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New Epoxy Insulation for High Voltage Generators

Manufacturing Development Laboratory

Kydichi Shibayama « Syoji Hirabayashi « Takeshi Kawakami
Kobe Works

Sadao Matsuda « Shinya Isoma - Tadakazu Jinno
Nagasaki Works Sy&hachiro 1i6

Remarkable is the increase in the single unit capacity of generator in the latest industry. High voltage insulation of large generator

is demanded to be highly reliable. To meet the requirement, DIALASTIC insulation made out of solventless type thermosetting resin

was for the first time put into practical use in 1954. Since this success in the performance better than asphalt insulation, much

improvement has been achieved. Now new epoxy resin insulation has been developed as the application of reconstituted mica based

on the epoxy resin impregnation. This insulation system has heat resistance of class F (155°C) and is excellent in the mechanical and

electrical characteristics and the thermal cycle.

It is especially suitable to superlarge machines and generator-motor. Herein are

introduced the characteristics of the resin and the performance of coils in reference to the result of their evaluation test.
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Characteristics of cured resins.

FA XY Vv Vv gy vy
W oE 450 600
oW’ H (kglem?) 100°C 50 220
125°C 20 140
Wi 4 3
] ¢ %) 100°C 70 Bk 70 Bl
125°C 70 Bk 70 Bl
s ) 175°C 13 2.6
[1,000h #] 200°C 15 4.5
WY (kgrcm/cm?) Wi 3 3
[rrre— (s y75)] 125°C 10 Bk 10 Bl
BEEDZ (% 100°C 0.4 0.4
[tan 8] 125°C 0.5 1.5
wsom % 100°C 3.5 3.5
[e] 125°C 3.5 36
BEESN (Qem) 100°C 11000 1.5X 1015
[o} 125°C 41014 3X 101t
101! b~
1010 »
E
(o]
N
g 10°F
3
ﬁ 105
10? b
i I L 1
0 50 100 150 200
® E (o)
B L @b v g o B
Elastic modulus of cured resins.
3C0
o TREY LTy
-~ o AT LTy
g 200+
N
o4
5 wof
O O\IO\?N I I
0 50 100 150 200

B E (o)
B2 vy EHELN
Adhesive strength of resins,

FECEL, LardBWct+or sl HT 58S o+ hi
Rk ZAEEDE VT, E-t1on BB IA b UL - B
TMBLCENZBRZEHALTw 3, THERECHV 5 o1h5—
JRBEMNCTSEREI RS DL RE b AL, BRGIRERKS
T, BRI EAHEHET L LASLIr I o0ENB 3, corkd D
ThF-F ol & LT, LREQCEFEZMEL20EA, &F3h
e bvy QIS L—oZ kTR SO LBESKY 2L 3 Bk
o L oty BHE Fuf ZH LR L, BEEFHOD 2K 2
ThFAPbRs 21hs-T & 21h BOMEETE 2 £ 210 )
G LY 2D 7-F LEE 1ftuLTy B—kiIc A 3 Xk 5 il
n<cTns,

—7, A LABREF CHRAMBORTEL, Bl Lz

292

& Joea WA BTS2, HPREO fty MM LTL, &
LODO A% R %5 FAM~ 3 L UEY 111 TH T, ThFuLSY I
$F I Jota REEFUIE LT 323, IFLT ORI A5
CERVERHTH D, REERYHATER 411050 @ Jot
2 LHERICRFEI L Sota THEETF oL e B LN TES
DT, FEWHCEELLBED 21 33503,

4. A LR OEM

EEREBEBOBEET a1 IS OBHEREN TSR E R
PRICTRT DR EARN RS DTH B,

(1) BEHRTEIE .

(2) HipEES XUCREDEAFHT tand [HI/N X,

(3) BEWCHRUATH 3,

(4)  MHMERE GHETMBTCMERE, tans, jEE-kozil
BB En,

(5) HARARTE & 85 U BEBRRYIS S o UHsis o 207 ks /s &
W,

THHDRHER MRS 2128 520, 13 Fio Thty SRt
g & 50 FLL B> o h7—T &M+ {8 C £ 3,500 A&D 52 A
FRWEL, U HHR LB X 2B EEVRE %A LT
RET « B L 723500, © oMK R BB T 29 L Wi g
biic, —C a1 MR OVEBERHTIL £ o Mmic X b E IR B
bDTH 5N, ERCTENEcEo@EHGoOHEE Ry 5 i
REETH 27w, #, B, BB ZONSEL zh b0k
Rtk & Ui, SEEROMIIEIRIE 2 45 L 2 S0 2 AER R A T4
2T, TEEDRGEFE L - T b A1P325 92 W0 2 IH:
&R I Bl LRl 2T » T Bo BT, 211 @ EZE AR
DA TEFHIFEREOHE Y D3,

4.1 FEEBIEEFHE (tan d 454H)

3. @ 165kV 5EH 1)L @ dtand (16.5kV—2kV) itk —
Fle R LicbDTH 5, TERD d1P32Fw0 MO ATE, LUy
DERMENR L, REOHBEREN L D - THIFA RS T
LTw 3R, 1ty FoBa, X ocREAERRLTEY,
WHRLE GREKECoRRBEIL) <) tand (Ao i oy,
MERENETO f1F IR E AL ER VT L HRLTVE, Thblk
IfFoLvy OENEET, &L TICHEERERK 2 hs-T o
LEBHDT, TDiw dtand D Asvs b0k {BE Lk
AR LN Tw D,

