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Abstract: In the context of the rapid development of vehicle electrification in Vietnam, the
demand for automotive engineering human resources capable of understanding and mastering
emerging technologies has become increasingly critical. In particular, electric vehicle suspension
systems, characterized by distinct mass distribution and dynamic behavior compared to internal
combustion engine vehicles, impose higher requirements on teaching and training in Automotive
Engineering Technology programs. The suspension system plays a crucial role in ensuring ride
comfort, vehicle stability, and operational safety, therefore, a thorough understanding of suspension
dynamic characteristics constitutes a fundamental component in automotive engineering education,
especially for electric vehicles. In this study, modeling and simulation of electric vehicle suspension
systems are employed as an instructional support tool, in which a lumped-parameter dynamic model
is developed based on reasonable assumptions and implemented to analyze vehicle vibration
responses under various road excitation conditions. The simulation results demonstrate that the
proposed model is capable of capturing the fundamental dynamic characteristics of electric vehicle
suspension systems and clarifying the effects of stiffness—damping parameters and road conditions on
vertical dynamic responses. The application of simulation-based models in teaching enhances
visualization, supports students in linking vehicle dynamics theory with practical engineering
problems, and facilitates their understanding of modern suspension system principles. From an
educational perspective, the study indicates that modeling and simulation serve not only as technical
tools but also as effective pedagogical approaches, contributing to the improvement of automotive
engineering education quality in the context of technological transition toward electric vehicles and
practice-oriented higher education reform.

Keywords: Automotive Engineering Technology, Modeling; Simulation; Electric Vehicle
Suspension System, Vietnam.

1. bit vain dé

Trong nhitng nim gan day, xu huéng dién hoa
phuong tién giao thong dang phat trién manh mg,
dac biét trong linh vuc 6 t6 dién, lam thay ddi can
ban ciu trac va dic tinh dong luc hoc ciia phuong
tién. Tai Viét Nam, cung véi su gia tdng nhanh
chong cia cac dong 6 t6 dién, yéu cau dao tao
ngudn nhan luc ky thuat 6 t6 c6 kha nang tiép can,
phén tich va lam chu cac cong nghé¢ mdi ngay
cang tré nén cdp thiét. Trong bdi canh do, hé
thong treo trén 6 to dién giit vai tro then chdt trong
viéc dam bao do ém diu, 6n dinh chuyén dong va
an toan van hanh, do cac dic diém riéng vé phan
bd khéi lwong, mé-men quéan tinh 16n cia cum pin
va sy khac biét trong dac tinh truyén dong so voi
6 t6 sir dung dong co dot trong (Flanagan, 2022;
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Kim, 2024). M6 hinh héa va mo phéng cho phép
phan tich anh huéng cua céc thong sb két cau,
diéu kién mit dudng va ché d6 van hanh dén dap
tmg dao dong cta 6 t6 dién, qua d6 hd tro hidu
qué cho qua trinh thiét ké, t6i wu hoa va diéu khién
hé thong treo (Ramji va cong su, 2007; Choi va
cong su, 2010). Tuy nhién, trong thuc tién dao tao
nganh Cong ngh¢ k¥ thuat 6 t6 tai Viét Nam, ndi
dung giang day vé hé thong treo va dong luc hoc
phuong tién hién nay van chu yéu dua trén Iy
thuyét va cac mé hinh don gian, trong khi viéc
tiép can cic cong cu mo hinh héa va mo phong
hién dai con han ché. Mic du nhiéu nghién cuu da
chung minh hiéu qua cda cac phuong phip mo
hinh hoa dong luc hoc phuong tién, bao gdm mé
hinh da vat thé va cac phuong phép hinh thirc nhu
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robotic formalism hay Jourdain formalism trong
phan tich dap umg hé thong treo (Maakaroun,
2011; Nehaoua va cong sy, 2013), viéc khai thac
céc cong cu nay trong dao tao 6 t6 dién van chua
duoc trién khai mot cach hé théng. Piéu nay dan
dén khoang trong gitra kién thirc duoc trang bi
trong nha trudng va yéu cau thuc tidn cia nganh
cong nghiép 6 t6 trong giai doan chuyén dich sang
phuong tién dién. Thong qua cdc mdé hinh mo
phong, sinh vién c6 thé chii dong khao sat anh
huong ciia cac tham s6 thiét ké, diéu kién lam viéc
va chién luge didu khién dén dap ung cua hé
thdng treo, qua d6 nang cao ning lyc phan tich, tu
duy hé théng va kha nang van dung kién thirc vao
cac bai toan k¥ thuat thyuc té cua 6 to dién.

