u.o.c. 621.315.615.2

Bk NG = 2 B o 9 & F S HEE
— SR T AOEER AR LR ORILHIESEIC & 58—

= S . T S

The Plasticity and Electrical Characteristics of Synthetic

Rubber Compounds for Electric Wires

— Effect of Synthetic Rubber Series and Softener
Content of Synthetic Rubber Compound —

By Saburo Yamamoto and Sueo Ouchi
Hitachi Electric Wire Works, Hitachi, Ltd.

Abstract

As the insulating materials for electric wires, many high polymers including
natural and synthetic rubber, polyvinyl chloride, polyethylene, ‘‘Nylon’’, ‘‘Amilan’’,
etc., are generally in use. These thermoplastic materials are made into the insulation
of electric wires through extruding method.

With a view to searching out the best method theoretically and experimentally
for the wire extruding the process of which had been left to individual sperator’s
skill and experience, the writers investigated sometimes ago into the plasticity of
polyvinyl chloride and natural rubber compounds for electric wires and reported in

the previous issue on the three constants of plasticity of those compounds.
In this issue the writers publish the result of their study on the plasticity

and electrical characteristics of synthetic rubber compounds, the summary being as

follows :

(1) The observation on the stream line distribution of rubber compounds in the
orifice by means of photography proved that the theory on extruded volume
can be applied to the rubber compounds.

( 2) From the measurement of the three constants of plasticity of the eight series
synthetic rubbers is decided the order of these compounds.

(3) The three constants of plasticity measured with the Neoprene GNA Compounds,
varying the content of sovaloid, the softener, are as shown in the table, in-
dicating the fact that the value decreases greatly with the increase of softener
content.

(4) At the low pressure, the synthetic rubber compound showed constant flow, but
at the high pressure the flow curve was disordered.

(5) The electrical characteristics (=, tane 0, etc.) of the synthetic rubber seemed to

vary little by the variation of softener content.
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Table 1. Mixing Ratio of Synthetic
Rubber Compounds

M c5 | s10 | S5 S-20
% # 7 v v GNA 100 100 100 100
Bt RYT A 4 4 4 4
i A i 5 5 5 5
Vw4 F A 5 10 15 | 20
B - KV 20 20 20 | 20
2 F7 ) v i 0.5 0.5 0.5 0.5
=] il #E 100 100 100 100

() FhoFRIFEEHAERTL, S5, S10, S-15, S-20 Fzht
{4 Fa 5, 10, 15, 20 A2 A& LI-EHBDHBETDH 50
ZF& Smin, B 32 min, /& 3 min

~A H—~ OR-25, ~A #— OR-15 O 8ffinx & L
7z, TeBaEm=T 2 EfE LTE, GlTAELTHRA
7 Vv GNA, FiEA, mfRERSEoMEN S S
TWBHH, ZhbD ) bEftHlE LTY ~rAd FgsEd
FORGEAEZICLOXRER & LTEE LEREYAED
A i LT, A7 vy GNA EFiOREGILE 1 3F
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Table 2. Mastication Time of Sample

by Roll
A b = B F M (min)
B OE O 1 SE-460 20
G R 1 0
* F F w ¥ Q ! 20
* *+ 7 L ¥ GNA | 20
% #+ 2 ¥ ¥ W 20
G R S-65 | 20
»> 4 4 — OR-25 30

o f F = OR-15 | 30

& 3 F 4o A D FEHE
Table 3. Flowing Volume of Synthetic

Rubber
ar B | WE (kg/cm?) FHHiFE (sec) !ﬁﬁﬂ.ﬁﬁ‘z (em3/sec),
s i — s _
. A7.6 | 59.2 133.0x10—5
2R I LA 60. 1 21.6 364.0x10—5
— 72.7 11.0 714. 0% 105
AR 85.2 5.6 1,400. 0% 10—5
47.6 496. 0 15.8x10-5
60.1 132.0 59.4x10—5
G R 1 72.7 46.0 171.0x10—5
85.2 15.6 504. 0% 10—5
97.7 6.2 1,270.0x10—5
137.0 183.0 43.0:<10—5
198.0 103.0 76.2%10~5
2472 Q 2923.0 49.7 158.0x 10—5
248. () 23. 2 339.0x10—0
273. 0 11.9 660.0x10—5
47.6 240. 0 32.7x10—5
_ 60.1 111.0 71.1x10—5
HEE Ly 72.7 59.9 131. 0% 165
GNA 85.2 33.3 236.0x10—5
97.7 2%. 4 323.0x16-5
A7.6 253. 0 31.1%10-5
60.1 128.0 61.5%10—5
xF LW 2.7 78.0 101.0x10—5
85. 2 53.0 148.0x 10—5
97.7 37.3 209.0x10—5
A7.6 455.0 17.0x10—5
60. 1 220. 0 36. 0 106—5
GR S-65 9.7 124.0 63.0x10—5
85. 2 77.7 101.0x 10—5
97.7 48.8 161.0%10—5
85.2 840. 0 9.4%10-5
B S 97.7 | 347.0 22.7x10-5
; 123.0 | 141.0 52.1% 105
OR-25 148. 0 88. 0 89.2310—5
173.0 65.6 120.0%10-5
97.7 444.0 17.7x10—5
110.0 301.0 26.2x10—5
2> 4 B = 123.0 206.0 39.2x10-5
N 148.0 111.0 70.8x10—5
OR=19 173.0 57. 4 137.0x10—5
198. 0 43.8 180.0x10—5
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Table 4. Flowing Volume of Synthetic Rubber

