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A Study on Rubber Shapes and Dynamic Characteristics of
some Torsional Vibration Shear Type Rubber Dampers for
High Speed Diesel Engine Crankshaft System

Tomoaki Kodama*!, Yasuhiro Honda *?

Abstract : This study refers to the relationship between dynamic characteristics and rubber shapes of
some torsional vibration shear type rubber dampers by torsional stiffness and loss constants, which
indicate their dynamic characteristics, against shape factors of rubber. The torsional stiffness in this
study, which is called a complex torsional stiffness, consists of a typical torsional stiffness and a damping
coefficient. The shape factor is determined as the ratio of free loaded area to loaded area of rubber.
Four kinds of test shear type rubber dampers that only rubber shapes are different are used in this
study. The test is engine experiment with the shear type rubber damper and exciting torsional vibration
experiment. The experiment with shear type rubber damper is a high speed diesel engine test in the
rated engine speed range with each test shear type rubber damper attached to the crankshaft system
front edge. The frequency set in exciting torsional vibration test was made to be able to generator the
frequencies occurred at the crankshaft system of the high speed diesel engine. Changing the shape of a
pulley for exciting torsional vibration can change the exciting torsional vibration amplitude. The
dynamic characteristics obtained from the experiment results are estimated in consideration of rubber
shapes. The relation between amplitude dependence and the shape factor is particularly notified. As a
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results, the following knowledge can be provided.

[1] The dynamic characteristics of the damper depend on shape factor.

[2] The dependent tendency presents conspicuously with increase of the shape factor.

[3] Rubber damper with smaller shape factor contributes to easily predict dynamic characteristics on
the design stage. However, the damper of the small shape factor is hard to satisfy a torsional
stiffness to tune to the torsional vibration mode of the crankshaft system of the high speed diesel

engine.

Key words : Dynamic Characteristics, Shear Type Rubber Damper, Rubber Shape, Torsional Vibration,
Shape Factor, Torsional Stiffness, Damping Coefficient, Area Ratio, Diesel Engine,
Crankshaft System, Experiment, Forced Frequency Ratio, Amplitude Ratio

1. Introduction

In recent years, from the viewpoint of energy use in the
high efficiency, saving of resources and environmental
protection, a high speed diesel engine is reconsidered as the
engine being able to work with even wide fuel except the
light oil has the advantage in the thermal efficiency higher

D=3 On the other hand, we have

than a gasoline engine
many problem to solve such as reduction of the weight,
reduction of noise, vibration and harshness (NVH) and
engine performance improvement. One of the solutions is
light weighting of the motion parts as one of the improvement

methods of the engine performance. The light weighting of
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the engine crankshaft contributes to the rise of the engine
revolution limit of the high speed diesel engine to increase
the horsepower but there is a problem that increase of
torsional vibration occurring in the crankshaft makes

V~7_ As a general reduction

the crankshaft damage
countermeasure of the torsional vibration, a shear type
rubber torsional vibration damper is attached to a engine
crankshaft system. Because the shear type rubber torsional
vibration damper has amplitude dependence, frequency
dependence, temperature dependence, strain rate dependence
and so on, it is difficult to grasp the dynamic characteristic

~15)

precisely ® Furthermore, the difference of the rubber

shape changes the dynamic characteristics even if the rubber
of the same material was employed to a rubber damper 9~

This study referred to the relationship among dynamic
characteristics and rubber shapes of some torsional vibration

shear type rubber dampers by rigidities and loss constants,
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which indicate dynamic characteristics, against shape

D~3).4~6 " The torsional stiffness in this

factors of rubber
study, which is called a complex torsional stiffness, consists
of typical stiffness and a damping coefficient. The shape
factor means the ratio of free loaded area to loaded area of
rubber. In other words, this shape factor can be called area
ratio by regarding rubber as incompressibility materials.
Four kinds of test shear type rubber dampers that only
rubber shapes are different are used in this study. The rubber
materials of the test dampers are natural rubber and rubber
hardness : Hs=50. The experiment is engine test with the
rubber damper and exciting vibration experiment. The
experiment with rubber damper is an engine experiment in
the rated engine speed range with each test rubber damper
attached to the crankshaft system front end. The frequency
set in exciting torsional vibration test was made agree with
frequency occurred at the crankshaft system of the diesel
engine. Changing the shape of exciting vibration pulleys
can change the exciting torsional vibration amplitude 7 ~'".
The dynamic characteristics obtained from the experiment
results are estimated in consideration of rubber shapes. The
relation between amplitude dependence and the shape factor

is particularly notified.

