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

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

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

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

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

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

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

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

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

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

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

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

4. bat van de.

5. Vat liéu va phuong phap nghién ctru.

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

7. Két luan.

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

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

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

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

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

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

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

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

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

Dia chi: S6 4 Pham Vian ang (trong Vién Nghién ctru Co khi), Mai Dich, Cau Giéy, Ha Noi
Dién thoai: (024) 37 920 650 - 0904 177 637 / 0982 254 465
Email: Tcckvn.bbkh@gmail.com * Website: cokhivietham.vn / tapchicokhi.com.vn
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*Tap chi Co khi Viét Nam:

- In tai Cong ty C6 phan In Khoa hoc Cong nghé Ha Noi

- Khuén khé 20,5cm x 28,5cm

- 48 trang

- Xudt ban méi thdng mot ky

- Gid ban 50.000 d6ng/quyén Tap chi
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TOA SOAN TAP CHI CO KHi VIET NAM
Sb 4 Pham Vin Bdng (trong Vién Nghién ctru Co khi), P. Mai Dich, Cau Gidy, Ha Noi

Pién thoai: (024) 3792 0650

Hotline: 0904 177 637 - 0982 254 465

Email: teckvietnam@gmail.com
Website: cokhivietnam.vn / tapchicokhi.com.vn
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Giéy phép hoat dgng Tap chi in va Tap chi Dién tir ciia B Thong tin va Truyén théng
S6 378/GP-BTTTT, ngay 22 thang 6 ndm 2021

Vin phong dai dién:

1. Tai TP. Ho Chi Minh:

- PGS,TS. Bui Trung Thanh

Phong T4.0, Nha T, Truong Dai hoc Cong nghiép
TP HO Chi Minh

S6 12 Nguyén Van Bao, phuong 4, quian Go Vap,
TP Ho Chi Minh

Dién thoai: 0913 921 407

Email: teck.tphem@gmail.com

- PGS,TS. Nguyén Hiru Ljc

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

Phong vién thwong tri:

1. Tai Hai Phong:

- Lé Thé Higp

Dién thoai: 0913 063 747
Email: daidientcck@gmail.com

2. Tai tinh Quéing Ninh:

- TS. Hoang Minh Thuén

Truomg Cao ding Cong nghiép va Xay dung,

Lién Phuong, Phuong Péng, Udng Bi, Quang Ninh
Dién thoai: 0904 116 189

Email: minhthuan.tcckvn@gmail.com
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3. Tai Thai Nguyén:

-PGS,TS. Vii Ngoc Pi

S6234 Phit Xa, TP. Thai Nguyén, tinh Thai Nguyén
Pién thoai: 0974 905 578

Email: vungocpi@tmut.edu.vn
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NHA KHOA HQC THAM GIA PHAN BIEN KHOA HQC CAC BAI BAO.
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CUU - TRAO BOI

XAY DUNG MO HINH TOAN PADE TRONG DIEU KHIEN TOI UU
NUNG THEP TAM

BUILDING A PADE MATH MODEL IN OPTIMIZED CONTROL OF STEEL PLATE
FILTERING

Nguyén Thi Bich, Dwong Ngoc Lan*
Truong Cao dang K¥ thuat Cong nghé Ba Ria — Viing Tau

TOM TAT

Cdc tac gia nghién ciru mé hinh xdp xi Pade dé gidi bai todn diéu khién t6i wu qud trinh
nung thép tam cho hé thong truyén nhiét trong 16 gia nhiéu dé phéi cé nhiét @ chinh xdc nhat. Noi
cdch khdc phai tim mot tin hiéu diéu khién t6i wu sao cho khodang thoi gian T cho trude sai s6 phén
bo truong nhiét do vdt nung voi phan b6 nhiét do yvéu cau nhé nhat.

T khoa: Nung thép tam; Mo hinh todn Pade; Diéu khién toi wu; Phirong phdp xap xi; Toi
uu nung thép tam.

ABSTRACT

The authors research the Pade approximation model to solve the problem of optimal control
of the steel plate heating process for the heat transfer system in the multi-heating furnace so that
the workpiece has the most accurate temperature. In other words, we must find an optimal control
signal so that the given time interval T gives the smallest error in the distribution of the temperature
field of the heated object with the required temperature distribution.

Keywords: Steel plate heating,; Pade mathematical model; Optimal control; Approximation
method,; Optimal steel plate heating.

1. MO HINH TOAN PADE Viéce xap xi Pade phai thoa mén sao cho néu
phan tich vé phai ctia (2) theo chudi Taylor tai lan
Gia st cho ham f(x) khai trién dugi  can diém khong thi m+n phan tir dAu tién ctia n6
dang chudi Iy thtra: phai tring véi m+n phﬁn tr vé trai: aya, ..., [1].
2
S =ay+ax+ax+.. () Dé viéc xap xi Pade dat do chinh xéc
cao, thuong chon m = n hodc m = n+1 [2]. Sau
khi phan tich nhu (2), ta can xac dinh (m+n+1)
an so: Py Ppse-+5P,5 dy» 95+ - -»d,- T phuong trinh
(2), ta dua ra h¢ phuong trinh dé tim cac an so
trén nhu sau:

Ta chuyén vé dang khai trién Pade nhu
sau [1].
P(x) _ px"+p, X" 4t px+p, )

Ay +ax+a,x’ 4. = . —
2,(x) g X"+ p, X g+l
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rac,—pc,zl]
.'?1‘-'%"“-'11_}7'1:@
a,-p,=0

q;d, +4q,a, +§,a, +a; — p; =0

| q,a, + q,a, +

3)

G i1 t 1By in +- G 8, G =0
G2 H Gy 1Gpss +o G Ay F Gy =0

GGt GGy -G A,y

(4)
+a . =0

Sau khi giai h¢ (4), ta duoc: q, q,»--.,q,»
sau do thay vao hé (3) ta tim dugc pg, p,,....p,-
Mot ddi twong co tré dang e dugc khai trién
thanh chudi lity thira:

Z( M) )

Nhu vay so voi vé trai cia (2), ta co:

A )

P =t = ()
Thay céc hé s6 a_(k = 0,1,2...) tlr (5)

va (6) vao hé phuong trinh (3) va (4). Gidi cac

hé phuong trinh dé, ta dugc két qua cua khai

trién Pade ddi véi khau tré, trong truong hop

chon m = n nhu sau:

a, =]:'|a1=

z" H(k)(-ps)*

e 7= 55 (7)
ZGH (k)(ps)*
Trong do:
n-k
Hk+)=——— HF)  (8)

(2n—-k)(k+1)

Vé6i: H(0) = 1; n 1a s6 bac can thay thé.
- Véin =1, ta cé xap xi Pade bac 1:

1P

e—.&’-i ~ 2 (9)
s
2

-Voéin=2,tacd xép xi Pade bac 2:

.
P

PSP
1+ ﬁ + u
2 12
-Voin=34,..,taco xép xi Pade voi

bac cao hon.
Xét mot ddi tugng dong hoc ¢o tré:

du (t)

y— 0t +u(t)=kw(t—p) (11)

Vi y 1a hiang s6 thoi gian, p 1a thoi gian
tré ctia d6i twong, k 1a hé s6 khuéch dai.

Chung t6i da tién hanh khio sat bang
mo phong nho Matlab Simulink cho cac dang
xap xi nay. Trong qua trinh mé phong, ta thay
d6i ty sd y/p bang cach giit y ¢b dinh va cho p
thay d6i, cudi cung rut ra dugc cac két luan sau:

- Néu y/p > 10 nén dung khai trién theo
chudi liiy thira.

- Néu 6 < y/p < 10 nén dung khai trién
Pade véin=1.

- Néu 2 < v/p < 6 nén dung khai trién
Pade v&in=2.
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2. TIM QUAN HE GIUA Q(X,T) VA TiN
HIEU PIEU KHIEN W(T)

Ta ap dung phép bién d6i Laplace véi
tham s6 thoi gian t. Khi 4p dung phép bién doi
Laplace v6i tham s6 thoi gian t thi phuong trinh
vi phan dao ham riéng di dugc dwa vé phuong
trinh vi phan thudng ddi véi bién x. Bién d6i
Laplace, ta dugc:

awzsg(a{,s) (12)
cx”
Trong d6: O(x,s)=L" {q(x,0)}.

Sau khi bién doi cac dieéu kién dau va
diéu kién bién, ta duoc:

222055 _ 1000, 5)-U(5)](13)
&x x=0
0.8 _, (14)
c x=5

Tir phuong trinh (14), gia str d6i tuong
c6 tré théa man diéu kién: 6 <y/p <10.

Dé giai bai toan nay, tac gia [4] da xap
xi d6i twong o tré bang mot khau quan tinh bac
nhét theo xap xi Taylor Bai bdo nay dua ra mot
phuong phap xép xi voi do chinh xac cao hon.
Cu thé, 001 khau quan tinh bac nhat c6 tré dugc
thay thé gan diing bang khau xap xi Pade bac 1,
bién ddi Laplace phwong trinh (14), ta duoc:

ol
1-=—z5

(75 +1)U(s) = kW (s).e™® ~ EW(s).—2Z— (15)
]+35

Trong do:
U(s)=L" {u(t)}; W(s)=L" {W(t)}
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Sau khi bién ddi, ta dugc ham:

s)
“(S:]k[l——/' [(c) rJiJ

Ox.s)=
8
i \ N (16)
(;'5+1].[1+£5\'. AL.&L} (ﬂ |+ch \]E I
) 2 ) o a | a ||
J
bat:
k‘rl—g\';.ch (5—.»:)@ "
G(x5)= - ; 4 (17)

(1.5+1 |1+ .s

\gm\(am\f

Ta duoc: Q(x,s) = G(x,5).W(s) (18)

Tir (17), (18) theo Iy thuyét vé tich chap,
ta co:

q(x,t) = g(x,t) * w(t) (19)

Ta co thé viét :

g(x.t) = jg(x, T)w(t—71)dr (22)

Hoac:
q(x,1t) = jg(x,t —)yw(z)dr (23)

Trong do:
g(x,t)="L" {G(x,s)}. (24)

Vi vay, néu biét dugc ham g(x.t), ta
s& tinh duoc phan bd nhiét q(x.t) tir ham diéu
khién w(t). Muén tim dugc q(x.t) trong biéu
thirc (23), ta cdn tim ham (24). Dung phép bién

d6i nguoc ham G(x,s), ta c6 két qua:
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2ot |

e A ] ]
ka[z+pﬁ2}m(§%J » (25)
Susn 2| sl ) 2l

Trong do: B, dugc tinh tir cong thirc:

p, - fe (26)
« £ la nghi¢ém cua phuong trinh si€u vigt:
5185 - Z0 - B, @7)

» B, 1a h¢ s BIO cua vat liéu

ko =1/ 7k, =2 1.Jp (28)
Trong biéu thirc (25):

« o 14 hé sd truyén nhiét tir khong gian 10 vao
vat (w/m2.do).

« Al hé sé din nhiét cua vat (w/m.do); & 1a bé
day tam (m).

* ala hé sb dan nhiét do (m?/s); p 1a thoi gian
tré cua 1o (s).

« v 14 hang s thoi gian ciia 10 (s); k 1a hé s6
truyén tinh cua 10.

3. MO PHONG VOI PHOI THEP TAM

Céc thong sb vat 1y cua dbi tuong: Hé
s6 truyén nhiét: o = 335 (w/m? do); Hé sb dan
nhiét: A = 55.8 (w/m d06); Hé s dan nhiét do:
a=1.03x10"° (m?¥s); Bé day tim: & = 0.2 (m);

Céc thong so ctia 16 nhiét: Hang s6 thoi
gian: y = 1300 (s); Thoi gian tré: p = 140 (s); Hé
) truyén tinh: k = 6; Phan b nhiét do yéu cu
g*(x) = 1000°C; Thoi gian nung cho phép: T =
7200 (s); Gio1 han nhiét dg 10: u(t) < 2500°C;

Gidi han bé mit phoi nung: q(0,t) < 1200°C.
Hé s6 BIO cuia phdi nung 1a:

a5 33502
A 55.8

Bi= 1,2 (29)

Pay chinh 1a vat day vi c6 hé sb Bi >
0,5. C6 6 <y/p <10.

Pé tinh toan ché d6 nung tdi wu, ta chon
s6 16p khong gian 12 n = 6, s6 khoang thoi gian
m = 36. Sau khi chay chuong trinh, ta dugc két
qua nhu hinh 1.

Deta=) 2 nef m=36.7=T.

we

200.351.036-08 ro=14
L
=0
ot do cua

i
2

Phan bo nhil

Nhiet do do )

aix)vaabeT

was L

Hinh 1. Ché d6 nung t6i wu véi phéi thép tam

Trong hinh 1, w*(t) 1 tin hiéu diéu
khién t6i wu (cong sudt toi wu); u(t) 1a nhiét o
10; q(x,t) l1a truong nhiét d trong phoi nung
(trong d6 dd thi biéu dién nhiét d6 cua bé mit
phoi, nhiét do cac 16p bén trong ctua phoi va
nhiét o 1op dudi cung).