Xuét phat tir nhitg yéu ciu néu trén, bai bio
tap trung vao cac ndi dung sau: (i): Co sd 1y thuyét
va md hinh hoa hé thong treo xe dién. (ii) Ung
dung mo hinh héa — m6 phdng trong giang day
nganh Cong nghé k¥ thuat 6 t6 tai Viét Nam. Céach
tiép can nay phii hop véi xu thé d6i méi giao duc
dai hoc theo hudng gin dao tao v6i cong nghé va
thyc tién san xuét, gop phan nang cao chét luong
dao tao ngudn nhan lyc ky thuat 6 to trong giai
doan chuyén ddi cong nghé hién nay.

2. Tong quan nghién ciru

Su phat trién nhanh chéng ciia 6 t6 dién trong
nhitng nim gan day da lam thay ddi dang ké cac
yéu cau ky thuat d6i voi hé thong treo. Flanagan
(2022) chi ra rang d6i voi 6 to dién, su khac biét
vé phan b khéi luong, dic biét 1a khdi luong 16n
va vi tri lép dat ctia cum pin, cling nhu sy thay doi
mod-men quan tinh cua than xe, c6 anh huong truc
tiép dén dic tinh dong luc hoc, dd on dinh chuyén
dong va dép ung dao dong cua phuong tién. Bén
canh do, cac nghién ctru vé giam chan thong
minh, bao gom giam chén dién tir va giam chan
luu bién tir (MR), di ching minh kha ning diéu
chinh lyc giam chan linh hoat theo diéu kién van
hanh va chién luoc diéu khién, qua d6 nang cao
kha ning thich nghi cua hé thdng treo 6 t6 dién
(Hung & Choi, 2009; Sharma, 2022). Tuong tu,
Kim (2024) nhin manh rang cac cai tién vé h¢
thdng treo 12 mot trong nhimg yéu t6 then chdt
nhim nang cao chét luong van hanh, d¢ ém diu
va su thoai mai cho nguoi st dung 6 t6 dién.
Nhiing cong trinh nay khang dinh vai tro quan
trong cua cac hé théng treo va giam chén thong
minh trong viéc cai thién dac tinh dong luc hoc
cua 0 t6 dién, déng thoi nhan manh sy can thiét

cuia cac md hinh chinh xac phuc vu cho phéan tich
va thiét ké. M6 hinh hoa va mé phong 14 cong cu
khong thé thiéu trong nghién ctru dong luc hoc 6
to, dic biét d6i véi cac bai toan phéan tich va tdi
wu hoa hé thdng treo 6 t6 dién. Tir cac nghién ciru
d3 cong bd co thé nhan thiy rang: (i) hé thong treo
6 t6 dién 1a d6i tugng dugc quan tim nghién ctru
ngdy cang rong rii trong bdi canh dién hoa
phuong tién; (ii)) m6 hinh héa va mé phong da
dugc khing dinh 14 cong cu hidu qua trong phan
tich, thiét ké va diéu khién hé thong treo 6 to; va
(iii) cac hé thong treo ban chi dong va giam chén
thong minh 13 xu hudng phat trién tit yéu nhim
nang cao chét lugng dong luc hoc va hi€u qué van
hanh cua 6 t6 dién.

Tuy nhién, phan 16n cac cong trinh trén tap
trung vao khia canh nghién ctru va tmg dung ky
thuét, trong khi viéc khai thdc m6 hinh héa va mé
phéng nhu mot cong cu phuc vu giang day va dao
tao k¥ su nganh cong ngh¢ k¥ thuat 6 to, dac biét
trong bdi canh dao tao tai Viét Nam, van chua
duoc dé cap mot cach co hé théng.