2. Test Shear Type Rubber Dampers and Reduction
Control on Torsional Vibration

The combustion pressure in the cylinder of the high speed
diesel engine is higher than that of the gasoline engine. As a
result, bigger torsional vibrations occurs on the engine
crankshaft system by exciting torsional vibration force and
crank and piston mechanism. A torsional vibration shear
type rubber damper is generally used to reduce the torsional
vibration occurring on the crankshaft system of the in-line
multi-cylinder high speed diesel engine.

Figure 1 shows the genuine torsional vibration shear type
rubber damper for in-line 6-cylinder high speed diesel engine

Damper
| Rubber
Damper Inertia Ring
¢ For Crankshaft
System

Figure 1 Genuine Shear Type Rubber Damper [Damper
STD (S)]

of total displacement volume 6.211 [Litter]. The output of
the test engine brake power is 212 [kW] and the brake torque
is 402 [Nm].

engine are shown in Table 1. Figure 2 shows the torsional

The major specifications of the test diesel

vibration amplitude curves occurring in the pulley end of the
crankshaft of the test diesel engine without a rubber damper,
as the experimental diagram shown in Figure 3. The overall
value of the amplitude at the resonance point of the sixth
vibration of the main torsional vibration component exceeds
the permission torsional displacement of the crankshaft
system. Figure 4 shows the torsional vibration amplitude
curves of the pulley end of the crankshaft system attached
the shear type rubber damper shown in Figure 1. It can be
confirmed that this shear type rubber damper absorbing a
part of the torsional vibration energy of the crankshaft
system reduces the torsional vibrations. However, the
torsional vibration reduction may not be controlled as the
designer intended because the dynamic characteristics of the
torsional vibration shear type rubber damper are influenced
on the dependencies of amplitude, frequency, and strain rate
temperature.

It is difficult to completely predict the dynamic

Table 1 Main Specifications of the Test Engine

Particulars Contents
Designed for High-Speed Diesel
Engine

Type for 4-Stroke Cycle,
Direct Injection

Number of Cylinders 6 Cylinders

Arrangement In-Line

Bore and Stroke [m]]0.108-0.133

Total Piston Displacement [m®] ]0.006211

Compression Ratio 18.9

Maximum Brake Output [kW/r/min] |212 /3200

Maximum Torque [Nm/r/min] |]402 /2000

FiringOrder 1-4-2-6-3-5

Order Vibration
O: 3rd Order Vibration
[: 6th Order Vibration

A: 4.5th Order Vibration
<1 7.5th Order Vibration

@: 9th Order Vibration A: Over All
91.0
S I-6th Order
808 [——1-7.5th Order—Vibration
=2 Vlbratlon
2'0.6 L1-9th Order———\
< Vlbratlon \ /
0.4
c
o
0.2
]
=
0.0
0 1000 1500 2000 2500 3000
Engine Speed r/min

Figure 2 Torsional Vibration Amplitude Curves of Crankshaft
Pulley End without Shear Type Rubber Damper
[1: Node Vibration]
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characteristics with these dependences in the design stage of
the shear type rubber damper. Materials of the rubber, shore
hardness and rubber shapes make the prediction more
difficult. These influence factors can be divided into internal
factors and external factors. The combinations of all these
factors change the dynamic characteristics.
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Figure 3 Schematic Diagram of Torsional Vibration
Measurement for Engine Experiment
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The relations of the dynamic characteristics with
amplitude dependence and rubber shapes are investigated in
this study to clear the rubber shape and these influence
factors.

Figure 5 and Table 2 indicate the trial manufactured test
rubber dampers of which rubber shapes are only different
based on the genuine rubber damper shown in Figure 1 and
their specifications. The rubbers of all rubber dampers are
natural rubber with shore hardness : Hs=50. Table 2
indicates the inertia moment of damper housing and inertia
ring of each test rubber damper. The different values of the
moment of inertia can be adjusted to be a constant value by
attaching a gear for torsional vibration measurement with

the damper housing and the inertia ring respectively.