Tir hinh 1 cho thdy, tai thoi diém t =T,
phan bo nhiét d§ cac 16p trong phoi nung q(x,T)
déu xap xi 1000°C. Sai 1¢ch 16n nhat so véi nhiét

r
.....

duoc kiém ching.
4. KET LUAN

Di dua ra mot phuong phap xap xi voi
dd chinh xac cao hon, cu thé da thay thé mot
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do6i twong co tré bang mo hinh xap xi Pade.

D3 tim duoc quan hé giita cong sut
cung cap cho 10 w(t) va su phan bo trudng nhiét
do trong vat nung q(x,t).

Dua ra 10i giai t6i wu cho d6i twong
c6 tham s6 phan bo, co6 tré bang phuong phap

,
A
SO.%*
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NANG LUONG PHAT HOA CUA SUNG 7,62MM SBT-M2
ENERGY OF FIRING MECHANISM OF 7,62MM SBT-M2 GUN

ThS. Vii Pire Diing!, ThS. Pham DPirc Khéi', KS. Poan Vian Sang?
'Vién Vii khi, Tong cuc Cong nghiép Qudc phong
*Hoc vién Hé 2, Hoc vién K¥ thuat Quan sy

TOM TAT

Sing 7,62mm SBT-M2 dwrgc nghién ciru trén co sé mau S-5000. Trong dé, co cau phdt héa
ciia siing la kiéu bia chuyén dong thang c¢é kim hoa gdn lién véi biia va sir dung ning lwong nén
ciia 1o xo kim héa dé phat héa hat lira. Bai bdo trinh bdy nguyén Iy hoat dong va tinh todn ning
lirong phdt héa co cdu phat héa ciia sung SBT-M2, ddy la bai todn rdt quan trong trong thiét ké co
cdu cia sing givp sing hoat dong tin cdy trong qud trinh sir dung.

Tir khéa: Siing 7,62mm SBT-M2; Co cau phdt héa SBT-M2.
ABSTRACT

The 7.62 mm SBT-M2 gun is designed based on the S-5000 model. The gun's firing
mechanism is a straight-action hammer with a firing pin attached to the hammer. The compression
energy of the firing pin spring is employed to ignite the bullet's primer. This paper presents the
operating principle and investigates the firing energy of the SBT-M?2 gun firing mechanism. This is
an important problem in designing the gun's structure to ensure the reliability of gun's operation.

Keywords: 7.62mm SBT-M2 gun; SBT-M? firing mechanism.

1. PAT VAN PE

Stng 7,62mm SBT-M2 duogc nghién
clru trén co s& mau S-5000, 1a loai sung ban
phat mot st dung dan 7,62x51mm, dung dé
trang bi cho c4 nhan dé tiéu diét sinh luyc dich
ngoai tam quan sat. Day 1a loai sung ban tia
hién dai, c6 d6 chinh x4c cao, dugc danh gia
1a mot trong nhiing sting bén tia tot nhat trén
thé gii. Stng s dung co cdu phat hoa dang
bua chuyén dong thang c6 kim hoa gin lién voi
bua, kim hoa duoc giir lai ¢ phia sau bang 1y

co cau ¢ va nén 16 xo kim hoa, khi giai phong
kim hoa lao 1én dap vao hat lira va phat hoa. Dé
sung hoat dong tin cdy, yéu cau trong thiét ké
chting ta can tinh toan nang luong phat hoa cua
sing dam bao cho co cau sung phat hoa tin cay
100%.

2. KET CAU CO CAU PHAT HOA
Co ciu phat hoa cia sung 7,62mm

SBT-M2 gém céc chi tiét dugc minh hoa trén
hinh 1:

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 307, thang 9 nim 2023
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

Hinh 1. Cdc chi tiét co cdu phat héa
1. Than khoa nong; 2. Kim hoa; 3. Lo xo kim hoa;
4. Puéi khoa nong;
5. Chét duéi kim héa; 6. Pudi kim héa; 7. Ldy an
toan; 8. Truc ldy an toan; 9. Tay dong mo.

O trang thai binh thuong, kim hoa &
vi tri trén cung 10 xo kim hoa dugc nén mot
khoang ban déu‘Hl, mot dau ty vao dudi khoa
nong (4), mot dau ép vao vai bac trén kim hda

2).

Khi lip dan xoay tay dong mo khoa
nong va kéo khoa nong vé sau hét cir, day khoa
nong 1én téng dan vao budng dan va dong khoa
nong, khi dé duoi kim hoéa duoce giir lai phia sau
bdi 12y co. Kim hoa & trang thai giwong, 16 xo
kim hoa dugc nén ¢ trang thai H,, khi kim hoa
duoc giai phong dudi tac dung cua nang luong
10 xo kim hoa day kim hoa lao 1én dép vao hat
Itra phat hoa.

Hinh 2b. Kim hoa o vi tri givong
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3. TINH TOAN NANG LUQNG PHAT
HOA CUA SUNG SBT-M2

3.1. Co s& ly thuyét tinh toan ning lwong
phat hoéa

Thep [1],’ nang luong E, can thiét qé
phat hda chac chan (100%) phu thude vao toc
d6 thuc té cua kim hoa va dugc biéu thi bang
cong thirc thye nghiém sau:

!
Vi
Trong d6: A, n 1a hing s6 d6i v6i mdi

hat Ivra.

By (1

Véi co cdu phat hoa kiéu bua chuyén
dong thang co kim hoa gan lién véi bia, cong
ctia 10 xo dich chuyén sé& bién thanh dong ning
can thiét E, cho kim hoa dé phat hoa tin cay.

IT, +11

E. =A4= 22 3 (2)
2
Trong do: IL, , IT, 1a luyc nén dau va

cuoi trong hanh trinh lam viéc cua 10 xo; A la
khoang dich chuyén cua 10 xo.

Theo [2], khi xét dén ton hao ning
lugng do ma sat, nguoi ta dua vao hi€u suat
(n <1), 10 xo phat hda can tao ra nang luong la:

4 ="k (3)

3.2. Tinh toan nang lugng phat hdéa sung
7,62mm SBT-M2

Pé tinh toan ning luong phat hoa cia
sung 7,62mm SBT-M2, ta dua ra phuong phap
tinh nhu sau: Bé qua cong cua luc ma sat gitra
kim hoa va 10 xo kim hoa, kim hoa va 16 kim

hoa, ta coi cong cua 16 xo kim hoa trong hanh &



NGHIEN CUU - TRAO DOI

trinh tir vi tri givong kim hoa dén vi tri phat hoa
bién thanh dong nang cua kim hoa.

- Xac dinh luc nén so bd cua 16 xo kim
hda:

IL,,=C.(H,—H,) (4)

- Xac dinh luc nén cua 10 xo kim hoa &
trang thai givong:

I,=C.(H,— H,) (5)
- Hanh trinh X 1a khoang tir H, dén H..
Thay thé cong thite (3), (4), va (5) vao

(2), ta dugc nang lugng phat hoa cia sing
SBT-M2 nhu sau:

Thé niang cia 10 xo kim hoa dugc
chuyén thanh dong nang cta kim hoa, ta co:

2
_ Vi
2

Trong d6: m — Khéi lwong kim hoa;
V,, — Van téc kim hoa.

E, (7)

Thay (7) vao (6) va bién doi, ta duoc
van toc cua kim hoa:

. JC(zﬂo “H-H) . ®)

My,

Dé tinh niang luong phat hoa E, va van
toc kim hoa cua sing SBT-M2, ta khéo sat tinh
toan cac thong so trong bang 1.

E, - CQ2H,-H, —Hz);“7 ©)
2
Bang 1
TT Thong sb Ky hiéu Pon vi Gia tri

1 Khéi lugng kim hoa m,, kg 45 x 107
2 Do cung 16 xo kim hda C N.m 2.038 +2.476
3 Chiéu dai ban dau 16 xo kim hoa H, m 135,5x 107
4 | Chiéu dai 16 xo kim hoa khi nén so bd H, m 83 x 10°
5 | Chiu dai 16 xo kim hoa khi phat hoa H, m 73 x 107
6 Hiéu suat ctia co cdu n % 92
7 Hanh trinh cta kim hoa A m 0+-10x 107
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Thay céc gia tri vao (6), ta c6 két qua
tinh toan ning lugng phat hoa va van toc kim
hoa cta sting. Két qua tinh toan xem hinh 3,
hinh 4.

Do thi nang luong phat hoa sung SBT-M2 theo do cung lo xo kim hoa Ek(C)
1-4 T T T T T T T T T

L pranmne e R I x 2478
; : ‘ : - : : g LY

-
a

-
P
h

12

Nang luong phat hoa [J]

1.15

-, I T T N S TS S S
2000 2050 2100 2150 2200 2250 2300 2350 2400 2450 2500
Do cung lo xo kim hoa [N.m]

Hinh 3. D6 thi Bién thién ning hrong phat héa lon
nhat E, theo do cumng 1o xo

X: 2476
Y. 783

Do thi van toc kim hoa sung SBT-M2 theo do cung lo xo kim hoa V(C)
I I T T i T T 1

b ~ ~ ~
= o @ ~

Van toc kim hoa [m/s]
T
[

72

71

a’ ] ] i ] ; ; ; i

ol \ i i i i i i i i

2000 2050 2100 2150 2200 2250 2300 2350 2400 2450 2500
Do cung lo xo kim hoa [N.m]

Hinh 4. D6 thi Bién thién vdn toc Ién nhdt cia kim
héa V,  theo do ciing [o xo

Nhén xét: Tur két qua tinh toan ning
luong phat hoa (hinh 3) va van tdc 16n nhét cia
kim hoa (hinh 4) ta thdy rang, ning luong phat
h(’)a, E, cua sung 7,,62mm SBT—MZ dat tlI 1,078
Jdén 1,31 J, van toc 16n nhat tai thoi diém kim
hoa cham hat lra twong ung 13 6,92 m/s dén
7,63 m/s. V6i ning luong nho nhat E, = 1,078
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J 16n hon ning luong phat hoa yéu cau cia hat
Itra K53-SK st dung cho dan 7,62x5Imm la
E ., = 1,054 J (khéi luong qua thir m = 307g;
dd cao th h = 35cm; Nang lugng phat hoa
E.,, = 1,054 ], van tdc 16n nhit cua qua tht }é
6,87m/s). V&i nang lugng ndy dam bdo co cau
phat hda cua sung 7,62mm SBT-M2 hoat dong

tin cdy, hat Itra phat héa 100%.
4. KET LUAN

Qua nghién ciru giadi bai toan nang
luong phat hoéa cta Sting 7,62mm SBT-M2, da
gidi quyét dugc bai toan quan trong trong thiét
ké co cdu phat hoa cho sung. Qua d6 gitp ta
cht dong hiéu chinh cac thong s thiét ké, chi
tiéu yéu cau k¥ thuét cta chi tiét co cau phat
hoa ciia sing dé sing hoat dong 6n dinh, tin
cay. Két qua nghién ctru nay di 4p dung trong
thiét ké stng 7,62mm SBT-M2 tai Vién Vil khi,
Téng cuc Cong nghiép Qudc phong, san pham
da ban thu nghiém thu dugc do tin cay phat hoa
va nghiém thu tong hop céc tinh ning cua sung
dat yéu cau. <
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NGHIEN Cl’U ANH HUONG CUA CAC THONG SO CONG NGHE
DEN DO NHAM BE MAT KHI PHAY UOT HOP KIM NHOM AA7075

EXPERRIMENTAL STUDIES ON THE EFFECT OF CUTTING PARAMETERS ON
THE SURFACE ROUGHNESS IN WET MILLING OF AA7075 ALUMINIUM ALLOY

Lé Nhu Trang
Trudng Dai hoc Kinh té K§ thuat Cong nghiép

TOM TAT

Bai bdo nay nghién ciru méi quan hé va danh gid anh hwong ciia cdc thong sé cong nghé dén
dé nham bé mdt chi tiét khi phay hop kim nhém AA7075. Xay dung phirong trinh héi quy do nham
bé mdt khi gia cong khong sir dung dung dich tron ngudi. Nghién civu thire nghiém so sanh do nham
bé mdt khi gia cong cé sir dung dung dich tron ngudi theo thoi gian va dwa ra cdc biéu do mike do
danh hwéng ciia cdc thong sé cong nghé dén dé nham bé mat. Panh gid hiéu qua cua viéc gia cong
co su dung dung dich lam mat. Két qua nghién cuu lam co so dé cac nha cong nghé lua chon diéu

kién gia cong cho phit hop kinh té ma van dam bdo dwoc ndng sudt va chdt lwong chi tiét gia cong.
Tw khéa: Gia cong wot; Hop kim nhom AA7075; Bé nham bé mat.
ABSTRACT

This paper studied the relationship and evaluation of the influence of cutting parameters
on the surface roughness in the milling of the aluminum alloy AA7075. The regression equation of
the surface roughness was built in the wet machining process. An experimental study comparing
the surface roughness during the wet machining and the influence of the technological parameters
on surface roughness were given. The effects of machining using coolant were also evaluated. The
research results are useful for the technology providers to decide the appropriate economically

processing conditions for ensuring the productivity and quality of the machining details.
Keywords: AA47075 aluminum alloy, Surface roughness; Wet machining.
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1. GIOI THIEU

Ngay nay, v6i sy phat trién ciia nén
cong nghiép, gia cong trén may CNC dang la
xu hudng ma cac nha cong nghé, cac xi nghiép,
cac khu cong nghiép lya chon bdi su linh hoat
trong viéc lap trinh va gia cong, cho ning suit
va chat lugng cao, tiét kiém thoi gian va chi phi
gia cong. Do nham bé mit 1a yéu t6 khong thé
thiéu khi danh gia kha ning 1am viéc cua chi
tiét may, no quyét dinh dén bo bén va tudi tho
1am viéc cua chi tiét may.

