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Driving Dynamic Characteristics of Tractor-Trailer Type Transporter
for Large Scale Precision Equipment
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ABSTRACT

To identify the driving dynamic characteristics of the Tractor-Trailer Type Transporter for mounting a large scale
precision equipment, real vehicle driving tests on the 3 inch-bump-space-road were performed. And using general
Dynamics Analysis Program - RecurDyn(V8RS), Dynamics M&S were carried out assuming the similar condition
with real tests. Then the acceleration data obtained from real tests and M&S were analyzed and compared with
each other in the part of root-mean-square-acceleration(gms), peak-acceleration(gp.) and frequencies. In simple view
of the gms & Zpeak, although the results of MRBD are more similar to ones of the real vehicle driving tests, but

the results of RFlex have more information to get various useful dynamic characteristics.

Key Words : Dynamic Characteristics('5%] 7]%&), Tractor-Trailer Type Transporter(EHE-E& U2 ¥ 2}%), Dynamics
M&S(EST dy 2 AJEo]A), Multi-Rigid Body Dynamics(MRBD; THEA] 74 &9 8h), Rigid-
Flexible Body Dynamics(RFlex; “3A-F-<AA 4 593
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23y Fo| @rpgAel HlF| F F AHORFE
Agys dem 45 8 ardez AH7AAA
T o] A ggorn: wol gt S
Wul olygl, ¥ ow EWME QL F(Fifth Wheel)¥}
o] AAHed AT 74 oJHE(Air Coupler)=
Ag&std 4 9 ds AT adE dS SdAZ
T 9tk 2 AFoIAE olet B JEE AfgoR
4] H3A8 EddE AFste] o] AT
A Ak AHRY 0L ERet EEZA 53 Fig. 1. Configuration of the trailer with dummy weight
AFS AAsta T8 5 dste 54 2 JA5EA and tractor which used in driving tests
S BAsIglon, o] ANE 4§ F9% A4 =2
#(RecurDyn V8R5)S Al&-3lo] o8 o= wey 9l Table 1. Characteristics of the trailer model for multi
AlEgeold aiAlgh Axtel vlal EAE3ITE of Bl ~body dynamics
BAAAE B AlEwEA A Bl EldAdol G D a Characterist
rou ivision . aracteristics
Qe Ed-EAYAY A4 2 g el o > ’
3 AE FPAF o A7, T A FEain Trailer Body 1 Trailer Main Structure
ol RS FI ude &3 ES aEste] Axle 2 Dual Axles
AS % A A H 8ol e R sles dadn. Shock Absorber | 8 With Hinge Elements
Wheel Drum 4 | Between Axle and Tire
2. FsAlHE | U A D Bodies| Tire Body 8 Dual Wheels
Adantor | Between Gooseneck and
Bt guel Egdse] A% g4S Fig | apto KingPin
45 = o) B S H}O =
T} ZEE}. EYdy] #AT-ZBody)2] FHoZE= 27 Air Coupler 1 Air bag linking plate
o] aE(Axle)d F7)ANEH, BE Y 2 EloloE
AL, AgosE 3714 ofAHE FAG Y sum 2
I} W@ L(Landing Leg)s “F&sIAt) B4 U4 Revolute(A) 4 Trailer-Axle Hinge
A= AL gAE A% B3 (Turret) o} S1E] 0] Revolute(B) 8 | Shock Absorber Hinge
2 ool PAFE FES QY 28 RS slth
- Revolute(C 4 | Betwi Axl d D
® FaAA o] AL 37 @A SaEE g o] erolue©) cween Axle and Drum

sk et Ede]e] B e ey gust Revolute(D) 1 Air Coupler Hinge

Joints
= Qg o]~ 2 Wi F4do] wfg- st & Revolute(E) 1 KingPin
o] XM= 23] =k W EAZAS 775
j—:rLoﬂ 1= wesl 39 % AT e Eﬁt_!] Cylindrical 4 Shock Absorber
Feje] P2EBS Sk o el Aveld 3%
MEEAE B3 53T ASAEE S8t Inplane 1 | Fix of Driving Direction
sum 23
2.1 Eefde = E¥MH 22 Fd22 Spring(A) 4 Suspension Air Bag
FYEAY A4 A Sddel mae] A T : ;
84t Table 19} 2ok FYAY 2 BT S Sprine® | 1| Cowpler A Beg
Q& 79SS 93 EdEE BErpds gso|xuk 3 Forces | Spring(C) 4 Shock Absorber
el wet 7158 5o detd & 7] el A Tire 8 Tire-Road Contact
A FYNG A AR EGEE AFoR wY ) po
sum
T8 A Table 201 A st YeENITH
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Table 2. Characteristics of the tractor model for multi

