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Abstract

A modified skyhook damping (MSD) control strategy for multi-axial heavy truck suspension system
based on orthogonal test was put forward. It could improve the road friendliness and ride comfort of the
truck simultaneously, as a consequence, ride fatigue was alleviated and road life was prolonged. A multi-
DOF model of four-axial heavy truck-road system was developed in ADAMS based on vehicle dynamics
and functional virtual prototype (FVP) , and the model was validated through a ride comfort test. In order
to improve the truck performance preliminarily, proper air suspensions were chosen to replace the tandem
suspension on the driving axles. Subsequently, semi-active, active MSD control were applied to the
whole suspension system respectively using co-simulation of ADAMS and Matlab, and control parameters
which ensured best integrated performance of the truck were chosen based on range analysis and variance
analysis of orthogonal test. The simulation results indicated that ride comfort of the active MSD control
truck was superior to the semi-active MSD control truck, however, the road friendliness were
comparable. In addition, MSD control had a strong robustness to road level.

Key words  Multi-axial heavy truck, Suspension, Modified skyhook damping control, Road

friendliness, Ride comfort

W e H 3. 2010 -07 - 02 &8l H 1. 2010 - 08 —23

w [E 5 BRI H (51078087 ) & Bl B AR 2 & W B I H (11040606Q39 ) | H g i A 5E AR BF k. 55 9t 4 1 9¢ 4 9% B 351 H
(2010HGZY0010) \ A KA 075 7 4F 20 98 By i R0 5% By 00 B AIYL 048 e A 7 i LR 075 5 4R T #Um i B

TEE® N BE—8, YR L EENF RS R fb T8 3% 30 %2 4 F 57, E-mail ; leochen079307 @ hotmail. com



Wi— % 2% . 20 B 700 0% 4 8 0 AR 0 et O 4 o o ek 17

T GE 45| B AR G B SR RS
EAFSE TN iR BT A S R 5 BN B AY EF
B AN/ B D7 o N R B U D ol 2 i o R I
Ko DI, 3 T30 B A G P A0S ML 19 22 b i 7Y B
FRIERGZ P 2K

X F RSB0, £ E B AEE) 2
AR 3 L P A 4 A B AT B R B [ PN A A
BTSRRI T T BT A T s R
EATSAFAE AT [ A8L: Z2 06 4% 174 (172 ZE i Y o
FEXT G, T L5 22 il T 2R 4 2% ) B AR AR - i
A2, BSR4 8 A8 9 R 3h 2 A
MR PR, b 3 A A R 1 ) LR B AR 5 P
BTN 4% i | H-infinite #2574 | LOR 4% il 55 5 W AL
T T 8 2R O X 48 E 1) 7 0 (0 AR 2 2 Dok IR
IR 2R A2 00) £ 52 2% B 2R R G Wy Al Ak T i
A—E R L, UZHE R FR SR
RGO IEXT G, H e B AR B — T 5
T R A A D I A B 1 DL e
Y T8 B A HE IR PR X T 5 B R LR T
il i B B

1 MEERSEE-RERSEMENRE

LA 55 8 x4 ol 52780 [ 30 42 JU 8, T 0
AE A FURE ALK 1F ADAMS 44 4 50— % 1 A 48 19
LAk J1 R B LA R e S R i
Catia BRI, 122 SR (WL VLB 55 ) 2 % 4™
Al g B e e, EEBRANER 1 .
®1 BEUHETESH

Tab.1 Main parameters of heavy truck

ZH K fE
H 5 U kg 13 670
W BT R kg 17 135
JAE A I ik kg 39
2 0 5 i kg 65
— AR B SRR /N em ! 426 087
= DO P B SRR /N m 3362745
JERFRIBE/Nem ™! 29 900
FERTFHLJE ZB/Nesem ™! 680
R /Nom ™! 1209 000
BRGBLE &%/ Nesom ™! 50
P /m 7.200
TRAATERE/m 2.300
SAE B /m 1.250
HHE/m 1800 +3 450 + 1364
HRER/m 0.565
IR IR/ m 0.195
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Fig.1 Whole truck FVP model
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Fig.2 Installation of experimental devices
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Tab.2 Comparison of experiment and simulation results
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Tab.3 Main parameters of the NEWAY AD —246
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air suspension

EX A fE
H IR ERE /mm 254
EHATR( L) /mm 149
EHATECT)/mm 69
WREBHEA G R kg 433
B/ mm 1321 ~1524
420 95 B /mm 851 ~ 867
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R F R/ kg 86 184
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Tab.4 Effects of passive air suspensions

% T S5 G0 TERES B AR AR B2 R

J 1. 062 1.037

A a,/m-s”? 0. 161 0.153
ay/m-s 2 0. 140 0.124

J 1. 107 1.077

B a,/m-s”? 0. 340 0.324
ay,/m-s 2 0.315 0.262

J 1.195 1.139

C a,/m-s > 0.619 0.589
ay/m-s 2 0. 567 0.472
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Fig.3 Force limitation curves of semi-active damper
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Tab.5 Factor levels of orthogonal test

