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(BIIR IIR SBR BR.s NR)
(IIR / BIIR, SBR / NR)
SBR (N-375)
IR SBR
(to %R )

(Wallace R2-Dunlop Tripsometer)

C A )
(TM 16 (C T
Universal Vibration)
(9mm )
Dashpot (80mm 14mm )
40 atm
SBR ) .
(IR
( )

. SBR



72. 17% SBR o
. 71.17 % IR
40 pphr ) SBR .
12pphr LDPE 10pphr (N-375
(72. 67%)
(47.5%)
( 14.8%) (26.8%)
(32.36%)
.40pphr CB SBR .
LDPE SBR o
IR 10 pphr
IR SBR LDPE
LDPE SBR o
IR
.
SBR o

IR



\%
VI
1 1.1
2 1.2
5 . 1.3
6 2.1
6 211
7 2.1.2
8 2.2
8 2.3
9 2.4
10 241
11 2.5
11 2.5.1
12 2.2.5
13 2 .5.21
13 2.5.2.2
15 .2.5.2.3
16 - 2.5.2.4
17 2.6
22 2.7
23 2.7.1
25 2.8

{3




25 2.8.1

26 .2.8.2

27 2.9
27 2.9.1

30 2.9.1.1

31 2.9.1.2

33 2.9.1.2.1

34 2.9.1.2.2

37 .2.10
37 .2.10.1

38 .2.10.2

38 .2.10.3

39 2.11
49 3.1
49 3.2
49 3.3
51 3.4
52 3.5
53 . 3.6
55 3.7
59 3.8
59 3.8.1

59 .3.8.2

62 .3.8.3

69 4.1

{3




69 4.2
71 4.3
71 4.3.1
71 4.3.2
72 4.4
72 441
73 4.4.2
74 4.5
74 451
76 4.5.2
76 4.6
76 4.6.1
79 4.6.2
79 A7
79 471
81 A4.7.2
82 4.8
82 4.8.1
83 4.8.2
o SBR 4.9
84 .SBR 4.10
85 J1IR 411
86 JIR SBR LDPE 4.12
88 4.13
90 4.14
91 4.15

am




92 . 4.16
94 417
95 5.1
96 5.2
97

V3




sl Al

.(N.s/m)
(N.s/m)
(Jol/cm®)

( N/m*)
( N/m?)
( N/m?)
( N/m*)
( N/m*)

(kg/m?)
(N.m.s?)

DMA
DMTA



Vi



\1

(sec)

(m.m)
(m.m)

(rad/sec)

%Y.R

A mooney




Aggregates
Amplitude
Aniline point
Anisometry
Anisotropic
Blends
Captivation Mounts
Carbon Black
Forced Vibration
Free Vibration
Heat building
Isotropic
Metallic Rubber
Reclaim
(CsClsSH) Rencit
Rubber Engine Mounts
Seismic Isolators
Shore D & Shore A

3)1/2

(Jol/cm Solubility Parameter
(N/m) Stiffness
Stress Relaxation
Swelling
Vibration Dampers
Viscoelastic Nature

40 mesh 40 mesh crumb
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[1] Enclosures Barriers

) Active Systems

[2] (
Passive Systems
Dashpots Air Springs Springs
[3]
[4]
Rubber Engine Mounts
Tie Bushings
Strut Mounts ( ) Bars
, [5]
) Reclaim
) LDPE (
(
Blends
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A8 led) bl Al 1.2

BR-SBB BIIR 1992  [6] Mrccozkowski
tan o / SBR/BR  BIMS
tan & (+15°C -30°C)
SBR/ NR/ BR 30°C
2001 [7] Singh Richards
m.d.o.f s.d.o.f
2001 [8] Huba Molmar
DMA
tand E’
=
( )
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2005 [9]
NBR (Si0,)
2005 [10] Masomori
IR
(m) .(10-5) um Ferrite Powder
mm) 500 Hz
(10x25x500mm ) (5.5x25%225
12.5m 3dB
Amplitude [11] Heinrich
Fillers
()
Aggregates ( )
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2005
(Rubber Matrix)
2006 [12] Maes
(RR)
(RR)
.(3500-40 Hz)
BaTiO; 2006 [13] Ibrahim
65pphr NBR
: C )

BaT|03

(Matrix)
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.12 pphr SBR Reclaim