Nghién ctru anh hudéng cua cac thong
s6 cong nghé dén d6 nham bé mit chi tiét gia
cong da duoc cac nghién ctru dé cap dén nhu
nghién curu cua tac gia H.R.Siller [1] da nghién
cuu hinh thai mai mon cua dung cu cat dén chét
luong bé mat chi tiét khi phay thép hop kim
AISI D3. Két qua ctia nghién ctru ciing 1am co
so dé t6i uu hoa qua trinh gia cong thép cimg.
Nghién ctru cia Dea Kyun Beak [2] da st dung
md hinh d6 nhdm bé mit dé t6i vu hoa bude
tién dao khi phay. Két qua nghién ctru cho thay
tir viéc du doan gia tri d6 nham bé mat va toi
wu hoa budc tién dao dé cho toc d6 dich chuyén
kim loai khi cét 1a 16n nhét. Joshua [3] cuing cac
cong sy da thuc nghiém du doan cac thong sb
vé d6 nham bé mit khi phay tinh hop kim nhém
A6061 c6 sur dung dung dich lam tron ngudi.
Két qua nghién ctru ciing cho thdy budc tién
dao c6 anh hudong dang ké nhat dén d6 nham bé
mit, sau d6 1a téc dd truc chinh va chiéu sau cat
c6 anh huéng it nhat. Khi st dung dung dich
tron ngudi, d0 nham bé mit giam xuéng con
20% lam cho chét lwong bé mit t6t hon. Sidda
Reddy va cac cong su [4] da sir dung thuat toan
di truyén dé t6i wu hoa cac thong sb cit khi
phay tinh mit phing. Tac gia st dung phuong
phap du doan dé téi vu hoa dd nham bé mit khi
phay thép lam khuon P20. Cac tham sé duoc
xét dén trong nghién ctru 1a ban kinh mii dao,
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tde do cit, lugng chay dao va chiéu siu cét. Sau
khi thuc hién t6i wu, 46 nham bé mit giam so
v6i ban dau 1a 44,22%. Cui [5] khi nghién ciru
vé phay cao tdc thép c6 do ctng cao AISI H1,
nghién ctru xac dinh d6 nham bé mat khi phay
thuan, phay nghich va phay ddi xtng cho thay
tdc cat nho hon 1500 m/phit chat lugng bé mat
giam khi toc do cit tang. Khi toc d6 cat 16n hon
1500 m/phut thi d6 nham bé mat ting khi ting
tdc do cat. Chat lugng bé mit gia cong 1a khac
nhau khi (phay thuan, phay nghich, phay doi
xtng) 1a gan nhu nhau trong pham vi toc do
cat 1500 m/phut dén 2000 m/phat. Khi toc do
cét tang thi mai mon dung cu cit ciing tang lam
chat luong bé mit chi tiét giam. V& d6 nham bé
mat cling dugc cac nghién ctru khéc dé cap dén
[6], [7], [8], [9]. Cac nghién ciru trén xét dén
anh huong cua cac yéu to dén d6 nham bé mit
gia cong.

Nghién cuu vé d6 nham bé mit do duoc
khi gia cong kho so véi gia cong udt cling dugce
tac gia [10] dé cap dén. Két qua cho thiy rang
khi tién tinh thép 1045 khi c6 dau tong hop va
gia cong kho thi do nham khi gia cong kho nhd
hon. Mot sé nghién ciru khac so sanh giira cac
yéu t6 vé gia cong kho, gia cong udt va gia
cong c6 sir dung dau boi tron nhu cac nghién
ctusau [11], [12], [13], [14], [15].

Tuy nhién, viéc khao sat cic thong sd
cong nghé dén do nham bé mat gia cong khi
phay hop kim nhém AA7075 bang dao phay
ngoén chua dugce dé cap dén nhiéu. Nghién ctiu
nay thuc nghiém lam rd cac anh hudng cua
thong s6 cong nghé trong cac diéu kién cat co
st dung dung dich 1am mat dén do nham bé mit
chi tiét gia cong. Tir két qua nghién ciru giup
cho nha cong nghé cling nhu cac nha may, xi
nghiép diéu chinh cac diéu kién cat dé dat hicu
qua va kinh té cao nhat khi gia cong hop kim

nhom AA7075.
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2. PIEU KIEN THU'C NGHIEM
2.1. Thiét bi va vt liéu thwe nghiém
a. May phay

Nghién ctru str dung may phay CNC HS
Super MC500 nhu trén Hinh 1 véi cac thong
sd chinh: toc d6 quay truc chinh 100 + 30000
(vong/phut); cong sudt truc chinh 15 KW; tdc
d6 dich chuyén ciia ban may cat got: 1 = 30000
(mm/phut); téc d6 chay khong 16n nhat: 48000
(mm/phut). Hanh trinh dich chuyén cia ban
may: X x Y x Z =500 x 400 x 300 (mm).

b. Dung cu cit

Thyc nghiém dung dao phay ngon
HSSCo8 c6 phu TiN, kich thudc dao 6 x 6 x 15
x 60 mm, dao ¢6 02 me cat. Dao c6 dd cung dat
duoc cua dung cu dat dén 60 HRC va khi phu
TiN cho dd bén cao, chéng mai mon va co thé
lam viéc ¢ nhiét do cao, rat ngén thoi gian gia
cong vat lidu.

Hinh 1. May phay MC500

L "
i: Le
| .

[ " R —ie—.
o =N UBT= O
=L 4 s

Eich thwsc (mm)
d D T T

o6 5 15 &0

Hinh 2. Thong 56 hinh hoc cua dung cu cdt
c. Vat liéu gia cong [16]

Hop kim nhdm A7075 1a dong hop kim
bién dang hoa bén va 1a hop kim nhém co do
bén cao nhat. N6 thuong duge st dung cha yéu
trong nganh cong nghiép hang khong vii tru va
thdi duc, co khi chinh xdc, v.v... Thanh phan
hoa hoc ciia nhom A7075 trong Bang 1.

Bdng 1. Thanh phan héa hoc ciia hop kim nhém
AA7075 (%) [17]

Cu | Mn | Mg | Cr | Zn Ti Al
1,2- | 03 | 2,1- |0,18-| 5,1- | 0,2 | Con
2,0 2,9 10,28 | 6,1 lai

bac tinh k¥ thuat ctia hop kim nhém
A7075 duoc thé hién trén Bang 2.

Bang 2. Dac tinh vat Iy cua hop kim nhom A7075

Dic tinhvatly | Gigeri | DR Gis
vatly
Nhiét d6 nong Mo-dun dan
chay (°C) 483 héi (Gpa) 70-80
Hé s dan nhiét Dién try
(W/mK) 130 (Q.m) 3,99¢-006
Nhiét dung riéng Ung suat
(J/g-°C) 0,896 udn (Mpa) 95
Ung suét
Y 3
Ty trong (kg/m?) 2,7 kéo (Mpa) 150
Do cimg (HB) 60 Hé sb 0,33
Poisson
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d. Thiét bi do nham bé mit

Thiét bi do nham bé mit MITSUTOYO
— Surftest SJ — 210 cua Nhat tai Phong K¥ thuat
Do luong, Truong Pai hoc Cong nghié¢p Ha Noi.
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Hinh 3. Thiét bi do do nham bé mdt va két qua do

3. KET QUA VA THAO LUAN
3.1. Thiét ké thuc nghiém do d9 nham bé mit

Thyc nghiém do d6 nham bé mit dugc
thuc hién v6i céac thong s6 cong nghé cho trén
bang 2. Cac thong so nay gom ba muc khac
nhau tmg cac bién ma héa va két qua do nham
bé mit cho trén Bang 4.

Bdng 3. Tham sé cdt ding cho thire nghiém

TT Tham sb Pon vi Miic 1 Miic 2 Miic 3
1 V (Van tdc cit) m/phit 188 282 376
2 S (Budc tién) mm/phit 800 1200 1600
3 t (Chiéu sdu cit) mm 0,5 1,0 1,5

3.2. Xay dung moé hinh toan hoc cia do
nham bé mit khi gia cong w6t hop kim nhém
AA7T075

M5 hinh toan hoc dd nham bé mat chi
tiét gia cong phu thudc vao thong sb cong nghé
(t, S, V) khi phay hop kim nhom A7075 dugc
miéu ta bang phuong trinh phi tuyén sau:

R =at’" SV’ (1)

Trong d6: R 1a d§ nham bé mit (um);
a, b, ¢, d 1a hé sb duoc xac dinh trong qua trinh
thue nghiém. Bang phan mém Excel v6i cong
cu Regression cac két qua phan tich phuong sai
cho trén. Phén tich phuong sai cho thiy F ly
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thuyét bang 0,00012 13 nho hon 0,5. Nhu vay,
phuong trinh hdi quy thu duoc phu hop voi
thuc té (Bang 6). Phuong trinh phu thudc cua
Ra tdi cac thong s6 cong nghé sé& 1a:

R U = 0 634 t0,0375 SO,IOZ V—0,059 (5)
U, = 0,634,007 §0.102,
R U, =0,055.£0150 8045 0295 (6)

R, U, = 0,694.t57, 010, y-0.76 7

Twong tw, Bang 6 ciing thé hién két qua
phan tich hoi quy cua R, dén (t, S, V), phan tich
nay cho thiy gia tri R Square 1a 0,933 va so
sanh chuan Fisher gitta tinh toan 1a 36,92 16n
hon gia tri 1y thuyét (4,35), nhu vay cho thay
mot trong cac hé sé timg phan 1 khac 0 va mirc

¥ nghia cta théng ké 1a cao.
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Bdng 4. Bang md héa va két qua do nham bé mdt

Bi¢n mi héa Ché dp cit
TT R (um)
X1 X2 X3 V (m/phut) S (mm/phit) t (mm) ?
1 -1 -1 -1 188 800 0,5 0,186
2 1 -1 -1 188 800 1,5 0,253
3 -1 1 -1 188 1600 0,5 0,280
4 1 1 -1 188 1600 1,5 0,333
5 -1 -1 1 376 800 0,5 0,165
6 1 -1 1 376 800 1,5 0,195
7 -1 1 1 376 1600 0,5 0,229
8 1 1 1 376 1600 1,5 0,242
9 0 0 0 282 1200 1,0 0,226
10 0 0 0 282 1200 1,0 0,227
11 0 0 0 282 1200 1,0 0,238
Bdng 5. Hé s6 phan tich hoi quy cia R khi gia cong kho
Predictor Hé¢ 56 Standard error | t statistic p value Lower 95% | Upper 95%
Constant -2,715 0,513 -5,292 0,001 -3,929 -1,502
X, 0,156 0,036 4,353 0,003 0,071 0,241
X, 0,440 0,057 7,698 0,000 0,305 0,575
X -0,329 0,057 -5,748 0,001 -0,464 -0,193

Phuong trinh (5) cho ta @b thi mdi quan hé giita R, v6i cac thong s6 cong nghé cong nghé (t,
S, V) nhu hinh 4. Khi ¢6 dinh mot thong sé cong nghé cho thay sy bién thién cia R, véi cac thong
s6 cong nghé. Khi R, tdng khi chiéu sdu cat ting va luong an dao ting (hinh a — khi V khong d6i).
Khi ¢6 dinh lugng chay dao S thi R, tdng cung voi sy tdng cua t va gidm cung voi sy gia tang cua
V (hinh 4-b). Trén hinh 4-c ting ciing theo quy luat trén. Nhu vay, sy ting giam cac thong sd cong
nghé déu anh huong dén chat lugng bé mat gia cong. Pé dam bao do nham bé mit gia cong thoa
min yéu cau k¥ thuat, nguoi cong nghé phai diéu chinh cac thong sb cit phu hop.

Bdng 6. Phdn tich ANOVA d nham bé mdt khi gia cong wot

Source DOF SS MS F P R-sq(adj)
Regression 3 0,35076 0,11692 36,92437 0,00012
Error 7 0,02217 0,00317
Total 10 0,37292
R? 0,9333
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3.3. Anh huéng ciia gia cong wot dén do nham bé mat

bé danh gia anh hudng cia dung dich tron ngudi dén d6 nham bé mit, nghién clru tién hanh
thuc nghiém gia céng hop kim nhém A7075 & cung diéu kién trong truong hop ¢ sir dung dung
dich tron ngudi theo cac thoi gian khac nhau cho céac thi nghiém va két qua thuc nghiém duoc thé
hién trén hinh 5. Két qua cho thay hau hét cac thi nghiém d6 nham bé mat khi gia cong kho déu thap
hon khi gia cong u6t.

