KET QUA NGHIEN CU'U VA UNG DUNG

XAC DINH HE SO MO HINH LOP PACEJKA
CUA XE HYUNDAI STAREX BANG THUC NGHIEM

Vi Thanh Trung', Nguyén Dinh Tuan? Nguyén Hoang Vi®

Tém tat: M6 hinh 16p Pacejka l& m6 hinh I6p ban thuc nghiém voi mét 16p cu thé, duoc st dung phé bién
tr,ong viéc nghién ctru dong lwc hoc chuyén dong cua 6 tc?. Viéc xac dinh cac hé so": thuwre nghiém cQa mé hinh
16p Pacejka la khé khan, phirc tap. Bai bao ’trinh bay kfét qua xac dinh cac hé sé ctia mé hinh I6p Pacejka
phuc vu viéc nghién ctru dong lwc hoc chuyén déng thang cua xe Hyundai Starex.

Ttr khéa: Hé sé thue nghiém; mé hinh I16p Pacejka; xe Hyundai Starex.

Determining experimental coefficients of Pacejka tire model for Hyundai starex vehicle

Abstract: The Pacejka tire model is a semi-empirical model with a specific tire, which is widely used in
studying vehicle dynamics. It is difficult and complicated to determine the experimental coefficients of the
Pacejka tire model. This work presents the results of determining the coefficients of the Pacejka tire model
to serve studying longitudinal dynamics of the Hyundai Starex vehicle.
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@ 1. Dit van dé

Ngay nay, khi y&u ciu hién dai héa cac dong xe ngay cang cao, cac hé théng co dién t&r dwoc trng
dung ngay cang nhiéu trén cac dong xe thé hé mai, viéc nghién ctru dong lwc hoc (BLH) chuyén dong
thdng cang phai gan thuc té qua trinh chuyén déng clia xe. Cuing v&i sw phat trién ctia CNTT va k§ thuat
moé phéng, nhiéu phan mém mé phdng chuyén dung (Matlab/Simulink/Simdriveline, CarSim, GT-Suite...)
da dwoc st dung dé tinh toan DLH chuyén déng thang ctia 6 t6 [1]. M& hinh md phéng BLH chuyén déng
thdng cla 6 t6 bao gdm cac khdi chinh nhw: khéi “Than xe”, khéi “Dong co - banh xe chi déng”, khdi “Ngudi
l4i” va khéi “Lbp xe”. Trong khi d6, khéi “Lép xe” mé ta lwc twong tac gitra 16p xe va duwdng; viéc mé ta chinh
xac mbi quan hé vat ly cta sy twong nay la rat kho khan (vat liéu phi kim loai, bién dang rat phirc tap dudi
tac dong cla lwc). Cac nha khoa hoc trén thé gi¢i da dwa ra nhiéu mé hinh xac dinh lwc twong tac cla 16p
xe va mat dwdng, vi du nhw: HSRI, Ammon, Burckhahardt, Dugoff, Pacejka, De-Wit, LuGre [2]. Cac mé hinh
nay la déu mé ta lwc twong tac 16p - dwdng & dang toan hoc véi cac hé sé thue nghiém (dwoc dung cho moét
loai 16p cu thé). M6 hinh I1&p Pacejka da dwoc st dung trong cac phan mém mé phdng chuyén dung nhw
Simdriveline trong Matlab/Simulink, [3] hay CarSim, [4] va nhi&u nghién ctru da cong bd [5-7]. Khi tinh toan,
c6 thé chon cac hé s ctia md hinh trong khodng khuyén céo hodc chap nhan cac hé sb ngdm dinh trong
phan mém. Tuy nhién, néu theo cach nay co thé dan dén két qua tinh toan khong sat véi déi twong nghién
ctru thuc té. Trong nghién cu nay, nhém tac gia tién hanh xac dinh cac hé s ctia mé hinh 16p Pacejka
béng thwc nghiém va tinh toan lwc kéo doc cla 16p xe Hyundai Starex CVX trong mét sb didu kién van hanh.