B 4. i tan 3 BEEHEO—PIZ R LADDTH B, IRFLUVD
1 @ tan 8 {REEREZ, REFMRII270 LYoot L) dEWEE
TFT ORI R EETS B, FRD TRty MR kA o
Pl &b, BERABEREERLARRD drruoy BRI §

40+
307 Epoxy$&tdk
20 16.5kViIR  RIBBIE

— dtan & (%)
0.60.7 0.80.9 1.0

0 0.4 0.5
10
20+ Dialasticifik

0k HIREE

-3 f LAY (%) —
S

3. dtand 45

Atan & characteristics of coils.

YR - Vol 48 « No. 3. 1974

-




5
16.5kV
, p
o TAELE /
0k
3
o
Y
g 5p
9

4. Tand fff S 4%
Tan d-temperature characteristics of coils.

16.5kVERa £ L

tan & (%)

2
15°C 160 | 1
150°C 160 ) /,:, JDiaiascic:x A4
i _________________‘_=_,,.,——
mﬁ"“-‘—“—-—'—-———""" T T T g —— [ Epoxyz
¢} 1 L 1 L f \ : s
2 4 S 8 10 12 14 16 18
ENEE  (KV)  forsik
Bl 5. Tand o #4 45 {b 4§
Change in tan 3-voltage characteristics
due to thermal aging.
100
ELES e ee——
&0
= 50 b ° (16.5kVEE)
0 o 5 2485 (16.5KVE)
201
ol i i i 1 i
1000 2000 3000 4000 5000
180°C fuzhekfe] (h)
6. #gitic X % PSEH IR b
Change in breakdown voltage during
thermal aging of test bars.
FRTE BTN I WERAR L, L d AR & % 2 B 2 R
FHRLTRD
4.2 et
5. X 165KV # a1 @ 150°C 3 LA 175°C 16 [7 [ n 24

HALBEIC X B tan BB IEEHEDOEE R IR T, d1P52F 0o R ©

HA b/ & wzs, ity MR AIORER TR LD % 25°C fni
b o THEDESEE bIthEL ﬁkﬁ‘JVCéFﬁ?VCEET% 5z
EFRLTR D, B 6. i3 180°C, 5,000 BIE o i ElinE 4kt %
fike, BEEROETERZ M L 2RER L2 DTH 5,

I EREE R IR ELRBTH 2L b LT,
BRI 10 S0 {ETF LR & 7,
2SO W VI PP

A1P52F w0
If+y RO WEELD KT
 BWICIRR B EE: @:mmﬁ:@iijiitfio %

tnz b,

4.3 BREFGHHE

BRBBEEIL - KRB D &, Y, RENAEER»G D
&&Eé@&%ﬁ&@%mﬁ%#mkéhf<é LA LB
EHETcORBTREWERRT LW BT TR, BEROLEARC
ERERBEOERETRC T BE LA e w3 2 2 TH 5,

ChbOEDZEDE 7. KT L5, FabaTu ic k) EFEO
EHFMABRTEM LTS, F8. i, Himm OiFEELC
L% 7’2]‘/\"‘ u}\ %(IU"Ffﬁ,omu"’Elf\ L/;%@VC'@Z) iﬁ’l/ 7

PraEse EE 1ty M . SPERK - L+ FAE - R - FHEP - GRIE

sl -

.7 TZI\)\-«Kl A E A & BB

Voltage endurance test of insulation test bars.

30

3 4mm

kV. mm {rms)

T AT AF oy 7RG

0=
1072

B R (W)
L i ! L 1 ! |
1min 1h iday lyear i0year 100year

8 sabA~-iIc & % EHMIFH

Voltage endurance characteristics of insulation test bars

1mo.

1h ZIAGT D S1752F 00 HEROEIFETEIERHEC < b,
B 2 1h ORI L D #9130 % ICi B LT B, &

ThFy #ERIT
7o BRI A S B ELBIEE R 2T M, ko 41t32
Fuo MR T A LRIER 2w, T+ aﬁiaaf’ b LR S5
BEHMOEMANE L, ToEEIE o T3,

4.4 REBESTE

T B D KA - TN IR 6 ¢ & O HEHER &
LICHEE - T b, [AMERATRZ Wk 2 BB EEY M E,
kR, U, S AWTRE, SR, ~EPME, Ao UhciEh
WA A OB OWTORER YDA LD C &, [EHEE 0

1L D BRI 2 B R ICHH 2 2%, a1 MR 0 T 5

212

S
=

BWHOFA® P, bt o) IK &k 288EW, G ORERN O
UJ‘”%; CSEHRIRIC T T BI5 00 & X DBRIEIC KT B M % A

WA 2T > T b, T b EERMEECElT 2 Xo# 2 h
PEYIOHECO TR, fifFco~bhdoT,
11 & BEHlio—d % AN T 5,

B 9. 11 165kV fefLafL i 4 AEOMITHEL AT A0
Zo L o tand Fihn EOBTMEF TRV, BEMED & EX
Bl OB RE L TWw B LB ERLEBDTH B, EFLITL
DT T-au b LHEMETEOCF AL OMEY & 10. KR,
B U Asx BMSRIEAEAKE D oL TH 525, 1ty #5F 0
1 B AMP32F 00 MR L Y RWHERIH L 2, 41752500 iR
o, MFHERMA T & dtand HAKECHMT %, L

