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Turning Behavior of Tractor-Trailer System by Computer Simulation

& & B B g &
J. H. Kim, C. H. Choi

Summary

Turning behavior of tractor-trailer system was studied to guide the tractor and trailer. Based upon
kinematic relationship between the tractor and the trailer, a mathematical model was developed and

analyzed by computer simulation. A field test was carried out to verify the mathematical model.

Following conclusions were drawn from this study.

1. A mathematical model and a simulation program for turning behavior of tractor-trailer system
were developed.

2. The results of the field tests showed that the RMS errors were less than 0.33m and the mathema-
tical model based upon kinematic relationship can be used for mapping guidance system for tractor
and trailer.

3. As the steering angle was increased, the turning radius was decreased. When the tractor travelled
at the low speed, the travel speed of the tractor did not affect turning radius but did affect running
time and stability for steering.

4. When the tractor travelled under the critical velocity, the towed trailer followed smoothly. When
the the tractor travelled faster than the critical velocity, the towed trailer oscillated. The critical

velocity was determined from the specification of the tractor and the trailer.

B D FORUE, FRE £55T Tl AHE

I.# %@ 93 Qo EdEL Bl QY 3718 9a
AL T v PR 2R, IR MR, 280 %

EdE: Ed Uy da) £79 (FEES EE Eol7] A5t P Wz s
Raste] AR A, TR Ae L AARY, £ o] BRI, Bk EUEH -2 U F&

* BRRMFEVIAR RHEHEE
* ok PUGIAAET BRAE BB ITEE

—gp —3U6



AFE Aol o3 EdE g EGUYe HIeF

EAE A7 FY AR e 949 5
Hollgt oj&eta glo] WA F Yol npet
Y E&o] B okt WA #5577t
3t k4% FY sEo] EoiA L AUt

EdE gEETRES] ML g% 4=
EdE 9 Ed T A7) EHEHS
BH3HA st AR HHE dof fERRER
& 1A Zloje] Yo7k Fd8 RHE B
e} 7|27F 2 Holh A48 REEE 4 d
AN -G FE FHoW AP L =
2 uny fErt F5shd 23] a7, A4
EGYE Tl vEd Mol Fase 2
g 598 ZREE AFTFHFAY /el F
FHoln ol& A% AEETRES] Mide
B Aol e

AL 2AFY ATFIFAE EH, BX §
Zrarol A EYE, Full, Y F87] Fol At
$¢ 202 ppEgod gy 48 B
ol w2 X g 5 X & FAsA ET
FHiag Aol e EARA A BEETEERZ X
Aol A o o) wpa} ZFFAE G AF
Ty 2EZ o2 A W FskE L gl
o} o] g ZAE L HHEA T AAF] @
Aol AX e ag HAd e THE FALR

2 od 2428 2N o FiEe TYAXE
B 5= glon v dAE mAolY Aol
gle EAAAE ol TR Gl Aok

FAsH A7) AAE FAYst ETTHEE
dAste Hud F4FA = Hx5E L S5t
@ES et a7Hy RE w118 AFH o
gt A EHE F JonE TN &
AREHE AT v98 ZREA /R AT
AsFH A oY, BFLES] waa #olA,
25%, Preds 52 FIATE AXNAAEA
o Mde #7Y AsFHEA ] /LS 7he
sl stRont Fae] Hils A A
e 2R Sl KFSL Aok &
EAE Ao FPRFE vie] HpstEzA
2% 4%, 2 2HEE A 2983
& Alojste wWhgol ] BIEE I Ao ik
o] Sl A Aol =R == 237

o R nAHA YR Bk Yol
S4B AFFAEAY NS AANE 2L
o =89y 3o EuEY 43v] A &
F8H BAE HHiste] o5 feElBhol o
@ Poet sy,

& Bics HE4 FHRAe LnaF e
£ 9% za7= ede g 24y ¢
597 BAE %Hsd sdEs =Y
e eEol B Pty v B, AE
B Algeol Aol Boll 29 S e ¥, M
B S Fohe) B ShT

¥ 7o FAHA Are e 2o,

A, EdE s Ed el eEEgl oa
o ¢4 WAE KU BB 2AS B
g,

S0, BB B o e HAE SdH £
deo) B BAS AEE ABHIHNE
Soto] gy 2AS 3, S

A, @S EdEe e Fu4
@l 8] Wikt HHE Aol Aol o) 5to]
R R THe AR Be RE RIS
.

