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1. Gigi thigu
Ngay nay, viéc phat trién cac hé théng diéu khién trén 6 t6 s dung phd bién chu trinh thiét ké hai
nhanh héi tu dang chit V nhu Hinh 1. [1], [3]
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Hinh 1. Chu trinh thiét ké chit V trong phdt trién hé thong diéu khién

Trong d6 khau md phong trong vong lap cing — HIL dong vai tro then chét khi kiém tra va thir
nghiém hé thong diéu khién [1]. Bang cach gia lap cac tin hi¢u vat Iy ¢ trong phong thi nghi¢m dé cung
cap mot moi truong lam viéc gan giong véi thuc te HIL cho phép cac nha phat trién kiém tra cac thuat
toan diéu khién va tinh tuong, thich gilta phan mém va phan ctng. Viéc kiém tra hé thong diéu khién
trén HIL gitp phat hién va khac phuc 15i truée khi thir nghiém trong diéu kién thyc té vén rat phic tap
[2]. Ngoai ra, HIL con dwoc tng dung rong réi trong giang day vé h¢ thong dién tir va diéu khién 6 to
[1] [3]. HIL gitip nguoi hoc tiép can véi cac hé thong didu khién trén 6 to ngay trong phong thi nghiém
ma khong can thir nghiém, khao sét truc tiép trén xe that. Tir d6 giam thiéu rui ro vé an toan va chi phi
trang thiét bi cho cac khéa hoc. HIL tai hién cac budc cua quy trinh phat trién hé thong diéu khién tir
khau thiét ké dén thir nghiém va kiém tra, gidp sinh vién hiéu rd hon vé quy trinh phat trien thuc té trong
nganh & t6. Mot trong nhiing bo phan chiu sy diéu khién phic tap tir nhiéu hé thong khéc nhau trén 6 to
d6 1a budm ga dién tir - ETC (Electronic Throttle Control). V& mat chirc niang, ETC chi diéu khién luong
gi6 vao dong co nhung né anh huong dén nhiéu hé thdng khac nhu chay tu dong, tbc do cam chung,
kha ning ting tdc, diéu hoa md-men xoin, diéu khién luc bam ddng thoi anh hudng truc tiép dén tiéu
hao nhién liéu. Vi thé nén da c6 nhiéu cong trinh nghién ciru cac thuat toan va phuong phap diéu khién
khéc nhau vé ETC [4] — [11]. Trong d6, cic cong trinh di md hinh hoa va mé phong hé théng ETC, st
dung cac thuat toan nhu bo quan st ESO [7], ETB [8], bd loc Kalman va b diéu khién bu truot hay ca
b6 1ui buéc SBCKLF [10] ciing da duoc ap dung trong nghién ctru. C4c phan mém va ngon ngir hd tro
mo phong nhu Matlab, TASM hay céc phan ctng D- -Space [3], [10], [11] dugc su dung nham thu thap
thdng s6 buoém ga. Tuy nhién cdc cong trinh d6 chu yeu tap trung vao thir nghiém thuét toan diéu khién
nham diéu khién chinh x4c budm ga dién tr va nd thuoc nhanh thir nhét caa chu trinh chix V [1]. Tir do
cho thiy viéc md phong ETC trong vong lap cang la can thiét dé st kiém tra qua trinh diéu khién tir
ECU hd tro qua trinh phét trién cac phan mém diéu khién phuc tap trén xe.

Bai b&o nay trinh bay qua trinh thu thap dir liéu, md hinh héa va md phong buém ga dién tur theo
thoi gian thuc bang phan mém LabVIEW st dung Card N1 6009 gia lap tin hiéu vat ly. Hé thong duoc
thuc nghiém trén ECU cuia xe Chevrolet Captiva két hop bo gia lap tin hiéu dong co dé kich hoat cac
ché do diéu khién.