SBR (20 30 40 50 60) pphr  CB

( ) NR

CB ( ) SBR

.(75/25, 50/50, 25/75)  Blends

( ) IIR

IR (

(25/75 50/50 75/25)
( )BIR
CB ) SBR LDPE
(2 4 8 12 16 20) pphr
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< 31 Y g el 2.1
Free Vibration _a ) 3a¥) 2.1.1

(4) (M)

14 -1 )

i ,
g 4= u ®
(Free Vibration) (2-1)
+ + =
:[15]
2
Mj?+Ci—T+Kx:O ......................................................... (2-1)

(kg) M
(m) X
(N. s/m) C
(N/m ) K



: (HZ) yOX

c[16 15] PG
-
: (N. s/m) . Ce.
C. = 2JKM
Forced Vibration ¢ «&1 ) 3% 2.1.2
(2-2 )
F(t) [20]
FE) = Fo SIM OF. .o+ (2-3)
(mm) Fo ;
(rad/s) ®
(s) t
:[16]
M X K B, IO v (2-4)
de - dt
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Y////1111711711111/4
K | c
§ KA c %:_
1 1
l—[___ M | | ‘1‘ |
X ° o
(Forced Vibration) (2-2)
Natural Frequency (f,) (s2xdall 23 5 2.2
(fr)
M) (K)
[17]
I |K )
f, =0 /M—ff .................................................................. (2-5)
Kt
“Metr
Tl gl S jaall g ¢Sl B 3 V) 2.3
(Generator Sets )
)
(100dB
(18]
:Torsional Vibration =
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18]

Captivation

:Linear Vibration =
(2-2)
(2-3)
P
/e -

Vi
I

([

Foundations

Base Frame

(Mobile Sets)

18]

(2-3)

. Mounts

( )
Joad Belis (L@ 2.4

[19] (Transmissibility)



[20]
T= %i - \/ 0 _lrj)nggw .................................................... (2-6)
( ) D Aou
( ) D Ap
i_d = v
(Hz) fy
(H2) £,
e
[19] (dB) T
T
v T
2
6dB T
(7-15) dB
[20] 15dB
B
r 23l dady T ANEN) (p dBadl 2.4.1
(2-4)
:[19] (tand)
1= 2 r 1

10
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=1 2

[19] (2-4)

Rubber Engine Mountings 4xbUaall CilS jaal) ailug -2.5
dadia - 2,51

121]

122]

11



) ( )
(
Stepper
Seismic Isolation Motors
[20]
)
(
.(Delicate Instruments )
23] ( 400)
[24]
Layers
blbal) 2.5.2

12
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126]

.[27](0.3-0.2) W/ m °C

[14]

(Reclaim)

Cycle Tires
baal) 433312.5.2.1

28]
Mooney

°10 Centipoises

I%min (A Mooney)

[14] 15 min
Vulcanization Process 481l dulas 2,522
1839

[29] ,

13
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[30]
[30]
[30]
( )
9] %10
_Sx-
(x )
31]
(%34-32)
32]
( )

14

......................... A Juail

%3000
8 1 x
(Ebonite)
NR
IR ,
) 401
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.[33] Irradiation
bkl g1 2.5.2.3

1
[34] NR
2
.[28] NBR FR AR
(-Si-OH)
28]

:Powder Rubber

28]

15
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( )
- - )
28] (
Ldaall 45 jal) — da 31 dagidal) 2.5.2.4
(Viscoelastic)
:[14]
: . (Creep) N
:(Stress Relaxation) 2
Residual (Permenant) Set 3
.[14] (Ultimate level)
4
S

120] .

16
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dablaal) il gl A Araranail) < LieY) 2.6

)
(
(K) Bslwadl 1
(N/m)
:[34]
(Disk)
K = chaz .................................................................. 2-7)
(Ring)
K = E(aét"“fz e (2-8)
(Block)
K :g ..................................................................... (2-9)
(N/m® ) E.
(m) :a;, (m) - ag , (m) S a
.(m) 't , (m) two (m) L
(M) i) Jaaal) jsia 2

17



OB el e,

50 60 -50 IRHD

(3]

25

.................................. A Juail

.[35] Psi

railall el 23 41 a3 3

fa (2-4)

(30Hz 1800rpm
10Hz
6] S0Hz
:Shape Factor (S) JS&) Jals 4

:[14] (S)