3. Cach tiép can va phuwong phap nghién ciru

Nghién ctru dugc thyc hién theo hudng nghién
ctru g dung, két hop gitta mé hinh hoa dong luc
hoc va méd phong sé nham xdy dung cong cu hd
tro gidng day trong dao tao nganh cong nghé ky
thuat 6 to. Cach tiép can nay cho phép lién két co
56 Iy thuyét vé dong luc hoc phuong tién vai viée
phan tich dac tinh lam viéc ctia hé théng treo xe
dién trong moi truong mod phéng Céc phuong
phap nghién ctu dugc su dung gom (i) phuong
phap nghién ctu tai liéu nham tong horp co so 1y
thuyét va cac cong trinh nghién ciru vé hé thong
treo xe dién, mo hinh dong lyc hoc va img dung
mo hinh héa — mé phong trong dao tao ky thuat;
(i) phuong phap mo hinh héa dé xay dung mo
hinh dong luc hoc hé théng treo xe dién trén co s&
cac gia thiét phu hop voi muc tiéu nghién ciru;
(iii) phuong phap mé phong sb bang moi truong
MATLAB/Simulink nhim khao sat dap tmg dao
dong cua hé théng dudi cac didu kién kich thich
mat duong khac nhau; va (iv) phuong phap phan
tich, tong hop két qua mé phong dé danh gia kha
nang ung dung mo hinh trong giang day nganh
Cong nghé k¥ thuat 6 t6 tai Viét Nam."

4. Két qua nghién ctru
4.1. Co s6 Iy thuyét va mé hinh héa hé thong
treo xe dién

Hé¢ thdng treo c6 chirc ning dam bao do ém
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diu chuyén dong, do on dinh va kha nang duy tri
tiép xuc cua banh xe voi mit duong cia 6 t6. D6i
v6i 6 to dién, cac dic diém nhu phan bd khdi
luong khac biét do cum pin c6 khdi lwong 16n,
md-men quan tinh tdng va dic tinh mo-men cua
hé théng truyén dong dién da lam thay dbi dang
ké dap g dong luc hoc so voi 6 to st dung dong
co d6t trong (Flanagan, 2022; Kim, 2024). Do do,
viéc nghién ctru hé théng treo 6 to dién can dugc
thye hién trén co sé cac mo hinh dong lwc hoc co
xét dén nhitng dic trung riéng cua xe dién nham
danh gia chinh xac dao dong va d6 6n dinh chuyén
dong trong cac diéu kién mit duong khac nhau.
Vé mit Iy thuyét, hé thong treo 6 to thudng dugc
md ta thong qua mé hinh khdi lwong — 10 xo0 —
giam chén, bao gém khéi luong duogc treo, khéi
luong khong dugc treo, déac tinh dan hdi cua ph?m
tir treo va didc tinh giam chén. Cac mé hinh dong
luc hoc nay cho phép phan tich méi quan hé giira
dic tinh h¢ thong treo, dac tinh 10p va kich thich
cuia mat duong, tir d6 danh gia anh huong cua cac
thong s6 két cdu dén dap tng dao dong cua 6 t6
dién. Trong cac nghién ctru trude, nhidu phuong
phap mo hinh héa dong luc hoc 6 t6 da dugc phat
trién vi cac mire do chi tiét khac nhau, tao nén
tang cho viéc xay dung cac mo hinh mé phéng hé
thong treo phuc vu phén tich va thiét ké. Dbi véi
cac hé théng treo ban chu dong trén 6 t6 dién, dac
tinh giam chan khong con dugc gia thiét 1a hang
s6 ma duoc diéu chinh theo trang thai lam viéc va

SO DO MO HINH 1/4 XE (QUARTER—CAR MODEL)

phuong phap diéu khién. Bén canh mé hinh hé
théng treo, mo hinh héa diéu kién kich thich mat
duong 1a mot thanh phan khong thé thiéu trong
phén tich dong lyc hoc 6 t6 dién, do anh hudng
truc tiép dén dap tng dao dong va kha ning duy
tri tiép xuc banh xe — mit dudng cua phuong tién.
Gorges va cong su (2017) di chi ra rang dic tinh
mat duong c6 vai tro quan trong trong viéc danh
gia do 6n dinh va chét luong dao dong cua
phuong tién. Trong mé hinh hoa hé thong treo 6
t6 dién, kich thich mat duong thuong dugc biéu
dién dudi dang ham toan hoc hodc tin hiéu ngau
nhién nhim mé phong cac didu kién khai thac
thuc té, trong d6 c6 phuong trinh dao dong.

