Toém lai, qua trinh tao 16p phu bé mit
trong phirc tap hon qua trinh phun bé mét ngoai
va chua c6 cong trinh nao cong bd ¢ Viét Nam.
Trong bai bio nay trinh bay két qua nghién ctru,
thtr nghiém danh gia co tinh cua 16p phu WC-
12Co ché tao bang phuwong phap phun nhiét
HVOF bé mit trong chi tiét trén nén thép dng
CT38.

2. NQI DUNG NGHIEN CUU
2.1. Tao 16p phi thir nghiém

Hé thong thiét bi HVOF cam tay HP-
2700M ché tao boi cong ty MEC — An Do
(Hinh 1) két hop véi d6 ga chuyén dung duoc
thiét ké dac biét phun bé mat trong duoc dung
dé tao 16p phu.

Dé bé mat 16p phu dat chat luong, qua
trinh phun bé mit bén trong ciia chi tiét can dam
bao chuyén dong dong déu giira toc d quay cta
6ng va chuyén dong tinh tién cta siing phun doc
theo truc ctia 6ng. Tdc dd chuyén dong doc truc
can duoc diéu khién doc 1ap dé duy tri cac thong
s toc do chuyén dong tuong ddi giita sing phun
va by phan dugc phun. Trén co s¢ do, dd ga
phun dic biét dugc thiét ké va ché tao phu hop
v&i mau phun trong nghién ciru (Hinh 2).

L6p phu dugc tao thanh trén bé mat tru
trong cta 6ng thép CT38 c6 dudng kinh OD
= 406 mm va ID = 390 mm (Hinh 3). Chiéu
day 16p phit cAc mau sau khi phun trong khoang
450-500 pm.

Bot WC-12Co véi cac dic tinh thé hién
Bang 2 dung trong nghién cuu tao 16p phu
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bang phuong phap phun nhiét HVOF 14 loai
bot nguyén liéu thwong mai c6 thanh phan 88%
WC, 12%Co dugc tao ra bang phuong phap két
tu va thiéu két véi kich thudc trung binh 15-
45 pm. Bang 1 trinh bay cac thong s6 ché do
phun dé tao 16p phu dung trong thir nghiém,
bao gdm ba thong s6 chinh dugc nghién ctu
thir nghiém trén pham vi rong dé xac dinh ché
dd cong nghé phu hop lam co sé cho viéc ung
dung thyc té tao 16p phu trén bé mit trong cua
6ng. P6 1a khoang cach phun L, luu luong phun
P va vén tc twong ddi sing phun V, dugc bd
tri theo phuong phap Taguchi tao thanh 9 mau
thi nghiém dé tao 16p phu dung trong dénh gia
(Hinh 3).

-~ Il
e e

HIPOJET SPRAY GUN Frr
% ) ~0N5
- = )

AIRCONTROLUNIT  — [

— LPG VAPORIZER
POWDER FEEDER

Hinh 1. H¢ thong thiét bi phun nhiét
HVOF HP-2700M.

Hinh 2. P6 g phun bé mdt trong

Hinh 3. Mdu phun thuc nghiém
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Bdng 1. Théng s6 ché do phun céc mau

Thi nghiém 1 2 3 4 5 6 7 8 9
L (m) 0.20 0.20 0.20 0.25 0.25 0.25 0.30 0.30 0.30
P (g/phit) 20 26 32 20 26 32 20 26 32
V (m/s) 0.10 0.15 0.20 0.15 0.20 0.10 0.20 0.10 0.15
Bang 2. Dac tinh vat lieu WC-12Co
TT Pac tinh WwC Co
1 | Nhiét d¢ néng chay (°C) 2785 + 2830 1495
2 Do bén nén (MPa) 6833 2927
3| Matdo (g/em’) 15,88 8,9
2.2. Phuong phép kiém tra chit luwgng 16p phii )
| Luwc ep
Bot phun gébm WC-12Co c6 hinh théi
bé mat va cau truc vi mé mat cat ngang 16p phu khuon
duoc phan tich bang kinh hién vi dién tor quét |tren
Nova Nano SEM 450 FEI (Nhat Ban); Do xop
cua 16p phu dugc do theo ti€u chuan ASTM Lop | I_
B276-21 [10]; Xac dinh cAu trtc tinh thé cta Khuon | PDU T
vat li¢u bang céach st dung chum tia X hep, don
sdc, song song huéng vao mau. Trong nghién Miu
clru nay, thiét bi D8-Advance cua Bruker (Dtc)
duogc st dung dé phan tich thanh phan pha cua f::“h
an

16p ph.

