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TOM TAT

Bai bdo nghién ciru xdc dinh dnh hwéng cia théng téc dé xe (Xi, km/h), cGu
tao géc nghiéng kinh trudc (Xz, d), géc nghiéng ndp capo (X, d6) tdi lurc cén
(Fa) khi @éng hoc cta xe 6 té dién, véi muc tiéu xdc dinh duoc lwe cdn nhé
nhdt nhdm gidm mure tiéu hao néng lvong cho xe va néng cao dé an toan khi
vén hanh. Nghién ciru da sir dung phwong phdp phdn tich phén t& hivu han
(FEA) tim ra mién gidi han cda lwc cdn, két hop vdi phuong phdp bé mét ddp
t*ng (RSM) dé xdc dinh gid tri t6i wu Fy. Két qud phén tich ANOVA cho théy
mé hinh héi quy cta F, c6 dé tin cdy gid trj cao vdi R? = 0,9862, xdc dinh duoc
théng sé c6 Gnh hudng I6n nhét dén lwc cén Fyla X1 16 66,28%, théng s6 X
va X3 dnh hu'dng rét it. Két qué t6i wu cho théy vdi X1 = 32,456 (km/h), X =
15,99 (dd), X3 = 14,97 (d8) thi gid tri lwc cdn Fy (min) = 77, 426 (N). PE xdc
minh hiéu qué cta phurong phdp, mé hinh vé xe duoc thiét ké lai va phén tich
FEA vdi cling diéu kién. Két qud dat duwoc Fa2 =78, 696 (N) ¢6 sw chénh 1,613%
nhé so vdi cdc gid tri téi wu thu dworc, do dé phuwong phdp st dung va két qua
téi wu cé dé tin cdy.

ABSTRACT

This paper conducts a study to determine the influence of: vehicle speed on
(X1, km/h), structural parameters a windshield angle X, (degrees), and a hood
angle X (degrees) for the dynamic drag force (Fd) on an electric car, with the
goal of identifying the minimum drag force, reducing energy consumption for
the vehicle, and ensuring safety during movement. The study utilized the
Finite Element Analysis (FEA) analysis method to find the drag force
limitation, and then combined it with the Response Surface Methodology
(RSM) method to determine the optimal values influencing parameters to
achieve minimum force Fd. The ANOVA analysis identified that the regression
model of F4 has a high reliability value with R? = 0.9862, determining that the
parameter with the greatest influence on the drag force Fy is X;, accounting
for 66.28%, while parameters X. and Xs; have very little influence. Research
results established that at a vehicle with a speed of X;= 32.456 (km/h), a
windshield angle X, = 15.99 (degrees), and a hood angle X3 = 14.97 (degrees),
the minimum drag force value Famin = 77.426 (N). To verify the effectiveness
of the optimization method, the tire model was redesigned and analyzed
using FEA under the same conditions. The results of Fy; = 78.696 (N), with a
small deviation of 1.613%, therefore, the methods used and the optimal
results are reliable.
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1. DAT VAN DE

Nghién ctru vé khi déng luc hoc 6 t6 d3 trd
thanh mot yéu té quan trong ddi vai cac dong
xe hoi nén rat nhiéu céc céng trinh khoa hoc
trong Iinh vure nay duoc cong bd [1 - 4]. Khi 6 td
chuyén dong trong moi truding khéng khi sé bi
cac lyc va mémen khi déng hoc tac dung lam
anh hudng dén tinh nang chuyén dong clia 6 to
va lugng tiéu hao nhién liéu. Téng trong lwong
va hinh dang bén ngoai xe la moét trong nhirng
yéu td quan trong dnh hudng dén dac tinh khi
déng luc hoc chia xe [5 - 7]. Hién nay, v&i suw phat
trién manh ctia cac cdng cy, phuong tién ho tro
tinh todn s6 ra doi, tinh todn ddng lwc hoc chat
lbng CFD (Computation Fluid Dynamic) da tré&
thanh cong cu hitru dung trong viéc vdc lugng,
du dodn luc can khi dong tac dong Ién xe 6 t6.
D3 cb nhiéu nghién clru vé khi déng hoc trén 6
t6 bang nhiéu phuong phap va phan mém khac
nhau, loai xe khac nhau nhu phuong phap CFD
trong phan mém Ansys - Fluent cla nhitng tac
gid: Nghién ctru cai thién dac tinh khi déng hoc
than vo xe 0 t6 dién HaUI-EV2 [8], hay nghién
ctru thiét k& 6ng khi ddng hoc dé dénh giad anh
huwdng cua lyc can khong khi lén vo xe 6 t6 dién
HaUI-EV2 [9]; Nghién ctru khi dong hoc vo xe 6
t6 khach c& Ién 51 chd cla Trudong Hai THACO
KB120LSI sdn xuat tai Viét Nam, bai todn dwoc
xay dwng dua trén phuong trinh Navier - Stokes
don gidn hoa dang RANS véi gid thiét chat khi
khéng chiu nén két hop véi cdc mé hinh dong roi
nhdt [10]; M6 phdng dac tinh khi déng lwc hoc
xe buyt dwoc 13p rap tai Vit Nam [11]; Nghién
cru ddc tinh khi dong lwc hoc loai xe tai nhé Tata
-1105T, trong nghién ctru nay nhdm tac gia st
dung phan mém chuyén dung Hyperwork;
Nghién clru dp suat, van toc ctia dong khi bao
quanh xe va hé sé can chinh dién cuta xe, lam co
s& cho bai todn thiét k& khung vo xe tai [12]. M6t