Order Vibration
O: 3rd Order Vibration
O: 6th Order Vibration

/\: 4.5th Order Vibration
<1 7.5th Order Vibration

210 @: 9th Order Vibration A: Over All
S | Damper Housing
2 0.8 FMoment of Inertia : Iszp = 1.812% 102 [kgm?] |
2 11-6th Order
= 1-4.5th Order n P
g_o_s —Vibration Vibration |
< 0.4 |1-6th Order
g Vibration
5
0.2
L .
0.0 o~ J
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Figure 4 Torsional Vibration Amplitude Curves of Crankshaft
Pulley End with Genuine Shear Type Rubber Damper
[Rubber Damper STD (S), Moment of Inertia :
Iy =1812x10% [kgm?®], 1, II : Node Vibration]
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Figure 5 Trial Manufactured Test Shear Type Rubber Dampers with Only Different Rubber Shapes and Damper STD (S)
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Table 2 Main Specifications of Test Shear Type Rubber

Dampers
Damper Shape Shape |Polar Volume of
Name Factor of |Factor [Moment Rubber
Damper of Area
Usrpa  [M®] Isrp,x [m*]| Vo [M3]
Damper A 2.947 x102| 3.303 | 1.606 X 10 [1.085%10*
Damper B 2.889x102| 3.067 | 2.167 x10* [1.966 X 10*
Damper C 2.957 x102| 3.442 | 7.687 X105 [2.576 X 10°°
Damper STD (S) |2.948 x 10| 3.517 | 1.970x 10* |1.966 < 10**
Order Vibration

A\: 4.5th Order Vibration
<&: 7.5th Order Vibration

O: 3rd Order Vibration
[: 6th Order Vibration

1.0 @®: 9 th Order Vibration  A: Over All
S Damper Housing
2 0.8 FMoment of Inertia : Isrp = 1.374x 102 [kgm’]
2 1Il-6th Order
3 0.6 I-45th0rder Vibration
£ Vibration
< o4 I-6th Order \ e
g ' Vibration \ AN WS
® 0.2 — -
)
it A ]
0.0 4
0 1000 1500 2000 2500 3000
Engine Speed r/min

Figure 6 Torsional Vibration Amplitude Curves of Crankshaft
Pulley End with Shear Type Rubber Damper A
[Moment of Inertia : Iy,=1374%10% [kgm?], I,
1I : Node Vibration]

Order Vibration
O: 3rd Order Vibration
[: 6th Order Vibration

/\: 4.5th Order Vibration
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@: 9 th Order Vibration  A: Over All
21.0 -
° Damper Housing
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Figure 7 Torsional Vibration Amplitude Curves of Crankshaft
Pulley End with Shear Type Rubber Damper C
[Moment of Inertia : /g, =1782x10% [kgm?®], I,
1I : Node Vibration]

Figures 6 and 7 indicate torsional vibration amplitude
curves of the test shear type rubber dampers. It is understood
that the control on torsional vibration effects of each test
shear type rubber damper are different comparing resonance
frequencies and resonance amplitudes of the sixth torsional
vibration that is a main vibration order component. It can be

supposed that the difference of the rubber shape changes the

dynamic characteristics of each test shear type rubber
dampers. However, it is difficult for reasons of the statement
above to solve dynamic characteristics every influence factor
of a shear type rubber damper attached to a high speed
diesel engine crankshaft system. In this study, the relations
of the amplitude dependence of the dynamic characteristic
and the rubber shapes are tried to solve based on the results
obtained from the torsional vibration experiment by original

manufactured exciting torsional vibration machine.

3. Numerical Calculation of the Dynamic Characteristic
Value of the Rubber Damper and the Results

It is necessary to dismantle it every torsional vibration
order component because the torsional vibration waveform
occurring in the crankshaft system of the engine is a
compound wave. The value of the dynamic characteristic of
the shear type rubber damper can be numerical calculated
by the next expressions.

szSRD
de’

dOpp y  dOspp.
:;D ‘- ;'TJ p}'-KSm‘(oﬂD»"_asm P )= v

Tgpp* +Csm'(

Lspp- ésnn + Cgpp* (ésxn.d - ésm, p)+K SRD '(asnn,d - Gsxb.plz 0
(1
here, Oy, - torsional vibration angular displacement of
damper housing [rad], @, , : torsional vibration angular
displacement of the damper inertia ring [rad], I, : inertia
moment of damper inertia ring [kgm?], Cg, * damping
coefficient of damper rubber [Nms/rad], Kg,, : torsional
stiffness of damper rubber [Nm/rad].
The equation (1) gives the dynamic torsional stiffness

and damping coefficient values as follows.

