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Effects of Tread, Wheelbase and Axle Load Distribution

on Tractor Vibrations
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ABSTRACT

Effects on the tractor vibrations of tread, wheelbase and axle load distribution were analyzed by using
mathematical models of tractor and random road surface. A 4 degrees of freedom tractor model was
developed to predict the bounce, pitch and roll motions of tractor, The front axle which is constrained
to roll with respect to tractor bod{ was also included in the model. A random road profile was generated
and used as an excitation input to the tractor. Qutput vibrations of the model were predicted and analy-
zed by a computer simulation method.

In general, longer tread tends to reduce rolling and longer wheelbase does bouncing and pitching
motions. Tractor vibrations were minimum when the ratio of front to rear axle loads was in the range
of 30:70-35:65. Sensitivity analysis showed that rolling and pitching motions most sensitively varied
with changes in tread and wheelbase while bouncing motion did with the location of mass center.

F8 $°l(Key Words) : EFE} 25 (Tractor vibration), =8 (Road profile), A3 &% X (Axle
load distribution)
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Fig. 1., 4 degree of freedom model of tractor with
a front axle.

EAHE 29 19 2ol n¥3l3lo A9
T3, €9, 9% EH N5 EY ¥R
749 ARE 49 AFAE FAHIAG. 2y
oM E ERH 238 g 2o) M3
ik

D A Aot

2) 2% FE9A apze gk

3) Bloloje 2z} Zhav]e] AjAlol

4) Efolojs} A2 e AP Zoln, My
< Yo 82 A o)),

5 AL WA ek

6) EYHE 9 £x24 AT,

L 25 wHY

Newton®] A|2% 2| & o] 8-3le] 28 EYE Y
+3, 9%, 89 £59 92 €5 WSS o
&3 Zol 3G (E, 1996).

M,Z-ri' ez~ él)'*’ kiz,—aq)

+ el 23— g + k2~ )

+ CJ( 2‘3 bl 0'3) +k3(2‘3— Q3) (1)
+ el 24— @)+ k{zi—q)=0

Le G~ h{c{a— @) +h(zi—a))

~ h{e 22— @)+ 22— @2)} (2)

+ h{cs(z3— g9 +ha(z3— @3]
+hfed zi— a) +hlz— e} =0
I -—
[ué—ﬁ- 32
132_ 4 {ca 22— @) + ol 22— @) 3
3
- bf s 23— @) + k(23— a3)}

+lfcl2— a) +h2,— a0} =0

4 [e(z— )+ kiz—a))

EY, & 439 89 £F ¥R gen
Zo] EEPT,
Iaﬂ;—a" 13;14 {01(21-q'1)+k1(31“41)} ( )
4
+ath {c 22~ @)+ k22— @)} =0

é; (1), (2), (3), (4)0“1"] 2y 23 23 24% Q'Z.}'
T 2ol Fsn, £5 PN ALeE
7159 Hole ¥ ol Mst 2},

2y =2~ Ilab-ﬂ 13+I4

2 ¢D'- 2

¢ (5



%7} EdE A5l nlXE 9%

o
X
A
2
2
A
Ok
ol
He

zp=12,— 10h— 45 + =5 13+,‘ ¢a 6) Ch. 282 A4S
"=Z‘+”0""¢’ o EdH 239 A%& F¥(Pershing, 1968)
2=zt RO+ ls ® o $EE EAE A gL 0§t EYOZ o
29 N5 £He) AFE WLske Yo
4.(5), (D, (& 4 (D, @), 3, @Wal o] DA 16 AR AT cdd A
Ustel AL N 2 WL VHALE 5 U 2010, 29 zRe Yelst o)
HEre T A, 22} 31t(90.0cm), 0416t(126cm) el 3 A7}
(U +LCUA + (K] (5 =5 (9 18491 Al ZA Y WXz Sk 1Y 2 3, 4
£ A7 RYo A 28 43, 89, 97 3
m 00 0 & 299 Ao} W@ Rolrh, 1Yol A s}
0 L o o 2ol A2 A& gHel Anel F AR 0.
714, (M= 3~04% FZAA e Aol 239 A{
00 Mg ez Bedy, I 27k Ju 4

