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TOM TAT

Bai bdo trinh bay viéc ing dung phan mém CATIA V5-R21 trong thiét ké 3D, mé phong va
kiém nghiém bén cho piston dong co dét trong. Phwong phdp nghién cieu bao gom: (i) xdy dung mé
hinh 3D piston dwa trén théng sé kj thudt dong co thuc té; (ii) sir dung cdc mé-dun Part Design,
Assembly Design dé thiét ké va lap ghép; (iii) dp dung Generative Structural Analysis dé tinh todn
va phdn tich phan bé tmg sudt, bién dang cia piston dwdi cdc diéu kién tdi thue té. Két qua mé
phong thé hién cdc vi tri tdp trung vmg sudt va bién dang 16m nhat, tir d6 danh gia ¢ bén va dé xudt
cdc cdi tién thiét ké phit hop. Nghién ciru cho thdy viéc img dung CATIA gitip ndng cao d chinh
xdc thiét ké, giam thoi gian thir nghiém, gép phan téi wu héa quy trinh phat trién san pham co khi
va ndng cao chat lwong dao tao ky sw nganh co khi.

Tir khéa: CATIA V5; Piston; Pong co dot trong; M6 phong; Kiém nghiém bén.
ABSTRACT

The paper presents the application of CATIA V5-R21 software in 3D design, simulation and
durability testing for internal combustion engine pistons. The research method includes: (i) building
a 3D piston model based on actual engine specifications; (ii) using Part Design and Assembly
Design modules for design and assembly; (iii) applying Generative Structural Analysis to calculate
and analyze the stress and deformation distribution of the piston under actual load conditions.
The simulation results show the locations of the largest stress and deformation concentrations,
thereby evaluating the durability and proposing appropriate design improvements. The study shows
that the application of CATIA helps to improve design accuracy, reduce testing time, contribute to
optimizing the mechanical product development process and improving the quality of mechanical
engineering training.
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1. PAT VAN PE

Trong bdi canh khoa hoc — cong nghé
phat trién manh mé, dic biét 1a linh vuc thiét ké
co khi va cong nghé thong tin, viéc rng dung
cac cong cu CAD/CAE hién dai dé thiét ké va
kiém nghiém chi tiét may tr& nén ngay cang
cap thiét. BSi voi dong co ddt trong, piston 1a
mot chi tiét chiu tai trong co — nhiét rat 16n,
dong vai tro quan trong trong viéc dam bao
hiéu suat, d6 bén va tudi tho ctia dong co [1,
4, 5]. Vi vay, viéc tinh toan, mo phong va kiém
nghiém bén piston trudce khi ché tao 1a yéu cau
bat budc nham ti wu hoa thiét ké, giam chi phi
va thoi gian thir nghiém thuc té [1, 2].

Trén thé gidi, cac phan mém thiét ké
va md phéong 3D nhu CATIA, SolidWorks,
ANSYS da duogc ap dung rong rai trong cong
nghiép ché tao. CATIA V5-R21, véi kha ning
thiét ké 3D, mé phong dong hoc va phan tich
bén chi tiét, dwoc danh gia 1a cong cu manh
m¢é trong linh vuc co khi — ddng luc [2, 3]. Tuy
nhién, tai Viét Nam, viéc su dung CATIA trong
dao tao va nghién ctru van chua pho bién, sinh
vién va k¥ su tré con han ché trong viéc khai
thac hét cc tinh ning ctia phan mém [3].

Xuat phat tir thuc tién do, bai bao nay
tap trung vao “Ung dung phan mém CATIA mo
phong va kiém bén piston dong co ddt trong”.
Nghién ctru sir dung thong sb thuc té ctia dong
co xdng INZ-FE, tién hanh thiét ké 3D, phan
tich bén bang mo-dun Generative Structural
Analysis cua CATIA, tir d6 danh gid su phan
bd Gng suit va bién dang cta piston. Két qua
nghién ctru khong chi gitip nang cao d¢ chinh
xéc va tinh khoa hoc trong thiét ké ma con co
gia tri ung dung trong dao tao sinh vién nganh
co khi va san xuét thuc té.

2. CO SO LY THUYET VA PHUONG
PHAP NGHIEN CUU

2.1. Pac diém lam viéc cia piston va su can
thiet phai kiem bén

Piston 1a chi tiét chuyén dong tinh tién
trong xi lanh, lam viéc truc tiép trong diéu kién
ap sudt va nhiét do cao. Cung voi nip mdy va
xilanh, piston tao thanh buéng chay, thuc hién
chtrc nang nén hoa khi va tiép nhan luc khi chay
truyén dén truc khuyu thong qua thanh truyén
[1].