2
Tspp - @spp " Mgpp * (M srp — €OS ﬁs'm)

M sz;m +1-2-Mgpy, - cosdog

(2)

Kgpp =

Lspp - @spp - Mgpp - Sin Popp
2
Mgy +1—2- Mgy, - coS Py

(3)

Cspp =

here, @y, * forced frequency [rad/s], Mg, : amplitude ratio

(_ 95.#0'#9

} [-], Ogpp.4  torsional vibration amplitude of
BSRD.po

damper housing [rad], g, , : torsional vibration amplitude
of the damper inertia ring [rad]. Furthermore, the absolute
value of the torsional stiffness ‘K;m| and the ratio of

torsional stiffness ag,, are given in the next equations.

|K ;Rnl = \/ Kpp + (Csm) . wsm)z 4)
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K srp effect, if the dependencies of the dynamic characteristics are
Aspp = K srp _ Lgrp - ‘”.é.vm 5) not analyzed adequately.
‘K ;RDI ‘K ;RD‘ In the same torsional angular displacement, the strains of
Iepp - @gpp the rubber are different by rubber shape. Here, a coefficient

Figures from 8 to 11 indicate the numerical calculated
values obtained from equations (4) and (5). These
results mean that the relations between the absolute value of
the torsional stiffness and the torsional stiffness are linear
and the damping torque Cg), * @, are constant as the agg),
is constant. In other words, the damping coefficient that
divided Cgpp * @gpp bY @gpp shows that it decrease with
the increase of the forced frequencies. On the other hand,
the torsional stiffness of each damper is changed by the
difference of the rubber shape as the ag, of each rubber
damper is different. This fact means that the difference of
rubber shape influences on amplitude dependence and
frequency dependence of the dynamic characteristics.
Choice of the rubber shape that is hard to be affected by each

dependency will give a better control on torsional vibration
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Figure 8 Relationship between Torsional Stiffness and
Absolute Value of the Torsional Stiffness [Rubber
Damper A]
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Figure 9 Relationship between Torsional Stiffness and
Absolute Value of the Torsional Stiffness [Rubber
Damper B]

to indicate a strain conversion factor is introduced. The
strain conversion factor is defined as necessary coefficient
to convert a torsional angular displacement into strain. The
rubber shapes of the test dampers can be divided into the
radial direction adhesion type and the axial direction
adhesion type as shown in Figure 1 and 4. But the genuine
damper of Figure 1 is similar as a combination type of the
radial direction adhesion type and the axial direction
adhesion type.

[1] The radial direction adhesion type

Arearatio : Ugy,

Faanyr (1= tsun,)
Usgp_r= SRD.r,2 SRD (6)
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Figure 10 Relationship between Torsional Stiffness and
Absolute Value of the Torsional Stiffness [Rubber
Damper C]

Rubber Damper STD (S)

5.0
40 — ]

k=1
"y
?ﬁ 3.0 ,S/U
=
= 20 ﬁM/
= &
= 40

0.0

0.0 1.0 2.0 3.0 4.0 5.0
K sap
Im‘”;ln

Figure 11 Relationship between Torsional Stiffness and
Absolute Value of the Torsional Stiffness [Rubber
Damper STD (S)]
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Representative position of the strain : pg,,
_ 3- Tsppr2® (I"' F;RDJ) ) 7
Psrp.r = ; “Uskp,r ko
4- (Ir - ﬂsnp.r)
Strain : }’SRD‘,
3 Ugp, - (" + #sm.r)' (I + a“;m.r) 9 _
Vswpr = P "Uskp,r.ro =
2. (I - Ju.mn,r)
USRD,r e gsm,r Ro (8)
Strain conversion factor * Uggy,,
U _ 3 (I + Usrp - ) (I + #.ém.r) (9)
SRD,r,u — 3
2. (I - .u.mv,r)
[2] The axial direction adhesion type
Arearatio © Uggp,
I.;‘RD.«
Uspp,o = p (10)
Ysrp,a,2 " Hsrp,a* (I - .“sm,a)
Representative position of the strain : pg,,
1=t
Pt = Ysnpa s w (11)
3- (f - ﬂsmﬂ)
Strain : yep,
1
Vsrp,a = “Oskp.a,po =
_ 3-(1-p)
1= pspp o 3 (12)
1= prspp .
USRD,n,y 'esxn.a.nn
Strain conversion factor : Uggy,,,
1
(13)