Tiéu chuan ASTM E384-22 dugc sir
dung dé danh gia do cung cua 1ép phu [11].
Qua trinh do d6 ctimg dugc thyc hién trén thiét
bi IndentaMet 1106.

Pé kiém tra cuong d6 bam dinh gitra 16p
phu va vt liéu nén, tiéu chuan JIS-H-8304-2017
duoc lya chon dé s dung dénh giad [12].
Nguyén ly xdc dinh cuong do bam dinh theo
phuong phap xac dinh tmg suat bam dinh truot
ctia 16p phu vé6i vat liéu nén (Hinh 4).

Hinh 4. Nguyén 1y thir dg bén bam dinh 16p phii
3. KET QUA VA BAN LUAN

3.1. Hinh thai bt phun va ciu tric vi mé 16p
phit WC-12Co

CAu trac vi mo cua vat lidu bot WC-
12Co da dugc nghién ctru, thu nghiém. Hinh
thai dugc mo ta gan nhu hinh dang cau (Hinh 5).
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Phan tich cdu triic vi mo 16p phi thong
qua anh SEM (Hinh 6a) cho thiy 16p phil lién
két v6i bé mat vat lidu nén duge hinh thanh
bang lién két co hoc (1a lién két chinh). Lién két
d6 duoc hinh thanh do sy bam dinh cua hat véi
phan nhip nhé cta bé mit trong qué trinh gia
cong nham trude d6 (Hinh 6d,e,f). Coban dong
vai tro lién két cac hat va lién két cua 16p phu
v6i chat nén (Hinh 6b,c). Tuy nhién, trong 16p
phu ton tai d6 xp voi kich thude nhé dao dong
tir (0,5 = 2,5) um (Hinh 6d). Anh SEM cua 16p
phu cho thy 16p phit WC-12Co tao bang phun
HVOF c¢6 d6 kin khit cao.

Hinh 6. Céu triic vi mé 16p phii

3.2. Do xop 16p phi

Do xp cta 16p phit duge xac dinh bang
ky thuat phan tich hinh anh theo tiéu chuan
ASTM B276-21 véi su hd tro ctia kinh hién vi
quang hoc Axioplan2-Carl Zeiss. Gié tri do x6p
do duogc 1a gia tri trung binh dugc do tai 5 vi tri
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khac nhau trén cdu triic mit cit ngang cua 16p
phi. Két qua phan tich do xdp cia mot mau phu
thir nghiém dugc thé hién trén Hinh 8. Két qua
do @6 xdp cho thay cac 16p phu c6 do xp khac
nhau tiy theo thong s6 phun HVOF dao dong
tir 1,48-3,06%. Mau c6 do xdp thap nhat khi
phun thtr nghiém mau véi khoang cach phun
0,3 m, luu lugng cép bot 1a 20 g/phit va van
téc sung phun trong ddi 1a 0,20 m/s. Trong khi
d6, mau c6 do x6p cao nhat 1a 3,06% khi phun
16p phu véi khoang cach phun 0,2 m, luu lugng
cap bot 20 g/phut va téc do sting phun tuong
ddi 0,10 m/s. Do Xép phu thudc vao viéc lua
chon tbi wu cac thong s6 phun nhu: kich thudce
hat phun, tbc do phun, luu lugng bot phun va
khoang cach phun,...