2. Noi dung nghién ctru
2.1. M6 hinh hoa buwém ga dién tir

Budém ga dién tir st dung trén 6 t6 ¢6 cac bo phan chinh bao gdm dong co dién hay con goi 1a mo-
to, b truyén dong banh rang, canh budém ga, 16 xo hoi vi va cdm bién vi tri canh buém ga. Ngoai ra dé
hé thong hoat dong 6n dinh than budm ga dién tir thuong trang bi duong 6ng dan nude lam mat dong
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co dé sudi am. Hé thong budm ga dién tir str dung trong nghién ctru nay trang bi trén xe Chevrolet
Captiva la bd buém ga cuia hdng BOSCH c6 hinh anh nhan dang nhu Hinh 2.

Ong d5n nubc

|---v-

Buom ga dign t Cam bién v tri
Hinh 2. Buém ga dién tir cia BOSCH

Mot dic diém co ban dic trung nhit ciia buém ga thé hé niy 1a canh buém ga & trang thai binh
thuong khong duoc dong kin hoan toan, tai vi tri d6 10 xo hoi vi ¢ trang thai ty do. Tir &6 nghién ciru
chon mo hinh budm ga dién tir gdm cac yéu td nhu Hinh 3.

Ra La
7 — - VPS1
6Lt * T Kk
Vat) es(t) S TPS—lm
) - Tu(t) Ti(t) i
e VPS2

Hinh 3. M6 hinh bucm ga dién tir

Trong d6: Va (t)[V] — dién ap diéu khién budm ga, ia(t)[A] — dong dién di qua mo-to, La [H] —do tu
cam cua cudn day mo-to, Ra [Q] — dién trd cia mo-to, ep(t) [V] — suét dién dong tw cam, On(t)[rad] —
goc quay mo-to, Tm(t) [N.m] — mo6-men truc md-to, Jn [Kg. m?] — mé-men quén tinh md-to, N — ty s6
truyén bo giam tdc, O.(t) [rad] — goc quay budm ga, T.(t) [N.m] — md-men truc buém ga, J. [Kg.m?] —
mo-men quéan tinh buém ga, G [rad] — goc tu do cta budém ga, Tr [N.m] — md-men ma sat hé truyén
dong, Ks[N.m/rad] — do ctmg 10 xo hoi vi. TPS — cam bién vi tri budm ga c6 gia tri tra vé 1a VPS1[V] va
VPS2[V]. Véi ty s6 truyén bd banh rang giam toc hai cip 12 N = 20,24 duoc xac dinh thong qua sO lugng
rang cla cac cap banh rang an khdp ngoai. Buém ga thuong dugc diéu khién vi trf it di chuyén nén xem
nhu hé s6 can gié ciia canh buém ga va mo-to khong dang ké.

Tir mé hinh buém ga nhu Hinh 3, ta ¢6 phuong trinh can bang mach dién nhu sau:

v,(t) = Ly 5( )+R ala(®) + Ky (t) (1)

Trgng d6 Kpm 1a hé s6 suat phan dién dong ctia mo-to. Néu 201 KpL ’lé hé s6 sudt dién dong nguogc
theo toc d§ canh budm ga ta c6 Kp. =N.Kpm Phuong trinh (1) dugc viét nhu sau:

dl(t)

Va(t) = Lg—=+ Raiq(t) + Ky, (2) )
La % =Vq (t) - Raia (t) - KwaL (t) (3)

Vi hé s6 phan dién dong va hé sé mo-men ctia md-to 1a twong dwong nhau nén ta ¢6 phwong trinh
can bang moé-men truc mo-to nhu sau:

deon .
2O 1) = Komia(®) @

Tai truc canh buém ga, ta c6 phuong trinh can bang mo-men nhu sau:
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T(6) =], at + Ks(6,,(t) — 0y) + TpsignTy = NT,, (t) (%)

Trong cong thirc (4), ham sign() xac dinh chiéu md men ngugc voi chidu quay buém ga, sign =1
khi w_ >0, sign = -1 khi w_ <0 va sign =0 khi w_ =0.