Uskpuu=
’ I- . 3'(I_Psno.r)
JUSRD.n ﬁ
SRD -

here, rgpy,, : outside radius of damper rubber [m], rg,,
inside radius of damper rubber [m], I, : distance between
adhesion sides of damper rubber [m], [, : axial direction

'rS'RD 2
)

length of rubber [m], ug,, : radius ratio [:
SRD,1

Figure 12 indicates the values of a to these strain
conversion factors. The values of the ag,, decrease with the
increase of the strain conversion factor greatly. This means
decrease of the torsional stiffness with increase of strain
occurring by rubber shape. However, the values of dynamic
characteristics receiving amplitude dependency or frequency
dependency respectively, cannot be evaluated as the values
of these dynamic characteristics are numerical calculated
based on an engine wearing experiment result. It is the

reason that the relation of the exciting amplitude and forced

gt
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=32
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Hsgn
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o]

Damper A Damper B Damper C Damper §

Figure 12 Rubber Shape Specifications of Test Rubber
Damper

frequency cannot be found in the torsional vibration of
the engine crankshaft as shown in Figure 1. Therefore an
exciting vibration machine was manufactured in order to
analyze frequency dependence and the amplitude
dependence influencing on the dynamic characteristics.

4. Exciting Torsional Vibration Experiment

The exciting torsional vibration experiment changing
some exciting vibration amplitude is carried out to analyze
the amplitude dependence of the dynamic characteristics.
4.1 Constitution of the Torsional Vibration Experiment
Apparatus

An original exciting torsional vibration experiment
apparatus was designed and manufactured to achieve the
purpose.

This exciting torsional vibration experiment apparatus
consists of a pulley for exciting torsional vibration, a motor,
and a rubber damper wearing pulley. The shape of a pulley
for exciting vibration is hexagon to generate the sixth
vibration same as the test diesel engine.

An outline of the exciting torsional vibration experiment
apparatus is shown in Figure 13. The up-and-down motion
of a transmission belt occurring by an exciting torsional
vibration pulley transmits the sixth vibration to a rubber
damper wearing pulley. The shape change of the exciting
torsional vibration pulley can change the amplitude of the

sixth vibration.

4.2 Principle of Exciting Torsional Vibration Experiment
Apparatus

It is supposed that Point A, in the circumference of the
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Figure 13 Schematic Diagram of the Exciting Torsional Vibration Experiment Apparatus
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Figure 14 Principle of Exciting Torsional Vibration Experiment
Apparatus

pulley for damper wearing moves to A',, when point B, on
the transmission belt moves up to B’y by pulley for exciting
torsional vibration placed between a motor and pulley for
damper wearing as shown in Figure 14. The movement can
give the rotation angle : 8., to rubber damper wearing
pulley. This angle of rotation produces torsional vibration to
the damper.
The relationship between torsional angular displacement :

0.y and quantity of lift of the belt : /,,, which is occurred by

exciting torsional vibration pulley, are expressed in the next

equation.
sin,, = ey = (REX —Rpx - cas@t.x) (14)
Lpy
The upper equation is arranged in @y
R, L,
O =singy- EX_ + cospy - ——X— (15)
’ 2 2 [72 2
lpx + Rix lex + Ry

Here, 6, : rotational angle of the pulley for wearing rubber
damper [rad], R,, : radius of the pulley for wearing rubber
damper [m], L., belt length between the pulley for
wearing rubber damper and pulley for exciting torsional
vibration amplitude [m], I, : lifted quantity of belt [m].
The quantity of lift of the belt was decided based on the

x 10"
280 — :
20 Without Rubber Damper
2 "7 T'Exciting Amplitude : 0.382 [deg]
2 6.0 FMoment of Inertia : 1.812X 102 [kgm?]
250
Fao0
® 3.0
c
o <
E 2.0
IS 1.0
0.0 RS Q
0 100 200 300

Frequency Hz

Figure 15 Exciting Torsional Vibration Amplitude Curves
without a Rubber Damper [Exciting Amplitude :
0.382 [degree], Forced Frequency : 280 [Hz]]

torsional vibration amplitude which the experiment engine
produced. As the values to substitute for equation (15), it
is assumed that R, =80 [mm], L,,=300 [mm] and /., =
1, 2 and 3 [mm].
theoretical torsional amplitude @, are 0.191, 0.382 and 0.570

As numerical calculation results,
[degrees].

