CIECIE moR E T Ok R Rk Vol. 51 No. 1
2019417 JOURNAL OF HARBIN INSTITUTE OF TECHNOLOGY Jan. 2019

DOI;10.11918/].1ssn.0367-6234.201802058

UC &E L4 38 M E 2 R0R
i, BB
(R R R R 2E BB S 3 J12# B¢, RIAt 210016)

TRE &5 1

OE: OVENGR EEARE S (MEW) 0 5 0 BB G 08 RE e, AR Rl F IR AL & T MEW S0 5 R
A A H AR KRR A R ERE & 20 3 MEW i@ FF & n AR BHAT T R, Il 7 b4 AL iy 7 1.
DA 2 A o FE Fn TN 5 5% 45 3 (PLTR) 27 1 A 42 44 2 M An 0 80 A4 8 M B 3P I 48 4R, S L T B MEW sy R EJF & i
Carsim 7 A A HTAHTE N F EAH X MEW R H FHEGAEHEBESMNRARE TN EREHAE FR %A . MEW
5F F AT AR B MR bty 09 R g B 3R — 2, M i A I ARA R {2 MEW 8 U 4% R JZ %2 K, I8 B MEW & % £ 1)
BT MR AR R E WA 2 K MEW By 1 7 080 9 1B B 25 2 06/ (0 4 19 (AL, °T DAAR 8 IR B MEW R B A48 5 U
BIRCE M. B EER T O & 80U R o 5k 09 SR P R 240 G AR AR AL AR (AR R B FE R R 3R

SRR LA B A 5 R F AR AL MR AR R M U B ROE M5 R % 5 Carsim

FESES ., U461.91 XERFRERD: A XEHE: 0367-6234(2019)01-0071-09

Stability of vehicles with mechanical elastic wheel

LI Haiging, ZHAO Youqun

(College of Energy and Power Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: To analyze the yaw and rollover stability of an off-road vehicle with mechanical elastic wheel (MEW ) ,
based on the brush tire model, a corrected steady-state combined longitudinal-slip and cornering brush models of
MEW is set up. The flat-bed test rig of tire mechanical properties is used to conduct the steady-state longitudinal-
slip and cornering characteristics experiment of the MEW and pneumatic tire, respectively, and the mechanical
properties of MEW are analyzed based on the experiment results. Then, a nonlinear off-road vehicle simulation
model with MEW is established to evaluate the yaw and rollover stability based on Carsim, which utilizes yaw rate
and predictive load transfer ratio ( PLTR) as the yaw and rollover index respectively. The cornering properties of
MEW to yaw and rollover stability are analyzed based on phase-plane. Compared analysis of the cornering
characteristics of pneumatic tire and MEW are done and the results show that the changed trend of cornering
characteristic curve and the peak value of lateral force are almost the same, but the cornering stiffness of MEW is
bigger and the vehicle with MEW has a good stability of rollover but yaw, furthermore, as peak value of lateral force
increases and lateral stiffness decreases properly, the vehicle can achieve a better stability of yaw and rollover. The
above simulations will be useful for the improvement and optimization of cornering performance and structure
parameters of MEW.
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Fig.1  Structure of the ME-wheel
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Fig.2 Tread deformation in longitudinal direction
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Fig.3 Sketch of the strains along the contact area of the tire
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Fig.4 Tread deformation of the elements in lateral direction
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Fig.5 Experimental set-up for tire mechanical characteristics
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Tab.1  Fitted coefficient of brush model
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Fig.6  Tire force response
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Fig.7 Longitudinal tire force at different s, and different F',
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Fig.8 Lateral tire force at different slip angles and different F',
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Fig.9  Cornering properties comparison: pneumatic lire vs.
MEW
MEL9 B A MEW 5472k 584 IR M P
2R A AR Al R S AR — B, 0 ) g (B AR R] , (H
TR L 25 1 A0 v P 2K

2 IEE MEW B Carsim 7 B 4# Al

A G-3) J) 2705 HAR HERAF Carsim , £ 57 DU
Be MEW FEHT 4207 AR 2008 A [7) 22 0 4
S Ak B 2 TR AR R R BRI ) 2 B
U, i O BSOS R R 25— 80, 4
FEAR T EES RN 2 PR,

®2 FHTENIEERSH
Tab. 2 Parameters and values for off-road vehicle model
BBt/ kg T kg FUOEE /m R /m BEE/m

3450 2 780 1.035 0.465 1.820

HALDF ESHO B BRI RS [ = 1.520 m,
F OB HIPEES 1 = 1.830 m, B0 F 00 i o0 B B
h, =0.570 m, AL Eh IR 1 = 5 757 kg + m®, DT
BESMLE 1 =1 614 kg - m®, W IA 4 v, =
60 km/h, BRI R & w = 0.85, 24 1 B UEAy LA
R RHE R 7 B BRA A, Al 10 PR, 7%
] FA B - 2500, 52 423058 5 05 L 9 47 B 00 X L
WE 11 fis.

0

J
x©
(=]

I )
2

o 1 2 3 4 5 s
t/s
El 10 FHEEMEKEN(EEERIES 20)

Fig.10  Steering wheel angle step input test
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Fig.11 The steady turning trajectory and radius
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Fig.13  Lateral force comparisons of the four wheels
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Fig.14  Force analysis of vehicle rollover model
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