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Comparative Study on Two Modeling
Methods for B-double Vehicles

WANG Guojun, XU Hongguo, LIU Hongfei
(School of Transportation, Jilin University, Changchun 130022, China)

Abstract: To develop a four-degrees-of-freedom (DOF) dynamic model for B-double vehicles based on
linear tire characteristics, a modeling method was proposed where the system was studied from a whole
view. B-double vehicles were made of three vehicle units, including tractor, first semitrailer and second
semitrailer. This method carried out the analysis on force and moment equilibrium of three vehicle units,
moment equilibrium of second and third vehicle unit, and moment equilibrium of third vehicle unit, and
then four differential equations were deduced and solved further. Compared with traditional method taking
the analysis on force and moment equilibrium of each vehicle unit, respectively, six differential equations
were then deduced. The advantages of whole method were that it did not need to overmuch substitute and
solve the constraint conditions between vehicle unit, which decreased the tedious procedures during simpli-

fication and avoided the errors in calculations effectively. With the step angle input of tractor steering
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wheel, simulation results of these two methods are the same asthat of MATLAB, which verifies the validi-

ty of the whole method and lays the foundation for more complex dynamic model of multi-trailers combina-

tion vehicles in the next step. The results of physical parameter simulation for B-double vehicles were ana-

lyzed under low speed and high speed working conditions, respectively. It indicates that B-double vehicles

possess rearward amplification (RWA) and are prone to instability more easily at high speed, which fur-

ther verifies the validity of whole method.
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TR A R B W) i 3z i v A Oy 28 SR T
EHIRES) OB A T 52 A H s AR T R
I 2053 as of. HETTE GB1589 —2016 Hru jgrig 1
rh g s A S ) b E Rl T s A ) 4
RSk B 4551 Bk g 7 SO HER R 5 &
Geah Jy s R G BT A LA 2R RS R R
Feb 7 PE 4R ) A0 52 Briz A H A e R S X

SCHRL2 TS, THHE s M a4
(0 22 58 R R TY L 20 M o 1 2 Y A Rl S R O g3 i G
iz Eh e oE M. RIS @ T RO A A 5] -
R R A ) e AR N A & R R
T e 1oy ik S e B R AT YT L W E TR AL A 3
OBl T MRS AR Ak B LR R S T VA
JEEHR A 4 B BB, IR AT Matlab/Simulink
Xof LIRS 05 L 0 10 AT A ) AR 2 003 B E T
AN 1 T A T A 4k A A5 B R A 0
PR B H 5 75 1k 40 S T 2R A R e - Bl R A
o 7 F S AR AR R RS 25 R A B 0T 2 TR Y 2 TR
J1 BRAR T SRR, SCHR 6 3 T 2 iR 50 4 4
ORI AR A, JF 0 42 5] 4280 Ve I B f E HE 4 F e
PERECGHAT 3B, SCERL7 J S, TR R MeH 22
BB 32 B R ST T R R R Y i B
TR I O Hr H# S A 3 A 52 2 M. Luijten M F ]
SESIR R A B H Oy AR ST T B R ES E 8 )
“f A5 I BF 58 A 1] Bl ) e . ek a8 AR bR
R AR B H O B SL T = A R HR S
] A A6 TR, T DA BIF 0 R 428 A M A o ARk W M
SNV ST T A A B AR B 1] R R Y A A
R I X6 3 e 2 AT VR I AU I L 3 A S 80 Ak
X R GRS EVER R . SCHER 11 Jiz F B s B H J7 #&
LA DUR E B S TR EA G i sh T,
SIBT T U B R G AR E . Lin X SFUH g T =
B H B RS AR 7E i TR X
HEAT T e 1o e L Pl L 32 v 1 R RS E L 15 1]
TruckSim F1 Matlab/Simulink Bt & {5 B I F T &

AR A S TR A B AR
B ZE R R I 4t 4 S e AR X L 4R R v R
SRWEHEAT T 4 M. Mendes A S U A4 T W R
MATLAB {5 FU3R i 04 22 5500 1] 3 Jg % 800 4L 45
T HrP O T T O E R R T T L
15 2R A8 RS AL RN 2R P LA 2 M AR 45 7. Mobini F
TN T ARSI A B PR IR, X i 3h
JIHEAT B A4 L 8 AT Bk A8 2 7. Sonawane H
e Ty AN DA BN RVAN I A [N
R AR AR se e Ak, SCIRC17 48 T
— BRGSOy e A e R
P A0 1) A P AV T T A A A L R
18 J5 B R RN (RWA) FRET 30%.

