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M6 hinh héa va m6é phong 6 t6 dién ¢& nho su dung
Matlab- Simulink theo chu trinh 1ai FTP-75

Lé Minh*, Nguyén D6 Hoai PhongP®, Nguyén Toan Trung®

Tom tit:

Véi su tién bo khong ngimg ctia cong nghé, nganh cong nghiép 6 to da chuyén minh sang mot giai doan méi
v0i sy ra doi ciia xe dién, mot phuong thuc giao thong bén vimg. Bai bao nay trinh bay quy trinh mé hinh héa
va md phéng hiéu suat hoat dong ctia 6 to6 dién bang phdn mém MATLAB va Simulink. Quy trinh bao gém
viéc xay dung cac mo hinh thanh phan chi tiét nhu dong co dién, hé thdng pin cao ép, va hé thdng phanh tai
tao nang luong. St dung chu trinh l4i tiéu chudn FTP-75 lam dit liéu ddu vao va mau xe Tesla Model S P85
lam dé&i tugng nghién ctru, mod hinh téng thé dugc md phdng dé phan tich cac yéu t6 hiéu suat quan trong
nhu tdc do xe, téc do dong co, luc kéo, trang thai sac cta pin (SOC) va ning luong tiéu thu trong cac diéu
kién van hanh khéc nhau.

T khoéa: chu trinh ldi FTP-75, mo hinh hoa, trang thdi sac cua pin, 6 t6 dién cd nho, nang lugng dién
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Modeling and Simulation of Small Electric Vehicles Using
Matlab-Simulink Based on the FTP-75 Driving Cycle.

Le Minh?", Nguyen Do Hoai Phong®, Nguyen Toan Trung®

Abstract:

With the continuous advancement of technology, the automotive industry has transitioned into a new phase
with the advent of electric vehicles, a sustainable mode of transportation. This paper presents the process
of modeling and simulating the operational performance of electric vehicles using MATLAB and Simulink
software. The process includes building detailed component models such as the electric motor, high-voltage
battery system, and regenerative braking system. Using the standard FTP-75 driving cycle as input data and
the Tesla Model S P85 as the research subject, the overall model is simulated to analyze key performance fac-
tors such as vehicle speed, motor speed, traction force, battery state of charge (SOC), and energy consump-
tion under different operating conditions.
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Dit van dé

Xe dién bao gébm nhiéu mé hinh khéc nhau, dugc két néi véi nhau dé ddm bao hoat
dong cua xe. Ban dau khi thiét ké xe dién, can xac dinh cac thong s6 ky thuéat nhat dinh nhu
ban kinh 16p xe, loai ddng co, loai pin va kich thudc xe. Nhitng thong s6 nay duoc st dung
dé tinh toan cac yéu t& nhu lyc cdn, mo-men xodn do 16p cung cap, va téc do sac va xa cda
pin. Thiét ké xe dong vai tro quan trong trong hiéu suét hoat dong. Néu xe dugce thiét ké tot
vé mat khi dong hoc, xe sé phai vugt qua it luc can hon khi chay, giam tai trong lén dong
co, va tir d6 dong co sé hoat dong hiéu qua hon, tang pham vi hoat dong. (Trai, 2006, 10-13)

Moi truong va dia hinh sit dung xe dién la yéu t6 quan trong, vi cic dia hinh khac
nhau cung cap céc diéu kién moi truong khac nhau. Xe dién cdn duoc thiét k& dé thich nghi
v6i dia hinh cu thé, nhdm nang cao hiéu suat hoat dong. (Mir, 2020)

Cac thanh phan chinh cta xe dién bao gdbm dong co va pin. Lya chon dong co phu
thudc vao diéu kién mdi truong ma xe sé van hanh va pham vi hoat dong can thiét. Cac
dong co khac nhau cung cap cdc mo-men xodn khac nhau. Lya chon pin ciing phu thudc
vao pham vi hoat ddng cua xe. Pong co va pin can dong bo hiéu qua, ddm bao dong dién
luu thong lién tuc gitta ching. (Chauhan, 2017)