Phuong trinh dao dong:
msXs + cs(xs — xu) + ks(zs — zu) =0
muXu + cs(Xu — xs) + ks(zu — zs) + kt(zu — zr) =
0

M6 hinh dwoc trién khai trong méi truong
MATLAB/Simulink nham khao sat dap tmg dao
dong cta hé thong treo.

Nhiéu nghién ciru qubc t& da tng dung mé
hinh héa va mo phong trong phan tich dong luc
hoc phuong tién. M6 hinh 1/4 xe dugc st dung
phd bién nho céu trac don gian nhung phan anh
duogc déc tinh dao dong co ban cua nhiéu hé théng
trong d6 ¢ hé thdng treo. Pdi twong nghién ctru
1a m6 hinh dong lyc hoc hé théng treo 1/4 xe dién
phuc vu gidang day nganh Coéng nghé k¥ thuat 6
to.

KY HIEU VA Y NGHIA
T
m, | Khéi lugng dugc treo (1/4 khéi lugng than xe)
I Z |
m. = pe—-- s m Khéi lrgng khéng duge treo
s (Chuyén vi * (bao gdm bénh xe, moay-0, cing treo...)
thén xe) i iZ=a T N N
ks ‘ Do cing 16 xo hé thong treo
€ ‘ Hé¢ s6 giam chén cua giam x6¢
|
ks tj CS 5
k, L DG cimg lop xe
Z } Chuyén vi thing dimg cia thin xe
I Chuyén vi thing dimg ctia khéi lugng
________ VA Zi s g
u khéng dugc treo
(Chuyén vi
khéi luong z, ‘ Kich thich mat dudng (bién vao)
khong duge treo)
MO TA

(Kich thich
mit duong)

« Mo hinh 1/4 xe gia thiét chuyén dong chi theo phuong thing dimg.

« Thin xe (m,) duge két ndi vai khdi lugng khong duge treo (m,,)
théng qua 10 xo (k) va giam chan (c,)

« Binh xe tiép xic véi mit dudmg thong qua do cimg 1p (k, ).

« Kich thich mit duomg z,.(t) gy ra dao ddng va truyén lén hé thing.

Hinh 1. So d6 mé hinh 1/4 xe (Quarter—car model)

(M6 hinh sir dung dé phan tich dao déng theo phirong thing dimg ciia hé thong treo xe dién)
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Trén co s& cac nén tang ly thuyét néu trén, mo
hinh héa hé théng treo 6 t6 dién trong nghién ctru
nay dugc xay dung theo hudng dam bao tinh
chinh xéc vé dong luc hoc, déng thoi don gian hoa
hop 1y dé phu hop v6i muyc tiéu mé phong va
giang day. Mo hinh cho phép khao sat &nh hudng
cua cac thong s6 hé théng treo, diéu kién mat
dudng va chién luoc didu khién dén dap img dao
dong ctia 6 t6 dién, tao nén tang cho cac phan tich
va g dung trinh bay & cac phan tiép theo.
Bang 1. M6 hinh md phéng hé théng treo xe
dién

Noi dung

Mab ta
M6 hinh dong luc hoc tap
trung thong sb

Loai mo6 hinh

boi twong mo

\ Hé théng treo xe dién
phong

Pham vi
chuyén dong

Chu yéu xét chuyén dong
thing ding

Khdi luong | Than xe, khung xe, cum pin
duoc treo va cac bg phan gan co6 dinh
Khéi  luon , ez v
N ne Banh xe va cac chi ti€t lién
khéong  duogc
quan
treo

Phan t& dan
hoi

Lo xo tuyén tinh

Phan tir giam
chan

Giam chan thu dong hoac
ban chu dong

MO hinh 16p xe | Phan tir dan hoi tuyén tinh
Kich thich ma A g 2

l(f thich mat Tin hiéu dich chuyén dau vao
duong

Muc dich st | Phan tich dong lyc hoc va mo
dung phéng phuc vu giang day
Dé don gian hoa bai toan va phu hop véi muc
tiéu nghién ctiru va dao tao, mot ) gia thuyét duoc
ap dung trong qua trinh xay dung mo hinh. Céac
gia thiét nay duoc trinh bay ¢ bang 2.
Bang 2. Cac gi thiét cia md hinh mé phéng hé
théng treo xe di¢n

Gia thiét Noi dung
: Chi xét dao dong theo
huyén do . .