Tir cong thie (4) va (5) véi om = N, Pt J = N2.Jn + Ji ta co:
de(t)

] ——=+K;0,(t) + Tpy, + signTy = Kp1is(t) (6)

2.2. Xdc dinh thong s6 buém ga dién tir

Pé xac dinh cac thong s6 ciia buém ga, nghién ciru stra dung NI myDAQ ket hop voi phan mem
LabVIEW dé cai dat ché do do thu thap dit liéu tw dong ¢ quy hoach bién sb nim trong mién lay mau.
Gia trj thu thap duoc y(x;) theo dai luwong X; tai vi tri j la gia tri trung binh cua n phép do ma & phép do
thir io két qua s& bi loai bo sau d6 néu Ayi(x) vuot ra ngoai gidi han bién d6 1éch trung binh ciia phép
do. Khi d6 két qua thuc nghiém cta phép do 1a:

y@) = {y(x) | () = = Bkoyi(x)} 7

Trong cong thirc (7), i, j 1a gia tri dac trung cho vi tri do twong Gng véi khoang chia gia tri bién can
do. Sau khi co két qua cac dlem gia tri tr thuc nghiém, nghién ctru str dung ham hoi quy trong LabVIEW
dé v& lai cac duong dic tuyén xap xi sau d6 xac xac dinh gia tri do. TAt ca quy trinh nay duogc thyuc hién
tu dong trén phan mém LabVIEW, két qua quan sat duoc hién thi qua giao dién trén may tinh. Ngoai
ra, dé giit truc md-to & cac thi nghiém do thong sd tinh va diéu khién téc d6 quay md-to khi do cac thong
) ddng, nghién ctru st dung mot b diéu khién PID téc d6 va vi tri DC md-to. So d6 két ndi thiét bi hé
thdng thu thap di liéu dwoc mé ta nhu Hinh 4.

Hinh 4. So d6 khoi hé théng thu thdp dik liéu

Trong Hinh 4, 1 — Cym budm ga dién tw; 2 — Card Ni myDAQ; 3 — May tinh véi giao dién thu thép
dir liéu 1ap trinh bang LabVIEW; 4 — Nguon dién da nang Ni PS-16; 5 — Card NI-9505; 6 -M06-to Planet
PG —457.

2.2.1. Xdc dinh théng sé tinh cudn ddy mo-to

bé xac dinh hai thong s tinh ctia cudn day bao g0m R, Va L, thi nghiém 'Eié'n hanh khéa buém ga &
vi tri ¢0 dinh, di€u nay c¢6 nghiala wmn=0 yé cap nudc & mirc nhiét 46 80°C dé lam nong mo-to tGi nhiét
do thuong xuyén cua khoang dong co. DOi voi gid tri R, thi nghiém cap timng muc dién dp vao mo-to
cho t61 khi dong dién 6n dinh, ltc ndy phuong trinh (1) trd thanh nhu sau:

Raig(t) = v,(t) 3

Giir nguyén cach khoa buém ga, tién hanh cap mot mire dién 4p ¢d dinh va thu thap dong dién trong
thoi gian tang truong dong dién di qua cudn day md-to. Khi d6 phuong trinh (1) trd thanh:

Lo P20 1 Ryig(t) = va(t) ©)

Nghiém cta phuong trinh vi phan (9) ¢6 dang:
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V. -
io(t) = 2= (1 —e 77) (10)
R,
Trong phuong trinh (10) t= La/Ra. Ttr d6 ta c6 cong thirc xac dinh L, theo t va i nhu sau:
_ tRq
a 1n(1—i“1%) (11)

Tién hanh c4p dién ap nhiéu mirc khac nhau tir 0 dén 5V dé xac dinh R,, sau d6 str dung ham Linear
Fit ta dugc dic tuyén dong dién theo dién ap va cc thong sé nhu bén trai Hinh 5 véi gia tri Ra=1,291[Q].
Thay gié tri Ra vao phuong trinh (11), cip dién 4p 5V va st dung chirc ning bit do xung qua kénh Al
ctia NI my DAQ két hop cam bién ASC712 — 5A do dong dién bang hiéu g Hall c¢6 d¢ nhay 5uS. Dt
cac khoang do 0,1mS thyc hién thu thap dit li€éu dong dién theo thoi gian ta dugc tap hop nhiéu gia tri
dong dién phén tan theo thoi gian tinh tir lac cap dién ap sau d6 s dung ham Power Fit lay xéap xi gia
trj trung binh dugc dudng dic tuyén va cac théng s6 phép ndi suy nhu bén phai Hinh 5. Tir d6 cho thay,
tai vi tri danh dau trén do thi twong tng theo cot thoi gian ¢ thoi gian 1a diém 1 mS, dong dién dat mirc
tuong ung xap xi 14 2,25 A. Thay gié tri vao cong thire (11) ta ¢6 gia tri La = 1,47 mH. Tir két qua nay
nghién ctru udc luong gia tri d6 tw cam La = 1,47[mH].