T T EFLD

293






= 2. 4 G M 6 BT AL B Rk
Electrical properties of thermal cycling evaluation test.
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New Dia-Epoxy Insulation for Large AC Motors

Manufacturing Development Laboratory

Shaji Hirabayashi - Osamu Hayashi « Wataru Bito

Nagasaki Works Shahachird 116 - Yoichi Nakamura

The recent trend in rotating machines is the enlargement of capacity and elevation of heat resistance. Mitsubishi took up in 1966

Dia-Epoxy insulation through the vacuum impregnation processing called post impregnation system by the use of epoxy resin, applying

it to high voltage motors of 6.6kV class. Since then eight years have elapsed.

During this duration, further improvement has been

made on the resin characteristics under high temperatures and in the impregnation ability. Now a new epoxy resin having excellent

characteristics at high temperatures and good heat resistance has been brought to completion. This resin is of low viscosity type even

at low temperatures, which provides good impregnation ability and good dielectric characteristics, thus higher reliability being achieved.

This means that new Dia-Epoxy insulation has fur more improved performance and will withstand all environmental conditions as

high voltage insulation.
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Development of Resin-Rich Insulation System

Manufacturing Development Laboratory

Nagasaki Works

for High Voltage AC Motors

Shéhachird 116 » Ydichi Nakamura
Shaji Hirabayashi - Kumatard Némori
Yoshikazu Sakaue - Kbichi Goshima

Resin-rich insulation uses pre-preg reconstituted mica containing B-stage thermosetting resin. Because of it, insulation processes

are completed by heat press molding only. This is a marked advantage to shorten the work by omitting the impregnation. Having

attention to this point, Mitsubishi has been developing a resin-rich insulation system applicable to the main insulation of high voltage

motors. As a result, it has been proved that this insulation system has better characteristics of electrical, mechanical and thermal aging

than conventional insulation system based on mica splittings and vacuum pressure impregnation process. Several machines using this

insulation have been built for practical uses. This article is a report made on the outlines of Mitsubishi resin rich insulation.
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Chemical resistance of mica imsulating layers.
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Compositions and characteristics of four types of -
epoxy impregnating resins.
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modulus of mica epoxy composites.
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Temperature dependence of mechanical loss tan 3
of mica epoxy composites.
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Temperature dependence of flexural strength of
mica epoxy composites (sample E-1).
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Investigation of Mechanical Problems on Stator Windings

Central Research Laboratory

Manufacturing Development Laboratory

Akira Murakami « Akemi Futakawa « Shinji Yamasaki

Takeshi Kawakami

There is a trend that external mechanical force working on the windings of rotating machines increases with the enlargement of

their single unit capacities and with the reduction of the size and weight. This makes it an important problem to investigate the strength

of stator windings from the mechanical viewpoint. Under the circumstances a series of meticulous studies have been made relative to

the mechanical problems of the stator windings referred to. This article introduces the outlines of the above outcomes, which cover

mechanical problems of the stator windings in question, basic concept for the study, evaluation on the mechanical properties of their

constructing materials and questions incidential to this evaluation, investigation on mechanical behavior and breakdown mechanism of

the windings from the viewpoint of composite structure, study on the thermal stress produced on the winding in operation and stress

on the end winding during short circuit and strength to withstand them.
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Comparison of typical mechanical properties of insulations.
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Comparison of tipical mechanical properties of resins.
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Measurement of shearing strength
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Insulation fatigue strength evaluation test on test bar.
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Development of Reliability Analysis System

Central Research Laboratory

Manufacturing Development Laboratory

for Rotating Machine Insulation

Sadao Shimoji - Kdichi Takakura
Shdji Hirabayashi

As a part of the development of insulation for high voltage rotating machines, a reliability analysing system has been worked out

for practical purposes with the object of reliability control such as the design of new insulation structure, its production and the tests.

This analysis system is a computor filing system of total data on test samples related to the insulating materials, manufacturing processes

and measured values. The advantages of the analysis lies in the ease of registering the data and their correction, the tabulation, the

analysis of statistics and simulation, all being the application feasible with the device.

This article reports the composition, function and analysed examples of this system referred to.
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Class F Insulation for Low Voltage Induction Motors

Nagoya Works Nobutaka Wakizaka - Katsuhiko Horiuchi » Yoshio Shibata
Manufacturing Development Laboratory Keizd Sakata - Yasuhiko Tamakoshi

The history of induction motors is closely related to the procedure of changing them to smaller sizes and lighter weight. This
change not only owes a great deal to the advance of design and manufacturing technique such as the improvement of cooling them by
ventilation, but also owes the progress of insulating materials, Of them, the new insulation is made available by the development of
high molecular chemistry. In the classification of insulation with induction motors, advance has made from class A to class E. Now
change from class E to class F is being studied.

