Transport and Communications Science Journal, Vol 76, Issue 09 (12/2025), 1186-1199

Transport and Communications Science Journal

OPTIMIZATION OF DOUBLE WISHBONE SUSPENSION
GEOMETRY THROUGH KINEMATIC SIMULATION AND
FINITE ELEMENT ANALYSIS

Nguyen Huu Phuoc?, Lu Hue Phuoc?, Vo Thanh Dat®
ISDE Digital Technology Company Limited, No 96, 3B Street, Ho Chi Minh, Vietnam
2Ho Chi Minh City University of Transport, No 2, Vo Oanh Street, Ho Chi Minh, Vietnam
3Ho Chi Minh City University of Technology, 268 Ly Thuong Kiet Street, Ho Chi Minh,
Vietnam
ARTICLE INFO

TYPE: Research Article

Received: 20/08/2025

Revised: 08/10/2025

Accepted: 18/10/2025

Published online: 15/12/2025
https://doi.org/10.47869/tcs}.76.9.4

“ Corresponding author. Email: luphuoc76@gmail.com

Abstract. The double wishbone suspension system plays an important role in ensuring
vehicle dynamic stability and structural safety; therefore, optimizing the design parameters
of the suspension system is essential. This paper proposes an optimization approach for the
double wishbone suspension system by integrating kinematic simulation, multi-objective
optimization, and finite element analysis. The primary objectives are to reduce camber angle
variation, minimize the lower arm mass, and improve the structural safety factor. First, a
kinematic model of the suspension system is developed in NX Motion to accurately evaluate
its performance characteristics. Then, the HEEDS MDO platform with the adaptive SHERPA
algorithm is employed to automatically combine various optimization strategies, enabling the
identification of the most effective design solutions for the system. Finally, structural strength
is analyzed in NX Simcenter 3D to validate load-bearing capacity and reliability. The results
demonstrate that the camber angle variation is significantly reduced from 3.50° to 0.86°, the
lower arm mass decreases by 22.67%, and the safety factor increases from 1.22 to 1.42. These
findings confirm that the proposed method is highly effective and practical for automotive
suspension design, especially for applications requiring enhanced stability and durability
under demanding operating conditions.
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Tom tat. Hé thong treo tay don kép c6 vai trd quan trong trong viéc bao dam d¢ 6n dinh
chuyén dong va do an toan két cau cua 6 t6, do d6 viéc nghién ciru téi wu hoa cac thong sb
thiét ké cua hé théng treo 1 can thiét. Bai bio nay dé xuat mot phuong phép tdi wu hoa hé
thdng treo tay don kép bang cach tich hop mo phong dong hoc, téi wu hoa da muc tiéu va
phan tich phan tir hitu han. Trong tdm nghién ctiu 1 giam bién thién goc camber, t6i uu khdi
luong tay don dudi va cai thién hé sé an toan két cau. Trudce tién, mo hinh dong hoc cua hé
thdng treo duoc xay dung trén phan mém NX Motion nham danh gia chinh xac dac tinh 1am
viéc. Sau d6, nén tang t6i vu héa HEEDS MDO véi thuat toan thich tng SHERPA duoc 4p
dung dé ty dong phdi hop nhiéu chién lugc tinh toan, gitp xac dinh giai phap thiét ké tdi wu
toan dién. Cudi cuing, phan tich bén duoc thuc hién trong moi truong NX Simeenter 3D dé
kiém chung kha nang chiu tai va do tin cay cua thiét ké. Két qua nghién ctru cho thay, bién
thién goc camber giam dang ké tir 3,50° xudng 0,86°, khdi luong tay don dudi giam 22,67%,
trong khi hé s6 an toan tang tir 1,22 1én 1,42. Phuong phap dé xuat chirng minh tinh higu qua
va kha niang ng dung cao trong thiét ké hé thong treo 6 to, dac biét pht hop véi cac yéu cau
vé d6 6n dinh va do bén trong diéu kién van hanh khat khe.

Tir khoa: Hé thong treo tay don kép, goc camber, HEEDS, SHERPA, phan tich phan tir hiru
han, NX Simcenter 3D
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1. PAT VAN PE

Trong thiét ké hé thong treo 6 t6, viéc dong thoi dam bao 6n dinh dong hoc va do bén két
cau ludn 1a mot thach thic quan trong. Hé thdng treo tay don kép (Double Wishbone
Suspension) duoc danh gia cao nhd kha ning kiém soét bién thién géc camber hiéu qua hon so
vé6i cac cau hinh phd bién khac, dién hinh 1a MacPherson [1,2]. Tuy nhién, ciu trdc phic tap
cuing s6 lugng khép ndi 16n 1am gia ting kho khan trong qua trinh thiét ké, méd phong va tbi wu
hoa.