s6 nghién clru gan day cd dé cap nghién clru xac
dinh hé sé luc khi ddong clda xe tadc dung theo
phuong ngang anh hudng dén én dinh chuyén
dong cua xe du lich, trong nghién ctru cling xac
dinh céc gia tri l&n nhat, nho nhat cda hé sé luc,
momen khi déng tir cdc ham todn hoc tuong
(rng trong diéu kién kho sat [13]; Trong nghién
ctru khi déng hoc trén 6 t6 [14], tac gia cho thay
lwc cdn khong chi anh huwéng dén mirc tiéu thu
nhién liéu, nghién cru con dé cap dén hé sé luc
nang (hé sé bam) trén mot sd xe 6 t6 thong dung
tai Viét Nam, nghién clru cho thay khi van tdéc
tang 1én gid tri lwc cdn va hé s lyc nang gidm
tuwong rng. Tuy nhién, phan I&n cac nghién cru
hién nay chd yéu chi dua ra luc cdn khi dong hoc
tac dong 1én vé than xe théng qua md phdng vai
cdc phan mém chuyén dung cho nhiéu loai xe
khéac nhau. R4t it nghién cru chd trong dén viéc
t6i wu hda cac théng s6, dac biét 1a doi véi xe 6
to dién.

Xe 6 t6 dién (xe cdng nghé xanh) 1a mét san
pham d3a duwoc cac nha khoa hoc cta Khoa Co
dién va Cong trinh - Truwong Pai hoc Lam
nghiép nghién ctru thiét k& ché tao [15], nham
phuc vy dao tao va trai nghiém tai Trwong Dai
hoc Lam nghiép (Hinh 1). Hién tai, xe da hoan
thién vé thiét k&, ché tao, |ap rap va da duoc
th&r nghiém céng nghé ban dau, dap &ng céc
yéu cau d3 dé ra. Tuy nhién, viéc danh gia va
t8i wu hoda ciu trdc vo xe dé nang cao cac chi
tiéu ky thuat va dam bao an toan khivan hanh
van chua dwoc thuc hién. Do d6, nghién ciru
nay s dung phuwong phdp CFD dé xéc dinh cac
thong s8 t6i wu vé xe nham muc tiéu giam luc
can cta khong khi, tlr d6 giam murc tiéu thu
nang lvgng va nang cao tinh an toan trong qua
trinh van hanh. Két qua nghién clru sé la co s&
tham khdo cho viéc cdi tién cac phién ban xe
trong tuong lai.
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2. PHUONG PHAP NGHIEN CUU

S dung phan mém Solidworks flow
simulation dé mé phong, tinh toan, khdo sat
hinh dang anh huéng dén luc can khi déng hoc
clia vo xe 0 t6 dién, xac dinh lwc can toi wu. Két
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hop phuong phdp RSM (phwong phap téi wu da
muc tiéu) bang phan mém ANOVA dé xac dinh
cac thdong s6 t6i wu duwa ra cadc dé xuat cai thién
hop ly nhat, nham gidm mrc tiéu thu nhién liéu
va nang cao tinh an toan khi xe van hanh
chuyén dong.
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Hinh 1. Kich thuéc bao cla xe 6 td dién (xe cédng nghé xanh)