18



(h d )
S @2-11)
4h
buckle
[20]
(Eo)
:[35]
E, =E(1+25%)...... (2-12)
B =SB 57) i (2-13)
(N/m*) E
1-0.5 ( ... )
[35]
:M‘ Dté:‘ _5
[36]
%200
[30]
%30
(2-5)

19
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Rubber

[25]

[25]

25]

20

.[30]

s dmeadll Gl s 22 6

club

: ) A oladl |7



Al i 58
(2-6 )
(ko) 1
O I R O OO (2-14)
2
ki:—+ki+—+ ........ +kL ........................................... (2-15)
t 1 2 3 n
341 C ) 3
Parallel Series Combmed
=K +K; +K;3 +....... 1Ky =1/K; +1/K + /K3 + ...+ 1/K, /Ky = 1/( K+ K;) +1/K;
XT D, CE D, € I =Xn Xr=X;+Xo+ X5+ ceeveiennnnnn +X, Xr=X;+X;0RXr=X,+X;
A B C

2l I 53 1(2-6) S

rcla gl 4 g pa 9

125]
1 il gl Alas 10

125]

21
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[25] lacquer

dodallaalf 3ol gl cligSa 2.7

(2.4) ) 1
Te Se : 2

[37] SCl, MgO
- 3
TMTD : 4

[37]
CTP-100 S

[pH]
.6
( 6PPD) (TMQ)
[37]

7
.8

CaCos
Co-agents 9

. Colorants

( ) 10

22



....... A S

s ) A daadiod Adaadl) g1 531, 2.7.1

T, -t I N R
T, :
()
.(Tg=-102°C)
[_ CHz_ CH=CH— CHz—]n
) (-73°C)
(cis)
CH;, s
l ? $H _H
C= c=cC
—CH;~ s ~
2 CH3—CH; CH,
(Phenyl)
(Entropy)

23

BR s 1
‘NR 2
Tg

:SBR 3
(T=-62°C)
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[29]

H Qﬁ{ o
_$|/ \$/C\ O
H H 4 H
IR
CH;
(—en——go g =ar—en—,
CH, CH;
| »le >
5000g/mol )
(NR 68 g /mol
:BIIR
IIR IIR
H, H,
[(—CH2—$ )s0(—CH,— C — CH—CH,— )a]
e, |

Br

24

%1.9
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Br
(IIR —CH; ) -CH,
IR BIIR
S al) aal) 2.8
Carbon black ,
(Carbon Nanofibers and Nanotubes) :
[38]
15 A9 2.8.1
400 10 J[31]

[14] ( )

Loading ( )
.Porosity [46] Level

25
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'LDPE 48Ul (ol g cpldl Asal) 2.8.2

%65-50 [42] 0.995 -0.915g/cm’
100 °C
1
2
50 LDPE
28] 50
LDPE
( )
)
, (0.97-0.95) g/em’ HDPE
[43] (2-1)
.[43] L (2.1)
( )
ASTM D265 (KJ/m?) Shore D
>50 59 LDPE
10 71 HDPE

26
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chalaall A ialinal) cliial gall 2.9

(Hook's Law)

(Newton's law) :

(Dashpots) Spring

Maxwell

Voiget

.[44] Transmissibility ¢ =

Salhaall ,Salial) S gludl 2,91

Engine Mounting
Vibration Dampers
[14]
) Loss Angle :

27
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(3) - (
[14]
:[14]
E = B B (2-16)
(tand)
tan8:—” ...................................................................... (2-17)
. E'
J-1=i
. E"
E" E (2-7) [45]
o
B
(2-7)

28
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(K)
K =[G et (2-18)
G*
GHEZE*/2(1F V) oo (2-19)
Network
[22]
Hardness
(s)
Dynamic
) Stiffening
)
(Aggregates) (Payen's Effect
7]
.[45]

(Mullin's Effect)

(Joule's Effect)

29
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[14]
‘Resilience 43 N 2.9.1.1
[20]
R % =100% - Damping % .....coviriiiiiiiiiie e (2-20)
( )

[43]

[14]
(8-2)
[
e\e 40
&
50 2 OC (1] 2 50
[14] 1(2-8)

30
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Potential Energy

(Lissajou

(Hystresis

1]

(Viscoelastic Materials)

[41]

(tan 9)

r el g (3 iwgll) 4dlatY 2.9.1.2

31

)

Damping

(9-2)

(Heat

building)
()

[44]
Ellipse)
)
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A yand %y
R~
[19] :(2-9)
(2-2) 0.1
[20]
[20] 1(2.2)
0.007-0.005
0.1-0.05
0.1
0.4
1