Mb6 phong dong luc hoc va hiéu suit ndng luong cta xe dién dudi cac chu trinh lai
tiéu chuan la mot ting dung quan trong cuia MATLAB/Simulink, gitip phan tich kha ning
tiéu thu ndng luong va toi vu hda cac thanh phan nhu dong co va hé thong pin. (Liu, Z.,
Wang, J., & Li, Z, 2020)

Heé thong phanh tai tao ndng luong (RBS) trong xe dién da duoc t6i uu hoa thong qua
cdc mo phong, nhdm cai thién kha ndng thu hoi ndng lugng va kéo dai pham vi hoat dong
cta xe, dong thoi gidm thiéu ton that nang luong. (Zhou, H., Zhao, P., & Yu, S., 2022)

M6 phdng va so sanh cac cau hinh hé théng truyén dong nhu truyén dong mot dong
co va da dong co cho phép lua chon cau hinh t6i uu cho cac yéu cdu van hanh khac nhau,
ddc biét la trong cac tinh huong lai phtc tap. (Sun, D., Zhang, X., & Lee, J., 2019)

V6i su phét trién ctia cdc ngudn ndng lugng thay thé, hé théng tai tao nang luong
dugc tich hop vao xe dién dé hd tro mo hinh pin. Hé thong téi tao ning lugng chuyén doi
ndng lugng dong quay con lai khi phanh xe thanh nang lugng dién va luu trit vao pin.
Qua do, trang thai sac ctia pin dugc cai thién va pham vi hoat dong ctia xe dién cting dugc
tang lén.

Tai Viet Nam, da c6 mot s6 cong trinh nghién ctru vé xe 6 t6 dién tiéu biéu. Dai hoc
Bach khoa Ha N¢i da tién hanh nhiéu dy 4n nhdm cai thién hiéu suat va gidm chi phi san
xudt xe dién, nhung van gdp phai han ché vé pham vi hoat dong, chi phi san xuét cao do
phu thudc vao linh kién nhap khau, va cong nghé pin chua t6i uu voi thoi gian sac dai.
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VinFast, mot cong ty con ctia Vingroup, da ddu tu manh mé vao nghién ctru va phét trién
xe dién phu hgp voi thi truong trong va ngoai nudc, tuy nhién cong nghé van dang trong
giai doan phat trién, ha tAng tram sac con thiéu, va can cai thién thoi gian sac va tudi tho
pin. Pai hoc Quéc gia TP. H6 Chi Minh da nghién ctru hé théng tai tao nang lugng dé ting
hiéu suét pin, nhung hé théng nay chua dat hiéu suat cao va can thém thir nghiém dé ddm
bao do bén trong diéu kién thuc t&. VinBus, mot cong ty khac thudc Vingroup, da trién khai
dich vu xe buyt dién tai Ha No6i va TP. H6 Chi Minh nhdm giam 6 nhiém va cai thién giao
thong cong cong, nhung can dau tu 16n vao ha tang sac va bao tri, dong thoi hiéu suit xe
buyt dién can cai thién dé canh tranh véi xe buyt stt dung dong co d6t trong. Nhin chung,
cac nghién ctru va phat trién vé xe dién tai Viet Nam gidp nhiéu thach thtc vé cong nghé
pin, chi phi san xuat, ha tdng tram sac, va can nang cao trinh d¢ chuyén moén va ky nang
ctia nhan lyc trong linh vyc nay dé cac nghién ctru c6 thé tng dung rong rai va hiéu qua
trong thuc té.