@ 2. Co’ s& xac dinh cac hé s6 ctia mé hinh 16p Pacejka bang thwe nghiém

Mb hinh vat Iy vé twong tac 16p dwerng dwoc thé hién trén Hinh 1, trong d6 w 1& van téc goc clia banh
xe; r, 1a ban kinh lan cua banh xe, [m]; r 1a ban kinh banh xe khi co tai, [m]; r.1a ban kinh banh xe khi chwa
c6 tai, [m]; V, & van téc chuyén dong cla xe, [m/s]; V 1a van tdc trwot doc clia banh xe, [m/s]; F, la luc
twong tac 16p - dwong, [N]; S 1a diém tiép xtc; F, 1a téi trong thang ding, [N]; M, 1a m6 men can lan, [N.m].

'"ThS, Khoa Déng Iwc, Hoc vién Ky thuéat quéan st
2TS, Khoa Déng Iwre, Hoc vién Ky thuéat quéan st.
SPGS. TS, Khoa Dong lwc, Hoc vién Ky thuéat quéan sur.
*Téac gia chinh. E-mail: vuthanhtrung286@gmail.com.
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DPéi v&i md hinh 16p Pacejka (khi khéng xét dén
anh hwéng cta goéc dit banh xe), lwc twong tac 16p -
dwong (Fx) khi xe tang tbc dwoc xac dinh theo cong thirc
(1), [8-10]: r

F, = D.sin[Carctan { B.x — E(B.x —arctan B)} (1)

trong do: x la hé sb trwot doc [%], dwoc xac dinh theo
cong thirc (2); D 1a hé sé gia tri dinh, anh hwéng dén diém
cwc dai clia dwdng dac tinh Iyc kéo doc theo hé sb trwot
doc,D=F, . Clahé sb bién dang, chon C = 1,65 khi tinh
toan luc kéo doc ctia 16p, [9]; B 1a hé sb dd cing; E la hé
sb dd cong. Cac hé sb B va E 1an lwot dwgc xac dinh theo

Hinh 1. M6 hinh tuong tac I6p duong, [8]

cac cong thire (3) va (4): LSp 205/55 R16
7000
Kza)rf—_szk (2) Zeooo .
5000 i
a)rf wrf -§ 4000
© 3900 wuvuees F2=5000N
B _ BCD (3) §, 2000 — — — Fz=6000N
CD ] 1002 e F 2=7000N
o 20 40 60 80 100 120
Ee Bk, —tan(z / 2C) 4) Hé s6 trugt doc [%]

Bx, —arctan(Bk,,)

trong d6: BCD = (OF, / dx),_, = C,._la dd ctrng truot doc L8p 315/75 R16

cta 16p, trong trwdng hop do trwot 1a nhd, mdi quan hé

4 8000
F, va k14 tuyén tinh, khi d0: C, = F/i; &, la he s truot | 8 o 7, — _;
tai thoi diém lwc kéo doc ?at cwc dai, [%]. Bé qénh gia £ 000 - __ :’:K:
anh hwéng cla tai trong thang ding F, cachés6 B, D, E £ 200 — F125000N
dwoc viét lai theo cong thire (5), [9]: 0 - ‘
o 20 40 60 80 100 120
D=a1F22+a2FZ;B=a3FZZ +:14FFZ Hé s& trurgt doc [%]
C.De™> (5) Hinh 2. Vi du vé dac tinh luc kéo doc
E=a,F +a,F. +a, cUa I6p xe trong CarSim [4]

Nhw vay, cac hé sb D, B, E dwgc xac dinh tr thie nghiém, tir do ta xac dinh tiép dwoc cac hé sé a,,
a,, a,, a,, a,, a, a, va a,. Két qua xac dinh lyc kéo doc F, = f(F k) duoc dua vao khdi I6p xe trong mo hinh
mé phdng BLH chuyén déng thdng clia 6 t&. Hinh 2 mé ta vi du vé& hai dac tinh lyc kéo doc clia 16p xe dwoc
tich hop sén trong phan mém CarSim.

@ 3. Xac dinh cac hé sé ctia mé hinh 16p Pacejka bing thwe nghiém
3.1 Béi twong nghién ctru

Xe Hyundai Starex (H1-Bus) model 2008 c6 thiét k& 05 chd ngdi va khéi lwong hang héa chuyén ché
cho phép 1a 600 kg; I&p dong co diesel 2.5 TCI-A, thé tich cdng tac 1a 2497 cm?; hé théng truyén luc kiéu co
khi (5 s tién, 1 s6 Iui), dAn ddng cau sau; trong lwong toan bd xe 1a 2285 kg; chidu dai co sé la 3,2 m; ty sb
truy&n tai cac tay sb twong (ng la: (s 1:4,393), (sb 2:2,308), (sb 3:1,356), (sb 4:1), (sb 5:0,763); st¥ dung
16p co6 ma hiéu 1a 215/70 R16, [11].