Chuyén dong phuong thang dirng
Pic tinh dan hoi va giam

Tinh tuyén tinh chan duoc gia thiét tuyén
tinh

Lép xe Bo AqueE l?aen dang phi
tuyén va hién tugng truot

Luc khi dong hoc | Khong xét dén

Gia thiét
Luc can lan
Tuong tac banh
xe — mat duong

Noi dung

Khong xét dén
Mat duong dugc coi 1a
kich thich ngoai xac dinh
Khong xét dén twong tic
dong luc véi hé truyén
dong

Céc gia thiét trén gitip giam do phirc tap cua
mo hinh, ddng thoi van dam bao phan anh duoc
cac dac trung dong luc hoc co ban cua hé théng
treo xe dién. Cach tiép can nay phu hop cho viée
giang day cac hoc phﬁn dong luc hoc, hé théng
treo va mo hinh héa — mé phdng trong dao tao
nganh Cong ngh¢ k¥ thuat 6 t6 tai Viét Nam.
4.2. Ung dung mé hinh héa — mé phéng trong
gidng day nganh Cong nghé ky thudt 6 to tai Viét
Nam

Trong bdi canh chuyén dich manh mé sang xe
dién, yéu cu d6i voi viée dao tao ky su nganh
cong nghé ky thuét 6 t6 khong chi dung & viéc
trang bi kién thuc 1y thuyét ma con cin ning cao
ndng lyc phan tich, mo hinh hoa va danh gia hé
thong ky thuat. Cac nghién ctru vé xe dién va hé
thdng treo hién dai cho thdy mé hinh hoa va mod
phong 14 cong cu hiéu qua dé phan tich dong luc
hoc phuong tién, danh gia dap ung dao dong va
hd tro thiét ké, t6i wu hoa hé théng treo (Flanagan,
2022; Kim, 2024; Soliman & Sharf, 2019). DPéi
v6i cac hoc phan cdt 16i nhu Péng e hoc 6 16,
He¢ théng treo, M6 hinh hoa va mé phong, viéc
g dung mo hinh mé phong hé thong treo xe dién
cho phép truc quan hda cac hién tuong dong luc
hoc phirc tap ma phuong phap giang day truyén
thong khé thé hién day du. Thong qua mo hinh
md phong, sinh vién c6 thé quan sat anh huong
ctia phan b khoi lwong, ddc tinh dan hoi — giam
chan va diéu kién mat duong dén dap tmg chuyén
dong cua phuong tién, phu hop vai cac phan tich
dd duoc dé cap trong cac nghién ctu vé xe dién
hai banh va 6 t6 dién (Flanagan, 2022; Gorges va
cong su, 2017). Viéc dua cac md hinh nay vao
giang day gitip sinh vién tiép can truc tiép véi
nguyén ly 1am viéc cua cac hé thong treo hién dai,
ddng thoi 1am 3 vai tro cta chién luge didu khién
trong viéc cai thién chét luong dao dong va do on
dinh chuyén dong cua phuong tién, nhu da duoc
tong hop boi Soliman va Sharf (2019). Cac md
hinh dng luc hoc xe hai banh va phuong ti€n noi

Anh huéng
truyén dong dién
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chung duoc phat trién dwa trén robotic formalism
va Jourdain formalism (Maakaroun, 2011;
Nehaoua va cong su, 2013) cho théy tinh linh hoat
va kha nang moé rong ctia phuong phap mo hinh
hoa. Cach tiép cin nay gop phin ning cao kha
nang phan tich va danh gia hé théng trong cac
diéu kién lam viéc khac nhau. Tir gbc do dao tao
tai Vi€t Nam, viéc ing dung mo hinh hoéa — mo
phong hé thong treo xe dién trong giang day giup
thu hep khoang cach giira 1y thuyét va thuc tién,
ddng thoi dap tng xu thé dao tao k§ thuat theo
huéng lién nganh va hoc tap dua trén moé hinh.
Thong qua cac bai tap va kich ban mé phdong, sinh
vién c6 thé rén luyén k¥ ning phén tich, danh gia
va thiét ké hé thong treo, gop phan nang cao chét
lwong dao tao ngudn nhan lyc nganh coéng nghé
ky thudt 6 to trong bdi canh phat trién manh mé
cua phuong tién dién.