4.5 4.57
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47 4 o oo .
33
_25i =
< <
© 1 ]
2 o ]
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05 o Slope Intercep  Residue 0‘5; Amplitude Damping  Offset  Residue
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Hinh 5. Di liéu thi nghiém xdc dinh thong sé tinh ciia buém ga
2.2.2. Xdc dinh sudt dién déng ciia mo-to

4

Approximated /\ Measured

3.5

34

0.57 ° Slope  Interce  Residue
.
00187 |-00094 |0.0058

0 20 40 60 8 100 120 140 160 180 200
wlrad/s]
Hinh 6. Dac tuyén sudt phan dién dong theo t6c dé truc dong co

Dbé xac dinh suét dién doéng ngugc cua mb-to budm ga, nghién ciru tién hanh thao banh rang bd
truyén va két ndi mé-to budm ga vaéi truc DC mé-to Planetm dugc diéu khién toc do bai Card Ni-9505.
LUc nay suat dién dong duogc xac dinh theo cong thirc sau:
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Kpmwm (t) = €q (t) (12)

Diéu chinh téc d m6-to tang dan tir 0 t6i 200 rad/s va thu thap sudt dién dong phat ra bang cong Al
cta Ni myDAQ sau d6 str dung ham I’_inear Fit ta dugc déc tuyén suat phan dién theo toc dd quay voi
Kom = 0,0187 [V.s/rad] va céac thong s6 nhu Hinh 6.

2.2.3. Xac dinh m6-men cdn

Dé xéac dinh cAc md-men can cuia cum budm ga, nghién ctru sir dung b diéu khién PID vi tri voi gia
tri goc md budm ga 6. xac dinh chuyén d6i thong qua gia tri cdm bién vi tri buém ga TPS. Khi diéu
khién buém ga dich chuyén cham 6n dinh & tung vi tri, lic nay w. = 0. Khi d6 phuong trinh (5) tro
thanh:

Ks(0,(t) — 6o) + Tpy, + signTy = Kppiq(t) (13)

Trong phuong trinh (12), goc tu do ban dau ciia canh budm ga 1a 5[°] tir d6 ta c6 6o = 0 ,0872[rad],
KoL = N.Kbm. ma Kom = 0,0187[V.s/rad] da xac dinh trude d6 nén Ko = 0,3785[N.m/rad]. Dung bo diéu
khién PID vi tri cho buém ga chay cham ting dan tir 0° téi 90° va chay nguoc lai. O mdi vi tri do dong
dién ia trung binh va suy ngugc mo-men & ting vi tri ta két qua thu thap dwoc nhu bén trai Hinh 7. Bé
loai bo céc tin hiéu do d6 vot 16 khi diéu khién giup théy r0 qua trinh thay d6i mé-men & vi tri can béng,
thi nghiém cho buém ga chay cham tir 0° tGi 10° va thu thap dir liéu. Két qua cho thdy nhu bén phai
Hinh 7.
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Hinh 7. Di liéu mé-men can tinh budém ga theo géc mo