K
@ C,/N+sem™' o, Cy/N+s+m™!
1 0.1 7 x10* 0.1 7 x10*
2 0.2 1.2 x10° 0.2 1.2 x10°
3 0.3 1.7 x10° 0.3 1.7 x10°
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Tab.6 Orthogonal test results
it y5 I8 AR
2 A ¢ Z=% D B AB  AB  CD Z=H| ZH] D = #55) J a,/m-s™? a,/m-s? P
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1. 109 0.386 0.417 0.598
2 1 1 1 1 2 2 2 2 2 2 2 2 2 1.108 0.347 0.418 0.368
3 1 1 1 1 3 3 3 3 3 3 3 3 3 1. 109 0.323 0.424 0. 300
4 1 2 2 2 1 1 1 2 2 2 3 3 3 1.103 0.386 0. 407 0.377
5 1 2 2 2 2 2 2 3 3 3 1 1 1 1.102 0.349 0. 408 0. 157
6 1 2 2 2 3 3 3 1 1 1 2 2 2 1.102 0.325 0.414 0.061
7 1 3 3 3 1 1 1 3 3 3 2 2 2 1.102 0.387 0. 406 0. 349
8 1 3 3 3 2 2 2 1 1 1 3 3 3 1. 101 0. 348 0. 407 0.118
9 1 3 3 3 3 3 3 2 2 2 1 1 1 1. 100 0.325 0.413 0. 000
10 2 1 2 3 1 2 3 1 2 3 1 2 3 1. 104 0.391 0. 405 0.421
11 2 1 2 3 2 3 1 2 3 1 2 3 1 1.102 0. 348 0. 409 0. 157
12 2 1 2 3 3 1 2 3 1 2 3 1 2 1. 101 0.325 0.423 0.081
13 2 2 3 1 1 2 3 2 3 1 3 1 2 1.110 0.389 0.417 0. 642
14 2 2 3 1 2 3 1 3 1 2 1 2 3 1. 108 0. 346 0.421 0.378
15 2 2 3 1 3 | 2 1 2 3 2 3 1 1. 109 0.323 0.437 0.369
16 2 3 1 2 1 2 3 3 1 2 2 3 1 1. 104 0.390 0. 407 0. 426
17 2 3 1 2 2 3 1 1 2 3 3 1 2 1. 115 0. 347 0.411 0.526
18 2 3 1 2 3 | 2 2 3 1 1 2 3 1.101 0. 325 0.424 0.087
19 3 1 3 2 1 3 2 1 3 2 1 3 2 1. 106 0.393 0. 407 0. 498
20 3 1 3 2 2 1 3 2 1 3 2 1 3 1. 105 0.353 0.420 0.326
21 3 1 3 2 3 2 1 3 2 1 3 2 1 1. 105 0.363 0.481 0.704
22 3 2 1 3 1 3 2 2 1 3 3 2 1 1. 105 0.394 0. 406 0.470
23 3 2 1 3 2 1 3 3 2 1 1 3 2 1.103 0.353 0.418 0.260
24 3 2 1 3 3 2 1 1 3 2 2 1 3 1.102 0.367 0. 480 0. 636
25 3 3 2 1 1 3 2 3 2 1 2 1 3 1.110 0.392 0.418 0. 663
26 3 3 2 1 2 1 3 1 3 2 3 2 1 1. 109 0.351 0.432 0. 491
27 3 3 2 1 3 2 1 2 1 3 1 3 2 1. 111 0.350 0. 475 0.771
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Tab.7 Range analysis of integrated performance
ST e
e it A c gl D B AB AB D =5 5 D =5 5yl
ky 0.2586 0.3836 0.4078 0.5089 0.4936 0.3264 0.4996 0.4132 0.3589 0.3655 0.3521 0.4033 0.3747
k, 0.3430 0.3722 0.3533 0.3514 0.4181 0.4714 0.3123 0.3552 0.4097 0.3617 0.3728 0.3698 0.3951
ks 0.5355 0.3813 0.3761 0.2768 0.3343 0.3393 0.3252 0.3687 0.3685 0.4099 0.4122 0.3640 0.3673
R 0.276 8 0.0114 0.0545 0.2321 0.1593 0.1450 0.1872 0.0580 0.0508 0.0482 0.0601 0.0394 0.0277
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Tab.8 Variance analysis of integrated performance

S mETFITM AmE EMIHE FLIE IE 2 e
A 0. 362 404 2 0.181202 33.97 @R
B 0. 892 926 2 0.446 463  83.69 @EFERE
cA 0. 000 655 2 0. 000 327 TC 5
D 0.252 688 2 0.126 344  23.68 R
AB 0.312 783 4 0.078 196  14.66 @&)¥ %
cD?A 0.033 392 4 0. 008 348 TC 5
e  0.051311 10 0.005 131
2% ¢4 0.085358 16 0.005 335

T Foos (2,12) =3.89, Fo 0 (2,12) =6.93; Fy o5 (4,12) =
3.26,F, ¢ (4,12) =5.41;%A” RIR0i 227 J7 AL H | BT OB H 5
MR SR U
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Tab.9 Effect comparison between semi-active and

active MSD control

% TH] 4 2% TERESE b jé}‘ﬁj]&# Ixﬁ%&ﬁm
R i 6 il 52
J 1. 026 1. 026
A a,/m-s? 0. 086 0. 042
ay/m-s 2 0. 107 0. 062
J 1. 056 1.056
B a,/m-s > 0. 181 0. 090
ay/m-s”? 0.228 0.132
J 1. 101 1.100
o a,/m-s”? 0. 325 0. 162
ay/mes”? 0.412 0.239
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Fig.4 Dynamic tire force PSD of semi-active and active trucks
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Fig.5 Body vertical acceleration PSD of semi-active

and active trucks
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Fig.6 Goods centroid vertical acceleration PSD of semi-active

and active trucks
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