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TOM TAT

Muc dich chinh cua nghién cuu nay la vng dung ky thudt may tinh (CAE) xay dung mo hinh
phan tir hitu han xe khéach ghé ngoi Universe. Sau dé mé phong phan tich 6 cirng khung xwong
ban dau ciia mé hinh theo tiéu chudn an toan It nghiéng chdu Au ECE R66. Két qua dg cimg, khoi
leong khung xwrong ban dau I6n. Tién hanh giam bé day theo cdch truyén thong dé khung xwong
bién dang cham dén khéng gian an toan, lam giam khoi heong khung xwong xe khach. Tiép tuc cdi
tién bang viéc thay doi thiét ké vé két cau khung xwong & nhitng vi tri anh hieong dén bién dang. Két
qua cdi tién cho thdy khoi lwong giam thém 5%. Tuy nhién, phwong phdp cdi tién nay chiea thit sy
16i wu. Théng qua bai todn t6i weu, tién hanh thiét ké thwe nghiém mé phong dwa ra phwong trinh hoi
quy thuc nghiém bang SPSS. Sir dung gidi thudt di truyén GA trong Matlab dé gidi phwong trinh
hoi quy thuc nghiém. Két qua dat duoc la téng khoi lwong cac bién duoc chon giam 18.5% so voi
trueée khi toi wu.

T khéa: An toan It nghiéng; Khoi lwong khung xwong; Thiét ké thire nghiém; Téi wu hoa.

ABSTRACT

Technical topics computer applications (CAE) modeling finite element of the coach with
universe seat. The simulation analysis of initial stiffness of skeletal models safety standard ECE
R66 European tilt. As a result of hardness, the initial volume larger skeleton. Conduct a thickness
reduction in the traditional way to skeletal deformation reaches a safe space, and reduce the volume
of the passenger car frame. Continuing improvements by changing the design of the structural
skeleton in positions affecting deformation. Results showed improved volumes decreased by 5%.
However, this improved method is not really optimal. Through optimization problems, conduct
simulation experimental design given empirical regression equation by SPSS. Using genetic
algorithms in Matlab GA to the empirical regression equation. Results were achieved as the total
volume of the selected variables decreased by 18.5% compared to the prior optimization.

Keywords: Rollover safety; The volume of the passenger car frame, Experimental design;
Optimization.
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1. PAT VAN PE

Tai nan xe buyt 1 tai nan thuong xuyén
xay ra trén toan thé gigi. O chau Au, 150000
ngudi bi throng va 150 ngudi chét mdi nam
d6i voi tai nan xe buyt nay [1]. Tai My, trong
nam 2004, Cuc Quan ly An toan Giao thong
Qudc gia bao cdo ude tinh c¢6 khoang 16000
chan thuong va tir vong trong tai nan xe buyt,
trong sd ndy, hon mot nira cac trudng hop tur
vong xdy ra trong tai nan nay khong lién quan
dén va cham [2].

Tac gia Tomas Wayhs Tech [3] da su
dung phin mém LS-Dyna dé tién hanh mé
phong tinh an toan két cdu khung xwong 6 t6
khach duéi diéu kién 14t nghiéng, dua trén két
qua mod phong tién hanh phan tich va dua ra
phuong an thiét ké cai tién nham thoa man theo
yéu cau tiéu chuan quy dinh, chua thuc hién t6i
vu hoa két cau.

Tac gia Yu Cheng Lin [4] sir dung phan
mém Hypermesh 7.0 dé xdy dung mo hinh
phan tir hitu han cho mot doan xe, sau d6 dung
phan mém LS-Dyna 970 dé phan tich két qua
mo phong 1at nghiéng. Tac gia tién hanh so
sanh két qua thi nghiém va két qua mo phong,
tién hanh diéu chinh mé hinh phan tt hiru han
va cac thong sb k¥ thuat cho dén khi két qua mo
phong va thi nghiém gan bang nhau, chua tbi
uu hoa két cau.

Trong nghién ctru nay, tac gia su dung
phan mém Hypermesh dé chia luéi mé hinh va
mo phong an toan két cau khung xuong 6 to
khéch khi xay ra va cham 1at nghiéng, dua trén
két qua mo phong tién hanh phén tich va cai
tién mé hinh thoa man diéu kién an toan theo
tiéu chudn, sau do6 tién hanh t6i vu hoa két cau
khung xwong va so sanh két qua trudc va sau
khi t6i wu héa.