(Neoprene GNA) Compounds Varying
the Sovaloid Concentration

uf:u“?’rﬂ:ﬂ (sec) | #% Hy & (cm3/sec)

AHER | i (kg/em?)|

917 446.0 17.3X10—5
123.0 173.0 45.4X10—5
S= 5 148.0 83.4 94.0x10—5
173.0 35.3 222.0x10—5
198.0 20.6 381.0x10-5
9L.1 3120 21.1x10—5
123.0 15.0 68.0x10—5
S=10 148.0 48.6 162.0X10—5
173.0 22.4 350.0x10—5
198.0 13.7 572.0x 105
85.2 457.0 17.2x10—5
97, 7 205.0 38.3x10—5
S=15 123.0 68.7 114.0<10—5
148.0 30.0 262.0x10—5
173.0 14.0 561.0x10—5
60.1 259.0 26.6x10—5
T2 136.0 97.9x10-5
S-20 85.2 67.2 117.0x10-5
97. 7 36. 2 217.0x10~5
123.0 12.7 619.0:<10—5

(5F) #%E@EE  80°C
0, S-15, 8—20 ii%:h»ciz, /ovaAf F& 5, 10. 15, 20 &3

CRTED ThD, »—VHEEIRERA 6Xx127 v —
CHEEM 1:1.13, » —L{EEE 65+5°C cfFot:, £
T A BRI O v — VIR E 1 ROGFICRTHED T
5O, EHOKTADO e — L EINITIE2EDO L 5 ThH
%,

(2) WEERHEE

BT EE T, BRI T 7 A Y 2 — 2%
AT, HIEEE 80°C, “FEHEill: 15 min CHEERA 7
Dfc. GIlT AROER T A EFH)OTE & HHFRR 1
T EDOHIEREINIE IR ILOEA4ERDOFED THbhHo
LI EEHRTADHEHEARD BIZLOTCEH T LD
JELOVE R = A B OB ST i LR OB SRS U T
BIEWENEDSDTWAS, XD X 5 eHEBAc) &
DL EDTH S, MIHEGEDOM SITMAULER R A T
L5705 BWENLEENCH S L HEAULENEE&E L TL
5@T¢ﬁﬁwJ“Ut Ny v 2R W A = s Y S i =R

TN THW3ERE A RSB & N L1,

et
'[El

CE =
op (n
\:—' L

(1) T LBRUVERT LEFYORE
ﬁf?sz—ym;%ﬁﬁ@%ﬁ
ik (4 XoTH=E X DAl 3 EREH 0RO
"L'-v:'%% T A YR k:* KREF OB T S RST T %
ME D EERANCHED B Z & L LT, RO E
'_ﬁlﬂi?;}#ﬁﬁifjﬁfﬁ U7 4 APOENDOIRE AV 7 4 A
DRI TIRENSETHE L5 2 & ThHZ

N4
5o VBRI
HNEATHLENE ) hEREDID, 247V vWic

FEHA 7T 7R b2~ Z—DA V7 4 ARD

1K
Gl (A7 Ly W) R
miE 47.6 kg/cm?
Fig.1. Distribution of the Flowing Velocity

of Synthetic Rubber (Neoprene W) in
the Orifice of Extrusion Type Plasto-
meter

—EVTﬁﬂ%H,%K%@Lafﬁx%
CHADOEBAERTHE L, W

ahﬂﬂwﬁﬁﬂﬂz.thuﬁha IO TR ERRZFIH L
TFWLLMAW¥1ME%¢@U@&5 = DUHS
L bR oA ek U C B oL s LTS 5
EIZ/NTEH 5 D CHf H CDFERANAL T S & AL LIE S
Dy, KiCa] @t 3 EHEARKDAZ L L LE,