3.3. Thanh phén pha

Hinh 7 14 két qua phan tich EXD cua
bdt WC-12Co. Két qua phan tich thanh phan
pha ctia cic mau phun trinh bay & Bang 3. Qua
Bang 3 va Hinh 6¢ cho thdy WC van 1a thanh
phan chinh, lugng WC chuyén bién chinh tao
thanh W.C va Co 4W2Q, trong khi lugng phan
huy tao thanh W 1a t61 thi€u (Hinh 9). Giai
doan WC trai qua qua trinh phan hity dé tao ra
W.C, sau do chuyén thanh kim loai W khi dat
duoc nhiét d§ cao trong modi trudong giau oxy.
Trong qua trinh phun nhiét, gbm khuéch tan tir
WC vao ma tran va Co khuéch tan tir ma tran
vao cacbua, tao thanh Co,W ,C hodc 006W6p.
Trong nghién ctru nay, Co,W,C la thanh phan
pha dugc xac dinh. Trong truong hop nay, qua
trinh chuyén pha bi anh hudng chu yéu boi thoi
gian tiép xtic nhiét cua céac hat, do khoang cach
di chuyén cua hat tang 1én (tic 1a khoang cach
phun ting 1én). Két qua 1a sy chuyén pha cua
W.C va W tang 1€n, sy hinh thanh Co,W,C
c6 xu hudng giam di, do doé lugng WC con lai
cling ¢6 xu hudng giam di khi qua trinh chuyén

bién ting lén.
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Hinh 9. Phé phén tich XRD xdc dinh thanh phan pha 6p phii ciia hai mau
Bdng 3. Két qua phdn tich XRD thanh phan pha ciia mau
Thanh MAu thi nghi¢m
TT A o
phan (%) 1 2 3 4 5 6 7 8 9
1 |WC 64 72,5 60,6 71,9 58,2 71,5 53,1 61,6 53,7
2 1WC 10,9 7,9 16,9 10,4 18,3 10,9 17,7 6,1 27
31w 6,8 10,7 8,8 4,4 8,1 3,4 13,2 12,5 9,1
4 1 Co,W,C 18,3 8.8 13,7 13,2 15,4 14,2 16 19.8 10,1
3.4. Bg cirng 16p phu d6, dic tinh chéng mai mon cua 16p phit WC-

Qua trinh do dugc thuc hi¢n béng thiét
bi IndentaMet 1106 véi thang do HVO.1 (tai
trong 100 g va thoi gian tai 15 gidy). Cac diém
do duoc bd tri doc theo mat cét ngang cua bé
day 16p phu nhu hinh 10. Gia tri kiém tra do
clng trén mau thé hién trén bang 4. Gia tri do
ctimg do dugc cao nhét trén cac mau 1a 1247.2
HV, trong khi gia tri d§ ciing thép nhét do duge
trén cac mau 1a 1029.7 HV. Po cting 16p phu
ctia cic mau 16n hon 1000 HV va do ctng giira
cac mau khac nhau cho thiy su thay doi pha
trong WC anh huong dén d6 ctng 16p phu. Do

12Co ciing s& thay d6i. Viéc kiém soat nhiét do
va su bién d6i pha cia WC s& gop phan nang
cao dac tinh cua 16p phu phun nhiét va cho
phép tao ra cac tng dung khac nhau trong k¥
thuat cua vat liéu nay.

Hinh 10.Vi tri do do cirng l6p phu
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Bang 4. Keét qua do do cing cua cac mau

MAiu 1 2 3 4 5 6 7 8 9
Gia tri
do cimg | 1176.3 | 1029.7 | 1150.2 1247.2 1185.5 | 1200.4 | 1233.1 | 1093.6 | 1083.1
(HV)

3.5. P bam dinh 16p phit

Do bén bam dinh cua 16p pha dugc xac
dinh theo tiéu chuan JIS-H-8304-2017, trong
d6 mau dugc phun phu véi do day khoang
500 pm. Két qua thir nghiém d6 bam dinh cho
thdy mau c6 cudng do bam dinh cao nhét 65,6
MPa dugc phun ¢ khoang cach phun 0,15 m,
toc d6 dong phun 26 g/phut va van tdc twong
dbi cua sung phun 13 0,2 m/s. D6 bam dinh cta
16p phu phu thudc vao cac yéu t6 chinh nhu
khoang cach phun va nhié¢t d§ nong chdy cua
cac hat. Két qua thyc nghiém cho thay khoang
cach phun khac nhau sé cho gia tri d0 bam dinh
khéc nhau twong tng. Vi khoang cach phun anh
huong dang ké dén ning lugng hat trong qua
trinh va cham do sy thay doi ning luong trong
mdi truong phun. Tdc d6 dong phun anh hudng
dén nhiét d hat va su xép chong cua cac 16p
phu trén bé mit nén. P bén bam dinh rit quan
trong d6i v6i cac ung dung thuc té trong viée
chéng an mon va mai mon. Do qua trinh 1am
mat nhanh, su khuéch tan vét liéu gitra 16p phi
va chit nén bi han ché xay ra, do d6 1am cho do
bam dinh gitra 16p phu va chat nén chu yéu la
mot qué trinh vat Iy hon 1a qua trinh luyén kim
hoac hoa hoc.