II. E8H —Ega] gan =g

EdEe] 2373 WPl B Edes)
Ed ezt Foj7 2A3N om Y M E
FseA %8I8t Slotel EdE s EYYY
o Qstx PAE LHstel ESE G EdY
9 ANE AUARD BAT 5 Ae W
w4 e FEA

By 248 g dAEl #4438 ¢
53 ot

AA, EAE7} A3 RAHOR KELEE)
S ¢ o ARER EAdE Y SEAEE Jg
W g e BEN BA AL Tk

EX, EYEH Qs E e Al2H
A EAE FAEFT Efd FHF] ol F
= A& 7ot B e o] H#E)S BB B
2o g FAFT)

PR — 249



HEE I ERSEIE 168 5 43 19914 128

AN, dHste EQE S EFdeiy F39)
Ae AdIARAE o] &3hd Jehdel,

Ede-Edde A2¥e BEEHe T
7] A 4y Fel A8 BRES 929 2
o}

A, ENEHE 2877, HiEEA EHE o
I, Eddes EYE X Ho] dFdd ddS
(single axle) E#d o]t}

4, EdE e Efdele FH AHA
FEfTE

AA, EdEH e —E3 EEZ #1738,

U, EYElE Edo2 FYP3te 2 v 9
HedS F-A8

OAA, BE AES AANGEEd o ¢
o},

1. E3E

EdE =% FE#HE EAEY Ad
AR 23 Jhed dutF 9] HEAT EY
Blo] EfTdEECIt 1 1& —E 8 ETEES
BHAS FRE W EYE AEL ME
@ ez EdEH FAFAHY YA GoA
G 2 BLE T 28 1614 x-yHiEA e 3
o] EHEFE RN, ERE S IPLEFE pF o

Fig. 1. Simplified tractor model for analysis of

turning motion. The center of gravity
moves, from G; to Gi+),, depends upon
front wheel angle(8), interval angle(a),
and tractor yaw angle(8). The center of
gravity moves AG, in P direction and
AG, in Q direction.

2 3te pqFAAE xFol] AT EAE ] F4
% Ax(e)rs fAdE gHppEfERolct A
FAGAA 2@} 2FF Aol x2 &
AlEle 288 () 284, 28F F3AA,
el gulA e} slupF o] AezyE 7
T Aok EAE o {EEARIEE ThE 2ol £
T 5 Ao

a=Z &/L (D

Gu+1= Gyt Z cos(a/2+6) 6]

Gu+1=G,t Z sin(a/2+6) 3
71 A,

= E-] ZEgE

2

s=Edd ghutAel 284 (rad)
21
'I.

Q
H I

I

z=EdH7} 285 F9A2 (m)
L=gutash SukAAzEe) A2} (m)
p=EdE ) F4% 4% (rad)

L G=xyRER HAY FAZA 9

| =
E
ok

2. Eggded

EHE 23] HAUSE EdYHY 52
B X Gl A EAE Q] AL EY D]
fho] o] F & Z(H<Z towing angle) o] H3IE

FgozA Jerd 5= Aok AQ4-E& 7317 9
ato] 1) 29} Zo] E Y Eald vt

Y

L1

Fig. 2. Simplified trailer model for analysis of
towed motion. Towing angle (n) depe-
nds upon trailer mass (M), yaw mo-
ment of inertia (1) about C.G., tire cor-

nering stiffiness (C)), distance L, and Ls.
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Fig. 3. Simplified tractor-trailer model for anal-
ysis of turning motion. The tractor-trai-
ler movement depends upon tractor yaw
angle (8), towing angle (1), and trailer
yaw angle (B).
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Table 1. Specification of tractor and trailer used for experiment

Total lenth 3100 mm
TS 2810 Total width 1480 mm
TRACTOR Total height 1990 mm
Weight 1180 kg
Wheelbase 1750 mm
Total length 3543 mm
IS-t1600 Total width 1600 mm
TRAILER Total height 1300 mm
Weight 620 kg
Wheelbase 1400 mm
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Fig. 4. Simulation and exprimental result of
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