4.3 Experimental Results

Some examples of the results of the exciting torsional
vibration experiment are shown in Figures 15 to 16. Figure
15 shows the exciting torsional vibration amplitude curves
without a rubber damper. When forced frequency exceeds
280 [Hz], it is found that the change of the exciting torsional
vibration amplitude is bigger. Accordingly the frequencies
range more than 280 [Hz] should be excluded from the
measurement range.

Figures 17 and 18 indicate torsional vibration amplitude
curves of rubber damper B and damper STD (S), but the
difference of the resonance frequency can be confirmed. As

the inertia moments of the inertia ring of both the rubber
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Figure 16 Torsional Vibration Amplitude Curves of Rubber
Damper STD (S) [Exciting Amplitude : 0.191
[degree], Moment of Inertia : 2.125x 10? [kgm?],
Forced Frequency : 280 [Hz]]
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Figure 17 Torsional Vibration Amplitude Curves of Rubber
Damper B [Exciting Amplitude : 0.191 [degree],
Moment of Inertia : 1.812x10? [kgm?]]
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Figure 18 Torsional Vibration Amplitude Curves of Rubber
Damper STD (S) [Exciting Amplitude : 0.191
[degree], Moment of Inertia : 1.812x10? [kgm?]]

dampers are constant value, it can be supposed that the
difference of the torsional stiffness is the factor of this
difference. Based on this experiment result, the relations
among the change of the dynamic characteristics by the
exciting vibration amplitude and the rubber shape must be
investigated. The dynamic characteristics values can be

B E1ls (2018)
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Figure 19 Relationship between Torsional Stiffness and
Absolute Value of Complex Torsional Stiffness
[Rubber Damper A, Exciting Amplitude : 0.191
[degree], ag, : 0.825]
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Figure 20 Relationship between Torsional Stiffness and
Absolute Value of Complex Torsional Stiffness
[Rubber Damper B, Exciting Amplitude : 0.191
[degree], agy, : 0.999]

numerical calculated in the above-mentioned procedure by
the use of the experiment results obtained from the exciting
torsional vibration experiments.

In other words it can bring each dynamic characteristics
value to substitute the experiment results for equation (5)
from equation (2).

4.4 Dynamic Characteristics

Figures 19 to 22 show the relations between the absolute
value of the torsional stiffness ‘K;m| and the torsional
stiffness of each test rubber damper. These figures show that
the tendencies of dynamic characteristics provided from
the exciting torsional vibration experiments are the same as
the tendencies of dynamic characteristics provided from the
engine wearing experiments. Figure 23 shows the relation
among the ratio of torsional stiffness ag,, and the exciting
torsional vibration amplitude. The amplitude dependence of
the dynamic characteristics of rubber damper B is the

smallest and damper STD (S), is the biggest. It is supposed
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Figure 21 Relationship between Torsional Stiffness and
Absolute Value of Complex Torsional Stiffness
[Rubber Damper C, Exciting Amplitude : 0.191
[degreel, ag, : 0.820]
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Figure 22 Relationship between Torsional Rigidity and
Absolute Value of Complex Torsional Rigidity
[Rubber Damper STD (S), Exciting Amplitude :
0.191 [degree], ag,, : 0.875]
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Figure 23 Relationship among the Ratio of Torsional Stiffness
agp and the Exciting Torsional Vibration Amplitude

that this root is the difference of strain produced by rubber
shape. On the other hand, the difference of the value of ag,,
under the same exciting amplitude is considered with the
difference of the area ratio as shown in Figure 24. This

figure shows the ratio of ag,, in the other amplitudes to ag,,

Figure 24 Relationship among the Ratio of Torsional Rigidity
ag,, and Shape Factor [if ag,,=1 at Theory Exciting
Torsional Amplitude =0.191 [degree]]

in the exciting torsional amplitude 0.191 [degree].
It is clear that the dynamic characteristic values are
influenced by rubber shape greatly in this way.