32
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[42] :
[3]
[26]
(Degradation)
.[42]
p Laddl) e B el Jal gl 2.9.1.2.1
CED T, 1
2
Anisometry
3
(2-10)
°C
% m o ﬁ".u-
PR
= NS
2 IS
= NS
F
27] 1(2-10)

33
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2.9.1.2
:(A) 1
[1]
A=In /fn ..................................................................... (2-21)
-An+1 An
( tand) 2
(Phase Angle) )
(1]
(tand)
A1
JA 1 ¥ I F (2-22)
tan O
, o=0°
5=90°
90° 0° &
: (Q) 3
Q=1/1an0 oot (2-23)

34
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2 1
(2.11) 0.707A
Q
Q= (2-24)
g TP
0.707A f, £, f,
100 Q
1] . Q
A
0.707A
:(2-11)
()] 4
Ao 2713112
L TSR R TR ORRUPPRPRROROS (2-25)
(©)
= 20 e (2-26)

35
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2(y) S
w_%:znn ................................................................. (2-27)
‘AU :
3 1] U
( )
W= 270108 = 2A = 21 1 ettt et e (2-28)
, =\ -
:¥ ........................................................................... (2-29)
.(mm /s) =V
:Damping Ratio, { .6
O (2-30)
J1+(A/2n)
) 1 ,
0.7 0.6
C. C |

Over Damping

(Dependent Damping)

36
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2.10

pulses

Continuous Waves

.(Ultrasonic)
[19]
, V-belt
Heat Building
[19]
.DMA
.[45] 100 Hz Dynaliser , TA983DMA
2.10.1
Bashore )
) Pendulum Rebound Resiliometer)
Wallace R2-Dunlop Good year-Healy Lupke Schob
147 1 ( Tripsometer

37
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2.10.2
A
: Torsion Pendulum [25]
[39] (A) Shear Modulus
[25] 10 Hz 0.1 Hz
Yerzley Oscillograph
.Y.R%
[45]
.2.10.3
sinusoidal
.50Hz : N
.100Hz : 2
.10000 Hz : 3
(Resonant
Q) (tan 0) Frequency)
longitudinal (Band width)
.Torsional Flexural

38



211
LAl g
[34] (2.3)
2007 /
.[48]
[48 34] (2-3)
()B4 ( / ) [48]

0.572 1300.892 NR
0.506 1150 SBR
0.55 993215 IR
0.55 2851.814 BR
1.122 2500 NBR
0.902 10500 CR
- 684.153 BIIR

BIIR IIR SBR

1T, AL JEN) 42 2
Tg

(tan 0) T,

39
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(-73 °C) T,

, (-73 °C) T,
.[30]
, (2-12)
T, SBR CR EPDM NR
NBR IIR
(tan 9)
.[30]
+20L
0
_20...
=
NR
—40 - EPDM— N\ ooN
01 02 05 1 2345 10 2030 50
fa/ fn
[30] 1(2-12)

thalu gl Ladie Jaad AN Ldal 3l adl da 3 3

:[19]

(Ty)

40
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(Brittle) 11 °C
Ty
.[19] (Brittle Temperature)
2
Recovery Rate
[17]
[51]
(Ty) Shear Modulus
[45]

5ol gl Waie Jaxd 3 Llal) 5 o) Aa e 4

SBR NR EPDM

[30]
NR
91 ( 74 2 )
%50

41
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:[19]
:Oven Method
%10
.[45] (100-70 °C )
AR L 100 (2-31)
X1

. X1

. Xo

tAX

.[45] cells
:Oxvygen Pressure Chamber
.[45] 2.1 MPa 70 °C
;[19]
. 125+1 °C 0.6 MPa

42
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133l gl g (5 ) i gusd) 3p2a3 5

)
(
, Solubility Parameters
.[30]
[19]
( )
.Hydrophilic Compounds
[19]
.[45] Aniline Point

Swelling

451 (15 min £) 670 hr ,166 hr ,70 hr 22hr,
(+250°C =55 °C)

60-30 min ( )

43



-[45] (%AW) ,
%AA = —2 Ly 100 ..o (2-32)
Y1
( ) - W2 ( ) Wi

tCmaaS Y g (9 B Ll s wasl 6

IIR IR NR

Corona discharge

r ) DU Ay gyl ASialiial) g Sl cildial gall aaald 7

4.2)