Trong Hinh 7, déc tuyén thu duoc khi cho canh budém ga tang goc déu tir 0° t6i 90° va ngugc lai ta
c6 hai phan dac tuyén khac nhau khi goc md di qua goc can bang ban dau O = 5°. Pong thoi mbi phan
¢6 hai didc tuyén song song v6i nhau. O hinh bén trai, khi déng md canh budm ga tao ra hai duong mo-
men ¢ do chénh 1éch 0,475 [N.m]. Do chénh 1éch nay chinh 1a m6-men ma sat Ty, khi dao chiéu né trai
d4u nhau nén ta c6 T = 0,475/2 = 0,237 [N.m]. Buém ga di chuyén tir 5° t&i 90° twong duong goc di
chuyén 1,483 [rad] tir 0,0872 [rad] toi 1,5707 [rad], &6 chénh léch mo-men 12 0,225 [N.m]. T d6 ta co
Ks=0,225/1,483 = 0,151[N.m/rad]. O hinh bén phai Hinh 7, buém ga di chuyén cham tir 0° t&i 10°, khi
buém ga di qua vi tri cAn bang trong lic dang dong lai, mé-men giam tir diém B xudng D v6i d6 chénh
léch mo-men 12 0,725 [N.m]. Piéu nay ciing dting khi buém ga dang mé ra va di qua vi tri cAn bang,
mo6-men tang tir diém C 1én A. Tlr d6 ta c6 mo-men ban dau cé hai chiéu khac nhau ¢ hai bén goc can
bang va TpL = 0,725/2 = 0,362[N.m].

2.2.4. Xdc dinh mé-men quan tinh

Dé xac dinh mo-men quén tinh cta buom ga, thi nghiém tién hanh mé budm ga tdi 90° sau d6 tha tyr
do cho 16 xo hdi vi kéo buém ga vé vi tri can bang. Trong qua trinh ndy cac cyc dién mo- -to h¢ mach
nén strc can dién dong khong ton tai. Tong mo-men quy ddi ciia cum buém ga T(t) bao gdbm md-men
xo0an ctia 10 xo Ts, md-men ép dia buém ga Tp. VA md-men ma sat Tr. Lic nay phuong trinh (6) tré thanh
phuong trinh vi phan sau:
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T(t) =JO(t) = K0, (t) + Tp, — Ty

(14)

Tur phuong trinh (13) ta ¢6 cong thuc xac dinh m6 men quén tinh ciia buém ga dién tr sau:

_T(@) K0,(t)+Tp,— T

=50

()

(15)

Thi nghiém thu thap dit liéu goc mé budém ga tir mirc md hoan toan 90° vé goc tu do 5° thdng qua
cam bién vi tri buém ga rdi sir dung ham Polynomial Fit trong LabVIEW dé x4p xi hoa qua trinh thay
ddi goc mé budm ga. Tir gia tri ndy ap dung cong thire (13) dé tim dic tuyén mo-men T(t). Sau do tir
tap gid tri goc m& budm ga tinh dao ham bac hai dé tim dic tuyén gia tbc goc buém ga 6(t). Ap dung
cong thuc (14) ta tim dugc gia tri mo-men quan tinh twong duong clia cum budm ga J = 0.045 [kg/m?].

Két qua thi nghiém dugc mo ta nhu Hinh 8.
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Hinh 8. Két qua thi nghiém xdc dinh mé-men qudn tinh cum buwém ga

Tir két qua thi nghiém xac dinh thong sb ta c6 bang thong sé cum budm ga dién tir nhu Bdng 1

Bang 1. Thong s6 cum buom ga dién tir

TT Théng s6 k§ thuat Gia tri va tinh chét
1 Ra 1,291 [Q]
2 La 1,47.10°3 [H]
3 J 0,045[kg/m?]
3 Kpom - KoL 0,0187 [V.s/rad] — 0,378 [V.s/rad]
4 K - KL 0,0187 [N.m/A] — 0,378 [V.s/rad]
5 Ks 0,151 [N.m/rad]
6 N 20,24
7 TrL 0.362[N.m]
8 Tr 0,237 [N.m]
9 Ao 0,0872 [rad] (5[°1)
10 TPS VPS1: 3,7-1,3[V]; VPS2: 1,3-3,7[V]

2.3. Mo phong buom ga dién tir

Tir phuong trinh (3) va (6) két hop voi thong s6 hé thong nhur bdng 1, nghién ciru xay dung khbi mo
phong theo thoi gian thuc trén phan mén LabVIEW c6 Block Diagram nhu Hinh 9.
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Hinh 9. Khéi Block Diagram mé phéng buém ga dién tir