Ll

—
LILUEN i

a) t co dinh b) S cé dinh ¢) Vcé dinh
Hinh 4. D6 nham (RaUl) ung voit, S, V o thoi gian 90 phut khi phay wot hop kim nhom A7075

a) t c6 dinh b) S cé dinh ¢) Vcé dinh
Hinh 5. Do nham (RaU2) ung voi t, S, V ¢ thoi gian 180 phut khi phay wot hop kim nhom A7075

o P T— - * (o

D L 08 ED

a) t cé dinh b) S cé dinh ¢) Vo dinh
Hinh 6. Do nham (RaU3) ung voit, S, V o thoi gian 270 phut khi phay wot hop kim nhém A7075

Bang 7 cho thiy su sai 1éch cia d6 nham bé mit khi gia cong kho va gia cong u6t. Két qua
so sanh cho thay khi gia cong c6 str dung dung dich tron ngudi thi d0 nham bé mat 16n hon do nham
bé mat khi gia cong khong c6 dung dich tron ngudi nhi€u nhat ¢ thi nghiém 1 va thi nghiém 5 lan &

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 307, thang 9 nim 2023

cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

luot 13 19,25% va 19,03%. Sai léch nho nhat lan luot 14 0,06% va 0,03% & cac thi nghiém 3 va 11.
Nhu vay, sai Iéch gitra truong hop c¢6 su dung dung dich, khong str dung dung dich 1a khong dang
ke, do vay de tiet kiém chi phi gia cong va bao vé moi truong, strc khde nguoi lao dong st dung gia

cong kho hoan toan hop ly.

Bdng 7. Sai léch d¢ nhdm bé mdt khi gia cong khé va gia cong wét

a

gia cong udt

S6 TN 1 2 3 4 6 7 8 9 10 11

R 0,186 | 0,235 | 0,280 | 0,333 | 0,165 | 0,195 | 0,229 | 0,242 | 0,226 | 0,227 | 0,238
gia cong kho

R 0,230 | 0,263 | 0,280 | 0,342 | 0,203 | 0,211 | 0,237 | 0,254 | 0,239 | 0,237 | 0,239

%sailéch | 19,25 | 3,81 | 0,06 | 2,54 | 19,03

7,73 | 3,15 | 489 | 531 | 4,47 | 0,30

4. KET LUAN

Nghién ctu thyc nghiém gia cong hop
kim nhom A7075 khi c6 su dung dung dich
tron ngudi bang dao phay ngon. Xay dung duoc
phuong trinh hdi quy anh hudng cta cac thong
sd cong nghé dén chat lugng bé mait chi tiét gia
cong. Tl phuong trinh hdi quy cho thiy, khi ting
chiéu siu cit va lugng chay dao thi do nham bé
mat tang va muc do tang cua lugng chay dao anh
huong nhiéu nhat dén d6 nham bé mat. Khi ting
vén tdc cét thi d6 nham bé mat giam.

Nghién ctru ciing so sanh do nham bé
mit khi phay hop kim nhém A7075 & cung diéu
kién cong ngh¢ khi c6 str dung theo thoi gian.
Két qua cho théy rﬁng, d6 nham bé mat chi tiét
sau gia cong co sy thay d6i khong dang ké. Nhu
vay, viéc co st dung dung dich lam mat khi gia
cong s& lam giam chi phi, tiét kiém thoi gian va
nang suit gia cong.

Ngay nhan bai: 22/5/2023
Ngay phan bién: 12/6/2023
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NGHIEN C’U ANH HUONG CUA KICH THU'O'C KENH DAN KHi
DEN DPAC TiNH VA HOAT PONG CUA PIN NHIEN LIEU KIEU MANG
TRAO DOI

INVESTIGATION OF THE EFFECT OF AIR CHANNELS SIZE ON
CHARACTERISTICS AND OPERATION OF PROTON EXCHANGE
MEMBRANE FUEL CELL

D5 Vin Tran', Bui Anh Hung?
'Khoa Co khi, Truong Dai hoc Giao thong Van tai
2Khoa Co khi, Truong Dai hoc Kinh té — K§ thuat Cong nghiép

TOM TAT

Bai bdo nay trinh bay két qua ddanh gia anh hwéng cia kich thirde kénh dan khi dén cac dac
tinh va hoat déng ciia pin nhién liéu kiéu mang trao déi (PEMFC). Két qua tinh todn chi ra rang,
khi tang kich thieéc kénh dan khi ¢é thé lam gia tang thong heong mdt do dong va ting mdt dé cong
sudt cua pin. Ngoai ra, kich thudc kénh dan khi ¢é anh hwéng dén phan tram khéi hrong H, trén
mang va qua thé trén I6p xic tac. Khi tang kich thudc kénh dan khi, phan tram khoi luong H, trén
mang ¢6 xu hwdng tang. Tuy nhién, qud thé trén 6p xiic tdc c6 xu hwéng giam khi tang kich thirde
kénh dan khi.

Tur khéa: PEMFC; Kich thuéc kénh dan khi; M6 hinh pin nhién liéu.
ABSTRACT

This paper presents the results of evaluating the influence of air channel size on the
characteristics and operation of the Proton Exchange Membrane Fuel Cell (PEMFC). The
calculation results show that increasing the size of the air channel can increase the current flux
density and power density of the PEMFC. In addition, the size of the gas channel affects the mass
percent of H, on the membrane and overvoltage on the catalyst layer. When the gas channel's size
increases, the percentage of H, mass on the membrane increases. However, the overvoltage on the

catalyst layer tends to decrease when the air channel is increased.

Keywords: PEMFC; Gas channel dimension; Fuel cell model.
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1. PAT VAN PE

Nganh cong nghiép 0 t6 da
trai qua ap lyc rat 16n dé giam luong
khi thai ra moi truong [1]. O t6 da tiéu
thy toi 40% tong sd nhién liéu hoa
thach dugc sur dung trong nganh cong
nghiép van chuyén [2] va chung thai
ra moi trudng rat nhidu khi thai gay 6
nhiém méi truong. V6i yéu cau ngdy
cang khat khe vé phat thai, nhién
liéu hoa thach dang dan dugc thay
thé bang ngudn ning luong sach va
c6 thé tai tao. Trong do, H, la nguér}
nang luong trong tuong lai c6 thé
thay thé cho nhién liéu héa thach [3].
Nganh cong nghiép 6 t6 cua hau hét
cac quoc gia dang dan st dung ning
lugng tai tao thay vi nhién li€u hoa
thach dé chuyén sang cac phuong tién
than thién véi méi trudng, dan dén su
gia taing manh mé cac ky thuat méi dé
su dung nang lugng tai tao. Phuong
tién giao thong sir dung PEMFC dang
duogc quan tAm nhiéu cua nha khoa
hoc. Ly do chinh ma PEMFC duoc
quan tdm nhiéu 1a chung c6 nhiéu uu
diém nhu hiéu sudt ning luong cao,
khong phat thai va tiéng oOn thap.
Trong tuong lai, PEMFC tré thanh
ngudn ning luong day hta hen dé
{mg dung trén 6 t6 trong nhiing thé h¢
tiép theo [4]. Vi vay, viéc nghién ctru
ung dung PEMFC trén phuong tién la
rat can thiét dé c6 thé canh tranh ciing
v6i phuong tién st dung dong co dét
trong. Trong nghién ctru nay, tac gia
di xay dung mo hinh tinh todn cho
PEMFC v6i1 muc tiéu danh gia duogc
anh huéng kich thuéc kénh dan khi
dén dac tinh va hiéu qua hoat dong
cua chung.

2. THIET LAP MO HINH TiNH

Bdng 1. Théng s6 ciia PEMFC.

Tham sb Gia tri
Chiéu sau kénh dan khi 15 mm
Nhiét do hoat dong pin 353K
Mat @6 dong tham chiéu anode 5000 A/m?
Mat d6 dong tham chiéu cathode 20 A/m?
Dién ap mo mach 0,96 V
Luong H, cap tai anode 0,1125 mg/s
Khong khi cip tai cathode 0,75 mg/s
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M6 hinh tinh toan duoc thiét 1ap dua trén cac
thong sb co ban cta pin nhién lidu duoc cho & Bang 1.
Trong nghién ctru nay, két cdu ban cuc anode va cathode
1a gidng nhau va c6 két cau dugc chi ra & Hinh 1.

+ Bin cur Anods

+ Kinh din bhi Anods

s Lo khikdwkch tin Anode
» Lop xoc vic Anods
*Lapxiac Be Cadods

* Lo Mhikiubch tin Cathods

Lop mang

+ Kinh din khi Cathode

+ Bika oFc Cathods

Hinh 1. M6 hinh va kich thuoc ban cuc cua PEMFC.




NGHIEN CUU - TRAO DOI

Bang 2. Kich thuéc kénh dan khi [mm]

Profile 1 2 0,5 0,5 1,5

Profile 2 2 0,75 0,75 1,5

Profile 3 2 1 1 1,5

Profile 4 2 1,25 1,25 1,5

Céc ché d6 tinh toan: Mo hinh tinh toan
duogc tinh ¢ 4 profile khac nhau véi kich thude
dugc cho nhu Bang 2. Céc thong s chinh cua
pin duoc khao sat gdm: Du doan su thay ddi
duong cong phan cyc, mat do cong suit cia
PEMFC, qua thé trén 16p xtc tic va ham luong
H, phéan b trén mang.

3. KET QUA VA THAO LUAN

3.1. Puong cong phan cwec va mat d§ cong
suat cia PEMFC

i e el [V
b - .
Wl A§ ol g ansl [ Wem]

% i T ik i ] id i& 1.
Ty lgag mid dgdeng dipa] L om’|

= Ml e prodion | = &N Jiadong peatile 2
= =m = W B iy pnde — o N dihdorg prafila &

w— Wi Bi-cdog walk, profiks i - Sl A chag el profile 2
= =i = NGE S9-otng will, profke 1 = RS S ol sl podle 4

Hinh 2. Puong cong phén cuec va mdt dé cong sudt

cua PEMFC.

Hinh 2 thé hién két qua tinh toan dudng
cong phan cuc va mat do cong suat cia PEMFC
khi thay d6i kich thudc kénh dan khi. Véi cing
mot luong H, va O, cap cho ban cuc anode va
cathode, khi tang kich thudc kénh dan thi thong
luong mat do dong tang (duong cong phan cuc
¢6 xu hudng nang 1én dugc thé hién trong Hinh
2). Tai muc dién ap Eceu > 0,5V thi sy gia tang
nay la khong dang ké. Tuy nhién, khi PEMFC
lam viéc 6 muc dién ép E_ < 0,5V thi thong
luong mat d§ dong co6 su khac biét 16n tai 4 gia
tri khao sat.

Thém nita, két qua tinh toan trén Hinh
2 chi ra rang khi tang kich thudc kénh dén khi,
mat d¢ cong sut cia PEMFC tang. Mat do
cong suét phu thudce nhiéu vao thong lwong mat
do dong va murc dién ap hoat dong. Trén Hinh 2
chi ra dugc tai gia tri thong lugng mat do dong
tir 1,2-1,6A/cm? thi phat huy mat do cong suat
16n nhat. Tai ving c6 thong lugng mat do dong
nho hon 0,8A/cm? mat do cong suit it thay d6i
khi thay d6i kich thudc kénh dan khi.

3.2. Sy phéan b6 nong do H, trén mang trao
doi

Hinh 3. Vi tri khao sat s thay doi hydro va qud thé.

Lugng H, suy giém nhanh: hoic thiéu
cuc bg tai mot vi tri bat ky cé thé gay ra suy
giam hiéu suat phan ung cia PEMFC. Vi vay,
Viéc kh,'élo sat su thay doi luong H, trén mang la
can thiét.
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Hinh 5. S phdn bo H, mang tai vi tri xét duong
56 2.

Két qua tinh toan trén Hinh 4 va 5 chi
ra dugc phan trim khoi lugng H, trén mang c6
xu hudng giam tir dau vao cho dén dau ra cua
kénh dan khi, diéu nay dang véi ca 4 trudng
hop kich thudc kénh dan khi. Thém nita, phan
tram khoi l}ang H, trén mang c6 xu hudng tang
khi tang dan kich thudc kénh dan tir profile 1
dén profile 4, tai vi tri xét 12 dudng s 2 thi sy
thay d6i nay nho hon so véi vi tri xét 1a dudng
s6 1. Tai profile 1 co xuét hién vi tri ma tai d6
luong H, suy giém nhaph. Tai diém nay, luong
H; suy gidm nhi€u nhat tai vi tri xét 1a duong
s0 2. Tai hai vi tri xét 1a duong 1 va 2 da chi ra
duogc luong H, tap trung ¢ duong s6 2 chiém ty
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1€ 16n va c¢6 xu hudng giam dan tai cac vi tri xét
la duong so 1.

3.3. Su thay d6i qua thé trén 16p xuc tac
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Hinh 6. Qud thé trén [op xiic tac tai vi tri xét
dwong so 1.
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Hinh 7. Qud thé trén I6p xiic tdc tai vi tri xét
duong 5o 2.