44
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[27] (2-4)
NBR IIR SBR BR NR
95-40 90-40 80-40 90-40 90-30 (IRHD)
4000 3000 3500 3000 4500 (psi)
650 850 600 650 650 %
j 100 °C
-26 =73 -62 -102 =73 °C
S0lal |
Shore
,Durometer
JRHD
Stiffhess

45
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IRHD : Shore A 1
.[49] (2-5)
:Shore D 2
:Pussy & Jones 3
(2-13)
[51]
P T
3
(2-13)
Pussy & Jones Shore A IRHD :(2-5)
Pussy & Jones
IRHD Shore A 1 1
8 4
28 26 - 188
30 29 - 177
40 39.5 171 -
50 50 128 -
60 60.5 96 -
70 70.5 66 -
80 80 42 -
90 89.5 26 -
100 100 0 -

:Stress — Strain Properties Judi)-algay) clial ga

0.5 (Poisson's Ratio)

46
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[27] (Shape Factor)
( )
[27]
(dumbbell)
%300
(Tensile ) %300
.[45]
;354 daglia
-da ) g adlal) o gl
27]
 dlaily) Adlia
90° 45°
.[39]

47
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: ol Z\-w‘h .

[27]
:z.gjﬂﬁ\ A ga (ailad |
IIR CR NR

119]

48
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I £ 300 eeeenee e seeeeeee s A Jeadl

dadia 3.1

to R |
Wallace R2-Dunlop Tripsomefer

) TM 16 Universal Vibration 2

(A)
(C) (T) (&)
sl uilagh 3.2

Citizen ‘A

.SCANIA

(600 KV )
1620g (60 x120 x200 mm) NR

sdala) blaal) cliaal) 3.3
IIR SBR BR.s NR:
) (3-1 ) BIIR

49



JLDPE  (3-2) (N- 375 )
.(3-3
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7 mm ,(36 %
4 mm ,80 mm
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(24-12hr)
3 mm 45 mm
(2.5x150x 150 mm)
dumbbell (3-4-A )
,(3—4-B )
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.30 mm
( )
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A B
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20Pa ASTM D-2084
6 min °185
.(Lb-in)
(mm ) too tsz
2.7 X (Mooney )
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Wallace Dead Load Hardness Testers 3
IRHD ASTM D-1415
Monsanto T10 Tensometer A4
ASTM D-412
ASTM D-2229
.50 mm/min
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Compression Instrument )
.ASTM D-1229
(3-5 ) Wallace R2-Dunlop Tripsometer .6
50 °C 50 °C
ASTM D-1054
45°
: (R%)
Ropo LZCOSAFAXD) (o0 3-1)
1-cos(B+B-x/2)
X=12010g8 B/A oo (3-2)
DA
45° = B
. n

E:I'Ln'ﬂl Jala 5_3.3‘}?,9 5_1_,_)5 EEJL“"

Wallace R2-Dunlop Tripsometer 1 (3-5)
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R% = 11__;’: fs K100 e+ e, (3-3)
R% = 341421 (1-COS A).overeeoeeeeeeeeoe e (3-4)
: 45°
*
16 hr *
*
100 °C Glnkham 7
48 hr
( ) 8
( ) TM 16 Universal Vibration 9
(3-6 )
dashpot
(G-6-A )
(3-6-B )
(5 x50 x 130mm ) : 1
20 mm )
mm ) (24mm
(48mm 14
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(Cyanoacrylate) 3
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SCANTA 48 iy dalall dpalial soba sl ciliboal oda yelay 530 N Jial)
[(4-3) s> B A 5 (3-7) 84
+ albleall (D g1 Jlia

e

A

g/l\ i AN Time
E VoY

L BV

< X:

SCANIA 48 5 83k 1 433 W) an el £ (3-7) S

o) (3-7) A e eda

X=4mm 5 A,=3.5mm s A;=5mm

:(2- 21) (A) 1
A=lni In— =0.356
A, 3
:(2- 30) (©) 2
_ A/2I1 _ 0.356/2*3.14 _0.056
JI+(A/20T)°  \1+(0.356/2%3.14)°
(X) (S )T d 3
:14.8 mm/s V)
X
Td :V ...................................................................... (3'5)
T~4/14.8 =0.27 s
(HZ ) fd 4
1
= e (3-6)
f;=1/0.27 =3.7Hz
(rad/s ) ®g 5
O 1 P (3-7)
Wy = 2%3.14*3.7=23.23 rad/s
O, .6
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@y