Trong qua trinh lam vi¢c, piston chiu
cac dang tai trong chinh: Ap suét khi chay tac
dung 1én dinh piston; tai trong quéan tinh do
chuyén dong tinh tién qua lai ¢ tc d6 cao; tai
nhiét tir qua trinh chay, din dén giin nd khong
dong déu trén than piston.

Dbé dam bao tudi tho va hiéu suit, thiét
ké piston can t6i wu cac thong sb: chiéu day
dinh, chiéu cao, duong kinh chét, két cAu ranh
xéc-mang,... Cac cong thic tinh toan kich
thudc piston thudng dua trén cac tiéu chuan vé
dong co dbt trong [1, 4, 5].

Kiém nghiém bén 1 budc quan trong
trong thiét ké co khi nham dam bao chi tiét
khong bi pha hong dudi tac dung cua tai trong
1am viéc. Mot trong nhiing tiéu chi phd bién dé
danh gia bén 1a ing suat, giup xac dinh vi tri tap
trung Ung sudt nguy hiém nhat [1].

Véi sy phat trién ciia cong nghé tinh
toan, phuong phap phan tich phan tir hitu han
(Finite Element Analysis — FEA) duoc st dung
rong rai dé du doan ung suét, bién dang, va
chuyén vi ctia chi tiét trong diéu kién tai thuc té
ma khong can ché tao miu thu [2].
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2.2. Gi6i thi¢u vé phin mém CATIA

CATIA (Computer Aided Three-
dimensional Interactive Application) 1a phan
mém CAD/CAE/CAM do hing Dassault
Systémes phat trién, hd tro toan dién cho viéc
thiét ké san pham 3D, moé phong va lap trinh
gia cong CNC [2, 3]. Trong linh vyc thiét ké
co khi, phién ban CATIA V5-R21 cung cip
nhiéu cong cu manh mg, ndi bat 1 cac module
Part Design dung dé xay dyng mé hinh 3D cua
chi tiét piston, Assembly Design phuc vu lip
rap cum co cau khuyu — thanh truyén — piston,
va Generative Structural Analysis hd trg mo
phong, kiém nghlem bén bang phuong phap
phan tir hitu han nham xéac dinh ng suit, bién
dang va do bén chi tiét. Viéc tmg dung CATIA
trong qua trinh thiét ké va phan tich bén mang
lai nhiéu loi ich, gitip rat ngan thoi gian phat
trién va thir nghiém san pham, giam chi phi ché
tao mau, déng thoi nang cao d6 chinh x4c ciing
nhu kha nang t6i wu hoa thiét ké.

2.3. Phuong phap nghién ctru

Trong nghién ctru nay, mé hinh piston
duoc xay dung va kiém nghiém bén thong qua
chudi budc thiét ké — mo phong — phan tich
trén phan mém CATIA V5-R21. Trude hét, cac
thong s6 hinh hoc va tai trong ciia piston dugc
thu thap tor dong co xang 1NZ-FE, bao gém
duong kinh xi lanh, chiéu cao piston, duong
kinh chét, vi tri rdnh xéc-ming va cac dir liéu
lién quan dén ap suit budng chay [1]. Dya trén
cac thong sd nay, mo hinh 3D piston duoc tao
1ap trong CATIA thong qua module Part Design
bang cach dung bién dang 2D (Sketch), sau d6
su dung céc 1énh Pad, Pocket, Shaft dé tao khéi
va gia cong cac chi tiét nhu ranh xéc-mang va
16 chét piston. Tiép theo, module Assembly
Design duogc st dung dé 1ap rap cum co ciu
khuyu — thanh truyén — piston nhim kiém tra

tinh dong bo hinh hoc va chuin b cho qua trinh
phan tich [2, 3].

Sau khi hoan thién md hinh, budc
kiém nghiém bén duoc thuc hién trong module
Generative Structural Analysis. Qua trinh nay
bao gom: (i) lua chon vat liéu hop kim nhém cho
piston tur thu vién cua CATIA; (ii) dinh nghia
diéu kién bién bang cach cb dinh cac bé mat tiép
xtc phi hop va ap dung luc phan bd trén dinh
piston theo gié tri 4p suat cuc dai trong chu trinh
cong tac; (iii) chia ludi phan tir hitu han véi kich
thue mat luéi t0i uu dé dam bao d chinh xac
va thoi gian tinh toan hop ly; va (iv) chay mo
phong dé thu duogc két qua phan bd tng suat,
bién dang va chuyén vi ctia piston. Cac két qua
nay dugc danh gia dwa trén tiéu chi ing suit
va so sanh voi giéi han bén cua vat liéu dé xac
dinh d6 an toan thiét ké [1, 2]. Phuong phap trén
gitip mo phong chinh x4c diéu kién 1am viéc ciia
piston ma khong can ché tao mau thtr, qua doé
giam thoi gian va chi phi phat trién san pham,
dong thoi nang cao kha ning ing dung CATIA
trong dao tao va nghién ctru co khi.