Qua thé gy nén cac ton that nang luong
cho PEMFC, do d6 can phai xem xét su thay
d6i qua thé khi PEMFC hoat dong. Két qua tinh
toan trén Hinh 6 va 7 chi ra dugc qua thé trén
16p xtc tac co xu hudng ting tir dau vao dén
dau ra khoi kénh dan khi. Khi ting kich thudc
kénh din khi, qué thé trén 16p xtc tic c6 xu
huéng giam. Tuy nhién, tai vi tri dau vao kénh

dan khi thi qué thé c6 giam it khi ting dan kich ¥
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thudc kénh din khi, va qua thé c6 xu hudng
giam nhiéu tai vi tri ddu ra kénh dan khi. Thém
nira, tai vi tri xét duong 2, qua thé cé gid tri nho
hon so v6i vi tri xét 1a duong s6 1.

4. KET LUAN

Khi ting kich thudc kénh dan khi lam
gia tang thong luong mat do dong va mat do
cong suit cua pin. :Fai vung lam viecE_ > 0,5V,
kich thudc kénh dan khi it anh hudng tdi thong
luong mat do dc‘)n~g. Tuy nhién, tai E_ < 9,5’\6
kich thudc kénh dan khi anh huéng dang ké dén
thong lugng mat do dong.

Phan trim khdi luong H, trén mang
tang khi tang kich thudc kénh dan khi. Tai kich
thudc kénh din khi nho nhat xuat hién nhiing
diém ma tai d6 phan tram khéi luong H, suy
giam nhanh, va gay ra thiél.l H, cuc bo. Ngoéi
ra, tang kich thudc kénh dan khi, qua thé trén
16p xtc tac giam. Qua thé 16p xuc tac tai duong
s6 2 nho nhat va tang dan ra vi tri mép kénh
dan. %
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NGHIEN CUO’'U ANH HUONG CUA TANG AP DEN DAC TINH CHAY
CUA DONG CO CHAY BANG NEN VO NHIEN LIEU
XANG - BIO-ETHANOL E20

INVESTIGATION OF INTAKE PRESSURE IMPACT ON COMBUSTION PROCESS
IN GASOLINE PARTIALLY PREMIXED COMBUSTION
FOR GASOLINE- BIO-ETHANOL E20 FUELLED

Nguyén Tang LAm"*, Bui Anh Hung?
'Khoa Co khi, Trrong Pai hoc Giao thong Van tai
2Khoa Co khi, Truong Pai hoc Kinh té K thuat Cong nghiép

TOM TAT

Hon hop nhién liéu xang — bio-ethanol da tro thanh mot su lva chon hcfp dan dé lam nhién
lieu cho dong co 6 to, dac biét la trong mo hinh chay hién dai chay bcing nén voi nhién liéu xang
(GCI — Gasoline Compression Ignition). Sy két hop ciia ethanol va xdng mang lai nhiéu wu diém
néi bdt: ethanol c¢é kha ndng chéng tw chdy cao hon, khd ndng héa hoi tot hon va ham lwong 6-xy
trong nhién liéu cao hon so véi xang thong thuwong. Bai bdo ndy trinh bay vé anh hudng cia ting
dp khi nap dén ddc tinh chéy va ddc tinh phdt thdi cia déng co chdy bang nén hon hop hinh thanh
trueée mot phan. Két qua ciia cdc thir nghiém cho thdy rang, viéc diéu chinh mirc dé ting dp sudt
nap va chién hege phun nhién liéu mot cach hop Iy ¢é thé giam mirc phét thai cia dong co sir dung
mé hinh chéy bang nén.

Tir khoa: Chdy bang nén nhién liéu xdang,; Chién lwoc phun kép; Ethanol sinh hoc; Tdang dp
khi nap.

ABSTRACT

The gasoline-bio-ethanol blend has become an appealing choice for fueling automotive
engines, particularly in the Gasoline Compression Ignition (GCI) systems. The combination of
ethanol and gasoline offers several significant advantages: ethanol possesses a higher resistance to
auto-ignition, better vaporization characteristics, and a higher oxygen content in the fuel compared
to regular gasoline. This article presents a study on the impact of intake pressure on the combustion
characteristics and emissions of partially premixed compression ignition engines. The results of
the experiments indicate that adjusting the level of boost pressure and the fuel injection strategy
appropriately can reduce emissions levels in engines using the partially premixed compression
ignition combustion model.

Keywords: Gasoline Compression Ignition;, Split Injection Strategy; Bio-ethanol;
Turbocharging Intake Air. &
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1. GIOI THIEU

DPong co Diesel 1am viéc v6i hon hop
nghéo va ty s6 nén cao thudng c6 wu diém vuot
trdi vé hiéu suét nhiét cao hon va mice tiéu thu
nhién liéu thdp hon so voi dong co xing [1].
Tuy nhién, dong co nay van con nhiéu thach
thirc do lwong phat thai dang hat bd hong (PM)
va khi thai NO, cao [2], ddy chinh la cac méi lo
ngai vé van dé 6 nhiém moéi trudng do phuong
tién giao thong vén tai tic dong 1én sy bén viing
moi truong va sic khoe con ngudi. Chinh didu
nay cac quy dinh cua cac co quan quan ly cang
ngdy cang nghiém ngit hon vé khi thai cua
phuong tién giao thong str dung dong co diesel.
bé vuot qua théch thirc nay, cac chién luge d6t
chay & nhiét d6 thap (LTC — Low Temperature
Combustion) huéng dén trén nén tang co ban
cua dong co diesel nham dat dugc muc tiéu
giam dong thoi NO_ va sy hinh thanh PM bén
trong budng chay dong co 1a mot trong cac giai
phap phat trién cong nghé dong co ddt trong
[3]. Ché do tu chay bang nén voi mot phan
hén hop xing (GPPCI — Gasoline Partially
Premixed Compression Ignition) c¢6 tiém ning
16n dé mo rong ving gidi han tai cua dong co
v6i ché @6 LTC [4]. Cac nghién ciru gan day [5]
da ching minh rang GPPCI phu hop nhét véi
ché d6 PPCI vi thoi gian tré ty chay kéo dai do
dac trung tu chay cua nhién liéu xang thép, dac
bié¢t 1a do sy c6 mat cua ethanol, dugc st dung
hiéu qua dé tao thanh thanh phan hdn hop tron
san mot phan [6]. Thoi gian tron trudc khi dot
chay kéo dai va ty 1& hon hop nghéo cuc bo ting
1én dan dén sy hinh thanh PM thap hon. Hon
nita, viéc str dung hon hop nhién liéu — khong
khi ngheo 1am gidm nhiét d¢ ngon Ira va do do
lam giam hinh thanh NO nhiét. Viéc kiém soat
tich cuc giai doan dbt chay trong dong co GCI
da thuc day viéc nghién ctru cac chién lugc
phun véi nhiéu giai doan phun.

Ethanol sinh hoc duoc san xuét tir
nguén nguyén li¢u tai tao co chét luong tu chay
thip hon, v6i hi¢u qua bay hoi cao hon xing
[7], 26p phan lam ting thoi gian chay tré. St
dung ethanol cho dong co GPPC ciing da cho
thiy cac loi ich vé viéc giam phét thai PM, véi
cac cdu truc phan tir c6 thanh phan 6-xy cua
ethanol [8]. Viéc 4p dung phun nhién li¢u vao
budng chay voi hai giai doan khac nhau cho
dong co GPPC lam cho qué trinh chay kéo dai
gdy ton that nhiét va hiéu qua chay khong cao
so voi truong hop phun mot giai doan. Nghién
ctru hién tai tiép tuc kham pha tiém ning cua
cac chién lugc phun kép trong dong co GPPC
pha tron xing — bio-ethanol bang cach thay doi
thoi diém phun chinh (-9, -6, -3 CAD), phun
trude khi piston & diém chét trén (PCT) va co
so sanh d6i chiéu ¢ cac mirc ting ap suat khong
khi nap khéc nhau.

2. THIET BI THI NGHIEM VA PHAN
TiCH QUA TRINH CHAY

2.1. Thiét bi thi nghiém

Cac thi nghi¢ém duogc thuc hi¢n trong
dong co mdt xy lanh nghién ctru dugc stra
d6i tir dong co nguyén ban bon xy lanh chay
bang nén (PSA-DW10) véi dung tich mdi xy
lanh 0,499 1 va ty s6 nén 16,0 voi hé thong
phun nhién liéu diesel cao ap dién hinh. Pong
co thir nghiém trén bang thir duge kiém soat
truc tiép boi mot dong co dién dé duy tri toc
d6 dong co khong ddi. Hinh 1 gi6i thiéu so dd
thiét 1ap thi nghiém. Cac thong sb k¥ thuat cua
dong co sira doi: Puong kinh xy lanh (mm) x
hanh trinh Piston (mm): 85 x 88; Thé tich cong
tac 1 xylanh (cc): 499; Ty sb nén &: 16; Phun
nhién liéu kiéu Common Rail. Khong khi nap
duogc cung cap tir may nén khi dugc lam néng
dén nhiét d6 mong mudn bang bo gia nhiét &
khoang duong 6ng trude cira nap, tai d6 nhiét
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d6 va ap suit khong khi nap dugc do bang cam
bién nhiét (loai K) v6i d6 chinh xac = 2 K va
cam bién 4p suét ap dién tro (Kistler 4075A)
v6i do chinh xac tuong timg 1a + 0,3% cuia toan
thang do.

: ____: ____________ it
Hinh 1. So' do bé tri thi nghiém
1: May nén khi; 2: Do luu lwong khi;
3: Binh gia nhiét khi; 4: Common rail;
5: Bom nhién liéu, 6: Po luu lwong nhién liéu;
7: Binh chita nhién liéu,
8: Piéu khién heong phun; 9: Péng co dién;
10: Do do khoi; 11: Tu phan tich khi thai;
20: Béng co thi nghiém; 21: Pau do dp sudt.

Mtc tiéu thu nhién liéu duoc do
bang bo diéu khién luu lwong khéi chit long
(Bronkhorst M13-CORI-FLOW) c6 d¢ chinh
xac £ 0,2% trén phép do. Vi tri goc quay duoc
xac dinh bang cam bién quang hoc v&i d6 chinh
xac + 0,1 CAD va 4p suét trong xy lanh bang
cam bién ap sudt (Kistler 6043A) duogc gin
trong nap xy lanh v6i d chinh xac + 2%.

Diéu kién thi nghiém: nhiét do khi nap
165°C. Hon hop ethanol-gasoline (gasohol) E20
la xang thuong mai RON9S5 tron voi ethanol,
v6i ty 1é theo thé tich 80% xang thuong mai va
20% ethanol. Nhién liéu duoc phun véi chién
luge phun kép, ap sudt phun 400 bar, ty 1é giita
hai 1an phun: 30%/70%. Thoi diém phun nhién
ligu 1an tht nhéat duge cd dinh & -35 CAD
(CAD — Crank Angle Degrees: By goc quay
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truc khuyu), con thoi diém phun chinh thyc
hién khao sat thay doi tir -9 CAD dén -3 CAD.
Qua trinh thyc hién thi nghiém chia lam 2 giai
doan: (1) Khao sat thoi diém phun thay doi voi
ap suat nap 1 bar; (2) Véi mdi thoi diém phun,
thyuc hién thay ddi ap suat khi nap tir 1 bar sang
1,2 bar, gitt IMEP khoang 5 bar.

3. KET QUA VA THAO LUAN
3.1. Khio sat véi thoi diém phun khac nhau

Hinh 2 giéi thiéu anh hudng cia thoi
diém phun chinh dén 4p suat xy lanh (P va
toc do toa nhiét (HRR — Heat Release Rate),
v6i ché do n = 1500 v/ph, IMEP = 5 bar. Thoi
diém phun chinh thyc hi¢n thay ddi: -9, -6 va -3
CAD.

— 50, =8 CAD

- —— 50, =8 CAD

B0 -« < B0 =] CAD
g 5
5 40 S
5 0 &
B ap .
;. 100 E
..E B0 =
= &0 32
N -
-~ 4 e 4
= 0 8
2 2
o —

40 -5 0 & 10 18 20
Gide quay trye kinnu [CAD ATDC]

Hinh 2. Anh huong ciia SOI, dén P va HRR.

Hinh 02 m@ té,‘ khi phun chinqh (SOL)
som, thoi diém bat dau chay thay doi khong
dang ké, pha chay déu tap trung sau DCT, tuy
nhién HRR cuc dai tang 1én kha manh: tor 68
J/CAD (SO;2 = -3 CAD), 86 J/CAD (SOI, =
-6‘ CAD) dén 119 J/CAD (SO,I2 = -9 CAD).
Pong thoi, khi phun soém, &p suat cuc dai trong
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xy lanh ting lén dang ké, tir 55 bar (SOL, = -3
CAD), 59,5 bar (SOL, = -6 CAD) dén 64 bar
(SOL, = -9 CAD).