D, = e e e————— e (3-8)
1-¢°
o, 2B 533 rads
V1-0.0567
( ) 7
o, ) 23.23Y
1+(2C“J 1+|2%0.056* ==
®, 23.3
) T . 2323\ ] na]
1= Qo] | 4] 2c®e 1-(‘) +[2*%0.056 """
® ® 23.3 233
M) ( ) .8
(0.35Kg )
C. 9
€L = 20X MX@ ittt (3-9)

C .10

O A (3-10)
C=0.056*16.31=0.913N.s/m

(M) ( ) 8

(0.35Kg )
C. 9
G 2% M Xy v (3-11)

C,=2%035*23.3=16.3IN.s/m

C .10

O S (3-12)

C =0.056*16.31=0.913N.s/m
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T %R t, A C ¢
( )
) :
(ASTM D-1207)
ty %R
C ¢
Al ladl il 4.2
4-5)  (4-1)
ASTM D- 48 hr  100°C)
168 hr ) (573
B A (ASTM D- 471
2(4.1)
B A
1.139 | 1.103 | 1.175
66 60.5 71.5 IRHD
5.56 6.26 | 4.872 MPa
204.5 266 143 (%)
2.4 2.85 1.95 | (MPa) %200
18.7 15.8 21.6 (% )
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B A

52.32 57.5 47.14 (%)

29.3 33.36 25.33 (s)
:(4-3)
B A

0.3195 0.283 0.356 (A)

0.053 0.0513 0.0566 C
9.1 9.2 9 (%) T
1.14 1.367 0.913 (N.s/m) C

:(4.4)
B A

~52.31 -58.2 | -46.42 (%)

-61.76 | -67.63 | -55.89 (%)

+13.28 +10.3 +16.1 (%)

+21.01 +22.2 | +19.82 (%)

:(4.5)
B A
79.09 83.84 74.34 (%)
12.71 14.5 10.92 (%)
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(BIIR, NR)

X 0.051 0.053)

SBR
(40 pphr CB)

IIR
BIIR

T J gk A8y yha miliS 4,32
(t=19.37s) () BR ;s (4-7)
IIR (R=40.5%) ( )
.(38.2%)

:(4.7)

BR—cis
NR
SBR(40 pphr)
ITIR
BIIR
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Damping Ratio

Transmissibility Ratio %
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I I I
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13
12 -4
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10 —
9
I I I
20 30 50 60

SBR

(T)

40
CB (pphr)

) SBR
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Logarithmic Decrement

Damping Coefficient (N .sec/m)

(A)

toad) i ey 48y sk 4.4.1

0.34
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0.32 —

0.30 —

0.28 —

0.26 T T T T T T
20 30 40
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1.2

0.8 —

0.4 —

0.0 T T T T T T

20 30 50 60
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CB (pphr)
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N-375
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B ) A
- &\° ]
SBR 1(4-2)
.t .B .R% A
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Molecular Interaction

Active Sites
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(N-375)

Low Structure

( 40pphr) ,
(28 nm) (Free Volume)

.70-65 m*/g

s EAEY | gaall dgaiaddl) cildial gall ik Ai8a 4.5
1Al ) ey &y o mili 45,1

(4-3)
,(65-50) ( 40pphr CB )SBR/NR
SBR %65-50
TBB, 1
2
( AS )
%60-50 (Phenyl) 3
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(Free Volume)

.LDPE

(%65-50) LDPE
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10pphr
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12pphr

LDPE
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(Dipole

Damping Ratio

Transmissibility Ratio %

B . A
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TAul ) g Madl) g Basaad) g iadl) o astdal) 0l 4 J8a 4,13

:(4-12)
) °
SBR:NR (21.01+
) °
LDPE IR (52.31-
) °
LDPE IR (61.76-
.
IIR:BIIR
.ASTM D-573
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:(4-12)

