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Problems Concerning the Formal Wire

By Kiyoshi Mase, D.S.E., Yoshi Ejiri and Takashi Yada
Hitachi Electric Wire and Cable Works, Hitachi Ltd.

Abstract

The formal wire has been used in large quantities for electrical machines and
instruments, but trere are many problems showing up in its applications.

The writers have long been engaged in the research on the pinholes, flexibility,
softening characteristics, abrasion resistance, insulation resistance, resistance to
oil, solvents, varnishes, and heat, and the length of life of wvarious types of
enameled wire. A part of their research has already been reported in the previous
issue.

This report deals specially with those problems touching the formal wire
including the abnormal phenomena of pinholes, heat resisting characteristics, effect
of low temperature, abrasion resisting characteristics, anti-solvent resistance, resis-
tance to freon, varnish, acid, alkali and oil, and in conclusion it is asserted that the
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formal wire is superior to ordinary enameled wire in those characteristics.
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Table 1. Various Enameled Wires
|
i - | ) *ﬁﬁ‘fi?l FEE | EE:&*TS: E;Ufr‘
5 1o i ‘ ' (mm) | .ﬂ» Ze p
| | PLD;H_I‘:( lifﬁ'.
No.1 | 0.5 mm =L < — L ! 0.503 0.024 1
2 | 0.5mm kL ~v—r#  0.503 | 0.029 2
3 | 0.5mm =7 —a#t  0.503 ‘ 0.022 3
4 | 0.5mm kv —fE  0.503 | 0.024 4
5 | 0.5mm &< —ad | 0.503 | 0.023 | 3 iR T
6 | 0.5 mm ¥ —gE | 0.503  0.024 3 fﬁ:;ﬁﬁ%{aj'
7 | 0.5mm kv —¥E | 0.497 | 0.030 | 7=/ —
’ Faw AR } | BRI 0
8 | 0.5mm &= ~<—adE | 0.495  0.035 | 10%
9 | 0.5mm v —ad | 0.495  0.032 20%
10 | 0.5 mm b ¥ — g | 0.495  0.029 | 30%
11 | 0.5mm v —fiE | 0.499 | 0.027 |0 577> 10%
12 | 0.5mm# L~ — | 0.498  0.029 30%
13 | 0.5 mm = <v—iLiE  0.504 | 0.029 | 50%
14 | 0.5mm kA< —L8 | 0.504 ©0.028 100%
15 | 0.5mm 7 3 7 »# 0.503 | 0.024 -
iiP‘_T_ — ;f;’ = e
16 | 0.5mm | e i | 0.503 | 0.029 | 7=/ — L RiiE R
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Table 2. Cure of Enameled Wires before
Water Dipping
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Fig.1. Change of Breakdown Voltage
by Softening of Film of Various
Enameled Wire
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Table 4. Pinhole of Formal Wire after 30
Minutes Cure
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No. 2 4 3 s | 2 0o | 1
f}v)}tja?}l@ﬁ?-)bﬂﬂfbfﬁh_ié %6’7}:(3& /\_EL " ‘ : R A ) A | N
DOFIT AL — LEIEOEGHE, (P):}siz}f%ﬁ%{e}@ﬁ?ﬂ 12 5 5 2 0 0 |0
— — = |_ — = — e
ST X 0 BRI B XIETEEL R 5729 PVF o
T | S 5 £ #& b A B o # =H
fﬁﬁﬁmﬁﬂdﬂ){WH%Q,PVFMQH%77V%MJ N el ”qul i
. Stan e S e able o. oadin eight o oftenin es
(DZEmUTcd Ok L OB HELANE RS, 70 OIS : = s
| v
T = 9 2 AR fstiR & ¢ 100, 120, 140, 160°C ¢ i?; e % - w ® (k)