2.1. Xay dwng md hinh va mé phéng khi dong
hoc

DPé xac dinh dworc lwc can khi déng hoc tac
dong vao xe khi xe chuyén déng viéc xay dung
m& hinh hinh hoc cla xe, trong nghién cru nay
st dung cdc module CAD cla phan mém
Solidworks dé xay dwng md hinh hinh hoc 3D
gian lugc cla xe khao sat. Khi thyc hién mé
phdng, dé phu hop vdi khd nang tinh toédn cua
mdy tinh nhung van dam bao duoc tinh dung
dan, do tin cay va sy tuong thich cla bai toan

nghién ctru véi thuc té, nghién clru duwa ra cac
gia thiét: mo hinh vo xe 1a tuyét ddi cirng, vo xe
khéng duwoc bién dang trong qud tinh mé
phdng; bo qua qua trinh trao d6i nhiét gitra vo
xe va khong khi; bé mit vo xe 13 bé mat nhan,
gam xe dugc boc phang; van toc dong khi tai
dau vao cla khéng gian md phdong ¢ huwdng
song song vdi truc doc cla xe, théi theo huwdng
tlr dau xe t&i dudi xe va co gid tri khdng d6i. Mo
hinh sau khi xay dwng nhu Hinh 2.

Hinh 2. Thiét 1ap vung khdng gian md phdng va chia lwdi

Khi di chuyén trén duwong, khéi khdng khi
bao quanh vo xe sé sinh ra cac lyc can khi dong
lwc hoc cé d6 I&dn phu thudc vao hinh dang khi
dong hoc cda vd xe, mat do khéng khi, toc d6
tuwong doi gilra xe va gié... Luc cdn chinh dién
dugc theo cong thirc:

Fa=5pV2CiA (1)

Trong do:
F4: Lwc can chinh dién (N);
p: mat d6 khong khi (kg/m?3);
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V: téc do twong déi (m/s);Cy:

Cq: hé s6 can chinh dién;

A: dién tich can chinh dién (m?).

Lwc can Fq khién cho viéc tang toc tré nén
khé khadn vi nd ti 1& v&i binh phuong van téc.
Nghfa la khi van t6c gia tdng véi mot tri s6 nho
thi lwc can lai gia tdng v&i mot tri sd rat 1on.
Thanh phan dién tich can chinh dién (yéu té vé

géc nghiéng kinh truéce, goc nghiéng ndp capo)
cling anh huwdng dén luc cdn Fq.

DE ddm bao vé mit ciu tao, két ciu cla xe
va tién ich cha ngudi ngbi lai. Trong nghién clru
Iwa chon 3 théong s6 anh hudng dén Fq gém
théng sé vé van toéc X1 (30 + 50 km/h), goc
nghiéng kinh trudc X, (10 + 20 d6), gdc nghiéng
nap capo Xs (5 + 15 dd) nhu Hinh 3.

Hinh 3. Cic thong s6 nghién ctru trén xe 6 td

2.2. T6i wu hoa cac théng s6 bang phuong
phap RSM

Phuong phap RSM |3 phuong phap téi uu
hod quy hoach thuc nghiém, dung dé khao sat

xac dinh cac théng sé tdi wu X1, X2, X3 véi ham
muc tiéu Fg dat gia tri nhdé nhat. Gid tri m3 hod
v@i 3 mirc ddm bao tinh ddi xirng thé hién nhu
Bang 1.

Bang 1. Gia tri ma hoa va gia tri thwc cla cac théng sd khao sat

L Mirc thap Mirc tdm Mirc cao
Thong so
-1 0 +1
X1 (km/h) 30 40 50
X2 (d0) 10 15 20
Xs (do) 5 10 15

Phuong trinh héi quy tong quat cé dang:

k k k
V=Bo+z BWZ Biixi2+z Bxixyte (2)
i=1 i=1 ij

Trong do:

y - Ham muc tiéu (Fq) ;

xi - Nhan t6 hodc su kién hay yéu td anh
hudng 1én ham muc tiéu (X1, X2, X3);

Bi - Hé s6 hoi quy bac 1, md td anh huwdng
clia cdc nhan td x; |dn ham muc tiéu;

Bij - Hé s hoi quy bac 1, mo ta anh huwédng
dong thoi cia 2 nhan té xiva x;;

Bii - Hé s& hoi quy bac 2, mé td anh huwéng
bac 2 cta nhan to xilén két qua thuc nghiém;

Bo- Hé sb tu do trong md hinh;

€ - Sai s6 thong ké lién quan dén gid tri trung
binh.
3. KET QUA VA THAO LUAN
3.1. Xac dinh lyc can khi déng hoc phan tich
FEA

Két qud mé phdng vdi van téc trong khodng
khdo sat tir (30+ 50 km/h) cia mé hinh than vo
xe dién ta dwoc két qud phan bd dong khiva dp
suat nhu Hinh 4.
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Hinh 4. Phan bd dong khi va ap suat tac dung 1én vé xe 6 td dién