7200 (MPa) (%) (IRHD)
a 0
(%)
100°C | 23°C 100°C | 23°C 100°C | 23°C 100°C | 23°C
(%) (%) (%)
(%)
+13.28 | 3.804 |3.358 | -61.76 | 4.221 | 11.04 | -52.31 | 144 | 302 | +21.01 | 64.5 | 53.3
SBR
+116.77 | 4.1945 | 1.935 | -34.77 | 12.0745 | 16.274| -51.6 | 376.5 | 778 | +15.116 | 57.5 | 49.8
40 pphr
+65.7 | 7.566 | 4.566 | -36.38 | 9.6185 | 15.12 | -48.27 | 239.5 | 463 | +10.08 | 68.25 | 62 | 75SBR/25NR
SBR
+75.36 | 12.1 | 9.6 | -16.91 | 16.25 | 1956 | -46.48 | 254 |474.6 | +1825 | 745 63
10 pphr LDPE
75 1IR/ 25 BIIR
+40.84 | 1.962 |1.393| -13.27 | 9.795 |11.294| -20.62 | 684.2 | 862 | +18.38 | 40.25 | 34
LDPE IR
+91.62 | 1.4985|0.782 | -13.08 | 4.7111 | 5.3275| -13.86 | 671 | 779 +17 37.2 | 318 T
ppnr

(89)



Pl o dadl) g Basaad) g ilalll o F L) < U 4 e 4, 14

ASTM D-471
(4.13 )
*
(LDPE ) SBR *
( ) IIR ,
.SBR /NR
*
.LDPE IR
:(4.13)
168 hr 168 hr
AW W, W, AW W, W,
(%) (@) () (%) (g) ()
12.71 1.1835 1.05 79.09 1.885 | 1.0525
SBR
11.63 1.1013 | 0.9565 98.92 1.9139 |0.9621
10pphr
10.4 1.3182 | 1.1937 | 52.52 1.8532 | 1.2151 75SBR/ 25NR
LDPE SBR
11 0.9703 | 0.8819 || 77.47 1.5162 |0.8543
10pphr
11.2 1.01 0.9021 84.04 1.6448 | 0.8937 751IR/ 25 BIIR
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Abstract

In order to manufacture cheap rubber materials to absorb vibration in
generator sets and other engines , damping properties  for new
elastomeric composites have been measured in addition to measuring
the others ( physical, resistance to ageing and swelling), then compared
with the standard mounts.

The new composites include: five raw rubbers (NR, BR_s, SBR,
IIR and BIIR), two blends (SBR/NR and IIR/BIIR) with three
percentages for every blend , five loading levels of carbon black (type N-
375) with SBR and finally six percentages of LDPE with SBR alone and
with IIR alone .

Some of damping properties ( such as Resilience Ratio R%,
Damping Time ty) have been measured with Resilience Bendulum
Method (by using Wallace R2-Dunlop Tripsometer) while the others (
Logarithmic Decrements A , Damping Ratio  ,Transmissibility T,
Damping Coefficient C) with the Free Vibration Method by using
(TM16 Universal Vibration Apparatus) which needs some
modifications in the original design to enable the apparatus to deal with
the new clynderical rubber sample which whose diameter is 14 mm and
its length is 80 mm ( with 9mm excitation distance) instead of the
dashpot unit for metallic springs. The clynderical sample has been
attained by using a novel mould which can undergo 40 atm in hydraulic
press.

Results of the two methods have been compared and shown good

agreements in many but not all cases . Results also show the following:
e Four new rubber composites have been found ( two for SBR and
two for IIR ) which are better than standared mounts in all

damping properties and many others (physical, resistance to ageing
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and swelling) and also have reasonable values for scorch time and
curing time , specially SBR composites .

e Reduction of manufacturing costs has been achieved by 72.17 %
for SBR composites and by 71.17 % for IR composites .

e In addition to giving the maximum reducing cost ( 72.67%)
LDPE/SBR/ Reclaim composite has also given good improving
ratios in damping properties ( 47.5% for free vibration method and
26.8% for Resilience Bendulum method ) besides the improving
resistance for swelling (14.8%) and ageing ( 32.36 %) . It is also
considered an environmental friend since it contains 12pphr of
reclaim ( 6.7% by weight ) .

e Hysterics levels for SBR have been improved by adding CB till
40 pphr.

e Damping properties for both SBR and IIR have been improved by
adding 10pphr LDPE, and the effect of LDPE on SBR is greater
than that on IIR.

e The optimum treatment of SBR is achieved by adding LDPE, not
by making blends while with IIR the opposite behavior occurred .

e Ageing tests show that the new four samples are better than
standared mounts in change ratios of Hardness, Elongation and
Tensile .

e Swelling tests show that the two SBR composites are better than
standared mounts in their resistance to both Gas Oil and Engine
Oil, while the two IR composites are better than standared mounts

in resistance to Engine Oil only.
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