T 6 WERTINENE: O TR O EEEA KD, i S (rim) 0 i _ A 1
ERTHEEBIRDO L 5 d, T hbbESEDOE 2.0 ~ 1.6 1.0 | 0.9
W PVFE % V2 5B & © X0 iR R0 1 et e 0-8
e Ei oo 1.1 ~ 0.90 0.8 | 0.7
<, L —EHEGEDPVF X LA LI 7 £ B8 o BT 0.7 | 6.8
VIR A % ETREER PRI 3 <Iuic R b= — L% 0.65 ~ 0.45 | 0.6 l 0.5
55, KEHAEFIZ o e its T 53 E RV iia % 0.40 ~ 0.26 0.5 | 0.4
. . = il 0.25 ~ 0.20 0.4 0.3
A LT 7eu, JHPE=F 2 ARRIEEE L < THEMRIEPC 25 i -l ik
6 F MWk LR B v 2 gl R E B ®E o EE R
Table 6. Various Formal Wires of Softening Test and Breakdown
Voltage after Heating
| R ok B | M ko4 R gomoE | - S 3 B B
W& RS R d i) (mm) (mm) i B (V)
- S S o | P et
No. 1 ¥ om0 om 1.135 ‘ 1.195~1.206 0.033 | Hirsh@ VF & s 3,900
2 F o4 v @ 1.000 | 1.047~1.050 0.024 | 4,500
3 | Fo4oy s 0.705 | 0.743~0.745 0.020 f B i M 2 B 5,200
4 | F 4 v = | 0.410 . 0.450~0.495 0.022 | 4,180
5 | H % | 1.196 | 1.270~1.285 0.042 | fA o 8., 550
6 H 27 1.200 1.278~1.292 0.042 | = £ | 7,330
7 H - 0.700 | 0.750~0.780 0.033 B ik | 6,200
8 [l 37 ‘ 0.698 | 0.755~0.765 0.031 | & | 8,400
9 Fl 3. | 0.444 0.498~0.500 0.028 | #& (n | 6, 550
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Fig.2. Strain Degree of Film by
Temperature
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Table 7. Pinhole of Various Enameled Wires after Holding
in Low Temperature
i e 2 | 4 | 6 | 8 | 10
e . AR . . |
| 12V | 50V | 12V | S0V | 12V | 50V 12V | sV | 12V | 50V
a) | =& & v F & | 03 0/3 1/3 1/3 | 0/3 0/3 | 0/3 03 | 1/3 | 2/3
« @ @& VF @ | U3 | 13 o3 | o3 o3 13 | 13 | 33 | 13 | 33
AL 7 3 F v o/3 | 3/3 | 2/3 | 33 | 33 | 33 3/a | 33 33 3/3
i R 0/3 | 03 | 03 | 03 | 03 1/3 /3 | 0/3 | 0/3 1/3
(b) 2 @ V F ® /3 | 1/3 ‘ o3 | 13 | 0/3 /3 | o3 | 1/3 | o/3 | 1/3
e B @ V. F #® | 03 | 03 | 0/3 ‘ 0/3 0/3 | 2/3 2/3 | 3/3 | 0/3 s
Be 7 2 7 v # 1/3 33 | 23 | 33 ‘ 3/3 3/3 3/3 33 | 13 | 3/3
FAF Mmoo T oF X o B 2/3 2/3 | 13 | 13 | 13 | 1/3 0/3 | 0/3 | 0/3 1/3
(c) m & VF @ 0/3 0/3 03 | 03 03 0/3 1/3 | 1/3 0/3 0/3
sg ® @ VF @ o3 03 03 03 ys | s 23 23 | o3 23
gfﬁ& 7 o 3 v B 1/3 /3 | 2/3 - 2/3 3/3 | 3/3 | 3/3 | 3/3 2/3 3/3
l | |
59 WO o= > o4 oW | 13 173 0/3 1/3 | 1/3 1/3 0/3 | 0/3 0/3 0/3
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sion of Formal Wires
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Table 8. Resisting Properties against Abrasion after Heating
M & moE W o B R Al ¥ FE m o\ #% o F OFE [ ¥ B
1 38 | 37 | 34 ! 3 | 32 | 38 | 35.8 32 65 | 56 | 35 62 | 33 47.2
2 27 l 27 | 30 i 26 3 27 i 33 28.3 41 53 40 50 25 47 42.7
3 | 36 | 44 25 | 36 a0 | 46 36.7 64 69 20 37 48 o7 55.0
4 | 33 41 : 46 | 36 30 33 36.5 51 62 43 48 78 52 Q0
5 30 | 50 | 28 | 27 33 38 | 34.3 37 51 46 61 27 | 34 42.7
6 36 ‘ 29 38 | 46 45 36 43.3 74 31 73 o7 39 ! o0 ’ 54.0
7 71 34 36 | 37 25 44 41.1 28 92 66 29 52 | 81 | 58.0
8 41 53 26 | 33 38 30 36.8 39 68 41 49 79 | 60 |  56.0
9 % | 38 27 51| 3 | 3 38.5 88 49 74 63 39 i 98 ‘ 68.5