Cac tac gid trong [3] da nghién ctru mod hinh hoéa tay don chit A va cum 10 xo — giam chan
bang phan mém Creo V5, sau d6 phan tich phan tu hitu han (FEA) dé danh gid cac loai vat lieu
10 xo0 khéc nhau dudi cac diéu kién tai thay doi thdng qua sb vong cudn. Két qua phan tich cho
thay bién dang Ion nhat tap trung tai cac vi tri khop cau va khép ndi moay-o. Ung suit tap trung
nhiéu hon & tay don trén so véi tay don dudi. Phén tich tinh cho thay vi tri lién két gitra giam
chén va tay don dudi chiu wng suat Von Mises cao nhat trong hé théng. Céc vat liéu nghién ctu
déu chiu dugc tai 1én dén 1000N, dac biét 1a hop kim titan. Nghién ctu [4] dé xuat khung toi
vu hoa da muc tiéu cho thiét ké hé thong treo trudc kiéu hai don ngang, tich hop céc cong cu
SolidWorks®, ANSYS® Workbench, MSC ADAMS® va modeFrontier®. Muc tiéu la xac
dinh vi tri ti wu cua cac diém lién két nham giam dao dong than xe, khdi lugng hé treo va tng
suat cuc dai. Két qua cho thay phuong phap dé xuat gitp rat ngin thoi gian thiét ké, tang do
chinh xac va mé rong tudi tho hé thdng, déng thoi xac dinh dugc bién Pareto thé hién méi quan
hé danh doi gitra d6 6n dinh, kha ning diéu khién va do thoai mai cia xe. Phuong phap nay
cling ¢6 thé mé rong cho cac hé thdng co khi khac nhu truyén dong, lai va phanh. Tuong tu,
trong cong trinh [5] dé xuat phuong phap t6i uvu hoa tham sé cho hé thdng treo trude kiéu hai
don ngang. Két qua cho thiy cac tham sé téi wu gitip giam 37,5% do truot ngang béanh xe va
cai thién 61% gdc nghiéng tru dung.
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Hinh 1. So d6 tong quan hé thdng treo tay don kép va vi tri cac bo phan chinh.

Trong nghién ctru nay, nhom tac gia lya chon hé thdng treo trudc tay don kép cua mau xe
Suzuki Samurai 1am dbi tugng phan tich va téi wu héa. Suzuki Samurai 1a dong xe dia hinh
hang nhe (light off-road vehicle) duoc trang bi hé thong treo cd két cdu don gian, d6 bén cao
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va kha ning van hanh 6n dinh trén dia hinh g ghé. Viéc lra chon mau xe nay xuit phat tir tinh
phé bién, kha ning thu thap dit liéu kich thudc va tai trong thyc té thuan loi, dong thoi tao diéu
kién dé két qua nghién cau co thé ap dung cho cac dong xe off-road va xe tai nhe. Cac nghién
clru trude day cha yéu tap trung vao t6i wu hoa dong hoc [2], [6-12] hoic téi uu hoa két cau [6]
mot cach doc 1ap, trong khi moi quan hé tuong tac giita hai khia canh nay van chua duoc khai
thac toan dién. Bai bao nay hudng téi viéc lap day khoang tréng nghién ciru trén thong qua mot
quy trinh tich hop, bao gdm mé phong dong hoc, ti wu hoa da muc tiéu va phan tich bén bang
FEA.

Dé phuc vu cho viéc mé hinh hda va mé phong, cac thong sb ky thuat chinh cua hé thong
treo trudc Suzuki Samurai dugc téng hop trong Bang 1. Bang nay bao gom kich thuéc hinh
hoc, hanh trinh 1am viéc, tai trong tinh va dac tinh vat liéu cta tay don dudi, tao co s cho viéc
xay dung mo hinh dong hoc ciing nhu mé hinh FEA trong cac phan tiép theo.

Cac thong sb hinh hoc cua hé théng treo duoc trich xuit tir Bang 1, dong vai tro 1am di
liu dau vao cho viéc xay dung mé hinh co cau bén thanh (four-bar linkage) trong phan mém
NX Motion. Viéc sir dung céc gi tri nay cho phép md phong chinh xac bién thién goc camber
theo hanh trinh dich chuyén cua banh xe, tir 46 danh gia dic tinh dong hoc cua hé thng treo.

Bang 1. Thong s6 ky thuat hé thdng treo truéc Suzuki Samurai.