3.2 Phwong phép va trang thiét bi thtr nghiém

- Céc trang thiét bi duing d& xac dinh ban kinh 1&n (r,), tai trong thang dirng clia banh xe (F,) va d6 dan
dai cta 16p (o,) bao gom: kich thiy Iwc, can dién t, dung cu do do dai, dung cu son mau va danh dau.

- Viéc thue nghiém xac dinh Iwc kéo 16n nhét (F, ) va do truot cla I6p khi xe dat lwc kéo lon nhét
(x,) dwoc tién hanh trén bé thi con lan 48” [12] (tai Phong thir 6 t6 hang nhe cla Trung tam Québc gia Thiv
nghiém khi thai PTCGPB/Cuc Dang kiém Viét Nam) (Hinh 3) két hop véi thiét bj chdn doan theo chuén
OBDII ELM - 327 [13].
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3.3 Quy trinh thdr nghiém

a) Xéac dinh ban kinh Idn (r,), téi trong thdng
dirng cua banh xe (F) va do déan dai cia 16p tai
Fz’ (O-K)

Ché d6 thtr nghiém: dwéng bé tong asphailt,
b&ng phang; ap suét 16p & mirc 4,0 kg/cm?; tai trong
cla cau sau dwoc do & 03 trang thai: khéng tai (GO0),
t&ng tai 1an 1 (G0+200 kG) va téng tai 1an 2 (G0+400
kG). Qua trinh thtr theo cac bwdc chinh sau:

] Bwéc 1: Khoéa phanh tay, kich cdu sau sao

_Hinh 3. Xéc dinh Iyc ko I6n nhat va do truot cho banh xe nhic khéi mét dwong véi khodng cach

cua lop xe Hyundai Starex CVX trén bé thirconlén  cag hon chiéu cao cia bé mat can dién tir khoang
tai Phong thtr 6 t6 hang nhe 1cm sau d6 d&t can vao vi tri do; ha kich.

Budc 2: Xac dinh gia tri trong lvong cla 6 t6 phan bd ra banh xe cau sau (F,).

Buéc 3: Kich cdu, dung thiét bi son mau (mwe mau den) son toan bd bé mat 1&p sé tiép xuc véi bé
mat dwdng. Dat bia carton vao gilra vi tri 16p dwoc son va bé mét dwdng. Sau do6 ha kich sao cho 16p xe
tiép xdc nhe nhang vai tm bia.

Buwéc 4: Kich cau, do chiéu dai I&n nhat ciia vét tiép xic dwoc in trén tAm bia (dang hinh chi nhat,
Hinh 3). Bay chinh 14 do dan dai ctia 16p (0).

Buéc 5: Ha kich sao cho b& mét 1&p xtic nhe nhang vé&i bé mét dwdng; danh dau (ca 16p va dweong)
tai diém ndm & vi tri chinh gitra vét tiép xtc 16p - duwdng, nha phanh tay; tay lai dé vi tri di thang.

Buwéc 6: DAy xe di thdng téi khi nao diém danh diu quay dwoc mét vong va tring véi trung diém cla
vét tiép xic maéi. Sau d6, danh dau diém tiép xic mdi va do khodng cach hai diém danh du (chu vi vong
I&n cta banh xe). X&c dinh ban kinh I&n (r,).

ﬂ i ~ Lptrai Lp tréi | Loptréi
RN S8 Fz=5000N Fz=6000N Fz=7000N
I !

w ) G0=1000kG G=G0+200kG G=G0+400kG
‘,'= L8p phai L8p phéi L8p phéi
. ‘
Fz=5000N Fz=6000N Fz=7000N
G0=1000kG G=G0+200kG G=G0+400kG

Hinh 4. Vét tiép xuc I6p-duong (g véi céc tai trong khac nhau clia cdu sau
b) Xéc dinh lyc kéo I6n nhat F,__ va dé truot cla I6p k clia xe Hyundai Starex

Trén bé thir con lan, tai s6 truyén 1, ngwdi lai ting ga tr 0 dén 100% hanh trinh chan ga trong thoi
gian 3+5 s; sau do gilr ga & vi tri 100% trong thoi gian 2+3 s. Tr cac di¥ liéu do cua bé th (Iwc kéo doc, van
t6c cta ru 16 va van toc goc clia banh xe) sé xac dinh duoc F,  va do trwot doc cla 16p xe k.