St dung cac cong cu nhu MATLAB va Simulink, cac ky su c6 thé xay dung cdc mo
hinh m6 phong chi tiét bao gom dong co dién, hé thong pin, nguon dién va hé thong phanh
tai tao nang luong. Qua d6, ho c6 thé tinh toan va t6i vu héa cac thong sd quan trong nhu
mo-men xodn dong co, toc do xe, va trang thai sac cua pin dya trén cac chu trinh van hanh
mo phdng tiéu chuan. Diéu nay khong chi gitip gidm thiéu chi phi va thoi gian phat trién
ma con cai thién hiéu suét va do tin cay cua xe dién trudc khi trién khai san xuat hang loat.

Doi tugng va phuong phap nghién ctru

Trong nghién cttu nay, tac gia da st dung mot s6 phuong phap nghién ctu nhu sau:
Pau tién, tac gid thu thap va phan tich dir liéu tir cac bai bdo khoa hoc va nhiing nghién
ctu trudc day, dong thoi phan tich céc thong s6 co ban nhu loai dong co, dung lugng pin,
va khi dong hoc cua 6 t6. Tiép theo, tac gia xay dung mo hinh toén hoc cho cac thanh phan
chinh cta xe 6 t6 dién cd nho, st dung cac phuong trinh vat Iy dé mo ta tuong quan gitta
cac thong s6 ky thuat va diéu kién van hanh. Cudi cung, tac gia tién hanh moé phéng va
phan tich két qua mo phong dé danh gia hiéu suat hoat dong ctia xe dién. Déi tuong dé tac
gia thyc hién mo phong dya trén mau xe dién cd nho dang 6 trén thi truong 6 t0 Viet Nam.

Két qua va thao luin
Mo hinh xdc dinh lyc cdn 6 t6 (Tran Quoc Dang, 2015, 43-62)
Luc can khi dong ciia 6 to

Luc can khi dong la mot loai luc can ma 6 t6 phai vuot qua khi di chuyén trong khong
khi. Cong thtic tinh luc can nay dugc mo ta boi phuong trinh:
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Rearo = PAfEdf(V - VO) (1)
Trong doé:
- p la mat do ctia khong khi, mot dai lugng do luong muc do day cua khong khi.

- Afla dién tich mgt phia trude cta 6 to, hay dién tich cta phan gdp phai dong khong
khi truc tiép.

- C4 la hé s6 can khi dong, mot dai luong thé hién kha nang cua 0 to tao ra luc can
trong khong khi. N6 phu thudc vao thiét ké ctia 6 t6, ddc biét 1a hinh dang cta phan than
va bé mit cta 6 t6.

- Vla toc do di chuyén ctda 6 to.

- Vp 1a t6c @6 gio tuong doi, hay la téc d6 cta gio so voi 6 to.

i[O
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Hinh 1. Kh6i mo6 phong luc can khi dong

Khi t6c d6 di chuyén ctia 6 t0 ting 1én, luc can khi dong ciing tang theo. Diéu nay c6
thé 1am ting tiéu hao nhién li¢u va gidm hiéu suét cta xe. D6i v6i céc thiét k& 0 0, viéc
giam bot luc can khi dong 1a mot phan quan trong trong viéc t6i vu hoa hiéu suét va tiét
kiém nhién liéu.
Luc can lin ciia 16p xe

Khi xe di chuyén, 16p xe tiép xtic voi bé mit duong va bi bién dang. Khi 16p tiép tuc di
chuyén, n6 phai phuc hdi hinh dang ban dau cia minh. Qua4 trinh nay tao ra su mat di ndng
lugng, gay ra sy can trd cho viéc di chuyén cua xe, dugc goi la lyc can 1&n banh xe dan hoi.

Frr=Crr\WW(2)
Trong doé:
- Frr 1a luc can 1&n banh xe dan hoéi (N - Newton).

- Cr la hé s6 can 1an (hay con goi 1a hé s6 can lan cudn), 1a moét hang s6 phan anh kha
ndng cudn cua 16p trén bé mit duong.
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- W1a trong luong ctuia xe (N - Newton).