Tt duong cong HRR va gia tri cuc dai
cﬁ? P nhu chi ra ¢ trén co thé thdy rang thoi
diém phun va thoi gian tré chay cua giai doan
phun chinh c6 anh huéng dén qua trinh chay
cua dong co GCI. Nhu mo ta trén Hinh 2, khi
ph}m chinh s¢ém SOI, = -9 CAD, thi phg chay
thé hién trén duong cong HRR cho thay pha
chay chinh, bao gdm qua trinh chay dong thoi
cia phun moi va phun chinh. Khi thuc hién
phun mudn di, SQI2 =-6; -3 CADW, thi duong
cong HRR cho thay 2 dinh 0 rét, the hién 2 giai
doan chay: chay véi hon hop hoa tron trude va
chay khuéch tan cua giai doan phun chinh.

Hinh 3 cho thay anh hudng cia thoi
diém phun téi qué trinh chay: thoi diém bat
dau chay (CA10), pha chay chinh (CA50), thoi
gian chdy (CA90-CA10) va thoi gian tré chay
ctia giai doan phun mdi (ID1). Thoi diém chay
(CA10) co ban phu thudc vao thoi diém phun
chinh, chdy sém hon khi phun sém. Thoi gian
tré chay véi 2 truong hop phun muodn (-3 va
-6 CAD) déu khoang 26 CAD, v&i phun sém
(-9 CAD) khoang 27 CAD. Pha chay chinh
(CAS50) som lén khi tang g6c phun chinh som.
Diéu nay cho thay khi phun chinh sém (S’OI2 =
-9 CAD) thi tia phun chinh ¢6 tac dong dén qua
trinh chay, lam kim ham qua trinh chay cua tia
phun mbi khi tia phun chinh tham nhap khong
gian budng chay va nhan nhiét tir xung quanh.

Sau do, qua trinh chdy dugc hinh thanh
bdi hon hop “dang 6-xy hdéa” cua giai doan
phun mdi va hdn hop nhién liéu — khong khi
ctia tia phun chinh va tiép tuc phat trién chay
manh mé&. Thoi diém chay (CA10) sém hon khi
phun sém, khi CA10 cang gan DCT (véi SOL,
=-9 CAD) thi qué trinh chay cang manh m¢ v&i

dinh téc d6 toa nhiét cao hon.

[=-catn ©-caso -0-caAsnCA10 -B-1D]
5 L . 23
il | STTT 2
8| o3 S
2 &
hl “ <
= o
3] G- <
g s - ;
= o
o © =
0 . - M ] o
5L .
3 = 9

SO, [CAD ATDC)

Hinh 3. CA10; CA50; CA90-CA10; ID theo

SOI.,
3.2. Anh hwéng ciia ting ap dén qua trinh
chay

Hinh 4 cho thdy anh hudng cia ting ap
nhe, khi ap suat khi nap () téng tur 1,0 bar 1én
1,2 bar, 1én P, va HRR, véi che€ do n = 1500
v/ph, IMEP = 5 bar. Vi ¢ nghién ctu nay thuc
hién giit IMEP, thay d6i lugng nhién liéu cap
cho chu trinh, nén ty 1¢ nhién li¢u — khong khi
trung binh () ciing c6 thay doi, khi tang ap thi
giam luong nhién lidu cung cap, tic 1a A giam.
Cac truong hop SOIL khac nhau déu cho thdy
tang pint, thi qua trinh chay dién ra ém diu hon,
v6i dinh ctia duong cong HRR thap hon va da
phan 1ii vé phia mudn hon. Véi SOIQ; muon:
SOI, = -3 CAD, khi tang pint, thi 4p suat trong
xy lanh trong qua trinh nén 16n hon, tuy nhién
sau do thuc hién qué trinh chay thi lai c6 tde
d6 tang ap sudt chay nho hon, thé hién duong
cong P thodai hon, v6i ap sudt 16n nhat trong
xy lanh cao nhat 56 bar, tai 10 CAD. Quan sat
duong cong HRR, khi tang Dy thi pha chay tap
trung ¢ giai doan chdy khuéch tan ¢ xa BCT,
con khong tang ap thi pha chay tap trung & gan
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DCT voéi chay hoa tron trude. Vi ché do phun
chinh trung gian: SOI, = -6 CAD, dac diém noi
bat cia ché d6 nay la duong cong HRR ¢6 3
dinh, thé hién 3 giai doan chay dic trung: (1)
Chay hoa tron trudc hoan toan cia phun mdi;
(2) Chay hoa trén trudc mot phan ctua phun
chinh va (3) Chay khuéch tan cua phun chinh.
Khi p,  tang lén, nhiét do Vévép suat cudi qua
trinh nén cao hon nén thic day qua trinh chay
clia qua trinh phun moi, thé hién bang qué trinh
bat dau chay som hon. Khi nay, giai doan phun
chinh tia phun s& duoc d6t chay sém hon véi
diéu kién moi truong nhiét do cao, 4p sut cao
do qua trinh chdy cta phun mdi. Sau d6, qua
trinh phun chinh phét trién chdy v6i phan 16n
1a chay khuéch tan, 1am cho kha ning tao thanh
PM trong qua trinh chay ting 1én. Diém bat loi
cﬁg chédy som y(’)i diéu kién tang p, chinh la t6n
that cong va ton that nhiét trong qua trinh nén.

(a) 501,= -3 CAD (b) SOIII -6 CAD (c) S01,=-9 CAD

[---n,,:ehr_“r_:‘;n.] » [ pv=|m-_n,.=\zrw]

3

Ap suiit xy lanh [bar]
sz

@ &
S

100
80
60

.
I

40 NS —

20 Vo

: /.

R

Toc 4§ téa nhiét [J/CAD]

L L0 69 EP YRR,

Géc quay tryc khuyu [CAD ATDC)
Hinh 4. Anh huéng ciia pint dén P va HRR voi
SOI, khac nhau.

Véi ché d6 phun chinh sém: SOI2 = -9
CAD, khi ting pint, duong cong HRR cho thay
qua trinh chay sém hon nhung duong do déc
cua duong cong thoai hon va dinh cua HRR
thip hon so véi khong ting ap. Qua trinh chay
v6i tang pint thé hién ém diu hon, nhung ciing
tuong t & ché d phun SOI, = -6 CAD thi ché
do nay gap phai ton that cong va ton that nhiét
trong qué trinh nén.
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Hinh 5 mo td anh huong cua tang pint
dén CA10; CA50; CA90-CA10. Khi ting P
diéu kién nhiét do va ap suét trong xy lanh
déu ting, nén qua trinh chay bat dau sém hon
(CA10 cia ting 4p sém hon), véi phat trién
chay ctia phun moi hinh thanh rd rét.

Do bat dau phat trién chay tir giai doan
phun mdi véi diéu kién tang p, , nén gid tri do
tré chay ¢ day thé hién Ia cua giai doan phun
moi, tinh tir khi phun moi dén khi bat dau chay,
ID, giam khi tang ap. Thoi glan chay (CA90-
CAlO) chi ra trén Hinh 5 cho thiy ting Dy lam
giam thoi gian chay, co thé lam giam ton that
nhiét cia qua trinh chay Véi diéu kién tang P,
nhiét d6 va ap suit ctia moi chat ¢ cudi qua
trinh nén tang 1én lam cho thuc ddy cic phan
g chay va qua trinh phat trién ngon Itra nhanh
hon nén thoi gian chay giam di.

Pha chay chinh phu thudc vao qua trinh
phun chinh, v&i 70% nhién liéu duoc cung cp
¢ giai doan nay, thi voi tang pint, pha chay
chinh (CA50) mudn hon, khoang 1,3 CAD, véi
SOI, = -3, -6 CAD, va sém hon, khoang 5,1
CAD, v6i SOL, = -9 CAD.
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Hinh 5. Anh huéng cia pint dén CA10; CA50;

CA90-CA10; ID.
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4. KET LUAN

Trong nghién clru nay, anh hudng cta
SOL, p, , dén ddc tinh chay cua dong co GCI
dugc thyc hién véi nhién li€u xang E20. Mot
s6 két luan chinh cua bai bao nhu sau: (1) Hiéu
qua chay va hiéu suét chi thi ting 1én khi thuc
hién thoi diém phun sém ti wu, va duoc cai
thién dang ké khi ting ap; (2) Thoi diém phun
chinh anh huéng manh mé dén dic tinh chay, ty
1¢ pha chay hoa tron trude va pha chay khuéch
tan cua dong co GCI; (3) Tang &p nhe cling co
thé kiém soat t6t pha chay hoa tron trudc va
pha chay khuéch tan.
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Nghién ctru dugc thuc hién voi sy hd
tro thi nghiém cua Phong Thi nghi¢ém PRISME,
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NGHIEN ClrU ANH HWONG CUA CHE PO CAT PEN NHAM
BE MAT KHI PHAY CAO TOC THEP P20 TREN MAY PHAY
CNC SK-V85

RESEARCH ON EFFECT OF CUTTING MODE ON SURFACE ROUGHNESS WHEN
HIGH-SPEED MILLING STEEL P20 WITH SK-V85 CNC MILLING MACHINE

Lé Nhu Trang
Trudng Dai hoc Kinh té K§ thuat Cong nghiép

TOM TAT

Trong nghién ciru ndy, anh hiéng ciia cdc théng sé ché dé cdt (V, S, t) dén do nham bé mat
gia cong (Ra) dwoc xdc dinh khi phay cao téc thép P20 bang dao phay ngén ciia hang SKEYE trén
may phay CNC SK-V85 da dwoc trinh bay. Bang nghién civu thire nghiém, mé hinh hoi quy ciia dg
nham da dwoc xdy dung la mot ham mii cua cac thong 56 ché do cat (van téc cdt, chiéu sdu cdt,
leong tién dao). Mé hinh héi quy nay da dwoc kiém tra bang céng cu thong ké toan hoc véi do tin
cdy 1om hon 94,8%. Ngodi ra, anh hidng ciia cdc thong sé ché dp cat dén dé nham bé mat khi gia
céng ciing da dwege xdc dinh. Trong dé, khi tang lwong chay dao (S) va chiéu sdu cdt (1) thi do nham
(Ra) tang, con khi tang van toc cdt (V) thi d¢ nham (Ra) giam. Mé hinh dwoc dé xudt trong nghién
cibu nay cé thé duge g dung dé nang cao chat lirong bé mat gia cong khi phay cao toc thép P20.

T khoa: Ché dg cdt; P6 nham bé mat; Phay toc do; Thép P20.
ABSTRACT

In this study, the influence of cutting mode parameters (V, S, t) on the machined surface
roughness (Ra) was determined when high-speed milling of steel P20 with SKEYE end mills on
milling machines CNC SK-V85 was presented. By experimental research, the regression model of
roughness has been built which is an exponential function of the parameters of the cutting mode
(cutting speed, depth of cut, feedrate). This regression model has been tested by mathematical
statistical tools with confidence greater than 94.8%. In addition, the effect of cutting mode parameters
on surface roughness during machining has also been determined. In particular, when increasing
the amount of feed (S) and cutting depth (t), the roughness (Ra) increases, and when increasing the
cutting speed (V), the roughness (Ra) decreases. The model proposed in this study can be applied to
improve the quality of the machined surface when high-speed milling of P20 steel.

Keywords: Cutting mode,; Surface roughness; Speed milling, Steel P20.
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1. PAT VAN PE

Trong gia cong cao toc, nang sudt va
chat lugng gia cong phu thudc vao rat nhidu
yéu td, anh hudng cia cac yéu t6 vat liéu dung
cu cit va thong s6 hinh hoc cua dung cu da
duogc hang ché tao dung cu cit nghién ctru va
ching minh [1]. Pi v6i mot hé théng cong
nghé nhit dinh thi ning suét hay chit lugng bé
mat phu thudc chu yéu vao thong s6 ché do cat
duogc cai dat. Vi vay, diéu khién thong s6 ché do
cit 1a phuong phap co ban va hiéu qua dé kiém
soat chat luong gia cong va nang cao hiéu qua
sir dung thiét bi. Pac biét hon nita bé mat chi
tiét sau khi gia cong cao tdc c6 thé dat d6 bong
bé mat twong dwong v4i phuong phap gia cong
mai, thoi gian ddnh bong bé mit sau khi gia
cong cao tdc nho hon rat nhiéu so véi phuong
phap gia cong truyén thong, ning suat boc tach
vat liéu cao hon phuong phép gia cong truyén
théng [2].

Thuec té cho thay chét luong ciia bé mat
gia cong ctia chi tiét khong nhimg phu thudc
vao tinh chét co Iy cua vat liéu, ma con phuy
thudc vao trang thai cua 16p bé mat, cac chi
tiét duoc ché tao tir mot loai vat liéu nhu nhau
nhung theo cac phuong phap cong nghé va ché
dd cét khac nhau s& o tinh chat cua 16p bé mit
khéc nhau, va do nham bé mat 1a mot trong cac
chi tiéu danh gia chét luong bé mat dic trung
cho tinh chat hinh hoc ciia bé mit gia cong [3].
Phay cao tc 1a mot phuong phép gia cong dic
bi¢t nang cao kha nang cit vat liéu, chat luong
bé mit va do bén cua dung cu cit nho viée tang
toc do cit, giam tiét dién phoi ciing nhu luc ma
sat. O van tdc cét thuong, khi ting tde do cét
lyc cit ciing tang theo. Tuy nhién, khi toc do
cit vuot qué mdt gidi han nhét dinh, céc luc cat
bat dau giam [4].