Tl k&t qua Hinh 4 dya vao su phan bé mau
sac quang phd thé hién do I&n vé ap suat cé su
thay d6i mau sac tir xanh 14 cay dén mau dé tai
nhiéu vung khdc nhau trén vo xe 6 td dién. Tai
khu vire dau xe va vlung tiép néi giita nap capo
vai kinh chdn phia trwdc 1a vung cé 4p suat lon
nhat. Phan gdm xe va dudi xe 4p suat nho, hau
nhu it anh hudng. Nhu vay tai phan dau xe va
vung ti€p noi gitta ndp capo véi kinh chan phia
trwdc 1a nhirng viing tiép xuc truc tiép véi dong
khi luén cé &p suat Idn hon so véi nhirng vi tri

khdc. Do ¢6 sy khac nhau vé dp suat xung
quanh xe la nguyén nhan tao lén lyc can khi
doéng hoc khac nhau gitta cac vi tri trén xe khi xe
chuyén dong. Luc can phu thudc rat lén vao
dién tich ti€p xuc (kich thudc hinh hoc), khi lyc
can 1&n 1dm cho xe tiéu tén nhiéu ngudn nang
lvgng hon.

K&t qua khao sat khithay d6igdc nghiéng cla
kinh chan phia trwdc X, vai goc nghiéng ctia nap
capo X3 ta duwoc két qua phan tich vé lwc can khi
dong hoc theo Bang 2.

Bang 2. Két qua phan tich vé Iwc can khi dong hoc Fq

Van téc xe Gc”>c nghiélng Gécv’ nghiéng Lwe can
T kinh trwérc nap capo I;d (N)
X1 (km/h) X2 (d9) Xs (d9)
1 40 15 10 191,966
2 50 15 5 215,642
3 30 10 10 169,003
4 40 10 5 196,365
5 30 15 5 77,954
6 30 20 10 106,753
7 40 20 5 138,949
8 40 15 10 191,966
9 40 15 10 191,966
10 50 15 15 187,775
11 40 20 15 137,261
12 30 15 15 78,940
13 50 10 10 302,992
14 50 20 10 296,983
15 40 10 15 143,795
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Tl két qua trén Bang 1 nghién ctu st dung
phuong phap RSM xdy dung ra mé hinh dy
dodn céc thdong sé X1, X2, X3 dnh hudng dén luc
Fata dugc phuong trinh twong qua héi quy nhw
phuong trinh (3) v&i d6 tin cay gid tri R? =
0,9862.

Qua két qua phan tich FEA ta thay van toc
cang l&n, cac goc nghiéng cling 1&n thi luc can
Fq cling rat cao. Diéu nay cé thé dé hiéu la dién
tich bé mat tiép xuc vai ludng khi tdc déng vao
vO than xe la I&n nén lyc can tang |én.

3.2. Phén tich héi quy mé hinh RSM

F, = 218,374 — 0,8219 X, — 44,2305X, + 42,8012X; + 0,1281X, X, — 0,1442X, X,

+ 0,5088X,X; + 0,0647X2 + 0,1819X2 — 2,3345X2 (3)

trung thao dang tuyén tinh bac nhat, phan bé
cac diém thi nghiém la ddm bdo tinh  ngau
nhién.

Két qua chay ra dugc do thj Hinh 5 quan hé
tuong quan gitta thuc ngiém va dy doén, cho
thay hai mé hinh cé tuong thich tét cac diém tap

Po6 thi guan hé gia tri thuwe nghiém véi duw dodan
ciia e Fa P thi phin bd ngiu nhién sé lin thi

nghiém xic dinh cia Iwc Fga
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Hinh 5. D6 thi quan hé gia tri thwc nghiém va dy doan véi sé
Ian phan bé ngau nhién khi xac dinh lwc Fq

dinh thong s6 nao cé dnh hudng I&n dén lyuc
can nhiéu nhat, két qua cho nhw Bang 3.

Sau khi ddm bao tinh tuong thich va héi quy
nghién ctru tién hanh phan tich ANOVA dé xac