D -
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Hinh 2. Khéi mé phong luc can lin
Lyc can qudn tinh

Cac dinh luat vé chuyén dong khéng dinh, trong quaé trinh ting toc va giam téc cta
mot vat thé, mot luc quan tinh dugc tadc dong vao huéng nguoc lai véi chuyén dong cua vat
thé. Luc nay tao ra luc can quén tinh.
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Hinh 4. Khéi mé phdng luc cdn quan tinh

M6 hinh motor dién
Tinh trang nap cua pin cao dp (SOC)

Mo hinh pin dugc thiét ké dé tinh toan lugng nang luong tiéu thu trong qua trinh van
hanh. Luong ning luong tiéu thu quyét dinh trang théi sac cta pin va céc gia tri tiéu thu
nidng lugng cho 100 km di chuyén. Trong khi xe dang & ché& d¢ tai tao ndng luong, né sé
dugc phanh véi ty 1¢ tang khodng 30% va nang luong duoc tao ra s€ dugc luu trit trong pin.
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Hinh 5. Khéi mé phong SOC
M0 hinh dong co diéen PMSM

DPong co ddng bo tir tinh ¢& dinh (PMSM) 1a loai dong co dugc stt dung phd bién nhat
trong thiét k& Xe dién do hiéu suat cao va ton that ning lugng it. Nam cham c6 dinh tao
ra moment xodn cao trong khe hd khong khi, tir d6 ting cuong mat do cong suat va ty 1¢
mod men xoan so v6i khdi luong khong gian. PMSM c¢6 phan ting nhanh va hiéu suét cao.
PMSM c6 hai phan chinh, Ro-to va Stator. Stator bao gom ba pha day dong phéan bo theo
hinh sin. Ro-to khong c6 day. Dién 4p ba pha can bang dugc cung cap cho day cudn stator
tao ra mot dién EMF quay véi bién do khong dsi trong khe hé khong khi. Dong dién stator
duoc kiém soat boi phan hdi vi tri ctia 16-to dé duy tri tdn s6 déng bo v6i ro-to. Su tuong tac
clia cac truong stator va ro-to nay dan dén sy phat trién moé men xoan trén ro-to. (Andrzej
Stepniewski, 2015)

1-D Tw)
o
[(Motor_w] .[K/\ > < [Tork_out] I
From5 rad’s to rpm
Motor Torque
Diagram
2D Tu)

[Tork_out] > »ul
N b
[Motor w] > K- »u2

rad’s o rpm

»< jMobr_Eﬂl

Motor Efficiency
Diagram

Hinh 6. M6 hinh mé phong khoi motor dién
MG hinh mé phong
Tat ca cac mo hinh trén duoc lién két voi nhau va chu trinh 14i xe FTP-75 dugc xem
xét dé mo phong. (Vinh, 2017)

FTP-75 (Federal Test Procedure - 75) la mét quy dinh dugc stt dung dé do va xac dinh
luong khi thai do cac phuong tién tham gia giao thong tai Hoa Ky. Quy trinh nay st dung
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mot loat cac kiéu 14i thir da dang dé mo phong cac tinh hudng thuc té khi 14i xe. Dt liéu thu
duoc tir quy trinh nay duoc st dung dé so sanh va danh gia lugng khi thai ctia cac phuong
tién. Chu trinh c6 ba giai doan:

* Giai doan 1: Chay trong 505s va 5,78km la quang duong di duoc véi toc do trungbinh
41,2km/h.

* Giai doan 2: Chay trong 867s.A = nr?

* Giai doan 3: Bit dau lai sau khi da dimg dong co 10 phut ké tir ltc két thic giai doan
2 va giong giai doan 1 ctia chu trinh trude.