Bo phan Ky hiéu Gia tri Pon vi

Tay don trén a 167 mm
Moay-o b 362,7 mm
Tay don duéi c 421 mm
Khoang cach tir khép noi

tay don dwéi dén khung d 388,3 mm
Xe

Khoang cach tir A dén C e 326,8 mm
Géc cb dinh khung xe 0o 36,95 deg
Goc tay don dudi 04 110 deg
Géce xac dinh diém C o 22,5 deg

2.CO SO LY THUYET

Céc co 56 1y thuyét trinh bay trong phan nay duoc sir dung tryc tiép cho qua trinh mé phong
va toi wu hoa hé thong treo tay don kép ¢ phan 3, bao gom phan tich dong hoc, phéan tich (ng
suat va toi vu da muc tiéu.

2.1. Géc camber va tim quan trong

G6c camber ¢ 1a goc gitra mat phing banh xe va phuong thang dimg, xac dinh theo cong
thirc sau:
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Ay
0. = arctan (—) Q)
A,

Trong d6 Ax dich chuyén ngang ciia moay-o; A; dich chuyén diing caa moay-o.

Goc camber dong vai tro then chét trong viéc téi vu hoa kha ning bam duong va do 6n
dinh van hanh. Camber am, tirc banh xe nghiéng vao phia trong & phan trén, thudng dugc ap
dung dé tang dién tich tiép xdc giira 16p va mat dudng khi vao cua, tir d6 cai thién lyc bam va
giam nguy co truot ngang. Tuy nhién, camber &m qué 16n ¢ thé gdy mon mép trong cua 16p
nhanh hon, 1am giam tudi tho 16p va gia ting chi phi bao dudng. Camber duong, tirc banh xe
nghiéng ra phia ngoai ¢ phan trén, it duoc ap dung trén cac dong xe du lich hién dai do lam
giam luc bam khi vao cua. Tuy nhién, camber duong d6i khi van duoc sir dung trén mot sb xe
tai hogc xe chuyén dung nham dép (ing céc yéu clu dic thil vé tai trong hodc 6n dinh huéng.
Trong nghién cau nay, qua trlnh t6i uu hoa hé thong treo tay don kép dugc dinh huéng nham
giam bién thién géc camber vé gan gia tri toi uu, dong thoi can bang gitra hiéu qua luc bam khi
VAo cua va tudi tho 16p.

2.2. Ung suit Von Mises

Ung suat Von Mises hay con goi 1a tng suat twong duong 1a dai lugng pho bién trong phan
tich bén cua vat liéu kim loai chiju tai phuc tap. N6 duoc xay dung dua trén thuyét ning luong
bién dang (Distortion Energy Theory — DET), theo d6 vat liéu bat dau chay déo khi ning luong
bién dang do wng suat tac dung dat dén gia tri toi han, twong tng vai gisi han chay khi chiu kéo
don truc. Trong bai toan 3D, cbng thirc tong quat cua tng suat tuong dwong duoc biéu dién nhu
sau:

Oy

3 j(ax - ay)z + (o, — O'Z)Z + (0, — 0)% + 6(1%y + 13, + T2) )
=
2

Trong do Ox, Oy, Oy thanh phan tng suét phap tuyén theo ba truc x, y, z; Txy» Tyz Tzx thanh
phan tmg suét tiép tuyén.

Gia tri ovm cho phép so sanh truc tiép vai gidi han chay oy cua vat lidu. Néu: ovm < oy két
cau duogc coi la an toan trong mién dan hoi caa vat li¢u. Nguoc lai, néu ovm > oy vat liéu s¢ bat
dau bien dang déo tai vi tri twrong ung.

2.3. H¢ s0 an toan (FoS)

Hé s6 an toan (FoS — Factor of Safety) Ia ty 1¢ gitra kha nang chiu tai gi¢i han cua két cau
va tai trong (hogc tng suét lam viéc thuc té). Pay la chi tiéu quan trong trong thiét ké co khi,
gitip dam bao két cau khong bi pha hong ngay ca khi ton tai sai s6 ché tao, bién thién vat liéu
hoic tai trong bt thuong. Cong thire tong quat duoc xac dinh nhu sau:

FoS = OTallow (3)

Oactual

Trong d6 ogy10w Ung suét cho phép (thuong lay bang ing suét chdy cua vat li¢u oy chia cho
hé s phu thudc tiéu chuan thiét ké); o,ceyuq Ung sudt thuc té 16n nhat xuat hién trong két cau
chiu tai (trong nghién ctru nay 1a gvm, max).

Trong thiét ké co khi, gia tri hé s an toan phan anh murc do dy trit chju tai caa két cu so
véi dieu kién lam viéc thuc té. Theo quy udc, khi FoS > 1 két cau dugc coi 1a an toan dudi tai
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trong tinh todn. Néu FoS ~ 1, két ciu dang 1am viéc gan gidi han chiu tai tdi da do d6 can xem
Xét cac bi¢n phéap gia cuong hodc giam tai trong tac dung. Nguoc lai, khi FoS < 1 ket cau c6
nguy co pha hong va khong dap tng yéu cau thiet ke.