Bén canh cac ndi dung mo phdéng k¥ thuét
dugc d& cap trong phan trude, mo hinh hoa va mo

phong ciing d4 dugc (mg dung thyc té trong giang
day k¥ thudt 6 t6 va dong luc hoc phuong tién tai
nhiéu co s& dao tao trong va ngoai nudc. Vi duy,
tai Trudong Pai hoc Vinh, phan mém mé phong
CarSim dugc tich hop vao hoc phan Automotive
Calculation, gitp sinh vién phan tich h¢ thong
phanh va cac dac trung dong luc hoc (Minh va
cong sy, 2025). Tai truong Pai hoc Michigan,
CarSim d dugc str dung dé minh hoa cac nguyén
ly gia tc, phanh va xir 1y dong luc hoc trong
chuong trinh Automotive Engineering (Gillespie,
2005). Cac nghién ctru qudc t& khac nhu Hulme
va cong su (2021) con két hop mé phong vai
phuong phap hoc dwa trén game dé ting tinh
tuong tac va hiéu biét vé dong luc hoc phuong
tién. Tai Viét Nam, PH Duy Tan da trién khai hé
thdng mé phong 3D twong tic toan dién trong dao
tao ky thuat 6 to thong minh nhdm nang cao trai
nghiém hoc tdp va kha nang thyc hanh cta sinh
vién (Binh, 2024).

Bang 3. Mt s6 co sé gido duc ing dung md hinh héa — mé phong trong dao tao nganh Cong

nghé ky thuat 6 to
. s £ Cong cu / Ay
Co s?’ glao‘ duc/ Ql}OC Mo phong Noi dung ing dung / Ghi cha Ngum; trich
Cong trinh gia . dan
sir dung
Tich hgp moé phong dong luc hoc
. . phuong tién trong giang day, hd tro
T Pai h . . . . .
Vriﬁgn% Ho?:l hgﬁ Viét CarSim sinh vién phéan tich h¢ thong phanh va | Minh va cong
, , Ap Nam dic tinh chuyén dong; trén 90% sinh | su (2025)
Tinh toan o to Caa A . A
vién danh gid hiéu qua hoc tap duoc
cai thién
Tr.um'lg Pai hoc Sq dung m? phvong’ dong II{C hoc deé Thomas D.
Michigan — | Hoa . minh hoa cac dic tinh gia toc, phanh | . .
. SO CarSim A e 2 an . Gillespie
Chuong trinh KV | Ky va 6n dinh chuyén dong trong dao tao (2005)
thudt 6 to k¥ su 6 td '
L Mb pho ,
University at AO phong Ung dung mo hinh héa va mo phong
dong  luc . N y A
Buffalo & | Hoa £ trong giang day dong luc hoc phuong | Hulme va cong
. hoc kéthop | .. s T an L
Clemson Ky R tién nham tang muc do twong tac va | su (2021).
. . hoc tap dua . oz .. I
University A kha nang tiép thu cta sinh vién
trén game
bai hoc Duy Tén — Hé théng | Ung dung mé phong truc quan trong
Chuong trinh ky | Viét mé phong | dao tao ky thuat 6 t, giup sinh vién | Nguyén Thanh
thuat 6 to6 thong | Nam | 3D tuong | tiép cin cdu trac va nguyén 1y hoat | Binh (2024)
minh tac dong cua cac hé théng trén xe hién dai
Céac nghién ctru mo
hong ky thuét . M5 phong hé 0 3 hé thd
p fmg % }{a ccqr Quéc | MATLAB/ ) p‘ ong; ¢ Elao dong Va ¢ ongA co
khi — co dién tir | 3 o hoc lam nén tang cho giang day dong
, . té Simulink R
ung dung trong dao luc hoc va hé thong tr
tao