5. Relationship between Dynamic Characteristics
and Rubber Shape

Furthermore, The relation among damping coefficient and
dynamic torsional stiffness are investigated introducing the
loss factor that is determined as ration of damping torque
Cyrp * Ogpy to torsional stiffness K,

Ratio of the torsional stiffness ag,, to the loss factor
Copp @ . . .
—SRD_TSRD are expressed in the next equation using

K.S'RD
equation (4).
KSRD = KSRD

* 2
‘KSRD ‘ ’J‘K .ém) + (Csm) . ‘”sm'))

I (16)

2
\’“_(Csm 'msnn]
Kgrp

gpp =

. . Copp @
The upper equation can be rewritten on the —3R2_—SKD
SRD
Csap - Dsrp _ ‘ 1 _7 (17)
K srp V“é.w

The loss factor is also influenced by strain.
Torsional stiffness and damping coefficient can be
expressed in the next expression in consideration of rubber

shape.

Kspp =Gspp Uspp g

(18)
Csrp =srp " Uspp.a
Here, Gy, - young modulus [Pal, #,, : coefficient of viscosity
[Nms/rad], Uggy, : shape factor of damper determined as
ratio of second section pole moment to distance between the

adhesion side [-]
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As shown in expression (17), it may be said that the loss
coefficient is in proportion to strain as it changes with the

values of the ag), as follows.

(C.nm . msm] - [Psm) *@spp

K ] % ¥srn=Usrp,u* Osp, o (19)
SRD

GSRD

Figure 25 shows the relation among the loss factor and

Hsrp * Pspp

Gsrp

equations (17) and (18). The dynamic characteristics

the agg, to . Each curve is drawn based on

provided by the experiment results are expressed on each
curve. damper B is smallest, and damper STD (S), is biggest
in the change of each dynamic characteristic value with
increase of the exciting torsional vibration amplitude. In

addition, damper B is maximum in a value of ag,, and
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Figure 25 Relationship among ag,, and Loss Factor

damper C becomes the minimum of the test dampers. It is
proper to think that these differences under the same exciting
torsional vibration condition are caused by rubber shape.
Area ratio affects the change of the ag,, in the exciting
vibration amplitude mainly, and the values of the agy,, are
influenced in strain conversion factor.

Equation (4) to numerical calculate absolute value of
the torsional stiffness ‘K;m| can be rewritten in the next

equation.

* Terr @2

‘KSRDNKém + (CSRD *Dgpp )2 = w (20)
SRD,3

here, Mg, ; - ratio of amplitude of rubber to amplitude of

inertia ring. [-]

In other words the first clause I, * @, of the most
right side of the upper equation is a clause without the
influence of the rubber shape. In contrast, the second clause
swp_ is a clause with the influence of the rubber shape.

SRD,3

srp

Figure 25 shows in the change of exciting torsional

SRD,3
vibration amplitudes obtained from the results of engine

wearing experiments and torsional exciting vibration

. . . a
experiments. This figure indicates that —322— of all of the
SRD,3

test dampers decrease with increase of exciting torsional
amplitudes. The tendency to decrease is strong in a range of
the smaller exciting torsional vibration amplitude, and a
decreasing tendency to decrease becomes in particular weak

in a range of the bigger exciting torsional vibration amplitude.

a
Figure 26 indicates the changes of —3%2—

SRD,3
amplitudes of test damper obtained from the engine wearing

in the exciting

experiments and the exciting vibration experiments.

It is estimated that strains occurring in the rubber of each
test damper are different by rubber shape in a constant of
the exciting torsional vibration amplitude. If the relation of
exciting vibration torque Ty and torsional stiffness Kg,, are
Tsrp=Kszp * Osrp,zo» the substitution of equation (8) or
(12) into this equation give the next equation.

Ysrp

Tex = Kspp *Osep,ro = Ksrp * (21)

Usko,u
As Ty and K, of all test dampers are approximately equal
under the same exciting torsional vibration amplitude

Y srp

condition as shown in Figure 26, is also nearly equal.

Usip,
However, the quantity of strain is different every damper
greatly because the strain Y, is in proportion to the
strain conversion factor Uy, ,. Accordingly this fact means

that a damper with bigger quantity of strain has bigger
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Figure 26 The Change of Exciting Torsional Vibration
Amplitudes obtained from the Results of Engine
Wearing Experiments and Exciting Torsional
Vibration Experiments

damping coefficient. Such a damper causes increase of the
vibration absorption energy and will show larger temperature
dependence.