In this article is made brief description on the circumstances standing in the back of the employment of class F insulation and on
its merits, Next introduction is made on the concrete details of its structure and the evaluation tests of various functions as a central

topic so as to serve as reference to those interested in the matter,
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Solvent resistance of magnet wire.
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Test method of scrape abrasion for magnet wire
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Distribution of breakdown voltage of magnet wire.
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Breakdown voltage and failure rate at under 1kV
as a function of scrape abrasion weight.
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Volume resistivity vs. temperature.
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SRR E R o F 8467 - IR - W - S50 - 35 - B8

AnZh
220C
(1%0°C)

/?5@1‘5(3 1h
at140°C

IR IBHBRHLL_E
at 40T

18 |
L
[ (75) i i 28
1A 2 —mmrey

FMA0EIE © (F6R, Xi3fd) EAREE HEENND
I 7'5 : 7: BﬂP -‘Tl k — il
Fru o8 Egu&%xﬁmf‘i)%ég\ﬁmﬁé@li}107—3\‘;5&]
14, 8 B % fF
Test condition of thermal cycling.

BRI [
(80~300T)
REEHES
e—%
o T
iy FIv
[ 2|7
(==l
Tk - R INA
TNl He ~F

15. 13 A SR HREAERBET 5002 [
Block diagram of functional evaluation test equipment
for random wonnd motor insulation.

16. {RTIHEE & 3

Test sample mounted on vibrator.

17. FBSE PRI

Interior view of test equipment.
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B 21, yi-os MEEECHEE I Tt

Reversing test equipment for random wound motors.

5.2 Yns—yrrHER

MHAE (THEWEEREY) ORAKINRERRE & LTk, IEEE No. 117
B Uk YA-vud BB R TR T %, BRROERE EAIZIEN
WIECITR S 2, MAMOEETCRPAGDERELOTELSTS
BERD Y, 1 CAE - WREEREELT, 2510 2EO A
TTwd, coRBRBKERRBTH 50T, HiLREE 1 i
LED, B LTCEDREEXR 18, (a)KPFREL TH L, D
R b b, BHBHR L FEiGEERg, ol d o
CEDHEEF AN, UA-Dud BEEEEZR 21, WRT .

EEFUEDRS O FREGE - IR - 8 - 58H - R H - £l

6. ¥ U

Ll b, FREMEGEGRORSCHZ Y, BFtEd X UlsosEe
FlH L 2 DRI DN T TE . BHTE, chLDOFMRED
Lo X 5 4 FREIEEHEESES OS2I Lk,

(1) % % fyzzazurzfqzf %

(2) #i¥Eps NOMEX oubz-vay

(3) nz=z FH putolb & 222

EEE O BT, Ak BWEBITALR, TR
RHE LT b0 L TRENS, ThbeBEREHRCENT 2
FbICIE, MR T % TE M BNl JE T B & & b ikl
R, 2 QBERTIE, oz ABATLE DT EET
R Y, £ LORNPBRETH L, THICKL LT, FEEH
B ¥ U ik B X SRR BER C oW T, T b
BEtriEn, XD EENCEREo S IEERRoMBCEIILT
fT& 7\,

o

Z X ®k

(1) IEEE No. 57 : Test Procedure for EVALUATION of the
THERMAL STABILITY of the ENAMELED WIRE in
AIR

(2) IEEE No. 117 : Test Procedure for EVALUATION of
SYSTEMS of INSULATING MATERIALS for RANDOM
~WOUND ELECTRIC MACHINERY

333






2. LA o kS o WA

Results of chemical analysis of components in dust.

® W Bk BATEHORS  (We %) WU Gfem
i , (@5C, 1%

B (W %) Na* | Ca? | Mg? | CL | SOs°¢ | zofs| AW

A 70.2 18.8 1.6 1.7 33.6 7.4 7.1 1.2:x10-2

B 36.2 0.6 4.5 0.4 2.0 9.4 19.3 2.6x1073

C 101 1.3 0.9 0.2 5.6 0.7 1.4 2.1%10-3
qu' 9.7 0.4 1.4 0.2 0.9 3.2 3.6 92104
? 8.1 — 1.7 0.2 1.1 3.0 2.1 7.6x10-4
”}‘" 1.1 — 0.5 0.1 0.7 2.0 7.8 5.1x1074

3. 1. 2 AAEEEm

THEASE: 2 2B 2556, Tr 88, #EDME, @& ota ke
O 21 BEHEIC E o C, ROFEEREHLDTEECTH 2,

(1) zt BMEEEOBRMME,SE L, MEERErLTw2
T ée

(2) FHEHBREERDLENT &,

(3) 8 o2 RGP L CEEECER, 17 S0l
Y HHET B e oL 2RICEGTE D T &,

ARG AREDEZFlc e b, REMBEMEHCD W TR
k5,

fyzzyn #E, E - BEEIHESECHHIhTw 3 170
TH D, 1T WEOBMIRE e EnS 2, o F#HPo 1
27N DD, WARMEEE S - Te D, WBREELHEHEDE
THREFHWET Zilg 3 € & 555 . A1 170 Bk me LasR, R
JIZFL EHEARE LT, TICEEZINE R R 1250 855,
M IZFL BREAORIRR A ABCRBTE I C e XPEL A K &
oY

I SEOBBAEE O & LT, TIS KR EHE L » 5 §z0EE
FER B, NEMA icid—FmBERRB e S h v 323, 2%t
CEATlE, BHRMThoRtr ICBUEL, B0 A5
T & 2ROFTES T3,