2. NOI DUNG NGHIEN CUU

2.1. Khong gian an toan theo tiéu chuén
ECE R66

Tiéu chuan ECE R66 [5] (Economic
Commission of Erope, Regulation 66) thuc
hién nghién ctru an toan két cau khung xuong
dudi diéu kién 1at nghiéng quy dinh:

- Su chuyén vi bat ky b phan nao cua
khung xuong khong dugc xam pham vao khong
gian an toan.

- Bat ky bo phan ndo trong khong gian
an toan déu khong cho phép 161 ra bén ngoai két
ciu khung xwong sau khi bién dang.

- Khoang céach giita mit phang 1at va
mat phéng va cham la 800 mm, xe ding yén
trén mat phang 1at, nghiéng mit phang nay véi
van toc goc khong qua 0.087 (rad/ms) cho dén
khi xe bat dau 1at d6. Van tdc goc khi 1at ban
dau o, = 0 (rad/ms).

Hinh 2. Khéng gian an toan theo mdt cat doc

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
144 TAP CHI CO KHI VIET NAM, S6 306, thang 8 nim 2023
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

2.2. Xay dung mo6 hinh nghién ciru

Ti ban v& CAD 2D do nha san xuét
Tracomeco cung céap, sit dung phan mém
ThinkDesign dé thiét ké mé hinh 3D, sau do6
dua vao méi trudng Hypermesh dé chia ludi va
chinh stra lué6i dbi tuong. Viéc chon kiéu ludi
va kich thu6c luéi rat quan trong c6 anh hudng
rit 16n dén két qua mo phong, dé han ché sé
ludi 16i va mat mat nang luong trong qué trinh
md phong, trong nghién ctru ndy ta chon kiéu
ludi vudng, kich thude (10 x10) mm cho toan
bd mo hinh.

Hinh 3. Truée va sau khi chia hedi doi twong

Pé dam bao cho két qua mo phong dugc
chinh xdac thi toan bd ludi md hinh phai duoc
lién két chat ché v6i nhau bang phuong phap
han ludi, dam bao sy gan két giita cac chi tiét
md hinh khung xuong, chassis va clu xe, ciu
xe va mam xe duoc lién két bang phuwong phap
Contrained Extra Nodes Option.

Hinh 4. Truée va sau khi han két cau cho mé hinh

2.3. Thiét ké mé hinh lat nghiéng, tao vat
li€u va gan di€u kién bién theo tiéu chuan

Thiét ké mé hinh lit nghiéng theo tiéu
chuan:

bat xe lén mat phﬁng lat cach mat phﬁng
va cham 800 (mm), lic nay trong tdm xe tai vi
tri G, nghiéng mit phang nay tir tir v6i van tdc
goc khong qua 0.087 (rad/ms) dén goc nghiéng
gidi han duoc tinh bang 40°9°, luc nay mé hinh
tu 1at d6 nho tac dong cua trong lyc tai vi tri
trong tdm G’ khong van téc goc ban dau hay
o, = 0 (rad/ms), van tbc gécl giq téng; tur tr cho
dén khi qua trinh va cham bat dau dién ra tai vi
tri trong tam G”. Trong m hinh nay, van toc
goc khi xay ra va cham duoc tinh bang 0.00206
(rad/ms), xoay quanh mot truc va chiu tac dung
cua trong luc, khdi lugng toan tai cia moé hinh
dugc tinh toan tdi da 1a 11400 kg.

B =arc % |=arc 1850 )_ 40°9'
2h, 2.1096

e \/Mgaj -hy) _ \/m%gah

+/2.11400 = 0.00981 = 751
— = 2.06 *® 10_3

w

3.96 = 1010

Hinh 5. M6 hinh It nghiéng theo tiéu chudn
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Thiét ké khéong gian an toan theo tiéu
chudn:

Tur kich thudc quy dinh vé khong gian
an toan theo ti€u chuan, ta st dung phan mém
Hypermesh d¢ thiét ké khong gian an toan.

' VAV r Az VAV
. ._

Hinh 6. Khong gian an toan

Tao vat liéu, thugc tinh va gan diéu
kién bién cho mé hinh:

Trong nghién ctru nay, két ciu khung
xuong su dung thép Q235, chassis sir dung thép
Q345, mat phéng lat va mat phﬁng va cham su
dung vt liéu cing dé mo phong, thudc tinh vat
liéu thé hién trong Béang 1.