Eﬁﬁﬁ&ﬁﬁ
A —

(IV] T ARVDERT L RO
Mo 3 B
— BB WO FHmIUL (D) R TELINAHD

I~ (e fn c=f 1

HRALD i n) D EE AP

v*:JbIT&Ak#ErT S TR D H E

T HVTHREZE D OFIMNC

Foo HTTERER D OERE
(L) KitdpismnaicErntc b ocicd, ERincsEH
éﬂt%@?m%u&%U7¢XW®%ﬁ®ﬂﬁ%%2
X (KEZMH) ST LD EETS, &V 7 4

44444

ADEZIXR I LL, TOWWmDET %> £, P, &31UuE

P, 3
f: 12! ”?’f........................(2)

KIZBEHEIC N TR D DV e T D r=ais H L T
B u=0 kﬁhﬂhﬁ?g'—ﬂézttffﬂﬁﬂﬁﬂmlﬁﬁlécm
*H~*Iftiﬁaii?aip§iL%
# DN WEAIIL
log Ve=lag Wouf santacmds s o n Bt oD )

i W



664 B #1129 £ 3 H H AY2

F£I2IK K 0 0# g A
Fig.2. Distribution of the Flowing Velocity

Log V
log V2

log (872)

log(3F))
éﬂg‘ (FPr—F2)

FIK V E(P-P) & o B K
Fig.3. Relation between V and (P-F.)

Eo # lTw LT

log V=log V,——U i S8 3 5 sy i )
EL —U=logZF3 4 (ntDlog(1—m)
1 A—p)* (At+sr
—i—log{z n+3 n-+2 }
B an*3 1
log V,—;=log _'_3 oy o
+nlog(Pi—Py) ..coveo....(5)

“HHOEAEM L LTHIERE L VXD X )T LT
o 3EW n, v O fITPESND.

F VU7 4 AMBEOEHZE P—Py RZ\W & ZAH T
p OREAVNE S T D, FEHIEIRBIRICHED Z Liinb.
S8 3 I RT & 5 WCERREAMARE 77 712 5
Y —oDMiEEES . SRL P—FP OKRZ\WEZHTIK
BIRBERNC B EWS ZE2mbh P—P, ODREIWEZH
CERERREIED, B LoFEED2 K P, Q@ IThT,
P—P, k0t V Ofi%aFiARE D ZTNHLOEZEZNLI
AP, 4P, Tz o' Vi, Ve L3 HULE, RO AR EZ1H 5.

log Vi=A+nlog(4P;)
log Vo=A-+nlog(4P,) }

E = 036 % 23 %
0
N
¥
2000 éé‘
ﬁ¢¢
sef [S
000 oy 1 i
e il
S A0 / i
Q (o]
S aw [ —F
g N s
£
N
2w

i
‘E
%‘?——
S

00—
/

4
w—] i

I

/0
49 6 0w B i

[\ g (Roin?)

#4 ¥ = o SE-460,GRI, * # 77 v ¥ Q
O EEKEEOBERK

Fig.4. Relaticn between Load and Flowing
Volume of Silicone Rubber SE-460,
GRI, Neoprene Q

u an+3 —1
A= lcmgw_]r_?J FOTTR | e R C7)

REOT LR A, n R E LRI, ho 3
D—2>ThbH nIFKXKDLIWTCLTKES
log Vi—logV.
log(dfﬂ)—Jog(ﬁfﬁ) """"""
NFERRIZ A T,

A— log V, log_(APl) log V1 log(AP,;) (9)
log( 4P;)—log(4P,) o

ELTROHAILZ
P EIND . F NS EATEREE D OFER(E f XX
I3 LTk D, fEYEM L UECEE IR
L5 T BOETE Pi—FP & &ud,

_P—P,
f= 21

LI ECcHD 3% n, v* O fIXRE S 115,
RKICG RS A IO G RIEFY Ot s & s O EE
M7 7ice e, BAR~FTHICRT IO
feh, & OFHCENIRAYE|E, Fhko (6)~(10)E X
D m, v*, f Rkt BT A NGRS AEFO
Bl 3 E n, 7F, £ OfEILEE 5 RILOE 6 RITIR
-+ X 5 i S,

S S

Z, =0 Ao (THARITLA LT 7

A



=
=N

il

AR A& K = A E M O WELE

==

SRy M H 665

(LT

0
/
77 PxadLy am
T
» } j—‘* LA W
[ /| oo
— 5-3' / //
g iy
é 80 /f{// //
L /%/O ey
50 /// /
40 / //‘ ]
i / f
3 ==
/
2
/
Q
I/
40 S50 oY ol 7
& B kel
&= o X

237 v GNA, 37 v W,

GRS-60 offE L FEHE O BEFR
Fig. 5.