Bang 2. Thong sé co 1y hop kim nhém A356-T6.

Thong s6 Ky hiéu Gia tri Pon vi
M@ dun dan hoi E 70 GPa
Hé sb Poisson v 0,33 -
Giéi han chay Oy 230 MPa
Khéi lweng riéng p 2,68 glcm3

Trong thiét ké hé thong treo 6 t6, FoS la chi s6 quan trong quyét dinh kha nang van hanh
lau dai va chiu duoc cac tinh hudng tai trong cuc han, nhu 6 ga, vao cua tdc d6 cao hoic va
cham nhe. FoS qua thap 1am ting nguy co gdy hong hoic bién dang vinh vién cua tay don, trong
khi FoS qua cao thuong dong nghia véi viéc két cau “qua bén”, dan dén du thira vat liéu, ting
khbi lwong va giam hiéu suat nhién liéu. Do do, trong t6i wu thiét ké, muc tiéu 1a dam bao FoS
nam trong khoang an toan hop 1y (thuong 1,3-2,0 cho chi tiét 6 to), dong thoi giam khéi luong
nham cai thién hiéu suat va kha niang van hanh. Trong qua trinh phan tich bén va téi uvu hoa tay
don dudi, viéc xac dinh chinh x4c cac dic tinh co hoc caa vat lidu 1a yéu té then chét dé dam
bao d¢ tin cay cua két qua md phong. Vat liéu st dung trong nghién ciru nay 1a hop kim nhém
A356-T6, dugc chon do c6 khéi lugng riéng thap, kha ning chdng an mon tot va do bén co hoc
phti hop cho cAc chi tiét chiu tai dong nhu tay don hé treo. CAc thong so co hoc chinh cia vat
liéu duoc trinh bay trong Bang 2, 1a dit li¢u dau vao cho md hinh phan tur hitu han cling nhu cac
tinh toan lién quan dén ung suat twong duong, bién dang va hé sé an toan.

3. PHUONG PHAP NGHIEN CUU

3.1. M6 hinh dong hoc

Dua trén céc thdng sé hinh hoc di Iya chon, bao gém chiéu dai tay don va khoang cach
gitra cac truc khép, mot mo hinh dong hoc cua hé thdng treo tay don kép duoc xay dung trong
phan mém NX Motion. M6 hinh nay bao gdm ba khi chuyén dong chinh (motion bodies): tay
don trén, tay don dudi va moay-o, nhu thé hién trong Hinh 2 [13-14].

Céc lién két co khi duoc md ta thdng qua khap ban I& (revolute joints) va khép cau
(spherical joints) dit tai cac vi tri két ndi giita tay don vaoi khung xe va moay-o. Mot truc gia
lap banh xe duoc gan vaéi cum knuckle nham do phuong nghiéng ctia banh xe so véi truc dung,
tir d6 xac dinh sy bién thién cua goc camber.

M® hinh nay cho phép md phong chinh xéac hanh trinh chuyén dong caa banh xe, danh gia
tac dong cua cac théng sb hinh hoc dén on dinh hudng va luc bam. Bang thai, viéc khai bao
céc thdng sd hinh hoc chinh dudi dang bién thiét ké (design variables) tao diéu kién thuan loi
cho qua trinh t6i vu hoa da myc tiéu, bao goém giam bién thién camber, giam khdi luong tay
don va nang cao hé sb an toan cua két cau.
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\, Tay don trén

Banh xe

ZC

Tay don dwéi \,—J—

Hinh 2. M6 hinh dong hoc hé thdng treo trong phan mém NX Motion.

Dé phuc vu cho qué trinh téi vu héa, cac tham sé hinh hoc chinh, bao gém a, b, ¢, d (chiéu
dai céc lién két) va 0, (goc dinh hudng tay don dudi), duoc khai bao dudi dang bién trong
Expression cia phan mém NX. Nhiing bién nay duoc dinh nghia 14 bién thiét ké (Design
Variables) va s& duoc sir dung lam dau vao cho qua trinh t6i wu hoa da muc tiéu bang cong cu
HEEDS MDO. M# hinh 3D hé treo tay don kép duoc thiét ké trong NX CAD va nhap vao NX
Motion dé phan tich dong hoc véi hanh trinh £50 mm. Cac bién thiét ké chinh bao gém chiéu
dai tay don trén (a), chiéu dai tay don dudi (c) va goc gan giam chén (6.).