Badng 1. Thuoc tinh vat ligu [6]

Khdi Ung
Mo dun N % lwong suat
A s A | HEsO . iy
Tén | dan hoi Poi.s son  Ticng gioi
(Gpa) (Kg/ han

mm®) | (Mpa)
Q235 210 0.3 7.85*%10¢ | 235
Q345 210 0.3 7.85*%10¢ | 235

Tao phwong tac dung cua trong luc:

Str dung Load — Body — Y, tao tiép
xuc cho ca xe voi mat phéng va cham st dung

Surface To Surface dé thiét 1ap. Sau khi tao
vat liéu, thudc tinh va géan diéu kién bién, ta
tién hanh dit cac bo phan khéi lugng nhu hanh
khach, hanh 1y, thing nhién liéu, ic quy,... 1én
md hinh (Hinh 7).

Hinh 7. Dt khoi lwong lén mé hinh

2.4. M phéng, hién thi va phan tich két qua
mé phoéng mé hinh khung xwong ban dau

St dung phin mém LS-Dyna dé tién
hanh mo phong va phan mém Hyperview dé
hién thi va phan tich két qua mé phong méd
hinh khung xwong ban dau dudi diéu kién 1at
nghiéng.

Hinh 8. Két qua mé phong mé hinh khung xirong
ban dau

Sau khi hién thj két qua trong Hyperview
(Hinh 8), mo6 hinh khung xuong khi xay ra va
cham 14t nghiéng hau nhu khong bién dang,
chimg t6 khung xuong du bén, lam khoang
cach D 16n (tinh tir khong gian an toan dén vi
tri than trén).
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2.5. Giam bé day theo cach truyén théng Két qua giam khéi lugng thém 5% so
va cai tien m6 hinh khung xwong theo tiéu véi trudce khi cai tien (Hinh 12), giam tur 3057
chuan an toan 13t nghiéng ECE R66 kg xudng con 2918 kg.

Sau khi gidm kich thudc theo cach
truyén thong, dé khung xuong bién dang cham
dén khong gian an toan (Hinh 9).

- 3 B = Bl OORY
L - (L)) -
| Aiidl

- r

Hinh 12. Khoi leong sau khl cdi tién

2.6. T6i wu héa két cAu khung xwong

Hinh 9. Két qua sau khi giam bé day o z. B
2.6.1. Chon bién lwgng toi wu hoa
Khéi lugng khung xuong giam tir 3270

ke xubng 3057 ke (Hinh 10). Duya vao két qué mo phdng, tien hanh

chon cic bién thiét ké twong lmg v6o1 nhiing
thanh ma & d6 tap trung u’ng suét Va bién dang
16n nhat dé t6i uwu hoa bé day két cdu sao cho
dat yéu cau vé tong khdi lugng. Cac thanh sau
khi t0i wu nhé hon truée khi toi uu ma van
khong bi xam pham khong gian an toan D theo
Hinh 13.

ey W T — (—— —
— e . e S S et St

Hinh 10. Khoi heong khung sau khi giam bé day
theo cdch truyén thong.

ﬁ=;;;‘;;=;==

Tién hanh cai tién két cau & nhiing vi _ L_J_ﬂgﬂym
tri xung yeéu anh hudng dén bién dang va gia
cuong thém miéng op dang tam nhu Hinh 11.

Hinh 13. Chon bién thiét ké t6i wu

- Bién X, gdm 08 thanh dtng clia mang
bén hong trai va phai;

-Bién X, gdm 12 thanh cong hinh chit C
0 mang ndc cua xe;

- Bién X, gém 04 thanh ¢ dudi méang
hong bén trai va bén phai;
- - Bién X, gém 04 thanh dimg & méang
Hinh 11. Cdi tién két cau khung xwong ban ddu dudi xe va dau xe;
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- D, lakhodng cach tir thanh ding gia cb
phia trudc cua hong trdi, hong phai voi khong
gian an toan;

, - D, 1a khoang céch tir thanh ding gia
c0 phia sau ctua hong phai, hong trai voi khong
gian an toan.

Bién thi€t ké: y = (x,X,,X,.X,)

min F(y) =Y M
j=1

biéu kién:
D,>0,D,>0
2<x,X,X,<4.5; 3.5<x,<6

Trong do:
- F(y) 12 ham s6 muc tiéu;
- n_la toan b co s6 két cau toi wu hoa;
=My 1a trong lugng cac cum thanh két
cau toi uu hoéa thi j;
- x 1a bé day cua thép hop tinh theo
milimet.

Trong thi nghiém md phéng nay cod
téng cong 04 bién lugng, vi vay chon thiét ké
thi nghi¢m dong déu U *(6*) v6i 06 thi nghigm
duoc tién hanh.

Véi cac gia tri nho nhét va 1on nhét cia
04 bién, thi chia moi bién thanh 06 gié tri duoc
thé hién trong Bang 2.