FF, —ERO E7) BMEMLT, I MCHEERNMATE &,
—SEHET 1A MEPE S, C M RIEHERICEET L CHERdE
WEER0 L, M 1. K, coRBixTThok T SoMHREIE
RIEEATR B R 23, Kigk #uzazy $d, SWEKC ST 2R
BUREERAFRA <, Wi RRWEER BT b C b
5,

MNAR S I DTk, A2 Bic 1A 8o 2l X b Hke
K& BEHAL, —EREC—ERHRIME U BB SiE 2 17
x5, T3 OWEERELOmm, 1 o7 oMK HED b
AR RT S, Rk f1asn SEREBCERL TR 5,

B LR ooz &, BYA SRR & MR & 217
T ABD» L 3 L WBERET 220, EMICHEWiEE -2
BERERT 208RD 5, BRE oz2 RHEAT LA, ERERW
HETH 22, e, W~0REFHEL, 170 HoREHED
REEMLo &MD D, M0k, chicH LR oz oRES)
BEFHLSBAERE, HnE T HNcH L 285 -
20fFfAESKIY, BEREBTF TR,

3. 1. 3 ieRERETM

HARHUS O M BRBHE I B 2 > T, HBibcld, TAodwi{diGat
Bi& S MEKOFEFZEM LTS, TALE 2L KALLAD

BEBAR O T SR - T - 2200 - BT

100
-
N
Y SBEAY TATFAM
B \
s ™
e 60t MY L AT tu’s?(\\
& .
£ 404
& )
= \
:‘5 20 \\
= 01, 1.6mms %
.
Q 1 =

I R S S =
# & (kg

1. WEIKC L3 170 MorGRmEE L

Breakdown voltage of enameled wires as a function of load.

ERCT M SO T - N2 T 1 N A 1

Resistance against hydrolysis of enameled wires.

& & RN (MQ) /2t DC 500V
P S
(vol %) H ) A2 T FER) TR
| 180°C/2h 2.0X108 £0%10?
B 0.2
i 200°C/2h BEIRTE R 4,.0x10°

F4 ATL LD KD
Components of artificial dust.

| Camwe®sp | NaCl | MeCli | Ca8O4 | ropy | Kk 8
#oo®m (W |3 1 6 0 | 20

TR R (Olkm) 7 i

| R, Yook | Lxio

o
i

220V/440V 34T ZH

~ 9000000

i

2. BET o1 0 U A ® o~ fhiE Bk E

Dust applied test circuit of stator-coil.

3. NLLALD %R
X REET 2
Tib

Stator coil applied
artificial dust.

NS ST, HBHAE R AT 2 TS B,

FARRAMBHRZZE LEALLAD WD o —# % &
4 1CFET, BANRE DA EAD, BEMNCLORE LT
KBEEMLTVD, COALCADO—ERE, HHLEOFRT
L7 31 ¥ —ic {475 & 4, 40°C, 95+ 5 9% RH o {EREE % 5
(AR, B2 0 X5 il# o kLT, AC440V, 60Hz
%, B bk > THI LT, U o1 A B X ar—k
DR 2L T HET D,

3. AL CABEAE S EET 211, 4. AR
FoZEER LR, BITORE fvI27L S EALEET 2
1L i, 1,000 BHfHECRIE—EEICED &, FL gtk Aboh
T, HEEMEEA R bD T we ¢ Rbd 5,

CTHET, PERTAFBEEF PO~ T E s, MARE
AJIETE, MR, S o8 R X h 3 EE)
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)
i
1
1
i
1
i
[
1
10% 1
i
> A
ﬂ_é’i \\ E GF 2 E(/?w*—-y T ERY
S o g i
- W — TRE R Ny 1
2 TRemo et 5 1
e ol S TS 1
=% \X\.\~‘~o._ ——— ARV — i g 104 1
o e T = !
2 oer -\\‘“‘\fifx;wg & %
&l 1HE, 1.0mmp -
10¢ ! i t 3 § 3 I H s ! 5
400 800 1200 1600 = 20 40 60 80 100
F@E (W) 25°Cy 3 0 KRR RS () Lo h 1 L ;
10 20 30 40
B 4 ATLCASENGEEZEETF 31 @ & 5. CIHIMARREEE D 1700 S ik 25T 3 0 v KOEKERAABE
T 2 WY A o S0
R . LG . 6. LI O R HEO
Insulation resistance characteristics of stator Breakdown voltage of enameled wires (TR
coil applied artificial dust. dipped in cutting fluid. Insulation recistjnce characteristics
e wir s of insulation dipped in cutting fluid.
£ 5.k i HE 0B a0 A PP ¢
Water-soluble cutting fluid.
(JIS K 2241) Ef(
) | mune pURmREEN 2 ERS L, AT LT N
1 < ¥ ou v -
W | =4 e v W mmts camd s bo o (=D
. SEmE A2 2R E L, KICMATHRT S
W28 ) 70 e =T B sz asmicn s b0
= . o | EEBEERERSE L, KENMATHRITBL
W3 VYam v s viB EVICED L0 ﬂ,
BRI LTS, EARORBCESTATATLAD wEED, @
SR T BLSSHERRIT & FIRIC 777 » Tl 3.6 .
D k5 RFHIIC X > T, ZIBGH, WHOLEHH, Lidwn '
DEAHF AR ECHAT 20K HE L 2 EESERAR LI LTE