* Téng quang duong di chuyén khi két thac chu trinh 1a 17,77 km trong khoang thoi
gian 2474s v6i toc do trung binh 31,1 km/h.

o — ~5>—38
o

N
Hinh 7. So d6 khéi mé phong tong thé

Trong nghién ctru nay, doi tuong mo phong la xe Tesla Model S P85. Tesla Model S
P85 1a mot chiéc xe dién cao cap voi hiéu sudt vuot trdi va cac tinh ndng hién dai. Xe dugc
trang bi dong co dién manh mé, c6 kha nidng tang toc tir 0 dén 100 km/h chi trong 4,2 gidy.
Hé thong pin cia Model S P85 ¢6 dung lugng 16n, cung cap pham vi hoat dong dai, cho
phép xe di chuyén xa ma khong can sac lai thuong xuyén. Xe ciing tich hop nhiéu cong
nghé tién tién nhu hé thong phanh téi tao ndng luong, gitp ting cudng hiéu suat sac lai pin
khi phanh, va hé thong tu lai Autopilot, mang dén trai nghiém lai xe an toan va tién lgi. Voi
thiét k€ sang trong va cac tinh nang dot pha, Tesla Model S P85 la mét lya chon 1y tudng dé
nghién ctru va mo6 phdong cac yéu to anh hudng dén hiéu suét va tuong tac gitra cac thanh
phan cta hé thong xe dién. (Chauhan, 7/30/2017)
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Bang 1. Théong s6 tiéu chuan dua vao mé phéng

TT Khoi Théng s6 Gia tri
1 Pin HV Lithium-lon 346V; 140Ah
2 Controller PWM 1000Hz
3 H-Birge 330V;0.1 Ohm; 0.05 Ohm
4 Electric motor 6500 rpm; 270KW; 346V
5 Simple Gear 5
6 Khéi luong Mass 2100 Kg
; Khoang c:élch t:‘r trQn/g tam dén 1662 m

tam cau truoc
g Khoang céAch tfi trong tam dén 17m
tam cau sau

9 Gia t6c trong truong 9.81 m/s"2

10 Dién tich can chinh dién 2.34 m"2

11 Mat d6 khong khi 1.22 kg/m”3

Két qua mo phong

Truong hop xe chay trén duong bing

Veloctly vs Otes Cyoie Scuroe

Ax
------

Hinh 8. Do thi toc d9 theo chu trinh va m6 phdong cta xe dién

Ching ta nhan thay rang cac quy luat thay déi gan nhu tuong dong, tic 1a két qua mo
phong dap tng dang v6i yéu cau cua nguoi 1ai xe. Tuy nhién, c6 mot s6 sai s6 xuat hién &



89

viing gidm t6c gan 0 m/s, nguyén nhan do bo diéu khién PI chua t3i uu véi cac thong s
KP va KI.

T 4 4 | T
| 1 1 |
. - e "o e
Tema)

Hinh 9. D6 thi luc kéo tai banh xe

Ching ta c6 thé thay rang luc > 0 xuat hién khi motor kéo xe, trong khi luc < 0 xuat
hién khi xe kéo nguoc lai dong co, lac nay dong co dang & ché d6 phanh va hoat dong nhu
mot mdy phat. D9 thi tai thoi diém luc gan bang khong, khi so sanh v6i d6 thi van tdc, ciing
cho thay van tdc gan bang khong. Diéu nay cho thdy mo phéng twong d6i chinh xéc.

Hinh 10. Do thi toc d¢ quay ctia motor dién

Két qua mo6 phong tdc do quay ctia motor dugc thé hién nhu trong hinh vé trén. Téc
do toi da ctia dong co dat 4.000 rpm trong chu trinh nay. D6 thi téc d¢ quay cua dong co
tuong d6i phan 4nh dang véi do6 thi véan toc thuc t€ cua xe, cho thay hiéu suét hoat dong
ctia bo diéu khién dap tng dtng thoi diém voi yéu cau vé van toc duoc dua ra bodi nguoi
diéu khién.
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Hinh 11. Do thi trang thai nap cta pin HV

K&t qua d¢ thi trang thai sac (SOC) nhu hinh trén, nhing doan di 1én la nho phanh tai
sinh hoat dong, gitp sac lai nguén dién, doan ngang ctia do thi cho thay ltc nay xe dang
ding yén, ding nhu v6i chu trinh 1ai FTP-75.