4. KET LUAN

L6p phu gém WC-12Co dugce tao trén
bé mit trong cua chi tiét bang phuong phap
phun HVOF da dugc nghién ctru, danh gia. Ba
thong ) cong nghé ché do phun da duoc khao
sat bao gdbm khoang cach phun, luu luong bot
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va van toc sung phun twong dbi. Cac thong sd
phun duogc khao sat anh huong 16n dén co tinh
16p phu dugc tao ra va do d6 anh huéng 16n dén
tudi tho chi tiét.

- Po x6p cua 16p phu dat gia tri thap
nhat 1,48% khi phun 16p phu véi toe do cap bot
20 g/phut, van toc siing phun twong ddi 0,2 m/s
va khoang cach phun 0,3 m.

- D6 cimg té vi va cudong d6 bam dinh
cua 16p phu dat gid tri cao nhat lan lugt la
1247,2 HV va 65,6 MPa.

- Phan tich XRD cho thdy sy hinh thanh
cac pha méi nhu WC (thanh phan chinh), W.C,
Co,W.C.

- V6i thanh phan va co 1y cua 16p phu
céc-bit WC-12Co bé mit tru trong da duoc tao
ra béng cong nghé HVOF, c6 thé ung dung tao
16p phu bang vat liéu khac trén bé mat try trong
lam viéc trong diéu kién chiu an mon va mai
mon. *¢

Ngay nhan bai: 26/9/2024
Ngay phan bi¢n: 15/10/2024
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LILAMA 10 ghi dau 4n 3 triéu gio' 1am viéc an toan
tai du an Hydrogen xanh Neom

iéc dat cot mdc 3 triéu gi0 an toan

\ / la mot thanh tyu 16n, phan anh tinh

than trach nhiém va su chuyén nghiép

cta toan thé doi ngli can bg, cong nhan vién

LILAMA va LILAMA 10 d3 nghiém tac chap
hanh ndi quy an toan lao dong.

Ngay 11/10/2024, tai Nha may Co khi
va Ché tao thiét bj Hai Duong thudc Cong ty Co
phan LILAMA 10 d3 dién ra budi 1& chiic mirng
thanh tich quan trong — 3 tri¢u gio lam viéc an
toan, khong tai nan - tai dg 4n gia cong ché
tao va to hop module Hydrogen xanh Neom.
LILAMA 10 vinh dy tham gia budi 1& cung Tap
doan Air Products, Tdp doan Thyssenkrupp
Nucera va Tong Cong ty Lip may Viét Nam
(LILAMA).

i\
|

i

!

i

I

f

I

B

Can bo, cong nhdn vién cua Nha may Co khi va
Ché tao thiét bi Hai Dwong trong buoi lé.

3 tri¢u gid lam vi¢c an toan, khong tai
nan - 1a c6t mde dang tu hao, danh diu su thanh
cong vuot bac cua cac bén tham gia trong viéc
dam béao chat luong, tién d6 va an toan lao dong
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cho mdt trong nhitng du 4n cong nghé xanh lon
nhit thé gi6i hién nay. Dy an Hydrogen xanh
Neom khong chi 1a biéu twong cho tuwong lai
nang luong sach ma con la minh ching cho
nang luc cia LILAMA 10 trong cac du an cong
nghiép quéc té.

LILAMA 10 Ia mot trong nhiing don vi
hang dau trong linh vuc gia cong ché tao, lip
dat co khi tai Viét Nam. Trong hanh trinh phat
trién cia minh, Cong ty luén khong ngimg cai
tién, Gmg dung nhitng cong nghé va quy trinh
tién tién nhat, dap tmg cac yéu cau k¥ thuat
khat khe tir cac ddi tac qubc té. Trén mdi cong
trinh, du an, 1anh dao Coéng ty luén quan tam,
chu trong cong tac ddm bdo an toan cho nguoi
va thiét bi thi cong song song véi viéc dam
bao tién do, chat lwong di cam két vai doi tac.
Chinh vi vay, toan thé can bo, ky su, cong nhan
va nguoi lao dong LILAMA 10 thuong xuyén
duoc dao tao, phé bién va tap huén nhim nang
cao nhan thirc va y thirc chap hanh vé cong tac
an toan lao dong.