3.2 TirREmIR

TR O DIEIM E LT, BET R AKEEIERERIA A < &

nTnd, JISK2241 i, #oiks TUROREE TN TH B,
T v, HHEE v-4,

b, RIFEDQERICL - T, BRERTHERE LT 2, Egj “;

o RSV Y
Spray test apparatus.
FREEMH AR & F £k LTE
b, BEE oL LD o 2B, HEEHEOBCEEL X
BT @) TR, EeHERE TR0, I OHRERE 1
ET &4, EREELErCTCeid b, K5 KEMETE
A O FIHE R,
o T, TIEEAEMEOMGARLYHAR T 2ChE->T, MW
HITOAIED B R e T 2 & FRfIC, #ERIE %5 T Lk

10+

109 Iﬁ'»—‘e‘g%igiﬂﬁﬁﬁ
ML ERRERCONT, MEMAEOFFMETTAoTEL HEXR a
55, 2 ol
ARFEHE TN v2 o0 K (JIS K 2241, W 3 HR#HY) 0B L &
BAD, 1 B L G B R L %, [ 5. )
B XUE 6. ICRF, ENTH ThF B XU Tty SEE B
Twnbdb, .
I SO FTIC D Tk B, [ 7. (g A 1 o
m DY FEHEICER S T L, 8 MITEE, %06 16 Mk x
&, MEAIC I 2ou K 50 ki 2 — e TGt 5, co o R S
Hoon FHE LFT A, RS20 R T 5, R
BRI 3.7 kW 4P o 1i#i+y ZHilG X 302 1% - 8. T VR M T B o B B2 AL
BB e PuEof F ooz ik B % 4 [\ A o A B
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g

gy

X 9. TVRESF EE)BREE T
311, (075 kW 4P)
Stator coil of motor for
machine tools.

&g 6. % f il i I

Corrosive media.

:—-?Tw—_—‘ s

| EoaomRH Bo& % om0 n

Ut kom s | iRL, o 2 SRELHERE,HEL R, WY X mILR

| gisickTps | T, B 20, HEL B WE,

LK T om | b, TRRAE, DAR
HE N N P TS 2 E

=74 BB o WA

Resistance against chemicals of various resins.

B & Eaﬁ'ﬂlz:‘muf;:z;‘#-y%:,y :ryiT;b:‘r/]
3] [ @ ® ® ®
it [l O A Jay O
BTy O ® @] 0]
Byahy A O ® A
R EEa!
A S N ! S O A
EFAT T N @ (O] ® @
| A A O A P
P o= v O ® S O
~ v v O ® Jay O

W) ® A, O PRI, A 5
& OEFATHI O ZACE P LM Rey, 8. R, 1+ Bl
MR E FY 70 - 7 B i, AREHEVHRIANICH LT & DO TR T
NWHT LR bD

B 9. I HEFMBE A 1 o o TARBAEMEEET o % &
2%, %ilcld, cihw CP (Chemical protected) MLEHE FRL T
D, WEEHMO THTE T D,

3.3 BHAFEIR

hZrsd - MNTHEAR VoWl Y Rbh ook, 1§
Tk iz LW E L,
PR B RAER T Tn5, &K 6. K}%ﬁf’fk%ﬂwﬁi‘éfﬂ R
FH, TREHES D EARKCABLT, KD bEALEELET S

OME DB, PEo T, THEMOENAEEME ZEET b Lk,

TVRBAEDE S S & Ak, EBNEEET Le 211 Bl
SEEEC DT b HERHEEE O FPINE TTR 5 BTN D D,

SR - B S, B A ,snlvﬂﬂ%im BE e E

Filigo ol fe il A ST LT B33, R0 BE, Bl
X T, EEL - Sk ‘bLJJ:)J - o A ?fr ‘54911”-]_1@5’:f<.|]?%f2"‘ft
T AT 2 E RS v, 45 R RTG & e
AR i

M, WRIBEDNEOMESMEF YO drtusy 2R
L, a1 B (R L e 2 AR, EE&EC - T

TSSO T BEETTAN - T37 - 140 - 300

0 X5 RIS EEMEARET 58l

Corrosion test instrument.

V\]mx S CHBCETALED LD, HBRHmET oFREE 522
T REMEE Lo Tn b,
c® X5 R ERBER GRS MEISHETED 2 B K,
10. o3 fiz 8 Bl *%&‘%I’F%FH»rufJ%sz\fd&’un ST A
v, DBEEABNSRIE b Ll o1 E BERT AN, R,
SR 1 7 © o ko HlE s L UEFRECHEETT Ao Tn

JS(\

[
°

4oL T T

BIESHROTHEEEF Bhz o T 520, 1740 B
WEER R, M o2 ¥ A REIER O E . otk $Ek
BUETICEWT S BIFCH 5 & bR, B 1L oL
B XY, o L R, XREINRTVEC e BBETH ST,
MBS o R H I,  HERAEI X5 a1y MR AR T
BT 2 LB D Lo TEBRE TR,

HABEEE R I - <, ZIRBEL HPoZ Wik, Tad
WOZWEFT A SCERE RS ETE TYERHED RS LUR
BEIMEOHER AR & LAWESHEHIc 2w Tl e, D
{hon Bk Bl AR HEIGRC DWW d, B xOFHliFEETGLL,
EBiEtEoBm-ENBEHEECRME LT3

WM, FBEOEDICHAD 7-2,
BRCEEEFET B,

PEAAL2 BBk

T £ X W

(1) ;L»\ s ER BN EHMIR RS ER ST, B05
5 (HE39)

(2) um;:_,;’ w40, 951 (B 4L)

(3) s SHEER, 40, 1106 (H41)

(4) /NBiEHh SRk, 42, 015 (K 43)
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£ 2. 4T 25w bo T DI R 224

R 22 resistance of various magnet wires.