The main requirement item to a rubber damper is

reduction of the bigger amplitude of the crankshaft system.
Rubber damper used natural rubber is expected a control on
vibration effect by the torsional stiffness more than damping
coefficient. Furthermore, a control on vibration effect in the
bigger exciting torsional vibration amplitude is important.
These mean that damper B with the smallest shape factor
and strain conversion factor of the test dampers has the

biggest control on vibration effect.
6. Conclusions

This study refers to the investigation on the relation
between dynamic characteristics and rubber shape through
engine wearing experiment and exciting torsional vibration
experiment using four kinds of rubber dampers with only
different rubber shape. As some results of this investigation,
the knowledge is provided as follows.

[1] The dynamic characteristics of the damper depend on
shape factor.

[2] The dependent tendency presents conspicuously with
increase of the shape factor.

[3] Damper with smaller shape factor contributes to easily
predict dynamic characteristics on the design stage.
However, the rubber damper of the small shape factor
is hard to satisfy a torsional stiffness to tune to the
vibration mode of the crankshaft system of the engine.

Definition of Symbols
Show in major symbols and definitions.
gy - Ratio of torsional stiffness [-].
Cyrp - Damping coefficient of damper rubber [Nms/rad].
Gy - Young modulus [Pa].
I, - Inertia moment of damper inertia ring [kgm?].

Ky : Torsional rigidity of damper rubber [Nm/rad].
‘K ;'m| : Absolute value of the torsional stiffness [Nm/rad].

L : Belt length between the pulley for wearing rubber
damper and pulley for exciting vibration amplitude
[m].
L, : Belt length between the pulley for wearing rubber
damper and pulley for exciting vibration amplitude
[m].

Iy Lifted quantity of belt [m].

Lepp © Distance between adhesion sides of damper rubber
[m].

I - Axial direction length of rubber [m].

)
Mg, - Amplitude ratio [: ﬂ] [-].
e.VRD.pn
My, ; - Ratio of amplitude of rubber to amplitude of inertia

ring. [-].
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R : Radius of the pulley for wearing rubber damper [m].

R, : Radius of the pulley for wearing rubber damper [m].

Fspp,; - Inside radius of damper rubber [m].

Fsrp,» ¢ Outside radius of damper rubber [m].

T, * Exciting torsional vibration torque [Nm].

Uggp,, © Area ratio of axial direction adhesion type [-].

Ugpp,q - Shape factor of damper determined as ratio of
second section pole moment to distance between the
adhesion side [-].

Ugyp, * Area ratio of radial direction adhesion type [-].

Usgp.a, - Strain conversion factor of axial direction adhesion

type [-].
Ugp,,, * Strain conversion factor of radial direction adhesion

type [-].

Yskp.a= ! 0 =
SRD,a — "YSRD,a,Ro ™
3-I-pu
1 _Jusnm',a'J M
— Hsrp
Usip.ap* Osrp a.ro * Strain of axial direction adhesion type.
(-1.

3 Uy, (1 + J“.S'Rﬂ.r)- (1 + ﬂém).r)
Ysep = ;
2. (I _ﬂkﬂb.r)
Uskp.r p *Ogep.r.xo - Strain of radial direction adhesion type
[-].

Nsgp © Coefficient of viscosity [Nms/rad].

: esﬂﬂ,r,ﬂﬂ=

Hgrp - Radius ratio [: :-“&J -1.
SRD, 1
0, : Rotational angle of the pulley for wearing rubber
damper [rad].

Ogrp,, - Torsional vibration angular displacement of damper
housing [rad].

Osrp.q, - Torsional vibration amplitude of damper housing

[rad].

Ogp,, - Torsional vibration angular displacement of the
damper inertia ring [rad].

Ogp,p, - Torsional vibration amplitude of the damper inertia

ring [rad].

(}r - JU;RD.a)
3- (I - ﬂsm).«)

of the strain of axial direction adhesion type [-].

Psrp,a=Tsrpa,2° : Representative position

p _ 3 Fspp 2 '(I+.ra;m)‘,-)
SRD,r
4- (I - Ju;nb..-)

: Representative position of the strain of radial direction
adhesion type [-].

gy - Forced frequency [rad/s].

. GSRD.r,Ro
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