Trong Hinh 9, dir liéu dau vao 1a dién ap dit vao hai dau cuc dién mé to Va, qua cac qué trinh bién
ddi dién tr nhu cong thirc (3) va (6) ta c6 ngd ra la gia tri goc budm ga 0. Sau khi c6 gia tri goc mo
budm ga, kh01 mo phong cudi cung chuyen d6i don vi do goc va dua ra tin hiu cam bién VPS1 va VPS2
theo thong s6 cam bién vi tri di kém. Khoi Time diéu khién thoi gian ldy mau 1 mS. Bé qua trinh thu
thap va chuyén doi tin hiéu giita Ni-6009 va ECU khéng anh huong téi ham Time trong kh6i mé phong,
nghién ctru str dung mot vong lip chay doc lap, song song v6i khéi mé phong co cau triic Block Diagram
nhu Hinh 10. Trong d6 cac bién Va, VPS1, VPS2 dugc ndi v6i khéi mo phong. Va duoc thu thap tir ngd
vao AlQ, VPS1, VPS2 dugc xuét ra ngd AQo, AO; cia Ni-6009.

VPS1[V]
: 1 DBL K » . y
i >
4 , vps2(vl—|a-(E b w i
DAQ Assistant2 | [oBLk DAQ Assistant
data = Va[V] T e data
PDEL
n G0

Hinh 10. Khoi Block Diagram chuyén doi tin hiéu mé phong va vit Iy buém ga dién tiv
2.4. Kiém nghiém mé hinh véi thuc té

f

‘ Ban dap ga

Cum budm ga

| BO mé oncng E

May tinh hren thi

Hinh 11. Bé tri thi nghiém kiém nghiém mé hinh mé phong

bé kiém nghiém md hinh mo6 phéng, nhém nghién ctu sir dung mot bo diéu khién budm ga dién to
tén xe Chevrolet Captiva bao gom ban dap ga, ECU va cum budm ga két n6i vdi nhau theo so d6 hé
thong va dugc bo tri nhu Hinh 11. Trong d6 hai chan tin hiéu diéu khién md-to buém ga dugc nhan
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dién qua chirc nang InputCature dé xac dinh Duty Cycle cua xung PWM diéu khién dong thoi xac dinh
chiéu dién cuc tir 46 quy ddi ra dién ap diéu khién tir -12V t6i +12V dat lam bién dau vao cho mé hinh
mo phong.

Budc kiém nghiém thir nhat 13 kiém tra sy tuong dong tin hiéu va thoi gian dap tmg khi canh buom
ga mo tir 0° t61 90°. Thi nghiém dét vi tri ban dap ga ¢ muc t6i da va cip dién cho hé théng, ECU s&
diéu khién mé budm ga va thu thap dit liéu. Két qua cho thay nhu Hinh 12.

5 57
i A w2 |\ st ] vps2 LA\ west i A
45

i
&5 O
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N EN D w5
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- w n : w w

=}
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©
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Hinh 12. Bdc tuyén géc mé buém ga mé phong Va thuec té

Trong hinh 12, vé mat truc quan, tin hiéu cam bién vi tri buém ga gitra thuc t& va mo phong kha
tuong dong. Thoi gian dé& budm ga mo tir 0° t6i 90° 1a 230 [mS]. Piéu nay cho thdy md hinh mé phong
c6 thé thay thé cum buém ga thuc té.