Két qua mo phong tiéu hao nhién liéu nhu do thi trén. Nhién liéu tiéu hao tir 8SKWh
xudng con 74AKWh di dugc hon 18 km va suét tiéu hao nhién liéu la 0,61 KWh/km

M6 phong trén truong hop cé do doc 1a 5 do

T T

| 1
o - - ]
]

Hinh 12. D6 thi gia toc cta xe khi xe 1én déc
Két qua mo6 phong gia toc xe nhu d6 thi trén. Vi dau ra van toc ¢ hai truong hop 1a
tuong tu nén gia toc sé gan giong nhau. Gia toc luc nay 16n hon truong hop ly tudng vi qua
trinh tang t6c hay giam tdc ctua truong hgp nay 16n hon mot it.
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Hinh 13. D6 thi cong suat caa motor dién khi xe 1én doc

Két qua mo phéng cong suadt dong co nhu d6 thi trén. Phan duong cong suat cua
truong hgp leo doc 16n hon phan duong cong suét cua truong hop 1y tudng, do lac nay xe
dang leo d6c can cong suét 16n hon. Phan &m cong suét cua truong hop leo déc bé hon phan
am cong sudt cda trudong hop ly tudong, do lac nay luc can 14n 16n ta chi can luc phanh nho
dé xe gidm t6c nén cong sut nap dién lai ctia dong co ciing bé hon truong hop ly tudng.

soC

-
-

Hinh 14. D6 thi tinh trang nap cta pin HV khi xe 1én déc

Két qua do thi trang thai sac (SOC) nhu d0 thi trén. Phan tram pin con lai cua truong
hop nay 1a 33% thap hon truong hop ly tudng (con 87%). Sy khac nhau nay la do khi leo
d6c xe can ndng lugng 16n hon nén ton nhiéu dién nidng hon.
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Trey

Hinh 15. D0 thi tiéu hao ning lugng khi xe 1én déc

Két qua mo phong tiéu hao ndng luong cua ngudn. Tuong tu nhu & trang thai sac
luong dién ndng tiéu hao la 58KWh it hon nhiéu so véi truong hop ly tudng. Suét tiéu hao
nhién liéu véi truong hop nay la 1,5 KWh/km.

Két luan

Nghién ctru da xay dung va mo6 phong thanh cong moé hinh dong luc hoc va nang luong
ctia O to dién, cu thé 1a mau Tesla Model S P85, béng viéc st dung phan mém MATLAB va
Simulink. Bang cach ap dung chu trinh 14i FTP-75, m6 phdng da cho phép phan tich chi tiét
hiéu suat hoat dong ctia xe trén duong bang va dudng déc, bao gom téc do xe, téc do dong
co, luc kéo, va ddc biét 1a trang thai sac cua pin (SOC) cung muc tiéu thu ndng luong. Két
qua mo phong cho thay su phan hoi cua moé hinh bam khé sat voi yéu cau tir chu trinh 14i,
dong thoi lam 16 tac dong cta cac yéu to nhu do doc va hé thong phanh tai tao ndng luong
dén hi¢u suat tong thé va kha nang thu héi ning lugng cia xe.

Mic du md hinh md phéng da cung cap nhimg hiéu biét quan trong vé hoat dong va
tuong tac gitra cac thanh phan cta xe dién, nghién ctu van con mot s6 han ché. Céc thong
s6 st dung trong mo hinh chti yéu dya trén cac gia tri Iy thuyét hodc tiéu chuan, chua duoc
tinh chinh va xac thuc day du voi dit liéu van hanh thuc té cua xe trong diéu kién tai Viét
Nam. Do d6, cac nghién ctru ti€p theo can tap trung vao viéc hiéu chinh tham s6 moé hinh
dua trén dt liéu thuc nghiém va mé rong mo phdng cho cac diéu kién van hanh da dang
hon dé nang cao tinh chinh xac va kha nang tmg dung thuc tién cia mo hinh.
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