\ 2wk .'» x® . (’,?!

X Fw PVAY L e 3

oo (g2 ' am)

PVE-M oo | 9

PEW 0.042 65 s R
EI-A 0.011 86 o UES
EI-B 0219 | 80 e
AUEL-A | 0004 100 | T
ALEL-B 0.003 92 o £ m
AI/EI-C 0.0i0 96 N T<h T
AITW-A 0.008 56 4 i
AIW-B 0.006 s ) P

- AHHEIC X DI Uie, ZosEitclt, Rurasifz # E-B
ARERERF LA, oo 0w Tl a
e bhv,

FUaz Fifd R 22 ~0i@ilidgits X URIHHiRO &
HC X > TREEN I ROO, T, 135°C T 81
LA3Us % R 22 wEil-c 7 BRI, BT 180°C oA
0 SMAREBRRY BLT, HRERZHZELL, toRReE
2. WY, Rk, BEHEoMBEEICDWTE 170°C BUTTy
R, %k Ed Juza oRAERALRED o

ALEHE I 35\ -C %, (RHITRE & LS & U

to> MLBe
ZEINE

A b ke
FeoloBRE OB AT 5 L b B, ToTlE, 0
LAy QAR BETMEED vty O, #BoigEn
EERBELT, A-tou-3 i 100°C <7 QAGRGTAM L, JLPHER
EH Iy L CEBEC sootine FCIREL, BB YL
Ui RIRG QBB 0K T 2 B2 5% 2. RS
RuIazn B PEW, furzfqzf 8 AIW-A, -B 0IE T K% (,
DWW RII2FLAEF B EL-A, -B oE TR0, 20bod
DODE TN E R,

Wi, chboRBOEN T, SR IcET oIHEEE W
AR, T oL—Pud iR XU ooz WA FCDWT B
FL, 20%wbo v OBRE2FTR - T b,

2.1.2 BBl 38%1(t

G ET 2SRRI BT 2 RS T T 52D,
WD X5 hBEER L,

AR OBEEREE, 2Jrobort THEIERME & DT A-10
L-F AR, B - Bk e Tinass Hiy & LT 135°C T 8 H5iH
BB R 1775 - cth, R22 25ilabe 11 oHl& TR
AW L, 175°C © 7 DT 5, MEEETH 7ebo THAL
e, 120°C T SIRMAVLILS 3, &, ZERMo#AS{LRERE
175°C o #-Jo T 7 glnEF %, co ks LTcghiba e
[ & MBRBUSE RO RIEFELE 3. 1ORT . Z0E,
HEBEEREIT DWW TR duay 258 fve-u # PVE-M o gl
OHIAEE U IEARAEE Ao BB, ZeRP & R o B icEE
EREZRONAD ok, LT B, FHERRCE-TE, PEW
B X AIW vl EFPC R LTHERF OB TR E WL,
El 5 X0 Ry1asurst & fupzfral o 4u0-b # AVEI-B <
BESHICZERTCOIR T A TH 5, & DN BB O LA
Ibick 32 3 0PI X3 3 0hEHLA TR,

Z T, {LENLO S b HEBE R BT 5z wic, BRU

0 o TR
BRDEER

N AF w0 E~2 A OITA « BIA - FHE - TG - B - AR

# 3. Rz~ s L e o# b & 5455
203w b Y DEEZEL Q75°C 7T RH)
Abrasion and dielectric strength of various magnet
wires after thermal aging in R 22-0il and air.

& T OB R M (RIS B D OSE (e
w4 a | R2GUEERN | AT A i R2zadBah (%X F
* %4 i %% 74 | 0.
. <o L P <0 i Pt
PVF-M 8.5 19.7 — 93.9
PEW 31.3 100.0 102.5 96.5
ET-A 97.9 45.8 105.5 119.0
EI-B 88.5 92.0 83.3 103.0
EI/AI-A 82.4 80.3 99.5 80.3
EI/AI-B 74.0 27.6 86.7 79.9
EI/AI-C 103.0 69.0 134.9 101
ATW-A 13.7 79.4 92.1 $3.3
AIW-B 10.6 110.0 92.1 100

20

i i L L L !
100 100 200 300 400 500 600

2 g O
L. PVE-M 8104854 MRIC B 5 BT (16)
Thermogravimetry (TG) of PVF-M wire in air,
Ny and R 22.