3. KET QUA NGHIEN CUU
3.1. Két qua thiét ké mo hinh 3D piston

Tur cac thong sé piston dong co xing
INZ-FE duoc tinh toan va so sanh véi chi tiét
thuc [6], m6 hinh 3D piston dugc thiét ké hoan
chinh trong CATTIA V5-R21 (bang 1). Qua trinh
xdy dung mo hinh str dung céc 1énh Sketch dé
v€ bién dang, Pad va Shaft dé tao khdi, Pocket
dé gia cong ranh xéc-ming va 18 chdt piston.
Kich thudc cac phan lién quan nhu chét piston,
phanh ham chét ciing dugc thiét ké dam bao su
tuong thich hinh hoc va dong bo kich thudc.
Két qua mo hinh dat yéu cau hinh hoc, phuc vu
t6t cho phan tich bén va mé phong dong hoc [2,
3] (hinh 1 va hinh 2).
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3.2. Chia lwéi phén tir hitu han (FEA)

Sau khi hoan thién mo hinh, qua trinh
chia ludi phﬁn tr hitu han dugc thuc hién trong
Generative Structural Analysis. Ludi dugc chia
bang phan tir Tetrahedron véi kich thudc mat
ludi khoang 1 mm nham dam bao d6 chinh xéac
va thoi gian tinh toan hop 1y. Két qua cho thay
lu6i phan bd déu trén toan b chi tiét, cac ving
c6 hinh dang phtrc tap nhu rinh xéc-ming va 16
chdt van dam bao dd min can thiét dé thu duoc
két qua mo phong chinh xac [2] (hinh 3, 4, 5).
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3.3. Két qua phan tich rng suit va bién dang

Khi 4p dung tai trong ap suat khi chay
cuc dai va diéu kién bién cb dinh theo ding ché
d6 lam viéc [6], phan mém CATIA cung cap két
qua phan b ng suit Von Mises va bién dang
dich chuyén trén piston. Két qua cho thiy ving
tap trung (ng suat 16n nhat nam tai cac vi tri 16
chét piston va ranh xéc-miang — ddy 1a cac ving
chiu to hop tai trong co va nhiét cao, pht hop
v6i 1y thuyét thiét ké piston [1]. Bién dang dich
chuyén 16n nhat xuét hién ¢ phan dinh piston
dudi tac dung ap suét buong chday. Tuy nhién,
gia tri ung suat cyc dai van nam trong gii han
bén cua hop kim nhom dugce lya chon, dam bao
an toan thiét k& (hinh 6 va hinh 7).
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Hinh 7. Hién thi chuyén vi trén piston

Két qua nghién ctru chimg minh rang
mo hinh thiét ké dap tng yéu cau do bén, cac
gia tri img suat va bién dang déu trong giéi han
an toan. Viéc ung dung CATIA gitp truc quan
hoa qua trinh [am vi¢c, x&c dinh céc vi tri nguy

hiém dé cai tién thiét ké néu can. Diéu nay co
¥ nghia 16n trong viéc giam thiéu thoi gian thir
nghiém, tiét kiém chi phi ché tao mau, dong
thoi nang cao hiéu qua dao tao va nghién ciu
trong linh vyc co khi [2, 3].

4. KET LUAN

Nghién ctru da thiét ké, mo phong va
kiém bén piston dong co xing INZ-FE bang
CATIA V5-R21. M6 hinh 3D dugc xay dung
chinh xac, két qua phan tich FEA cho thay ting
suat tap trung tai 16 chét va rdnh xéc-ming
nhung van trong gidi han bén cua vit liéu, dam
bédo an toan lam viéc.

Két qua ching minh CATIA la cong
cu hiéu qua trong thiét ké va kiém nghiém chi
tiét dong co, gitip giam chi phi, thoi gian thir
nghiém va tang do truc quan. Trong tuong
lai, nén md rong nghién ctru téi wu hinh dang
piston va ap dung cho céc chi tiét chiu tai khac
dé nang cao hiéu qua thiét ké.+
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