Bang 3. Phan tich ANOVA cho mé hinh hdi quy F4

Bac

Tong cac

Tong

Thongsé twdo binh phuwong ér?::ul’\;%i binh phuwong dig:‘:ﬁi:::/l S i:"aat;! iaaat;g
(DF) (sS) & gidu chinh
Model 9 60582,2 98,62% 60582,2 6731,4 39,57 0,000
X1 1 40718,3 66,28% 40718,3 40718,3 239,35 0,000
X2 1 2184,9 3.,56% 2184,9 2184,9 12,84 0,016
X3 1 822,9 1,34% 822,9 822,9 4,84 0,079
X1X1 1 314,7 0,51% 154,9 154,9 0,91 0,384
XoXa 1 2317,8 3,77% 1550,3 1550,3 9,11 0,029
X3X3 1 12577,4 20,47% 12577,4 12577,4 73,93 0,000
X1X2 1 790,8 1,29% 790,8 790,8 4,65 0,084
X1X3 1 208,1 0,34% 208,1 208,1 1,22 0,319
XoX3 1 647,2 1,05% 647,2 647,2 3,80 0,109
Sai s6 5 850,6 1,38% 850,6 170,1
LOF 3 850,6 1,38% 850,6 283,5 * *
5ai 50 2 0,0 0% 0,0 0,0
thuan
T6ng 14 61432,8 100%
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Qua két qud phan tich ta thay gia tri P nhan
duoc cda phwong trinh héi quy la nho. Trong ba
théng s6 nghién ctru thi théng s6 cé anh hudng
I&n nhat dén lwc can Fq la X1 (66,28%), con
théng s6 X, (3,56%), X3(1,34%) cé sirc anh
huwdng rat it.

3.3. Tinh todn t6i wu RSM

Dé xac dinh dugc thong s6 t6i wu nham dam
bdo duwoc lyc Fgq 13 nhd nhat nghién cliru tién
hanh thyuc hién tinh todn tdi wu, véi 3 thdng s6
dau vao X1, X2, X3 v&i ham muc tiéu Fgmin, v&i
diéu bién cia ham muc tiéu cho trong Bang 4.

Bang 4. Thong sd dau vao va ham muc tiéu Fq

Théng s6 Gidi han dwéi Gidi han trén Trong sd Mirc Muc tiéu
X1 (km/h) 30 50 1 3 Khoang
X (d0) 10 20 1 3 Khoang
X3 (d6) 5 15 1 3 Khoang
Fa (N) 77,954 302,992 1 3 Min
A: X1 B: X2 C: X3
303404550 @ ¥ ® . 4 @
800 \ L
400

Hinh 6. D6 thi xac dinh thong sé t6i wu

K&t qud t6i wu bang RSM duwoc gidi thiéu
nhu trén d6 thi nhu hinh 6. Tir d6 thi ta thay tai
cac gia tri X1 = 32,456 (km/h), X, = 15,99 (d0),
X3 = 14,97 (d6) thi khi d6 ham Fq4 dat gia tri nhd
nhat Fq (min) = 77, 426 (N).

Sau khi cé két qua tinh toan téi wu ra duoc
cac théng s6 vé ciu tao Xz, X3, théng s6 vé van
toc X1 thi nghién cru tién hanh vé thiét ké lai va
chay lai phan tich FEA v&i cung mot diéu kién.
Két qua chay ra duogc Fe2 = 78, 696 (N) cb sy
chénh kéch vi trong qua trinh chay phan mém
cé nhiéu théng sé dnh hudng khac, nhung két
qua sai léch khong dang ké. Vay véi thdng s6
tim dwoc X1 = 32,456 (km/h), X = 15,99 (d6), X3
= 14,97 (d6) thi ta dat dwoc lyc can khi déng
hoc |a nhé nhat.

Vi théng sé ki thuét cling nhu ché tao ta co
thé 1am tron sé X1 = 32,5 (km/h), X2 = 16 (d9),
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X3 =15 (d6) dé thuan tién cho ché tao thuc té,
két qud khéng anh hudng nhiéu dén gid tri
mong mudn.
4. KET LUAN

Két qua cda nghién ctru d3 s&r dung phwong
phap FEA dé xac dinh luc can khi ddng hoc Fqg
véi 3 théng s6 anh huwdng la van téc X1, do
nghiéng kinh chan trudc X, va géc nghéng nap
capo X3, xac dinh duwoc mién gidi han lwc Fq.
Nghién ctru ti€p tuc s&r dung phwong phap RSM
dé tinh toan tim ra dwoc théng s6 t8i wu nham
dat dwoc muc tiéu la Fq nhd nhat. Két qua phan
tich cho ta duoc thdng s6 X1 = 32,456 (km/h),
X2=15,99 (d0), X3 = 14,97 (d6) gia tri lwc can Fq
(min) = 77, 426 (N). Sau khi c6 théng sé nghién
clru phan tich lai bang phuong phap FEA, két
qua chay ra duoc Fgz = 78, 696 (N) cé sy chénh
1,613% nho nén dam bao do tin cdy cla cac
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Ky thuat & Céng nghé

thong s6. K&t qua nghién cru |a co s& dé dua
ra duoc théng sé ciu tao téi wu ddm bdo luc
can nhd nhat, giam muc tiéu hao nang lvong
nhat cho xe dién.
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