Badng 2. Cac cap do cua biéen

N?g n X, (mm) | x, (mm) | X, (mm) | X, (mm)
Cép 1 2 2 2 2
Cép 2 2.5 2.5 2.5 4
Cip 3 3 3 3 4.5
Cép 4 3.5 35 3.5 5
Cép 5 4 4 4 5.5
Cép 6 4.5 4.5 4.5 6

Do d6, bang thiét ké thi nghiém truc
giao U6*§64) can :[ién hanh téng cong 06 md
phong kiém tra the hién trong Bang 3.

Bdng 3. Bang thiét ké thi nghiém theo U,*(6")

STT |x, (mm) | x, (mm) | x,(mm) | x,(mm)
1 2 2.5 3 6
2 2.5 35 4.5 5.5
3 3 4.5 2.5 5
4 3.5 2 4 4.5
5 4 3 2 4
6 4.5 4 35 35

2.6.2. Két qud thi nghiém mo phong

Két qua mo phong kiém tra dugc thé
hién & Bang 4.

Bang 4. Két qua thu thdp sé liéu thi nghiém

STT X, (mm) X, (mm) X, (mm) X, (mm) D, (mm) D, (mm) M (kg)
1 2 2.5 3 6 69.480 -32.745 233.341
2 2.5 3.5 4.5 5.5 75.871 -7.042 297.024
3 3 4.5 2.5 5 77.871 -16.109 317.441
4 3.5 2 4 4.5 79.904 6.0560 258.723
5 4 3 2 4 81.202 -6.137 279.139
6 4.5 4 3.5 3.5 82.373 23.687 342.822
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2.6.3. Ding SPSS lip phwong trinh héi quy thuc nghi¢m

Trong qua trinh phén tich hdi quy dang tuyén tinh khong dat yéu cau vé hé sé tvong quan R,
nén tién hanh nang bac 2 phuong trinh hdi quy dudi dang:

5 5 5
y=aq, +Zaixi +Zaﬁxi + Zagxixj
i=1 i=1

i<j
i=12..,]

Trong do:

- y la ham s6 hoi quy mat phan g bac 2;
- 8, A, a,, A, la cac helso ho’1 quy;

- Xy Xy X la cac bién thiét keé.

- Thiét 1ap hoi quy mat phan tng bac 2 thé hién & Bang 5.

Bdng 5. Bang thiét ldp hoi quy mdt phan g bdc 2 cia cdc bién

2 2

X, X X, X X, XX, X, X,X, X,X, X, XX, X,
4 5 6 12 6.25 7.5 15 9 18 16
6.25 8.75 11.25 13.75 12.25 15.75 19.25 20.25 24.75 30.25
9 13.5 7.5 15 20.25 11.25 22.5 6.25 12.5 25
12.25 7 14 15.75 4 8 9 16 18 20.25
16 12 8 16 9 6 12 4 8 16
20.25 18 15.75 15.75 16 14 14 12.25 12.25 12.25

- Phuong trinh hoi quy xuét ra tir SPSS theo khbi lwong M va khoang cach D,, D, nhu sau:

M = 139,7 +32,063x, + 2,878 >+ 2,909x X, — 2,647x x, + 1,018x 2
D, =52,118 - 0,453x, + 0,672x,> - 0,015x x, + 0,979x x, + 0,259x *
D, =- 58,246 +0,101x, + 1,938x > +2,981x x, - 0,664x x, + 0,474x 2

- Phuong trinh hdi quy trén dugc danh gia thong qua hé sb twong quan R theo Anova lan luot
lal,1val.

2.6.4. Gidi phwong trinh héi quy bang gidi thudt di truyén GA trong Matlab
- Code Matlab chwong trinh chinh:

ObjectiveFunction = @simple fitness m;
nvars = 4;

LB=[2223.5],

UB=[4.54.54.56];
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ConstraintFunction = @simple constraint_d;
rng(1,'twister')

[x,fval] = ga(ObjectiveFunction,nvars,...
[1.[1,[1.[1,.LB,UB,ConstraintFunction)

- Code Matlab chwong trinh con

+ Ham muc tiéu M:
function y = simple_fitness_m(x)

y = 139.7 + 32.063*x(2) + 2.878*x(1)"2 + 2.909*x(1)*x(3) — 2.647*x(1)*x(4) + 1.018*x(4)"2;

+ Ham diéu kién D:
function [c, ceq] = simple_constraint_d(x)

c=[-52.118 + 0.453*x(2) — 0.672*x(1)"2 + 0.015*x(1)*x(3) — 0.979*x(1)*x(4) — 0.259*x(4)"2;
58.246 — 0.101%x(2) — 1.938*x(1)"2 — 2.981*x(1)*x(3) + 0.664*x(1)*x(4) — 0.474*x(4)*2];
ceq=[];

- Két qua do day cac bién duoc chon (tinh theo mm) tir Matlab dwoc téng hop ¢ Bang 6 va
cac gia tri M dat min va khoang cach D, D, thoa mén di€u kién > 0.