—body dynamics

Group Division Qty. Characteristics
Tractor Body 1 | Tractor Main Structure
Axle 3 Triple Axles
Shock Absorber | 12 | with Hinge Elements
Wheel Drum 6 | Between Axle and Tire
Bodies Fifth Wheel | Connecting structure
of KingPin
Tire Body 10 Znis t3;ds:in]g)lliaIWhWehe;els
sum 33
Revolute(A) 6 Trailer-Axle Hinge
Revolute(B) 12 | Shock Absorber Hinge
Revolute(C) 6 |Between Axle and Drum
Revolute(D) 1 Tractor-Fifth Wheel
Joints Cylindrical 6 Shock Absorber
Distance 1 |Detention of Fifth Wheel
sy | 2 | e e
Inplane(B) 2 | Fix of Driving Direction
sum 36
Spring(A) 6 Suspension Spring
Spring(B) 6 Shock Absorber
Forces | RotationalSpring | 1 Tractor-Fifth Wheel
Tire 10 Tire-Road Contact
sum 23

Fig. 2. Simulation model for RFlex analysis of tractor
—trailer type transporter with dummy weight
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O
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218 =Rk AL (9~30°) 0.2 HIX| ¥ Felo]t}.

- Driving Direction
—_—
| }
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¥ a:30,17, 117, 27.9, 145, 24.25, 9, 215
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Fig. 3. Configuration of the 3 inch(height) bump
space road
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o) sERel AFelt 49 27 R el 3P
2 E 5 Qe P PHES BH 542 AN
ssich. Aol FYE] vheksl wa AAl BHA
z4o] ofelg ¥7k el 1 FoA Fo w9E
ARl V120 ATAR & Faste] A4 A A
gagom, e Aot AY AR AP B
S

4 543 vlaskgit.

EdY-EYdeld A A 2l dE Fa
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Table 3. Comparison of the bodies’ physical
characteristics : Mass(kg) XQuantity(ea)

Division Analysis Test Note
Trailer body elements 11,117 14,390
- Main Structure 9,245 x 1| 10,040 x 1 | Omitted
- Axle(front, rear) | 408x2 | 400x2 | lemsin
- Wheel Drum 17 x 4 - Analysis
) ce Model :
- Tire Body 52x8 83 x8 Weld
- Adaptor 480 x 1 324 x 1 Beads,
- Air Coupler 63 x2 - Brackets,
Covers,
Tractor body elements | 8,746 10,080 | Bolts and
-Main Structure | 5,776 x 1 - |Nus Fuel,
- Axle(front) 603 x 1 . Bore
; 0Xes,
- Axle(middle, rear) | 857 x2 - Auxiliary
- Wheel Drum 17 %2 - Equipments
- Tire Body 52x10 - etc.
- Fifth Wheel 99 x 1 -
Dummy Weight 15,607 15,660
25000
20000
Z 15000
8 10000
2 5000

-5000

00 -75 50 25 0 25 50 75 100
Displacement(mm)

Fig. 4. Displacement—force curve of the shock
absorber for analysis(C = 3.0)
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Table 4. Characteristics of the joint elements

Division Analysis Model

Trailer Joint elements

- Revolute(A~E) & | Static friction coeff.: none(*)
Cylindrical Dynamic friction coeff.: none(*)

Tractor Joint elements

- Revolute(A~D) & | Static friction coeff.: none(*)
Cylindrical Dynamic friction coeff.: none(*)
- Revolute(C) Conversion of driving velocity to

revolutions per second :
8/16 km/h — 4.15/8.29 rad/sec

(*Revolute ¥ Cylindrical 2.4~ A&, 4 npEAFE 4
£ A vl B4 mH-Elo]ojit AERE s 4F
< Fol 7t A Ko dde] HASRR 2 AT
dlAE 2AE 20 pPRASE WS )

o

Table 5. Characteristics of the force elements

Division Analysis Model

Trailer Force elements

- Spring(A) K =360 N/mm, C = 5
- Spring(B) K = 5290 N/mm, C = 5
- Spring(C) Variable, configured at Fig. 4