Kiém nghiém thir hai, thi nghiém kiém tra mirc do dép tmg ctia tin hiéu md phong va buém ga thyc
té. Tién hanh cho ban dap ga thay d6i vi tri ngau nhién trong mot khoang thoi gian va thu thép dir liéu
goc m¢ budm ga thuc té va mo phong trén mot do thi. Két qua nhu Hinh 13 bén trai cho thiy buém ga
thue té c6 phan dap tng cham hon so véi tin hiéu md phong nhung tin hiéu md phong bam sat dic tuyén
clia buém ga thuc té va duoc ECU chép nhan diéu khién nhu mét buém ga binh thudng. Trong khi dd
thi nhu Hinh 13 bén phai mé ta qua trinh dap tmg diéu khién ctia buém ga tir ECU khi cho goc mé dot
ngot tir 0 téi 70 d6. Ca hai tin hidu mé phong va thuce té thé hién duoc két qua diéu khién theo thuat toan
vi tri tir ECU, mtrc d6 dap tng ctia buém ga mo phong kha twong ddng voi budm ga thuc té khi quan
sat trén cung mot dd thi.

95+ 95-

807

Phi[degree]

307

17200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2500 2 100 200 300 400 500 600 700 800 900 1000
t{ms) t[ms)

Hinh 13. So sdnh déc tuyén ngau nhién géc mé buém ga thiee té va mé phong
3. Két luan

Nghién ctru da khao sat, m6 hinh hoa va thu thap dir li€u thi nghiém vé cum buém ga dién tir trén xe
Chevrolet Captiva. Qua trinh mé phong str dung phdn mém LabVIEW két hop véi Card NI 6009 dé
nhén tin hi¢u diéu khién va phan hdi tin hiéu vi tri buém ga vé ECU. Két qua ban dau cho thiy dic tuyén
g6c md cua buém ga md phong tuong ddng voi buém ga thuc té. Dong thoi, tin hiéu m6 phong tir cam
bién vi tri buém ga duoc ECU chép nhan va phan hdi bang tin hiéu didu khién. Tin hiéu xung cong sut
diéu khién mo-to budm ga duoc chuyén ddi thanh dién ap va guri v& LabVIEW chay khdi md phong dap
g yéu cau h¢ thong. B mo phong budém ga dién tir nay dong vai trd nhu mot HIL don 1é, gop phan
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hoan thién hé théng HIL cho dong co 6 t6. Nho do, cac qua trinh hoat dong va diéu khién trén xe c6 thé
dugc nghién ctru ma khong can dén cac bang thir phirc tap. Giai phap nay giap don gian hoa qua trinh
thtr nghiém cac tinh nang diéu khién trén 0 t6. Nho do, cac nha nghlen ctru 6 thé dé xuat va cai tién cac
phwong phéap diéu khién dong co nham t6i wu hoa hoat dong, giam tiéu hao nhién liéu, nang cao tién
nghi cho nguoi dung va than thién véi moi truong.

Tuy nhién, nghién ctru van con ton tai mot s han ché can dugc tiép tuc phat trién. Véan dé dau tién
1a nghién ctru chua danh gia dﬁy du anh hudng cua cac thong sO phan ctng ciing nhu thoi gian dap ung
cua b giao tlep trong hé thong mo phong dén két qua thu dugc. Do do, chua thé dua ra duoc cac yéu
cau tbi thiéu vé cdu hinh phan clng nhiam bao dam hé thong hoat dong 6n dinh va hi¢u qua. Bén canh
do6, cac thur nghiém moi chi dugc tién hanh trén mot ddi tuong gidi han, chua mé rong ra nhiéu loai khéc
nhau va ciing chua thuc hién danh gia mot cach khach quan, chi tiét vé muc do dép ung cua hé thong.
Céc thir nghiém hién tai chi yéu nhim muc dich xdc nhan kha ning thay thé thiét bi thuc té bing hé
thdng mo phong, thay vi phan tich sau vé hiéu nang tong thé.

Loi cam on

Tac gia xin cam on Trudng Pai hoc Su pham K thuat Thanh Phé H6 Chi Minh di cip kinh phi thuc
hién dé tai nghién ciru khoa hoc cdp co s& mé s6 T2025-12. Chan thanh cam on phong thi nghiém Co
Pién T O t6, Khoa Co Khi Pong Luc, Pai hoc Su pham K§ thuat Thanh Phé H6 Chi Minh da hd trg
thiét bi thi nghiém.

Xung dot lgi ich
C4c tac gia tuyén bd khong c6 xung dot 1oi ich trong bai bao nay.
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