Bdng 6. Két qua toi wu bé day cdc bién va gid tri min M va khodng céch D » D,

Gia tri X, (mm) X, (mm) X, (mm) X, (mm) M (kg) D, (mm) | D, (mm)

Téi wu 3.5289 2.0000 3.0526 5.6187 250.6563 87.0069 0.86%10*

Do d¢ day cua thép (mm) trén thi truong
c6 thong s6 tiéu chuan nhu sau: 1, 1.5, 2.0, 2.5, -

3.0,3.5,4,4.5,... Vivay, do day cac bién chon ' ,‘ | :
theo tiéu chun: X, =3.5;x,=2;x,=3;x,=5.5. '.

2.6.5. Kiém tra két qud toi wu bang mé phong

T cac gid tri cac bién tim duoc, dua vao
thiét 1ap thudc tinh cac bién trong Hypermesh ‘ - "
va sau do6 chay lai mé phong kiém tra cho két dl [ e
qua theo Hinh 13. .

Hinh 13. Két qua hién thi sau khi t6i wu.
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Két qua mod phong sau khi t6i wu cho
thiy mo hinh khung xuong bién dang sau khi
va cham lat nghiéng nhung khong con xam
pham vao khong gian an toan.

2.6.6. So sdnh két qud truéc va sau téi wu
Céc gia tri vé khoang cach va khéi luong

do dugc thong qua thuc nghi€ém moé phong dua

ra dé doi chicu trude sau va khi to1 uvu hoa thé

hién trong Bang 7.

Bdng 7. Bang gid tri kiém nghiém trude toi wu va

sau toi wu
Thirtw | Gidtri | Trude tdi wu | Sau toi wu
1 X, (mm) 3.0 35
2 X, (mm) 3.0 2
3 X, (mm) 3.0 3
4 X, (mm) 5.0 5.5
5 M (kg) 313.004 254.880
6 D, (mm) 68.494 80.193
7 D, (mm) -41.111 3.547

Tir bang thu thap két qua moé phong sau
t6i uu, tong khoi lugng cac thanh duoc chon dé
t6i wu hoa giam 18.5% so véi trudce khi toi wu,
dong thoi khong gian an toan toan & vi tri D,
D, khong bi xdm pham, thoa man du’gc dieu
kién an toan lat nghiéng theo ti€éu chuan ECE
R66.

3. KET LUAN

- Trong qua trinh nghién clru tinh an
toan lat nghiéng cua mo hinh khung xuong
xe Universe ghé ngdi ban dau, két qua mo
phong khong dam bao duoc diéu kién an toan
1at nghiéng theo tiéu chuan ECE R66. Khung
xuong phan than trén va mang bén hong co do
ctmg 16n do thép day hon. Khdi luong khung
xuong ning 13 khong can thiét.

- Téac gia tién hanh giam d¢ day theo
cach truyén thdng cic d6i twong & mang bén
héng dé bién dang khi va cham dat t6i khong
gian an toan theo két qua mé phong. Tir két qua
nay, tiép tuc cai tién mo hinh khung xuong &
nhitng vi tri anh huong 16n dén bién dang bang
cach thay dbi thiét ké ban dau va gia cuong
nhimg tdm &p ting cimg bang thép. Két qua
khdi lwong sau cai tién giam thém 5% so véi
ban dau.

- Sau khi cai tién dé giam thém khdi
luong, tién hanh t6i wu hoa két cau bang cac
mo phong thi nghiém theo mo6 hinh U *(6%),
dua ra phuong trinh héi quy thuc nghiém. Ung
dung giai thuat di truyén GA trong Matlab tim
ra dugc kich thudc do day tdi wu cta céc bién
dugc chon. So sanh tong khdi lugng ciia cac
bién sau t6i uu véi trude toi wu giam 18.5%
ma khong gian an toan van khong bi xam pham
theo tiéu chuan an toan lat nghiéng chau Au
ECE R66.

- Két qua cua nghién ctru ndy c6 thé 1am
co s dé dé xuat dén Cong ty Tracomeco nham
giam chi phi dau vao, nang cao chat lugng san
phém xe khach. Mit khac, bd sung su da dang
vao huéng nghién ciru moi lién quan dén an
toan 14t nghiéng cua 6 t6 theo tiéu chuan chau
Au ECE R66.%
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