Volume 2, Issue 1 - E, April 2026




KHOA HOC, GIAO DUC VA CONG NGHE

5. Ban luin

Két qua nghién ctru cho thiy viéc tmg dung
mo hinh hoa va mé phong hé théng treo xe dién
trong giang day nganh Cong ngh¢ ky thuat 6 t6 1a
mot hudng tiép can pht hop va ¢6 nhiéu tiém
ning trong bdi canh chuyén dich manh mé sang
xe dién tai Viét Nam. M6 hinh mé phong duogc
xay dung dua trén cac gia thiét hop 1y, tap trung
vao dao dong theo phuong thang dimg va cac
phan tir dan hoi — giam chén tuyén tinh, phan anh
dugc nhiing déc trung dong luc hoc co ban ctia hé
thong treo xe dién. Thong qua mo hinh hé théng
treo xe dién, sinh vién khong chi tiép can cac khai
niém 1y thuyét vé dong luc hoc phuwong tién ma
con ¢ didu kién khao sat truc tiép anh huong cua
cac tham sb thiét ké, diéu kién mat duong va dic
tinh giam chan dén dép ing dao dong ctia phuong
tién. Didu nay gop phan thu hep khoang cach giira
Iy thuyét va thyuc tién, mot han ché thuong gip
trong dao tao ky thuat 0 to tai Viét Nam hi¢n nay.
Két qua phan tich ciing cho thiy mé hinh hoa va
mo phong tao diéu kién thudn loi dé tich hop kién
thirc lién nganh gitra co khi, dién — dién tir va didu
khién, dic biét khi xét dén cac hé théng treo ban
chii dong va giam chan thong minh. Diéu nay phu
hop véi cac xu hudng phat trién hé théng treo hién
dai dd dugc téng hop boi Soliman va Sharf
(2019), ciing nhu cac nghién ciru vé giam chan
dién tir va giam chin luu bién tir (Hung & Choi,
2009; Sharma, 2022). Trong mdi trudng giang
day, viéc cho phép sinh vién thay d6i chién luoc
diéu khién hodc thong s6 hé thong trong mo hinh
mé phong gitip ning cao tu duy hé théng, kha
nang phén tich va k¥ ning giai quyét van dé ky
thuét. Tuy nhién, nghién ctru cling tdn tai mot sd
han ché nhét dinh. Thir nhat, mé hinh mo phong
hién tai dugc xay dung véi mic d¢ don gian hoa
nhiam phuc vu myc tiéu giang day, do d6 chua xét
dén cac yéu t6 phi tuyén cua 16p xe, twong tac
dong luc v6i hé truyén dong dién va anh huong
cta luc khi dong hoc. Nhitng yéu t§ nay co thé
dong vai tro quan trong trong phan tich chi tiét
dong luc hoc phuong tién, dic biét trong cac
nghién ctru chuyén sau hoac ung dung thuc té.
Thir hai, nghién ctru chua tién hanh danh gia dinh
luwong mirc do cai thién hi€u qua hoc tip cua sinh
vién thong qua cac chi sb cu thé, nhu két qua hoc
tap hodc phan hoi khao sat quy mo 16n, twong tu
nhu cac nghién ctru da dugc thyce hién tai Truong
Pai hoc Vinh hoac cac co sé dao tao quéc té
(Gillespie, 2005; Minh va cong sy, 2025).

Du con nhitng han ché, két qua nghién ciru cho
thiy mé hinh héa va mé phong hé thong treo xe
dién c6 tiém ning 16n dé mé rong va phét trién
trong tuong lai. Cac hudng nghién ciru tiép theo
c6 thé tap trung vao viéc nang cao mirc do ch1 tiét
ciia mo hinh, tich hop cac yéu té phi tuyén va
chién luoc diéu khién tién tién, ciing nhu dénh gia
dinh lugng hi¢u qua su pham cua phuong phap
giang day dya trén mo phong. Viéc két hop mo
hinh mé phong véi cac nén tang md phong 3D
tuong tac hodc hoc tap dua trén dy an cling 1a mét
huéng di phu hop véi xu thé ddi moi gido duc dai
hoc va chuyén ddi sé trong dao tao ky thuat.