Z: IR 2 00 43 B 06 W o 7 3k o D R 2 32 R
PRI 43 ) 3k R R 3k 2 57 B HEVR A A E D H
p BE R, I 25 th 4 S A B 5 DARR B S IR B
H R R AR 25 TR — BUME s X R TR 1 1 A R
F1 53T » 08— 25 36 UE A R (1 10

1 EELE

1.1 FREZ*

WE 1 R, B BBCE R 5 22 1 45 08 =X
AT E B RS A R A =
AN TR B T B 5 4% 4 50 0.0 [R] 3 ok 8 e TR R4
WS B A

B 1 sFEAES ENAE
Fig. 1 Side view for B-double vehicles
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Fig. 3 Force analysis using isolation method
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Fig. 4 Force analysis using whole method
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of the two methods
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Fig. 6 Simulation results analysis for each vehicle unit
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BF IR 43500 R 3.9 s.6.2 s Fil 6.6 s fFAEHT G T RS
I KRANKRI r=ri=r,. BR ry WIEE/NT r 05
A1, 41 39 A0 3 0 R JRE AR U1 RS A7 T8 5 7 i R &%
JV .

g 6Ce) frs, IR TO0 T o WA B4 A 3
FIUEAE MR A 0. 093 rad/s #1 0. 050 rad/s, W {E M
REEFER R R 0.3 s F 1.0 s, 4K Uk s B 725 48 14 it
B2k 3.3 s Ml 4.9 s, ¥JFFEAEU G tE . R DA &
IR O o TOLF P80 8 ol 32 3 g #OR
A VAR IR 5 W BE 34 3G R (B Ry 0. 14 rad/s A
0.11 rad/s, WEAE M v B} E] A 0.3 s A1 0. 8 s, KKk
BIFaS(EAIRTE N 3.8 s Ml 4. 4 s, M TEH G M.
TS E Y B4R 0.

a6 Cd) Fir s, AR 00T - B8 A B it 2k
Feb o AT W R, B S AR YN 0. 089 rad F1 0. 094
rad , iK% B G AR B I KK 4.5 s F1 6.6 s, fF1E
T 0GPk s LA B AR R B0 AR IR R
0.061 rad 1 0. 073 rad, WE{E AN 0.7 s f1 1.3 s.
FASAEMIK M 0,027 rad F1 0. 046 rad, 153 Fa &1H
AR Ry 5.7 s A1 6. 4 s, FEAE T I 1. BE 4% 1
JE PO 0 /0N 3R B 2 42 ) [ Ah
43 5% 1) 3z S A, Ho W AR G W B2 AT BT g K.

mE 6Ce) frn AR T AUH a, £ 7EWEA(E
P 2 e ) 00 gy o Rl 8 i EL e I [R]
Ja ARUGK BN ASE RIS ]2 3.5 5.6, 1 s F1 8.2 s,
HAESMEB N 116 m/s% s ml THT . & 50T
P4 i) TR K W i 35 R L iR 9 i B IR
B R AFAE S5 H R B W (E AR 3. 55 m/s”
3.92 m/s*fll 4. 46 m/s* , IE{HBTEIIKIR M 1.2 s. 1.4
s M 17 s ARYGR BN S (E A IRy 5.8 5.6, 8 s Fl
7.7 s  HERSMEI N 3. 44 m/ st SCERLI7 IR T J5
RIR RECRWA & a5 a, B W AR LG (ELED
R HE VR G B 2 1 T BB K &R R AR
RWA=0. 7317, & # i ) RWA=1. 2558, & I &
WO A KRR EH.

i 6CH s, K T T, MR 51 4
)18 S AR RN s LA T Hos sl 42
BR X SR IE AR

Xof B AV 30 R B 0T O LA AR )
M5 1) R T AR B4R, A Y
I 25 W90 32 W BE 3G L me) [0 P[] i i . RS I ]
G s HEAE TG TR BN B 3 AR 3G K, 5 AR 5L
Bz 2 g LA R 3 — 20 B ik TR AR 0 ELAE R Y
TERf .
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K FH B 5k A AR i 4 il 7 T3 T MAT-
LAB B EEIR 5 200 [y AR by fe s ik
SRR BAS R — 30 B0 E T AR R I
T 1 B AR TR AR A AN b i 2 25 R FE A B s [ Y
AR WD T R AR IR A R TR
fift it B P IE AR 238 A ZHVRE S AR
Sk ST A 2 I R B By ) A R R B S A

e N R R NG S T R ]
T AR A A T LB AR R B A A )
TS A A ) 1 28 Ak FA 5 e T 0 R AR G T
T 5 45 38 1) i 35 A0 3 RIS 3 08 R Wl AR
M) 7 B 8 42 117 B g B 18] i 5 A7 76 J5 3 i K 8500
(RWA) ,EZ 5 K Fa.
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