¥ () TERKEREARE (0.4mm v —x8)
(2) 7 600 g
(3) 1% {MEEEWE L1,

e G}



J':_i:- »

H o §F W E By - 7 o R E Al i 559 5
£ 9 £ m B O#F£ M o< N T B B OB % #
Table 9. Resistance to Abrasion after the Holding in Room
Temperature for a Certain Period of Time
Ak R 1 #od |’ # o B O O } B | 1 #~ B J & 8 O F ¥ b & P B
1 | 56 32562!?5!37|45138i?9i26! 50.2 | 53| 50 | 54| 35| 57 | 45 | 50 | 61 | 68 53.6
2 | 34| 37| 26 | 26| 53| 47 | 48 | 37 | 56 40.4 | 54| 24| 53| 41| 22 41‘ 63 | 65 | 43 45.1
3 75 33 78 42| 80| 60 74 34 62|  59.8 | 33| 42 74 71| 68 35 34| 52 62 52.4
4 22 | 50 | 27 | 18 | 43 | 26 | 66 @ 58 | 25 3.2 | 31| 36| 74| 45| 79| 40| 75| 43| 59 | 3.6
| | | | ' |
5 38 | 41 59 | 33| 47 | 53 | 65 71 | 69 52.9 | 79 | 56 84 | 43 | 68 | 89 49 | 105 | 97 |  74.5
6 | 62| 27| 52| 17| 67 | 55| 44 18 | 72 46.0 78 | 87 | 51 | 68 | 37 | 47 | 67 | 48 | 42 |  58.3
! ' ! : |
7 | 28| 44| 61| 21| 69| 29| 26| 26 | 24 36.4 42 | 61 | 45 | 32 30| 58| 27 | 63 60 46.4
[ i | - . - .
8 37 | 22 23! 23 | 57 | 26 | 42 | 22| 30 | 3.3 26 | 55 | 44 | 28| 34| 91| 31| 8 | 55|  50.2
9 l23 74 33|28i94 24| 56| 44| 24| 444 00 | 72| 32| 28| 72| 68| 32| 81 8 | 62.6
10 | 40| 57 82| 25 62 | 34 | 30 57 | 79 46.2 55 65 8 | 56| 60| 57 63 79| 65 64.8
11 69 8 | 70 53 50 48 | 38 | 38 | 84 59. 6 73 | 58 @ 44 | 58 62‘ 52 | 58 | 58 | 64 = 58.5
| [ | . | - !
12 | 54; 62 57 33 38| 8 69 65 44 56.0 56 73 77 57 62 58 69 73 49 63.8
: ; | ' ' : ' | !
13 |120 65| 71| 91 33!49!34 56 34 67.6 81 | 52 70| 8 50 61| 39 35| 56 58.5
14 46!52'80|51|69i34!50;59!59: 55.6 | 43 48 61 | 78 | 36 77 | 63 | 64 | 40 56.7
15 i41i 63 | 67 | 55 | 40 | 49 46 | 36 | 35 | 48.0 73 52 61 62| 88 szi 79 | 49 | 63 67.7
16 | 29 70| 8 | 66 27 30 29 40 50 = 47.1 58 63 95 45 97 32‘ 63 f 109 | 83 773
17 78 | 41 | 67 | 60 47 @ 42 34 | 74 66 56.5 46 71 68 52 79| 8 73| 63 77 67.9
[ ; | [ |
18 70 91| 60 | 79 57| 66| 77 70 | 90 73.3 74 |104 | 95| 35 | 86 | 75 | 89 | 8 | 60 78.2
[ | | ) | I L | | | | | |
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L
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Table 11. Stripping Test of Enameled Wires
after Dipping in Room Tempera-
ture Solvent and Varnish
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Table 12. Various Solvents for Dipping
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Table 15. Specification of Abrasion Tester
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Table 21. Condition of Film and Breakdown Voltage after
Dipping in Paraffin