0 0 0 I,

- I+,
byt kot kgt ke - LUk + k) + Ik + k) ) A R
Iy—1, L+
- Wikt k) + b2kt k) G5t (et k) + (- bkt k) W (i~ k)
- L1\ 12— 2
(‘ii_i)(kl‘i"kz)"'lazk;;‘i‘l‘zk‘ 3 4 (k]‘_kz)
( 13+l‘)(k1+kz)
-~ +
atepteyte, —hla+e)+ blcs+ ey et (a1t e~ hest+ ey - 132 b (ey— ¢
1]2(C|+Cz)+122(C3+C4) I| 13'2‘14 (C|+Cz)+13(—13C3+I‘C‘) 1113—;1“(01—02)
[C]= 13—1‘ 2 132"1‘2
( ] ) (Cl +(‘2)+ 132C3+ I‘ zc‘ 1 (CI“Cz)
I+ \2
() e
@t kgt caazt ke + c3aat k3ast codst kiay
(F}= —I{e él+k101+czéz+ k@) + 1(e3q3+ kaaa+ €@t kyqy)

{x}={z,, G5, B0 B}

i "'(Cx Gt k@t t kay - B(caast kaan) + L{cyat kyay)

04 15% A=A AAHY Wl e
A gt o139 Askzre) e 2
s U E4E 25T ol 4

I+ 1
- “3‘2—4(6‘101 +ha— 20— k2az)



S 71AEE A A 21 A A 3E 19969 9€

oz uude de FEY A Aoz ¥
=31t}

i AW FZolg 2o o] 2
ANE it R f F33 AP AR Y
& Ut n=; (=12, k)N 2F0)
AsE AP FE 270] vl Awe o)

‘=
"’l\

2

E3
3. 87 XHe 2y}

B

g YehjE AH e F4E 2 otk

Yoz EdEe) AFHO R AHEHE A
Yo Fa4 gdo o H FYU 29 - .
U F34 gde ye Ae 94 A3 ot |
vehd 4 glom, AAA s 2 B8 A8e < oo |
TR 717} oGk oA, A =W {41 S gonr
AYe Agdol8asl Aste] thgat 2o A o r
2 9 g s (2, 199). 000 P N AT

k 0023 | 3 g_\_...:g jg

J’u =y"_;y£+a. RND( ") (10) Tlme(sec)

2 L —Simulation-Pershing ]
714 @x=apb""',—1 < RND(n) <1 Fig. 2. Bounce motion.

n= 1'2’...'1(
0.05

Table 1. Parameter values of the model tractor
and input bump
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8 8 %

h 3.67 § 1002 }
I 2.33 *"1001 }
Dimensions, ft 2 !
13 2.83 0.00 ' 1 i i " A V ./.-'[\&
L 2.83 001 3 = 2 8 2
Mass, 1b - sec/ft m, 150.66 Time(sec)
I 1023.02 l —Simulation-* - Pershing 4‘
Mass moment of
inertia, 1b * ft* * sec? I 956.48 Fig. 3. Pitch motion.
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(4] 186 0.02 -
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Forward speed, ¢ Time(sec)
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Bump size H 0.146 Fig. 4. Roll motion.
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Table 2. Values of design parameters of model
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Fig. 8. Flow chart of model simulation.
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h 1.584
I 0.576
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Iy 0.8
Is 0.036
Is 0
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Mass moment -
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M =mass
¢; =damping coefficient
k; =stiffness coefficient

z; =vertical displacement

q; —ground excitation
j=1 front left wheel
j=2 front right wheel
j=3 rear left wheel
j=4 rear right wheel

$=roll

6= pitch

I=length

i=1 from front to center of mass

i=2 from center of mass to rear

i=3 from left to cnter of mass

i=4 from center of mass to right

i=5 longitudinal from center of mass to
seat

i=6 horizontal from center of mass to seat

I=mass moment of inertia

v=forward velocity

. H=height of bump

_L=hase length of bump
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