Trong cong nghé ché tao may, viéc

nghién ctru vé dd nham bé mat ludn 1a mot van
dé cap thiét ma rat nhiéu cac nha khoa hoc quan
tam vi mdi diéu kién gia cong va vit liéu gia
cong khac nhau thi do nham bé mat lai co céc
két qua khong gidng nhau. Cac nghién ctru cia
cac tac gia Nguyén Thanh Binh (va cac cong
su) [5], Pham Minh Hué (va cong su) [6] da tim
ra dugc mo hinh hoi quy cia do nhdm va danh
gia duoc anh hudng ciia ché do cat dén nham
bé mit khi phay va tién thép khong gi SUS 304,
Nghién ciru cua tac gia Nguyén Thanh Binh
(va cac cong su) [7] cling da khao sat dugc anh
huong cta cac thong s6 ché do cat (V, S, t) dén
nham bé mit khi phay cao tdc thép lam khuon
SKD,,.

Pé danh gia anh huong cua cac thong
sO ché do cit dén nham bé mit khi phay cao
tdc, nghién cru di dugc tién hanh trén miu
thép P20, may phay CNC SK-V85 va st dung
dung cu do do nham chuyén dung.

2. PHUONG PHAP NGHIEN CUU
2.1. Thiét bi, dung cu va phéi thwe nghiém

Pé xéc dinh sy anh hudng cua ba thong
s6 ché @6 cat 1a van toc cat (V), luong chay dao
(S) va chiéu sau cit (t) dén d6 nham bé mit khi
phay cao tdc thép P20 thi qua trinh thyc nghiém
duoc tién hanh trén may phay CNC SK-V85
cia hing “Skeye” v6i hé diéu khién FANUC
0i c6 toc d6 di chuyén truc X/Y/Z 1a 48/48/48
m/ph va tdc do truc chinh 13 100-10.000 vong/
phut.

Dung cu cat duogce st dung 1a dao phay
ngoén ¢ gan manh hop kim ctng cua hing YG
v6i cac thong sb ciia dao dugc thé hién & trong
bang 1.
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Bdng 1. Cdc théng s6 ciia dung cu cdt

Tén goi Ky hiéu
Can dao 32x150L
\ . 2 R390-11 T3 08M-PL
Manh ludi cat 4220
Puong kinh dao 32

Trong qua trinh phay cao toc, dung cu
cat dugc boi tron 1am mat bang cach dung dung
dich tudi ngudi Emunxi 4%, luu luong 20 lit/
phut phun tryc tiép vao ving dang gia cong.

Thiét bi do nham bé miat MITUTOYO
— Surftest SJ — 210 cta Nhat tai Phong K¥ thuat
Do luong Truong Pai hoc Cong nghiép Ha Nai.

- Thapg do: Ra/Rq/I}z/Ry/Rp/Rt/RSZ/ Sm/...;

- Chiéu dai tiéu chuan khi do: 0,08; 0,25; 0,8;
2,5; 8mm;

- Khoang cach dich chuyén tdi da: Truc X:
25mm, truc Z: 800mm,;

- Pau do loai tiép xuc dua trén do chénh léch
dién cam, ap lyc do 0,75N;

- Loai ddu do: Kim cuong (r = 2);

- Téc do: 0,05; 0,1;0,5; 1 mm/s khi do;

- Tiéu chuan d6 nham: JIS, DIN, ISO, ANSI;

- Phan mém diéu khién va xur Iy sé lidu:
Matlab, Excel.

Vit li€u va phoi thuc nghiém: Vat li¢u
dugc chuan, co thanh phan hoa hoc cua thép
khi ra 10 st dung trong thi nghiém la thép P20
phu hop véi cac chi tiéu ghi trong bang 2.

Bdng 2. Thanh phan héa hoc ciia thép P20 [8]

o Thanh phin héa hoc (%)
Mac thép .
C Mn P S Si Cr Mo
P20 0.28-0.4 0.6-1.0 <0.03 <0.03 0.2-0.8 1.4-2.0 0.3-0.55

Phoéi thi nghiém c6 kich thude dai x
rong x cao 1a: 90 x 90 x 35 (mm) va sb luong
phoi 1a 11 nhu trén hinh 2.

Hinh 2. Hinh anh cua phoi thuc nghiém
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2.2. Thiét ké ma trin thye nghiém

Str dung phuong phap phay mit phing
bang dao phay ngon dé lam thuc nghiém, cin
¢t vao ché do cét khi gia cong [3, 9], ta lya
chon ché d6 cit thuc nghi¢m nhu sau:

- Van tdc cat khi gia cong cao tdc trén
may phay CNC tng vai vat ligu [am dao va vat

li¢u gia cong la: V = 800-1000 (m/phut).

- Chiéu sdu cit tinh 13y trong khoang:

0,1-0,5 (mm).



NGHIEN CUU - TRAO DOI

- Budc tién dao: 0,05-0,15 (mm/ring).

Theo quy hoach thyc nghiém [6], ta chon mién nghién ctru thuc nghiém la:

V_..=1000 (m/phat); S = 0,15 (mm/rdng); t = 0,5 (mm).

mq

V_. =800 (m/phut); S . = 0,05 (mm/rang); t . = 0,1 (mm).

Bdng 3. Bang tinh todn théng sé cong nghé

Cic yéu td X1 (V) X2 (s) X3 (t)
Mitrc trén +1 1000 0,15 0,5
Mirc dudi -1 800 0,05 0,1
Miic co s6 0 900 0,1 0,3
Khoang bién thién 100 0,05 0,2

Str dung phuong phap quy hoach thyc nghiém dé nghién ciru va xir 1y s6 liéu thuc nghiém,
khi d6 cac thong s6 dau vao dugce viét lai dudi dang bang 3.

Chuyén cac bién tir ty nhién sang cac bién ma héa khong thir nguyén véi thuc nghiém ba
bién du vao, 1am thi nghiém véi 08 thi nghiém tai cac dinh don hinh déu va ba thi nghiém trung
tam. Sau khi phay thuc nghiém, tién hanh do d6 nham bé mat ung voi tung thi nghiém, ta c6 cac
thong s dau vao va dau ra ciia ma tran thyc nghiém nhu trong bang 4.

Bang 4. Cdc thong so dau vao va dau ra cia ma trdn thuc nghiém

Bién ma héa Bién thue Gia tri do

STT X1 X2 X3 V (m/ph) nghiém S | t(mm) | do nhim

(mm/r) Ra (gm)
1 -1 -1 -1 800 0,05 0,1 0,12
2 +1 -1 -1 10000 0,05 0,1 0,15
3 -1 +1 -1 800 0,15 0,1 0,19
4 +1 +1 -1 1000 0,15 0,1 0,16
5 -1 -1 +1 800 0,05 0,5 0,17
6 +1 -1 +1 1000 0,05 0,5 0,13
7 -1 +1 +1 800 0,15 0,5 0,21
8 +1 +1 +1 1000 0,15 0,5 0,17
9 900 0,1 0,3 0,17
10 900 0,1 0,3 0,19
11 900 0,1 0,3 0,18
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3. KET QUA NGHIEN CUU VA THAO
LUAN

3.1. Két qua xay dung mé hinh hdi quy ciia
do nham bé mat gia cong

- Xac dinh cac hé sé ctia phuong trinh
hoi quy:

Str dung phuong phap quy hoach thyc
nghiém tryc giao [9] dé xac dinh anh hudng
ddng thoi ciia van toe cat (V), lugng chay dao
(S) va chiéu sdu cét (t) dén d6 nham bé mit
thép C45 khi phay cao toc. Pong thoi, theo cac
nghién ctru [5-7] ciing da chi ra mdi quan hé
giita cac yéu t ctia ché do cat v6i do nham bé
mat khi gia cong 1a mot ham s6 mii c6 dang;

Ra =C1.Va.Sb.tc (1)

Logarit co so e cd hai vé phuong trinh,
ta co:

In(Ra) = In(C1) + a.In(V) + b.In(S) + c.In(t) (2)

bitIn(Ra)=y; a0 =In(Cl);a=al; b=
a2;c=a3; In(V) =x1;

In(S) = x2; In(t) = x3. Khi d6, phuong
trinh (1) c6 dang:

y=al0+al.x] +a2.x2+a3.x3 3)

Véi a0, al, a2, a3 1a céc hé s cua
phuong trinh hdi quy thyuc nghiém.

Ma tran thyc nghiém truc giao:

[X].[A]=[Y] 4)
Trong do:

Ma tran thong s dau vao [X] c6 cac hé
s0 la logarit co so e cac gia tri V, S, t dung trong
thi nghiém.

Ma tran thong s6 dau ra [Y] c6 céc hé¢
s0 la logarit co sO e cac gia tri d6 nham do duoc
trén cac mau thi nghiém.

Nhan ca hai vé ctia phuong trinh (4) v&i
ma tran chuyén vi ciia ma tran [X]:

[XIT.IX].[A] = [X]T.[Y] )

bat [M] = [X]T.[X] va gid su det (M) i
0 thi [M] l1a ma tran kha nghich. Khi d6, nghiém
cua hé la:

Tir céc thong sb thuc nghiém trén Bang
[A] = [X]-1.[X]T.[Y] (6) 4, cac thong s6 dugc
logarit hoa véi s6 liéu theo Bang 5.

Bang 5. Logarit héa cdc théng sé ché do cdt va gid tri do nhdam Ra

Bién thyc nghi¢m Gia tri do
dé nh Ln(V Ln(S Ln(t Ln(R
V(m/ph) | S@mm/r) | t(mm) | 0 p n(v) n(s) n(®) n(Ra)
800 0,05 0,1 0,12 5,991465 | -2,995732 | -2,302585 | -1,771957
1000 0,05 0,1 0,15 6,396930 | -2,995732 | -2,302585 | -1,897120
800 0,15 0,1 0,19 5991465 | -1,897120 | -2,302585 | -1,560648
1000 0,15 0,1 0,16 6,396930 | -1,897120 | -2,302585 | -1,660731
800 0,05 0,5 0,17 5,991465 | -2,995732 | -0,693147 | -1,714798
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1000 0,05 0,5 0,13 6,396930 | -2,995732 | -0,693147 | -1,897120
800 0,15 0,5 0,21 5,991465 | -1,897120 | -0,693147 | -1,427116
1000 0,15 0,5 0,17 6,396930 | -1,897120 | -0,693147 | -1,560648
900 0,1 0,3 0,17 6,214608 | -2,302585 | -1,203973 | -1,660731
900 0,1 0,3 0,19 6,214608 | -2,302585 | -1,203973 | -1,714798
900 0,1 0,3 0,18 6,214608 | -2,302585 | -1,203973 | -1,660731
Bdng 6. Két qua tinh todn do tin cdy cua gid tri thue nghiém
STT Rai (um) ai (um)

1 0,12 0,166735 -1,771957 -1,791347 0,007698 0,000376

2 0,15 0,145382 -1,897120 -1,928389 0,045327 0,000978

3 0,19 0,216974 -1,560648 -1,527979 0,015270 0,001067

4 0,16 0,189187 -1,660731 -1,665021 0,000552 0,000018

5 0,17 0,178162 -1,714798 -1,725063 0,000935 0,000105

6 0,13 0,155345 -1,897120 -1,862105 0,045327 0,001226

7 0,21 0,231843 -1,427116 -1,461695 0,066101 0,001196

8 0,17 0,202152 -1,560648 -1,598737 0,015270 0,001451

9 0,17 0,191024 -1,660731 -1,655354 0,000552 0,000029

10 0,19 0,191024 -1,714798 -1,655354 0,000935 0,003534

11 0,18 0,191024 -1,660731 -1,655354 0,000552 0,000029

Téng 1,84 0,198518 0,010009

Trung binh 0,1673 -1,684218
Vay do tin cay r 1a: Tong du binh phuong:
2 g2 S(A=(YI-X]IADT.([Y]-[X].[A]) (13)
r=-Y—%=9480% . o X
gy Dung Excel dé giai bai toan vé ma tran,

- Kiém dinh cac tham so ai:

Theo tai liéu [10], phuong sai du Sdu
duogc tinh theo cong thure:

S(A)
N—K—1

53, = (12)

Trong d6: N 1a s thi nghiém; k 1a sb
luong thong s6 can xac dinh, trir thong sb a0.

tinh duoc: S(A) = 0,010009.

Thay vao (12) c6: Sdu = 0,03781. Sy
tdn tai cta cac hé sb ai duoc xac dinh boi cong
thire:

—“"‘_| = tyang (N —k —1,7)(14)

|ti . | =
tinhs Sdu*\-'lm

Trong d6 mii 1a s6 hang th{r ii cia ma
tran M-1 voi [M] = [X]T.[X].
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'119,725613  -18,834893  1,017010
-18,834893  3,033378 -0,007629
[M]"
1,017010 -0,007629 0,406944
0,292496 -0,007263 -0,006972
Thay vao cong thuce (14) co:
|8 .| =2,52996 |[tl ,|=5.13251 [tZ,

Tra bang phan bd Student voi toane (N
k-1;1): Do tin cay r=95% vaN -k -1="7 co:
tbang = 1,895.