3.4 Két qua thtr nghiém
Céc thong sb dwoc xac dinh tir qua trinh thtr nghiém trén dwoc thé hién trong Bang 1.

Can ct vao két qua & Bang 2 va cac biéu thirc tir (2) dén (5), ta xac dinh duwgc cac hé sé B, D, E &
cac ché do tai trong khac nhau, tiép theo, xac dinh duoc cac hé sé a, = 0; a,= 0,96; a,= 0; a,= 0,2; a,= 0;
a,=0;a,=0;a,=0,82.

Két qua tinh toan dac tinh lwc kéo doc cla 16p 215/70 R16 twong rng véi cac diéu kién tai trong
khac nhau theo phwong trinh (1), v&i cac hé sé thuwc nghiém da xac dinh (PA1) va tr khéi “Lép xe” ngdm
dinh trong Matlab/Simulink/Simdriveline (PA2) v&i cac théng sb nhap & Bang 2, dwoc biéu dién nhw trén
Hinh 5. Ta thay:
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Béng 1. Két qua xéc dinh céc théng sé ding cho mé hinh 16p 215/70 R16

1T Théng sé Pon vi Gia tr
(GO) (G0+200 kG) | (G0+400 kG)
1. Tai trong thdng dirng (F) N 5000 6000 7000
2. Ban kinh lan tai £, (r,) M 0,3424 0,3408 0,3392
3. Luc kéo doc I6n nhét tai F,, (F, ) N 4454 5450 6600
4. Do trvottai F,, . (k) % 15 15 14
5. D6 dan dai cta I6p tai F, (c) M 0,175 0,180 0,205

- Bac tinh lwc kéo doc clia 16p 215/70 R16 tinh toan 7000
theo PA1 c6 hinh dang phu hop v&i PA2; Tuy nhién, dé 6000
cong va gia tri ngwdng cta dwdng dac tinh la khac nhau;

- Trong khoang hé s6 truot 1a nhd (tr 0 + 15%), su ;
chénh léch vé gia tri lwc kéo doc I&n nhét gitra PA1 va PA2
la nhé (2,3% (G0), 0,35% (GO+200), 3,48% (GO+400)): Tuy
nhién, trong khoang hé sé truot I1on (tr 15% + 100%), sw
chénh léch vé gia tri lwc kéo doc (khi trwot hoan toan, hé 1000
s6 trwot bing 100%) 14 16n (12,9% (GO), 11,3% (G0+200),
9,2% (G0+400)). Nguyén nhan do khéi Ibp xe cé sén trong
Simdriveline dwgc xay dwng tlr dac tinh Iwc kéo doc cla
mot 16p xe cu thé dudi dang bang tra ma khong co di liéu
clia tAt ca cac loai 6p [3].

@ 4. Két luan

Bai bao trinh bay quy trinh thir nghiém va két qua xac dinh mét sé théng sé cua 16p xe 215/70 R16,
bao gém: tai trong thang dirng (F,), ban kinh Ian (r,), lwc kéo doc I6n nhét (F,, ), hé sb truot (k, ) va do gian

dai ctia 16p (o). Két qua thurc nghiém duoc dung dé xay dwng mé hinh 16p Pacejka, dung trong mé hinh mé
phdng BLH chuyén dong thang clia xe Hyundai Starex [1].

4000 | =

3000 -2l -4 - o d e b

Lwc kéo doc [N]

_[ == Fz=5000 N-PA1
————— Fz=6000 N-PA1
——————— Fz=7000 N-PA1
--| =—— Fz=5000 N-PA2
—¥— Fz=6000 N-PA2
=emr= F2=7000 N-PA2
10 20 30 40 &0 60 70 80 90 100
Hé sé truot doc [%]

Hinh 5. Két qua tinh toén luc kéo doc cua I6p
215/70 R16 tir cac hé sé thurc nghiém va tor khéi
“Lép xe” ¢é sén trong Simdriveline
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