- Tire Fiala Tire, Radius = 536 mm
Kv/Klo/Kl1a=396/418/2700 N/mm
Cr=0.5, fc(zero/full slip)=0.7/0.6

Tractor Force elements

- Spring(A)
* front Axle K = 500 N/'mm, C = 3

e middle/rear Axle |K = 500 N/'mm, C = 5
- Spring(B) Variable, configured at Fig. 4
- RotationalSpring K = 30000 N/mm, C = 100
- Tire Fiala Tire, Radius = 536 mm
Kv/Klo/Kla=396/418/2700 N/mm
Cr=0.5, fc(zero/full slip)=0.7/0.6

(* Kv/Klo/Kia : Vertical/Longitudinal/Lateral tire stiffness,
Cr: Radial damping ratio, fc: Friction coefficients)
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Fig. 5. Configuration of the trailer FE model and
natural modes & frequencies
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a) Acceleration and vehicle velocity curves — effective
time interval(18/2™): 32~126/35~126 sec; average
velocity(151/2"): 8.485/8.518 kph
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b) Acceleration and vehicle velocity curves — effective
time interval(1%/2"): 45~87/40~80 sec; average
velocity(15/2™): 16.010/15.557 kph

Fig. 6. Acceleration and vehicle velocity from driving
tests on the 3 inch bump space road
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b) Acceleration curve from MRBD simulation
(effective time interval : 20~120 sec)

Fig. 7. Acceleration from dynamics simulation on the
3 inch bump space road at 8 kph velocity
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b) Acceleration curve from MRBD simulation
(effective time interval : 10~60 sec)

Fig. 8. Acceleration from dynamics simulation on the
3 inch bump space road at 16 kph velocity
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Table 6. Comparison of gms & Gpeax Value from driving
tests and simulation analysis

Mean Orms
Division Velocity - - -
(kph) X= Y= =
1 8.485 0.054 | 0086 | 0.209
st
~ 16010 | 0.155 | 0088 | 0.343
a
. 8518 0059 | 0081 | 0218
2nd
15557 | 0.157 | 0097 | 0.338
8 0289 | 0269 | 0354
RFlex
g 16 0340 | 0357 | 0523
2. 8 0122 | 0035 | 0138
MRBD
16 0.149 | 0068 | 0423
. Mean gpeak
Division Velocity . . .
(koh) | X= Y& 7=
8.485 0461 | 0431 | 1.099
1st
~ 16010 | 1373 | 0511 | 2.588
()
& 8.518 0507 | 0426 | 1223
2nd
15557 | 1506 | 0480 | 2.129
8 2887 | 2398 | 2341
RFlex
g 16 2959 | 2919 | 2279
2. 8 1068 | 0.405 | 0.666
MRBD
16 0944 | 0853 | 0990
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Fig. 9. Graphical comparison of gms values from
driving tests and simulation analysis
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Fig. 10. Graphical comparison of gpeax values from

driving tests and simulation analysis
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Fig. 11. Change of driving velocity
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Fig. 12. FFT of acceleration—time data from driving
tests
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Fig. 13. FFT of acceleration—time data from RFlex
simulation analysis



Table 7. FE model natural frequencies from simulation oA A3 AL JMHEE HAlelEow, dfA] A
vs. FFT peak amplitude frequencies from Elolo]e} xHe] Ao 3 Ieu|ElE A =2
driving test data el A AlEshs MelelA Hujghk FFo] o] FoiA|

Mode 1st | 3rd 7th | 13rd | 17th wE AEske) M sl 2 ?j:rLEH)E} gAY

Al gAgom AztEdoy FIAY A T A

anolzilggeila%;l:lls 129 | 25.8 | 454 | 98.5 | 136.0 Hl A _01‘&4%_0; O_]o” s 87k STl B

freq.(Hz) g gAst] fa FIAEE F1elA gn) Ao

. Zgsls VMRS FAo® vl B4l g3t
FFTarrclgfi\;zdIe)ea 13.7 | 233 | 46.2 | 97.3 | 125.7 g dEs g

freq.(Hz)

error(%) 62 | 97 | 18 | 12 | 76 7h A=Azl FAS GHS Relex #Y ARt

MRBD 3814 Azl Hle] = FPAF Ajol

g s detstod, FaEnE e A

oz yeht, A FIANFIAE By 25 B &F 2} ¥W3l= MRBD7F A% Fajdwd HE] oy

RE 9ok X, YF 3 &5 REE EF3 Y= Q1 W, RFlext U3 {535 S54S
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