3.2. T6i wu hoéa hinh hoc

Dua trén cac théng sé hinh hoc di luva chon cia hé thong treo tay don kép, bao gom chiéu
dai tay don va khoang cach gitra cac truc khap, mot moé hinh 3D dugc xay dung trong moi
truong NX CAD. Md hinh nay md phong chinh xé&c cau tric va nguyén ly hoat dong cua hé
thdng treo nguy&n mau, nhu thé hién trong Hinh 1. Tiép theo, mé hinh dong hoc dugc thiét lap
trong NX Motion dé phan tich bién thién géc camber trong sudt hanh trinh chuyén dong cua
banh xe. Md hinh gom céac khdi chuyén dong chinh 1a tay don trén, tay don dudi va moay-o;
cac khop ban 18 va khép cau dugc gan tai cac vi tri lién két gitra khung, tay don va moay-o, nhu
the hign trong Hinh 2. D& phuc vy qué trinh t6i wu hoa, cac thong s6 hinh hoc chu chét, bao
gom a, b, ¢, d (chiéu dai céac lién két) va 0, (goc dinh huéng tay don dudi), dugc khai bao dudi
dang bién trong Expression cua NX Motion. Nhiing bién nay dwoc dinh nghia 1a bién thiét ké
va s& duoc sir dung lam tham sé dau vao cho phan mém tbi wu hoa HEEDS MDO, nhu thé hién
trong Hinh 3.

% Tén bién sé s Gia tri’ nho| Gia tri | Gia trg lIon | Do min két
T : nhat co ban nhat qua hién thi
1|Goc dinh vi cia tay don_1 |Ham lién tuc 100 110 120 50
2| Tay don dwéi A_1 Ham lién tuc 396 421 446 50
3|Tay don trén A_1 Ham lién tuc 142 167 196 50

Hinh 3. Khai béo cac bién thiét ké trong NX Motion.

Két qua md phong ban dau cho thiy goc camber bién d6i dang ké khi hé thong treo nén va
gidn, anh huong truc tiep dén kha nang bam duong va do mon 1op. Do thi bién thién camber
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truéc khi tdi wu hoa duoc trinh bay trong Hinh 4.

, : )

0,5/ Gia tri thye

0!

(=)
2

'
-

Goéc Camber Lan chay 1

1,5

Goéc Camber (°)

0 1 2 3 o 5 6 7 8
Thoi gian (s)

Hinh 4. D) thi bién thién goc camber trude khi téi vu hoa.

Qua trinh ti wu hoa hé thong treo tay don kép duoc thyc hién trén phan mém HEEDS
MDO véi myc tiéu ddng thoi giam khéi luong tay don dudi va nang cao FoS. Bai toan tdi uu
st dung thuat toan tim kiém toan cuc, thay doi cac bién thiét ké trong gii han cho phép, két
hop mé phong dong hoc va phén tich FEA cho tirng cau hinh. Trong nghién ctu nay, HEEDS
MDO dugc &p dung cung thuat toan SHERPA, mét thuat toan lai (hybrid) va thich tng
(adaptive) c6 kha ning tu dong diéu chinh cac tham sé tim kiém dua trén ddc diém cua khong
gian thiét ké. SHERPA gilip rit ngan thoi gian tinh toan va ting kha nang tim kiém nghiém t6i
uu toan cuc. Trong bai toan t6i wu hé thong treo tay don kep, SHERPA duoc cau hinh dé tim
kiém mot nghiém t6i wu duy nhat dwa trén trong s6 caa cac muc tiéu, phu hop khi cac muc tiéu
t6i uu (t01 uru héa khdi lugng va nang cao FoS) khong xung dot dang ké. Tong cong 150 phuong
an thiét ké khac nhau da duoc phén tich va danh gia, moi phuong an 1a mot t6 hop gié tri bién
thiét ké (a, b, c, d, 0.) nam trong pham vi cho phép. Két qua danh gia dya trén mo phong dong
hoc dé xac dinh bién thién camber va phan tich FEA dé tinh ung suat twong duong ciing nhu
khéi lugng thanh phan. Hinh 5 cho thay rang, phuong 4n t6i uu dat duoc tai trueong hop thir 107
vé6i cac thdng sb hinh hoc va két qua bién thién goc camber nhu sau:

e Chiéu dai tay don trén (Upper A-arm): 196 mm.
e Chiéu dai tay don dudi (Lower A-arm): 396 mm.
e Goc tay don dudi (Lower arm angle): 111,837°.
« Bién thién goc camber: 0,650°.

o Ky K .z = P . . %z, |G6c dinh vi cia| Tay don | Tay don
Ma thiet ke Bién Goc 16n nhat | Goc nhé nhat tay flom 1 dwoiA 1|trénA 1
106 0,701873| 0,000916732 -0,700957 112,245| 398,041 194,898
107 0,653974 0,00326586 -0,650708 111,837 396 196
108 0,826205 0,0207984 -0,805407 111,02 396, 194,898