Ta nhan thiy: L™ Tpang VO11=0- 3.

Nhu vay, cac h¢ s6 ai thuc sy ton tai hay
phuong trinh hdi quy thuc nghiém:

y=1,046678-0,337887x1+0,238727x2+0,041155x3

Tdn tai va quan hé giita cac yéu to ché
do cat (V, S, t) va d6 nham bé mat (Ra) duoc
biéu dién qua phuong trinh :

Ra= 2,848174‘\]-0,337887. SO,238727_ ’I‘0.041155

Hay noi cach khéc 1a mo6 hinh toan hoc
nay hoan toan phu hop voi thuc nghiém.

3.2. Két qué nghién ciru anh hwéng cia cac
thong so ché d cat dén do nham bé mat

Str dung phan mém Matlab dé minh hoa
bang d6 thi anh hudng cia cac thong s6 ché do
cat (V, S, t) dén do nham bé mit gia cong (Ra)
nhu trén cac Hinh 3, 4, 5.
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| =9.93936 |2

0,292496'
-0,007263

-0,006972
0,186391

.| = 2,52305

[TL

Hinh 3. Do thi quan hé gitta Ra voi van toc cat V
va buoc tien S

Hinh 4. D6 thi quan hé giita Ra voi van toc cat V
va chiéu sau cat t

~ G0

L L
04 o

Hinh 5. D6 thi quan hé giita Ra véi chiéu sdu cdt t

va bude tién S
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Trén do thi trong cac Hinh 3, 4, 5 cho
thiy quy ludt anh hudng cua cac yéu t6 dau
vao dén ham muc tiéu nhu sau: Khi van tdc cat
dao dong tir 400-600 m/phut; lwong chay dao
thay d6i tir 0,05-0,15 mm/ring; chiéu sdu cit
dao dong tir 0,1-0,5 mm thi d6 nham bé mit gia
cong cua thép P20 khi phay cao toc dao dong tir
0,15-0,24 pm.

Tir két qua nghién ctru c6 thé thay ring,
cac thong s6 ché do cit c6 anh hudng dén do
nham bé mit. Tuy nhién, anh huong ciia mdi
thong s6 ché cit dén do nham bé mit gia cong
1a khac nhau. Két qua & Hinh 3 chi ra rang khi
tang luong chay dao (S) thi dd nham (Ra) tdng
nhung khi ting van tbc cat (V) thi d6 nham
(Ra) lai giam. Trong Hinh 4, khi ting chiéu sdu
cit (t) thi do nham (Ra) ciing ting, con khi tang
van toc cit (V) thi d6 nham (Ra) lai giam. Con
trong hinh 5, khi ting chiéu sau cit (t) va luong
chay dao (S) thi d6 nham (Ra) tang. Ta nhan
thdy trong ba yéu t6 cua ché do cat thi luong
chay dao (S) 1a yéu t6 c6 anh huong 16n nhat
dén do nham bé mit.

4. KET LUAN

Bang thuc nghiém, nghién ciru da xay
dung thanh cong mé hinh hdi quy cua d6 nham
bé mit gia cong (Ra) phu thudc vao ba thong
s6 ché do cat (V, S, t) khi phay cao tdc thép P20
trén may phay CNC SK-V8S5.

Mo hinh hoi quy cua do nham da duoc
xdy dung thanh cong la mot ham mi cua céc
thong sd ché do cat (van tdc cat, chiéu sau cat,
luong tién dao). Mo hinh hdi quy nay di dugc
kiém tra thanh cong bing cong cu thong ké
todn hoc véi do tin cay 1on hon 94,80%.

Anh hudng ciia mdt so thong so ché do
cat dén do nham bé mat gia cong da dugc xac

dinh. Trong do, khi tdng lugng chay dao (S) va
chiéu sdu cit (t) thi 6 nham bé mit gia cong
(Ra) tang, tuy nhién anh huong cia luong chay
dao (S) 1a 16n hon. Nguoc lai, cung voi mot
lugng chay dao (S) va chiéu sdu cit (t) khong
d6i thi khi ting vén toc cat (V) do nham bé
mat (Ra) lai giam. Pay chinh 1a uu diém cua
gia cong cao tdc, khi ting van tdc cit vira ting
duoc nang suét cit va lai tang duoc do bong bé
mat.

Két qua nghién ctru c6 thé lam co so
cho viéc lya chon ché do cat hop 1y, tan dung
dugc kha ning va cong suat hitu ich ctia may
khi gia cong cao tdc trén may phay CNC va tién
t6i toi wu hoa qué trinh phay. <

Ngay nhan bai: 22/5/2023
Ngay phéan bién: 12/6/2023
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XAY DUNG MO HINH THUAT PHONG BAN DPINH LEO TUONG

MODEL OF THE WALL-CLIMBING NAIL SHOOTING TECHNIQUE

Pao Van Doan
Khoa Vii khi, Hoc vién KV thuat Quan su

TOM TAT

Bai bdo trinh bay phirong phdp xdy dwng mé hinh thudt phéng bén dinh véi két cau dam bdo
hiéu ing triét am gitk bi mdt trong cdc nhiém vu leo twong bé téng trong tdc chién dé thi. Két qua
bai todn lam co sé cho qud trinh nghién ciru thiét ké ché tao hodn chinh thiét bi leo tiong phuc vu

cdc nhiém vy bi mat cua lyc lwong dac nhiém.

Tir khéa: Nong sing; Pinh (dau dan); Thuoc phéng.

ABSTRACT

The method of building a nail projectile model with sound suppression effect to keep secrets
in concrete wall climbing missions in urban warfare is presented in this paper. The results of the
problem serve as the basis for the research, design, and manufacture of complete wall climbing

equipment for secret missions of special forces.

Keywords: Barrel; Projectile; Propellant.

1. PAT VAN PE

Trong thuc tién hoat dong quan sy hién
nay, vi¢c tac chién trong cac khu vuc do thi
dang ngay cang chiém vai trd quan trong. Pic
diém cua tac chién d6 thi 12 khu vuc c6 nhiéu
nha cao tang, dia hinh chu yéu Ia cac blc tudng
bé tong cao va thiang dung, doi hoi luc luong
dac nhiém phai leo tré¢o, dot nhdp trong diéu
kién bi mat. Do vy can phai nghién ctru thiét
ké, ché tao cac thiét bi dic biét c6 kha ning ban
dinh leo tudng dap ing yéu ciu tin ciy, gon nhe
va khong tao ra am thanh. Chinh vi vay, bai bdo
tap trung xay dung mo hinh thuat phong bin
dinh leo tuong voi hi€u Uing triét am dam bao
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bi mat 1am co s& cho viéc thiét ké ché tao sung
ban dinh leo tudng.

2. XAY DUNG MO HiNH TiNH TOAN

Nguyén ly hoat dong (Hinh 1): Sau khi
phat hoa, thuéc phong chay tao ra ap suat day
dinh ctung bac nhém chuyén dong vé phia trude,
dinh xuyén vao bé tong cho tdi khi bac nhom
va vao mau gitt ciia nong va bién dang déo bit
kin giit cho khi thudc & trong nong khong thoat
ra ngoai nén khong tao ra hiéu tmg nd, dong
thoi ghim chét dinh va nong siing vao tuong bé
tong tao thanh bac c6 thé leo tréo duoc.
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_A o

Hinh 1. Mé hinh nguyén Iy thudt phong ban dinh
1. Nong sung; 2. Dinh; 3. Bac nhom;
4. chp bit kin; 5. Vo liéu, hat lira, thuéc phong

2.1. Cac gia thiét co ban [1, 4]
- Trong qua trinh xay ra hién twong ban,
nong sung dugc xem la ép chdt vao bé mat bé

tong va khong chuyén dong;

- Thudc phong chay theo quy luat chay
hinh hoc. Téc do chay 1a tuyén tinh véi ap suit;

- Nhiét do chay cua khi thudc coi nhu
khong d6i trong qua trinh thudc phong chay;

- Chi sb doan nhiét k bang hing s va
bang gi tri trung binh trong khoang thay doi

ctia nhiét do khi thudc;

- Céc cong thir yéu duogc tinh qua hé sd
tang nang cua dau dinh;

- Binh va bac nhém ghép chat véi nhau
chuyén dong thang tinh tién trong nong;

- Lyc tac dung cua bé tong 1én dau dinh
theo phuong truc dinh 1a khong ddi bang luc
pha huy bé tong.

2.2. Cac phwong trinh co ban

Tl cic gia thiét va mo hinh trén, ta xay
dung duoc cac hé phuong trinh co ban sau [2, 4, 5]:

P.(t)
I

d p—
az(t) =

%\u(t) = (1+22z(t) + 3pz(ty’ )(% z(t)j

LR AGES

oS
dt bt

%l(t) =v(t) o
d 1 d d
aW(t) = m(g - aj(a w(t)j + S(al(t)]

d
quv(t)(f V(t)j
d d dt
fm[a \u(t)j -P, (t)(a W“(t)) R —

d
apn(t) = W0

Trong do:

v, 1 — Van tdc, quang dudng chuyén dong
tuong ddi ciia dinh trong long ndng;

p,— Ap suat khi thudc trong nong;

S — Dién tich tiét dién ngang long nong;

q, ¢ — Trong luong va hé sb ao khdi
lugong dinh;

z — Chiéu day twong d6i ctia hat thudc;

I, — Xung cua ap suat khi thudc;

® — Trong lugng thuoc phong;

v — Luong thude phong chay tuong ddi;

% A, o, f— Cac diac trung cua thude
phong;

W — Thé tich khoang khong sau day dan;

o, Ung suét chiu nén ciia bé tong.

3. GIAI BAI TOAN VA KET QUA

H¢ phuong trinh thuét phong (1) mo ta
hién twong chay cta thudc phong, quy ludt ap
suat va chuyén dong cua dinh trong qua trinh
dam xuyén vao bé tong. Qua trinh giai bai toan
can xac dinh cac thong s6 dau vao 1a cac thong
s thuat phong, thong sb két cau cua dinh, thong
sd vé g sut chiu nén ciia bé tong tuong ung
vo1 méc bé tong M500 (Bang 1).
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Bdng 1. Cdc théng s6 dau vaio co ban

TT Cic thong sb Ky hiéu S6 do Pon vi
1 Thé tich budng dot W, 0,0002038 dm’
2 Ap suét tong dan P, 40000 kG/dm?
3 Xung lugng toan phan I 57,29 kG.s/dm?
4 Chiéu dai nong sung L, 0,34 dm
5 Trong luong thube phong 0,08 g
6 Mat do nhdi ctia phat bian A=w/W, 0,343474 kg/dm’
7 Dién tich tiét dién long nong S 0,002376 dm?
8 Trong lugng ctia dinh q 0,048560 kG
9 Luc thudc phong f 1005000 kG.dm/kG
10 Cong tich o 1,03 dm’/kG
11 Mat d6 thudc phong 8 1,6 kG/dm?
12 Céc dac tru’?g hin’h dang cua ;E i 10,,%9857
thuoc phong u 0
13 Dién tich dau dinh S, 0,002597 dm?
14 Cuong do chiu nén ctia bé tong o, 50000 kG/dm?
15 Chiéu dai doan lam viéc cua dinh L, 0,34 dm
o Giadi h¢ phuq‘ng trinh (1) véi cép thong vy me P D
s0 dau vao Bang 1 bang phuong phap gan diung “ =l
Runge-Kutta bac 4 [1, 5], ta dugc quy luat ap
suat khi thudc trong ang tdc dung lén dinh v ,/
(Hinh 2) va quy luat chuyén dong cua dinh theo 1/
chiéu dai nong (Hinh 3). 201/
wﬁ fli'a,wa ) f
|’ \\ 0 10 20 30 1 (mm)
il \\ Hinh 3. Quy ludt vin t6c theo chiéu dai
m ‘ \ Tir két qua tinh toan, ta nhan thay quy
100 \\“x,h luat ap suét trong nong ban dau ting lén rat
T nhanh dat gia tri 10n nhét 428,99Mpa sau do6

0 10 20 30

Hinh 2. Quy ludt dp sudt theo chiéu dai

I (mm)

giam dan, quy luat nay khac han quy luat ap

suat khi thudc trong nong sung phéo thong &
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thuong do dinh bi can trg boi bé tong va van tde
16n nhét cua dinh tai miéng nong trude khi bac
nhém va vao mau ham bit kin 1 59,16 m/s. Két
qua nay chimg to dinh c¢6 thé dam dugc hoan
toan vao bé tong va toc do cua dinh ciing dam
bao 1am bién dang bac nhém bit kin khi thude
phu hop véi thuc nghiém.

4. KET LUAN

Bai bado trinh bay phuong phap xay
dung mo hinh thuét phong ban dinh voi két ciu
dam bdo hi¢u tng tri¢t Am gilr bi mat trong cac
nhiém vu leo tuong bé tong trong tac chién do
thi. Két qua bai toan 1am co s& cho qua trinh
nghién ctru thiét ké ché tao hoan chinh thiét b
leo twdng phuc vu cac nhi¢ém vu bi mat cua luc
lurong dac nhiém. <
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