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ABSTRACT

The objectives of this study were to investigate the effectiveness of rubber as an engine mount of walking-type
cultivators and to determine its optimal spring constant and damping coefficient using a dynamic simulation of the engine -

mount system.

Four different types of rubber mounts were tested to determine their spring constants and damping coefficients, and the
best type was selected for the isolation of the engine vibrations transmitted to the handle. The total vibration levels

transmitted to the handle when the rubber mounts weren't installed were 17.52 m/s™.
to the handle when the rubber mounts were installed were 10.69 m/s® for Stripe 1,

The total vibration levels transmitted
11.33 m/s® for Stripe 2, 10.92 m/s’

for Stripe 3 and 14.19 m/s® for Hive, respectively, resulting in an average of 30% reduction when compared with that

without the engine mount.

A dynamic model of the cultivator's engine-mount system and its simulation program were developed and verified. A
method was proposed to determine the optimal spring constant and damping coefficient of the engine-mount system. It
was found from the simulation that a spring constant of 4,100 kN/m and the largest damping coefficient were the most

effective for the vibration isolation.

Keywords : Engine mount, Optimal design, Vibration reduction, Walking-type cultivator.
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Fig. 1 Dynamic model of engine supported by four
rubber mounts.

mz = —clz+(y,—y)o—(x,—x)6 ]
—klz+(y—y)0—(x,—x0 ]
—clz+(y—v)0—(x,—2)0 ]
—klz+(y,—y)0—(x,—x,)0 ]
—clz+(3—3)0—(x3—x)0 ]
—klz+(y3—y )0 — (23— x)0 ]
—clz+(y—v)0—(x,~x)0 ]
—klzt+(y,—y)o—(x,—x)0 1+ F

M

—clz+(—y)0—(x,—x)0 Ky, —y)
—klz+(y—y)0—(x,—x0 (y,—v)
—clzt (=)0 —(x,— 20 Wy, — )
—klz+(y;— v )0~ (x,—x )0 Wy,— )
—clz+(y;—y)0—(x3— 20 Ny;—3)
—klz+(y3— )0~ (23— %0 Ny;—,)
—cz+(y,—y)o—(x,—x)0 I(3,—v,)
—klz+(y;—y)0—(x,—x)0 [(y,—y)+M

@

Lo = clz+(y—y)o—(x,~2)0 l(x;—x)
+hlz+(y,—y)0—(x;—x)0 Wx,—x.)
+dz+(y;—y)0—(x,—x)0 Wxy,—x)
+klz+(y,— )0 —(x,—x)0 l(x,—x,)
+elz+(y3—~ 300 —(x3—2)0 Wx;—x,)
+h[z+(y;—y)0~(x3~x)0 W(x3—x,)
+elz+(y,—y)o—(x,—x)0 Kx,—x,)
+hlz+ (v —y)0—(x,— 20 W, —x )+ T

€)

A7AM, (x;, y;)=i AR nfLES] #F

(2o y)=AX9 7A T4 &8

o
2
=
]
[
)
o
1)
of
r o)
oX,
i
)
Jm

I, -9

iy

N

E
Il
>
0? o .
T

S o % Ny
Lop oo b
e

I
N
=

H 2 T ox o
Il l Il
H oo 2 oY o

l>-nr£o_>.:ﬁ

2, @), 3% P28 wAgAoz Yehid o3
3} o] BHAT}
MUz} +[CHx}+ [KHx}=1{Q} @



A71M, [M) =2 #2

[C) =74 a2

[K] =7 942

{x} =99 AE

{(Q} =7k el

BheE 1¢ V1FoR @ A FA 4 AFE

Table 104} 251, A SHPOR AAZ Az
AZEHRAH ZHEE Table 20] 494 Zth(Lee, 2004).
Table 1 Location of mass center of engine
Coordinates x {mm) v (mm) z (mm)
Value -94 63 166

Table 2 Mass and mass moment of inertia of engine

Mass Mass moment of inertia
Parameter ) )
m (kg) | I, (kg m®) | I, (kg - m?)
Values 35.5 0.734 0.307
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Fig. 2 Autospectra of the vertical engine accelerations
at a forcing frequency of 52 Hz.
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Table 3 Results of dynamic load test for 4 types of
rubber mounts

Fig. 4 Measurement of stiffnress and damping co-
efficients of mount material, Rubber type k(kN/m) c(N/m/s)
Stripe 1 2,155.7 3,143.9
ck()+ () =F, sinwt ) Stripe 2 1,007.2 1,096.0
Lot AE x(f) = Acoswt+ Bsinwte 3L 3 Stripe 3 871.6 10521
Hive 1,547.4 1,837.6
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Fig. 7 Frequency analysis of handle vibration when
Stripe 3 was used.
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Table 5 Natural frequencies of rubber mounts

Items Vertical Rolling Pitching
¢ mode(Hz) mode(Hz) mode(Hz)
Stripe 1 17.1 60.3 63.4
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Hive 17.0 59.8 62.9
A7l -vheEe] £4 AL o g Swipe 18
A whEER HE W o]BHoE <X F
rEg s JE RE A4S MATLABS
ol-gate] Fystdon o A= Fig. 10949 2
. 3 BE@] A% W5e 27k Ade) 7
Fohest 12 $ey FRECH Fo5 o)A 2
Z} 144 m/s?, 8.5 m/s*olgth B FEbolAE A

™o

2ol @A 27 20x 10 m/s?, 1.3x10™ m/s
2 47 5o mx REd HEle Addoz
gom, Hx EE()IME 7H FopgoAnt 6.2
m/s* 2 FEbTh



10°

103 ' : \\-..__,._

(a) Vertical mode

(b) Rolling mode

1’

P

Angular acceleration,
rad/s? (rms)
'C_?:J SN
e,

N S T W A
0 50 100 150 200 250 300 350 400 450 500
{c) Pitching mode
Frequency, Hz

Fig. 10 Vertical, rolling and pitching modes of engine
vibrations when mounted by the Stripe 1.

Table 6 Total values of engine vibration when differ-
ent types of rubbers were used as engine

mounts
Rubber Vertical, Rolling, Pitching,
type m/s? (tms) | rad/s® (tms) | rad/s? (rms)
Stripe 1 1.55 6.12x10 " 0.35
Stripe 2 4.11 320x10™ 1.49
Stripe 3 4.15 195x10 " 1.65
Hive 2.20 64810 " 0.64
Table 62 A nlFER AFR3 WIFo NE
A Zds FHsEr] st AA A AEelA
W Tl Helo] wep dzie] FAFHS T A
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