Hinh 5. Két qua 150 phuong an thiét ké trén HEEDS MDO, trong d6 truong hop thir 107 13 ti uu.
Cau hinh t6i uu nay cai thién dang ké su 6n dinh ctia goc camber trong sudt hanh trinh hé
thong treo, nang cao kha nang bam duong khi vao cua va giam nguy co mon 16p khong deu.
bong thoi, viéc dieu chinh hop ly chiéu dai va goc tay don giup giam ung suat tap trung trén
cac lién keét, tir do tang d6 bén keét cau.
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Hinh 6 thé hién méi quan hé gitra cac bién thiét ké va tham sb phan héi trong qua trinh toi
ru hoa hinh hoc hé thdng treo tay don kép bang thuat toan SHERPA trong moéi truong HEEDS
MDO. Tap dit ligu gom 150 céu hinh thiét ké, trong d6 duong mau xanh nhat bicu dién toan bo
tap phuong 4n, duong mau xam la ciu hinh co so (baseline) va dudng mau den dam 1a phuong
an t6i wu (#107). Phuong 4n t61 wu cho thay su dich chuyén dang ké so véi ciu hinh co sé & cac
bién hinh hoc chu chét, gdm: chiéu dai tay don trén (LUA = 196 mm), chiéu dai tay don dudi
(LLA = 396 mm), g6c lip dit tay don dudi (LA = 111,837°), cling Vvéi bién thién goc camber
(Ay = 0,654°). Su diéu chinh dong thoi cac bién nay da lam giam dang ké bién thién camber
trong suét hanh trinh nén gian, tir d6 nang cao 6n dinh dong hoc banh xe khi vao cua va han
ché mon 16p khong déu.

0,106631  -0,00970084  0,106631 9,63492 6,10951 -0,0825632  -0,191645 120 446 196
| 1 | |
7 [0,011357 T £0,191645]—1 T [196]
T L —
/
g

i
[0,0113572 /

/iii_f»

%

iy e
5.7E-05 % fo,653974 0,00326586 *x *
r T T T T
0 -0,0680179 -0,132173 0,653974 0 -7,61306 -1E+99 100 396 142
Do ning DO nén Do cong D bién Géc cue Goéc cuc Hiéu Goc Tay don  Tay don
bianh xe  binh xe quy dao thién dai tiéu suat dinh vi 1 duéi 1 trén 1
cucdai  cwec tiéu banh xe = .
[ = Tat ca Thiét ké = Thiét ke ]
thiét ke toi uru ban dau

Hinh 6. Db thi toa d6 song song minh hoa truc quan 150 trudng hop thiét ké.
Thuat toan SHERPA tbi wu héa hiéu qua cdu hinh hinh hoc théng qua viéc khai thac mbi
twong quan phi tuyen giira cac bien, dam bao dat nghiém toi uu toan cyc trong khdng gian thict
ké ma khong can phu thudc vao gia dinh tuyén tinh cia ham muc tiéu.

Bién thién
Goc cue dai

Goc cuc tieu

RAR:

Thiét ké t6t nhit
[£]  Thiét ké ban diu

I

!‘ !st..J" :

FEE T — 0

A$
U

T T T T T T T T T T T T T T
0 S0 100 150

Trwong hop thir nghiém
Hinh 7. B thi thay d6i gid tri bién thién goc camber cua 150 trudng hop.

1194



Tap chi Khoa hoc Giao théng van tai, Tap 76, S6 09 (12/2025), 1186-1199

Hinh 7 trinh bay dién bién gié tri bién thién goc camber (variation), camber cuc dai
(max_deg) va camber cuc tiéu (min_deg) caa toan bo cac ciu hinh thiét ké trong qua trinh tdi
wu héa. Truc hoanh thé hién sé thir ty cua ting phwong an, trong khi truc tung biéu dién gié tri
cuia cac tham sb dong hoc twong Gng.

Két qua cho thdy duong mau xanh 14 m6 ta sy thay doi cua bién thién camber giira céc
phuong an, trong d6 dau Cham vang dai dién cho cau hinh téi wu do thuat todn SHERPA xéac
dinh. Biéu nay chung minh rang phuong an hinh hoc tdi wu khéng chi giam thiéu bién thién
camber trong sudt hanh trinh 1am viéc caa hé thdng treo ma con cai thién 6n dinh hudng va han
ché hién trgng mon 16p khong déu, qua d6 dam bao sy can bang giira higu suat van hanh va do
bén 16p.

3.3. Phan tich bén két ciu

Mo hinh tay don dué6i duogc chia ludi trong NX Simcenter 3D duogc dit tai vi tri gin 10 xo,
gdc léch 15° va tai trong:

Frea = 6620 x 1,2 = 7944 N 4)

Hinh 8. Mo hinh, lu6i phan tir va diéu kién bién.