| e B kx v ¥ — B x4 ¥ — 0 ¥
RZ7IvORE | B EEME B.D.V. (V) BEROEL B.D.V. (V) | BEBOB(
| T e i S Wiions: .
¥ 1y mEEZE | | R 4 MRz | A | K
A = 5,540 616 ” ' 5, 320 661 _r
10 mn 7,590 558 a i 8, 380 | 898 )
1,304 s | | 1,12 ]
e 30 mn 7,530 , | 8, 060 | ,125 |
1h 8, 340 802 1 | 9,630 687 | -
| 3h 7,800 1,100 | 8, 860 | 831 |
| 6 h 9,040 853 | b 9, 450 1,084 .
N R 5,540 616 - | 5, 320 661 -
10 mn 8,520 802 A | 8,920 1,201 a
O L8 30 mn 8, 760 405 | 9, 340 | 949
1h 7,590 1,140 | . | 8,170 | 1,316 -
| 3h 8,600 344 | 7,820 | 705
~ 6h 9,660 851 - 8,980 | 165 -

T OHERFRE 31~34°C, HE 64~72% (10 [ Fr5fHE)

8 22 F N 7 7 4 v WK 3 3 E E & b M
Table 22. Softening Properties in High Temperature Paraffin

| s i 100°C 120°C
i % \ | | B.D.V. (V) | B.D.V. (V) | B.D.V. (V)
PO CE 1 i) ® CE # ) = W CE 45 18)
S : | - | - - L | —
B ok L ¥ — A B 0/5 5, 050 | o/5 | 5,950 05 5,780
B ok oL v — 0/5 4,980 | 0/5 5,730 | 0/5 5,830
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% 23 # 105° #uigid (JIS C2320) rhic55H [ g5 24 # 105°C sz (JIS C2320) rric 55 H
INEAE D = - 2 v iR ] I B B oD 2 i A5 0 $6 X ORI PR 1R
Table 23. Insulating Resistance after 105°C Table 24. Bending, Breakdown Voltage and
Heating with Insulating Oil Dur- Resisting Property against Abra-
ing 55 Days sion after 105°C Heating with In-

sulating Oil During 55 Days
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55 H % 100(M2)8LE | 100(MQ) L E | 100(M2) L | 12 4 . _ y 5 p
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BRICERLULEE | 100(M2)LE | 100(M2)LLE | 100(M2) LIk F 20 f o - 5 i
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z £ X B (8) TN, xME: B2k 74 797 (83 29-7)

(1) FRaME, #K%: Hirifsm 35 83 (#E 28) (9) [#g: T ik 56 271 (#g 28)

(2) JIS C3202 =3 2 neRisHls (10) [ayE, #*E: 146 57 40 (B3 29)

(3) JIS C3203 = -~ — ngREHkE (11) #m, M 5%5: m?::fﬁ‘r;-‘fﬁi 201462

(4) NEMA Hif% (12) w\#, &, FN: HILFTsHR 36 95 (FF 29-4)

(5) HR: Af P64 94 (IF 28)

e e A A i o U S M = b G O R It e L e G ol G Nl Tt Vi I PR PR P R s S s S o 3 [gl&:_ _f-j—_‘{wj_. 70 '-'j"- yv ;t’) Z,) L ‘Ci I/ "1’_7_ 7ﬂ 52. y )L/%’ Zl:j. _g; %) /':F'- j_ 70

’ 4= =] - >
ERBNAFVPIIM4M VT —-T 0 VY Y= AF T RA N — T AL EARC T T XS
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Fig.3. Connector Receptacle

FIN s+ 724 v 5r—7 10
Fig.1. Cabtyre Cable with Connector
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Fig.2. Connector Plug Fig.4. Connector Adaptor
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Compound Filled Type Straight Joint
of ACSR
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Fig.1. Sectional Figure of Joint Part by

Compound Field Type Straight
Joint of ACSR
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Fig.2. Compound Filled Type Straight

Joint of ACSR, Zinc Chromate
Szaler and Injection Pump
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