6. Két luan

Nghién ctru da xay dung va trinh bay mo hinh
mo phong hé thdng treo xe dién dua trén co so Iy
thuyét dong luc hoc phuong tién, véi mae do don
gian hoa phu hop cho muc tiéu phan tich va giang
day. M6 hinh cho phép danh gia dinh tinh anh
huéng ctia cac tham s6 hé thong treo va kich thich
mat duong dén dap ing dao dong theo phuong
thing ding cia phuong tién, qua d6 phan anh
dugc cac dac trung dong luc hoc co ban ctua hé
thdng treo xe dién trong diéu kién khai thac dién
hinh. Trén nén tang mo hinh da thiét 1ap, nghién
ctru da lam ro kha nang ing dung mo hinh hoa —
mo phong. Trong d6, md phong bang
MATLAB/Simulink nhim phyc vu giang day
nganh cong nghé k¥ thuat 6 t6. Két qua cho thay
mo hinh phan anh dugc anh hudng cta cac thong
s6 hé thdng treo dén dao dong cua than xe ciing
nhu cdc bo phan khac va c6 kha nang g dung
hiéu qua trong dao tao k¥ thuat 6 to.

Viéc tich hop mé hinh mé phong hé théng treo
xe dién vao cac hoc phan lién quan gép phan ting
cuong tinh tryc quan, hd trg lién két kién thuc 1y
thuyét véi cac bai toan phan tich dong luc hoc,
ddng thoi tao diéu kién dé sinh vién tiép can cac
nguyén 1y ciia hé théng treo hién dai va phuong
tién dién. Co thé nhan théiy rz"mg mo hinh héa va
md phong, khi dugc str dung hop 1y trong dao tao,
khong chi dung ¢ vai trd minh hga ma con 1a cong
cu hinh thanh tu duy phan tich va tiép can hé
thong cho sinh vién k¥ thuat. Cach tiép can nay
gop phan nang cao chit lugng dio tao ky su 6 to
trong bbi canh chuyén dich cong nghé sang
phuong tién dién, déng thoi dat nén tang cho viéc
phat trién cac mo hinh gidng day c6 mirc d chinh
xac va tinh tng dung cao hon trong cac nghién
ctru va chuong trinh dao tao tiép theo.
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Tém tit: Trong boi canh xu hwéng dién héa phwong tién giao thong dang phat trién manh mé
tai Viét Nam, yéu cau ddo tao nguon nhan luc ky thudt 6 té c6 kha ndng tiép cdn va lam chii cdc cong
nghé méi ngdy cang tro nén cap thiét. Pdc biét, hé thong treo xe dién, voi nhitng ddc thit vé phan bo
khéi lwong va ddc tinh dong lyc hoc khdc biét so voi phwong tién swr dung dong co dot trong, dat ra
yéu cau cao hon doi véi cong tac giang day va ddo tao trong nganh Cong nghé ky thudt 6 t6. Hé thong
treo giit vai tro quan trong trong viéc dam bao d¢ ém diu, on dinh chuyén dong va an toan vdn hanh
cuia phwong tién, do do viéc hiéu ré cdc ddc tinh dong lyc hoc cua hé théng treo ld nén tang khong
thé thiéu trong ddo tao ky su 6 6, ddc biét doi véi phwong tién xe dién. Trong nghién civu nay, phwrong
phdp mé hinh héa va mé phong hé thong treo trén xe dién dwoc sic dung nhi mét cong cu hé tro giang
day, trong dé mé hinh dong luc hoc tdp trung thong sé dwoc xdy dung dwa trén cdc gia thiét hop Iy
va trién khai mé phéng nham phan tich déap iimg dao déng cia phiong tién dudi cac diéu kién tac
déng tir mdt deong khéc nhau. Két qua nghién ciru cho thdy mé hinh mé phong cho phép phan dnh
dwoc cac ddc trung dong luc hoc co ban cua hé th(fng treo trén xe dién, d&ng thoi giup lam ré anh
hieong ciia cdc tham sé dan hoi — giam chan va diéu kién mdt dwong dén dap vmg chuyén dong theo
phirong thang dimg. Tir géc d dao tao, nghién ciru cho thdy mé hinh héa va mé phéng khéng chi la
cong cu ky thudt ma con la phwong tién sw pham hiéu qud, gép phan nang cao chdt heong dao tao ky
sw nganh cong nghé kjj thudt é t6 trong béi canh chuyén dich cong nghé sang phwong tién dién va doi
mdoi gido duc dai hoc theo huong gcfn két véi thuc tién.

Tir khéa: Cong nghé ky thudt 6 t6; Hé thong treo xe dién; Mé hinh héa; Mé phong; Viét Nam.
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