4. KET QUA VA THAO LUAN

4.1. Két qua toi wu dong hoc

~ Bang 3 50 sanh gia trj bién thién goc camber (Acamber) giita CAu hinh ban dau va ciu hinh
toi wu. Ket qua cho thay Acamper giam tir 1,25° xuong 0,65°, chiing t6 toi uu hoa hinh hoc bang
HEEDS MDO két hop thuat toan SHERPA da hiéu qua trong giam bién thién camber ¢ diéu
kién khao sat.

Bang 3. So sénh gié tri Acamber trudc va sau toi uu.

Thay doi 50 V6i
ban dau

Ban dau 1,25 - -

Céu hinh thié’t ké Acamber (O) Ti Ié glﬁm (%)

Sau t6i wu 0,65 Giam 0,60° 48

Két qua & Bang 3 cho thiy Acamber gidm déng ké (48%) sau qua trinh tdi wu hoa. Giam
Acamber nghia 1a blen thién goc camber tai cac trang théai 1am viéc dic trung duoc han ché hon,
dan dén tiép xdc téi wu hon giita 16p va mat duong trong nhiéu diéu kién van hanh. V& mit
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dong hoc, diéu nay gitp giam dao dong lec bén va giam nhay cam véi tai trong goc, gép phan
cai thién 6n dinh lai va giam nguy co mon 16p khong déu.

Bang 4 so sanh Acamper todn hanh trinh tru¢c va sau toi uu. Sau t6i wu hoa, Acamber giam tur
3,50° xuong 0,86°, cho thay giam manh bién thién camber trong toan hanh trinh.

Bang 4. S0 sanh Agamber toan hanh trinh trudc va sau téi wu.

Thay ddi so véi

Trang thél Acamber (O) ban d::'iu

Ti I€ giam (%)

Ban dau 3,5 - -

Sau t6i wu 0,86 Giam 2,64° 75,43

Bang 4 nhan manh hiéu qua hon & pham vi hanh trinh: Acamber todn hanh trinh giam 75,43%
sau t6i uvu héa. Mwc giam 16n nay cho thay thiét ké téi wu khong chi cai thién gié tri camber &
mot diém dic trung ma con duy tri camber 6n dinh xuyén sudt hanh trinh chuyén dong caa hé
thdng treo. Hau qua tryc tiép 1a dién tich tiép xuc caa I6p véi mit dudng it thay doi hon khi hé
thong treo 1am vigc, lam giam md-men do géc camber sinh ra va phan b6 ang suét 16p dong
déu hon, do d6 giam mon khong déu va cai thién tinh 6n dinh dong hoc cua xe trong cac tinh
hudng chuyén huéng va qua 6 ga.

4.2. Két qua FEA

Bang 5 trinh bay so sanh @ng suat 16n nhat (omax), FoS va khdi lwong két cau caa hé thong
treo tay don kép trudc va sau qué trinh tdi wu hoa. Két qua cho thdy omax giam tir 188 MPa
xudng 153 MPa, ddng thoi FoS tang tir 1,22 18n 1,42. Bén canh d6, khéi lugng két ciu giam tir
2,36 kg con 1,83 kg.

Sy cai thién dong thoi ¢ ca ba chi tiéu nay khang dinh tinh hiéu qua cia phuwong an hinh
hoc tdi wu, khdng chi nang cao d¢ bén va an toan cua két cau, ma con giam khéi luong thanh
phan, tir d6 cai thién hiéu suat van hanh, giam luc khdng treo va nang cao kha nang tict kiém
nhién liéu. Ngoai ra, viéc téi uu hoa nay con gip phan bd tng suat ddng déu hon, han ché céac
diém tap trung ung Suit va tang do tin cay dai han cia hé thong treo trong diéu kién van hanh
thuc té.

Bang 5. Két qua bén cua két cau.

Trangthéi  omx (MPa) Fos  Khoilueng
(ka)
Truwéc 188 1,22 2.36
Sau 153 1,42 1.83

4.3. Panh gia két qua téi wu hoa va cai tién thiét ké

Hinh 9 minh hoa két qua phan tich toi wu hoa khdi lwgng va img suat twong duong cua tay
don dudi h¢ thong treo tay don kép. Truc hoanh thé hién khoi lugng ket cau (kg), trong khi truc
tung biéu dien g suat tuong duong (MPa).
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Khéi lwong

Hinh 9. Mdi quan hé giira ing suét va khéi lugng theo céc bién thiét ké toi uu.