Tai du an Hydrogen xanh Neom,
LILAMA 10 dam nhan nhiém vu gia cong ché
tao, to hop va lép dat module véi chat lugng
cao, tuan thu tuyét ddi cac tiéu chuin an toan
quéc té. Trai qua gan 2 nidm thi cong, duoc su
chi dao sat sao cia Ban diéu hanh cac du an
Hydrogen xanh ctia Téng cong ty, ciing nhiing
bién phap hiéu qua trong viéc quan ly, kiém
soat cong tac an toan, du an dat cot mdc 3 triéu
gi0 an toan la sy ghi nhan nhiing dong gop
clia toan thé nguoi lao dong LILAMA 10 di
nghiém tic chdp hanh ndi quy an toan lao dong.
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CHUC MUNG THANH TicH DAT DUgC
CONGRATULATIONS ON THE ACHIEVEMENT OF

3.0 TRIEU GI¥ LAM VIEC AN TOAN
Il

LION SAFE MAN HOURS WITHOUT LTI

Pai dién Tong cong ty Lap mady Viét Nam - CTCP

trao gidy chimg nhdn 03 triéu gio lam viéc an toan

cho Lanh dao Nha may Co khi va Ché tao thiét bi
Hdi Duong (LILAMA 10).

C6 thé khang dinh, vin hoa an toan
manh m& duoc LILAMA va LILAMA 10 va
cac ddi tac qudc té xay dung va duy tri xuyén
sudt qué trinh thyc hién dy an. LILAMA va
LILAMA 10 d3 chu dong ap dung cac hé thong
quan 1y an toan lao dong tién tién, khong ngimg
nang cao y thirc ctia nhan vién, tir 46 gop phan
gitp du an dat dugc thanh tich an tuong — 3
triéu gio lam viéc an toan khong xdy ra tai nan
lao dong. Pay la mgt thanh tyu I6n, minh chung
cho tinh than trach nhiém va sy chuyén nghiép
ctia toan thé doi ngii can bd, cong nhan vién
LILAMA va LILAMA 10.

Lanh dao Cong ty C6 phan LILAMA
10, chia sé “Thanh tyu 03 tri€u gio lam viéc
an toan khong chi 1a niém tuy hao cia riéng
LILAMA 10 ma con 1a minh chimg cho su hop
tac hiéu qua va tinh than doan két giita cac don
vi. Chiing t6i cam két s& tiép tuc duy tri cac tiéu

chuén an toan, chat lugng cao trong moi dy an
ma LILAMA 10 tham gia, gop phan xay dung
thuong hi¢u Viét vuon ra the gidi".

Cdc cd nhéan dat thanh tich tot trong céng tic an
toan lao dong cua LILAMA 10 gop cong vao thanh
tich 03 triéu gio lam viéc an toan nhdn qua tang
tai budi lé.

LILAMA 10 ty hao khi duoc la mot
phan cua nhitng dy 4n mang tdm véc qudc té,
va cam két s& tiép tuc dong gop vao sy thanh
cong cua cac du an cong nghi¢p lon, mang lai
gié tri bén viing cho cong dong va xi hoi.

Véi chién luge phat trién bén vimg va
tam nhin dai han, LILAMA 10 dang nd luc
khong ngimg dé md rong quy mo, ning cao
nang lyc gia cong ché tao va thi cong lap dit co
khi trong cac du an cong ngh¢ cao, nang lugng
tai tao va cong nghiép nang. Su thanh cong tai
du 4n Neom 1a buéc dém quan trong dé cong
ty tiép tuc chinh phuc nhing thach thirc méi va
dong gop vao su phat trién cua nén cong nghiép
quéc té. <

PV

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 320, thang 10 nim 2024
cokhivietnam.vn / tapchicokhi.com.vn