Relation between Load and

Flowing Volume of Neoprene
GNA, Neoprene W, GRS-65

dco

500
JO0r
£ w
0
N T —0R-25 -*/
5 / 200
Wix 10 )‘7
¥
d0 /
_ / -
g, X )
N . S i
= Lﬁ? Z/ b [[IJE*I ‘Pm
iy //
- 80
o H
H / 50
/ "_}’l\'{ﬂ_ ﬁf?“/f p_—_:'—
2 / Tl
/ JO —
z’v J ff [ |
/{ .
|
/
/7 H 7 : =
L4 Jl &7 V(4 /1 /4
& e B0 e 200 250 & & (k)
i B (Rpsem?)
% 6 [ 17K

~4 53— 0OR-25 frtron4 #—0R

-15 omE L FHEOE MR
Fig.6.

Relation between Load and

Flowing Volume of Hycar OR-
25 and Hycar OR-15

> *F 77 vy GNA DYy v 4 FE®
EZrEBaomELFHEOBEMK

Fig.7.
Relation between Load and
Flowing Volume of Neoprene
GNA Compounds Varying the
Sovaloid Concentration

% 5 F 4K = 2 o @ B ¥EO3E K £ 6 X s (x4 7 vy GNA) JEM
Table 5. 3 Plastic Flowing Constants of Moy e 4 P EBEY2EIRELS
Synthetic Rubber O Fl ¥ M0 3 H O
< ® % | 2 T ¥ % o 3 ‘; - o Table 6. 3 Plastic Flowing Constants of Syn-
T e e o _ = thetic Rubber (Neoprene GNA)
#H & n yeecllg/em3)| F (kg/cm®) Compounds Varying the Sovaloid
= ot : 3.5 | 3.12x10-1 0.158 Concentration
G B 1| 5.9 1.10x 10 — - —
b . o G P Qf 6.2 | 2.68x104 - \“‘"‘%\ﬁ A El B @ 9 . /ﬁ.._-_-“
* ka7 2.5 | 7.44x10-1 0.151 Gl " rseckeiemfy) Jdaiem)
*+7ry W | 2.2 8.25x10—1 0.254 S~ 5 4.2 9.54X 10 =<
GRS -65 ‘ B.7 | 1.9 0.198 S-10 3.7 2.00x10 0.24
/4 # —OR=25 | 2.5 6.2 0.793 S-15 3.4 9.25 0.32
A H—OR-15 2.8 | 2.48x10 0.396 S-20 3.1 1.26 0.52
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Table 7. Sovaloid Concentration and Volume |
Resistivity of Synthetic Rubber 10 -
5 (e n "
Compounds o K H =# [n P&
. Fig.10. Measurement Circuit
3 A i s & :
Fie & == — - — —e
() 30°C | 40°C 50°C 60°C 70°C
5 6.2x1011| 2.5x1011| 1.2x1011| 5.7x1010| 3.3=1010
10 7.8x1011] 3,3%x1011| 1.4x1011| 7.1x1010| 4.2x1010
15 7.0x1011} 2,9%x1011] 1.3x1011| 6.2%x1010| 3.2x 1010
20 7.4x1011) 2,9x1011| 1.3x1011| 6.7x1010| 4.0x1010
G #EEE D.C. 100V, EE#%, 1min FEE

7KEREIR 705 v >4

£ 8 K AT 2O v v 4 ¢
e E EiEEmh

Table 8. Sovaloid Concentration and Di-
electric Strength of Synthetic
Rubber Compounds
M E B E | VAUAFD | BB WA o
(°C) - EAaRE D (V/mm) R
5 16, 800 1,100
10 22,600 1,400
0
15 21, 200 1,100
20 14, 600 1.700
5 28, 300 800
10 28,400 800
10
15 27,400 1,200
20 20, 700 1,200
5 17, 800 700
10 17, 690 1,200
40
15 20, 900 700
20 19, 300 700
5 21, 600 1,000
10 24,100 1,300
70
15 23, 300 1,000
20 23, 400 890
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