Céc diém mau xanh trong do thi biéu thi cic phuong an thiét ké duoc sinh ra trong qua
trinh t6i wu héa, trong khi diém mau vang dai dién cho phuong an tdi wu (Best Design) theo
tiéu chi lya chon. Phuong 4n nay dat ung suat tuong duong tét nhat =~ 161,7 MPa, twong ting
FoS ~ 1,42, dam bao nam trong giGi han cho phép cua vat liéu, dong thai khdi lwong duoc duy

tri & mic ~ 5,8 kg, can bang gitra yéu cau giam khdi luong va duy tri do bén.

l 161,20

— 147,77

134,34
120,92
107,49
94,06
80,63
67,20
53,77
40,34
26,92

13,49

|| [

0,06

)

[MPa]

Hinh 10. Phan tich phan tir hitu han sau khi t6i uu cac tham so.
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Két qua cho thy viéc cai tién hinh hoc (céc thong sb bo géc, chiéu day, khoang céch va
kich thudc 6ng) giup t6i wu hoa dong thoi hai tidu chi quan trong 1a 6 bén va khéi luong. Cac
phuong an khong t61 uu thuong c6 khbi luong thap nhung tng suat cao, hoic nguoc lai, minh
chang cho sy can thiét cia mot phuong phap t61 wu hoa da myc tiéu, nhu thé hién trén Hinh 10.
Phan tich méi quan hé¢ gitra khéi lwong va Gng suat tuong dwong cua tay don dudi cho thay XU
huéng phi tuyén. O nhém khéi lwong thap (= 2-4 kg), tng suat phan bb khong dong déu véi
nhiéu diém > 800 MPa, tiém an nguy co vuot quéa gidi han chiu tai. Trong khoang khdi lugng
trung binh (= 5-7 kg), phan b6 ing suat dong déu hon, phan I6n gia tri dudi 200 MPa, dugc
xem 1 vuing thiét ké “an toan” va hiéu qua. Khi khoi lugng > 8 kg, tng suat khong giam dang
ké so vai viing 6-7 kg, cho thdy hiéu suat toi uu giam dan. ‘Phuong an t61 wu nhét (diém vang)
dat khéi lugng ~ 6 kg va tng Suat ~ 150 MPa, thé hién diém can bang hop ly giita giam khoi
luong va dam bao do bén két cau.

Bang 6. So sanh gia tri khéi luong va ang suat sau khi téi uu.

Kho(lklg';qng Ung suit (MPa)  Hé sé an toan
T}hlét ké ban 75 205 1,03
dau
Thiét ké toi wu 5,8 161,7 1,42
% thay doi 22,67 21,12

Bang 6 cho thay rang, sau qua trinh t6i wu hoa cac gia tri bién thiét ké thu dugc tir HEEDS
MDO duoc ap dung dé hiéu chinh mé hinh va tién hanh phan tich lai. Két qua cho thdy phan
bd (ng suat tré nén ddng déu hon, dic biét tai cac vi tri goc bo, nhan manh vai tro cua cac thong
s6 hinh hoc nhu mot yéu t6 gia cuong két cAu. Hai thong s6 chinh sau toi uu 1a (ing suat cuc
dai 161,7 MPa va khéi luong 5,8 kg. Vi gia tri tng Suat nay, hé s6 an toan dugc xac dinh la
FoS =230/ 161,7 ~ 1,42, dam bao dap tng yéu cau vé do bén cua chi tiét trong diéu kién lam
viéc tinh toan.

5. KET LUAN

Két qua nghién ctiu cho thay quy trinh ti wu hoa dé xuat dat dong thoi ba muc tiéu chinh:
giam dang ké bién thién goc camber, giam khéi lwong két cu va ting hé sé an toan (FoS). Cu
the, Acamper giam 75,43% so0 V&i cau hinh ban dau, trong khi khdi luong tay don giam 0,53 kg,
g6p phan giam khéi lugng khong treo va cai thién kha ning dap ung dong hoc cua hé thdng
treo. Quy trinh tich hop mé phong dong hoc, téi wvu héa da muc tiéu va phan tich bén bang
phuong phép phan tir hiru han (FEA) da chimg minh hiéu qua trong viéc cai thi¢n dong thoi
dac tinh dong hoc va do bén két ciu cua hé thong treo tay don kép. Phuong phap nay vira dat
két qua t6i vu vé mat ki thuat, vira dam bao tinh kha thi trong san xuat. Huong phat trién trong
tuong lai nhom tac gia tap trung vao nghién ciu toi wu hoa cac chi tiu tiéng 6n-rung dong-do
gan (Noise — Vibration — Harshness) va mé rong mé phong sang cac diéu kién tai dong phic
tap hon, nham danh gia toan dién hiéu suat va do tin cay cua hé théng treo trong céc tinh hubng
van hanh thyc té.
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