100 1(;0 2(;;0 3(30 4E>O 500 6(1)0
2 E 0
2. PEW o #5. APKIC 210 2 #E@ikilE (T6)

Thermogravimetry (TG) of PEW wire in air,

Ny and R 22,
AL B —ERiRCcoERELE, d-tou-T 1 X BHIRMA
(250°C) TR WRBALZ WE L, BMKU AL, EEBlrepif TGA
~20 AL, g, E% 42 p IR 2 0EHEH (70 ml/min)
<, SR 10°C/min © 600°C ¥CfllE U k. fREHE LT,
PEW % X Uf PVE-M o#F ALK L3 EEREZR 1., 2. 1,
250°C (0 2 BERDORIEEFR 3. Ird, BRUALRE
W EREHE L BRTY, R2Z2PTREZETRIBILE
L) L ERROBPARILETH I EBbD B, oL
ORI OWT AT TH D, R2248 954y bost KO B
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SLEER ()

3. PVE-M, PEW o %i@hng (250°C) w k 3 Rk
Weight loss of PVE-M wire and PEW wire after
thermal aging in air and R 22.

R EORLFIHL, RN LH iR & o
EHEABWTHES 2L EBRELTWE, Lhdic, 23 0L
no5 L5k, #-tou-7 Biics o 3 PEW B L8 AIW ot EEEE
WOETHZELRR LD AR w0, R22 ka5, EEae
mwﬂlr’wzﬁéftzt;{glﬁ?‘é LOTHH S,

2.2 IR

20w MW, Dxwy ORI B L CREE R Yol e
TEME e LT, ERUHE - B Bk KUTFLe FUoeL—
b (PET) WAL BRI TwE, LaLl, PET BEEA s RE
THIA &N 2 S B ISR ZTOPF v & w5 RERD
%, HRIPERBCE T RS ZRACET 5 ¢ & kElcd
b, BEADOREZZT I e RmELLND, T, KIIAFL
Fo PET & Q oqne GEARL & L UTHEEMISCHEH X R T w»
% furzf FRe> Nomex (Du Pont Hill) w2 &, @Hifrhcogit
T DR D R T, FCTRY BT CHRSE L RE,
D0t D RIFIEIE R X OSBRI L RIED S AERE D, #
52527 BBE L d- o7 RSO ERE 3 LU U0
Zx e Lk,

2.2.1 =Eak

(1) #Asax2-7 52t

(a) K 1 (Roya+och Lahig) ; 85°C o 5 I i 1

LEEINBGEE L Dans B f52F2-T (PR 6.0~6.5cm?) c
Af, & LI 100°C ERIFC—BERET 2, 2L, Hohl

DU & B 7 Wi m&;ﬁdwx LUk F AR 80°C o ifil/KHr-C 30
SEIMBTTEBIK Lreth, B LB 2 ANAEIESELT
Vo E e R22 %t & SRANWTHET

(b) kit 2 (Daws ORI R B i) « iy 25°C,
HRRIREEE 95 % For—a e 3 HIEIE Lk s«e %, $ 620
DI E 7 352727 CAEEL SRS X U8k e & b it AR,
AOKHT b B R L s, AKiEL &I R2 % ANTE
Bt 5,

(c) Kt 3 (Dans ORFHLTEICH LBHEMOIRE) ; 55
HUDHHBEMCERE-CS%X0KS2Mi T ERRIANEL &
FEch 3,

(2) d-tov-7 REx

(a) Zkift 1;85°C -¢ 5 WLL L IUZeMBei Lie S« %,
Hoh UoZHREEomuiime & S A~tou—-7 (A3 D,
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Water contents in each test systems.

Sl e BR s e (480 6.0~6.5co)
h an, T -
- ) \‘f‘\ PET-B Q7+ A,,] Nomex
CTIE 40~50 26 RH | 0.4~0.5 %7 | 0.3~0.4 % 4~5 3¢
RED 90 9556 RH | 0.9~1.0% | 07~0.9% | 8~10%
7 4 v & | 80~B5mg | 80~85mg | 90~%5 mg | 0.8~0.9g
g i it
& BB o tg lg lg 700 g
7K i 1 <0. mg <0.I mg <0.l mg <10 mg
7K i 2 0.5~ mg {0.3~0.8mg| 5~10mg |10~100mg
pid it 3 Smg< Smg< 0mg< 3g=<

Namex

HitEsE (/)
Q74 i
| i

Hivee (8) vk (8) SEsk ()
4. BEL Dans o R22 Jic 07 5 it B
(#5272~ B 155°C)
Hydrolytic stability of various films in R 22-oil.

AR, & bic 135°C « 8 I RHIBTZeRs i U syl g, spulthal & IR
» R22 ZHATS

(b) kit 25 25°C, AHNREME 95 9 DL Lo Foir—a Hic 3 HE
PLERE L% 2one B EEOBHEE & biIC 4-to-F K AR
T 30 HHEE Z_ﬁhjiix gl e FEo R22 %icf]\?‘é

(c) 7KH#E 3; Fhigo mulibEme, Sbnrly, ERETSI
Ky IMA B 1F D i7k‘fi§ 2LEETH B,

¥, A52F2-F BB 1A fisara~F K LEH O 2100
FARTW S, d-boL—7F BUBTR 1 [eREIC 3 MO S ns
FANT D, TN HLDEAGEE dqe OWREIHAR D T &%
ERLT, FRCHTIEERpEENE T R4 0Lk
5,

COESKUTEALeEE % 155°C ©7 A 5 L1814 [E,
mESb &, FEESRE S & U0 #2812 JIE Lk,

2.2.2 HEAERCEE

A5272-7 ABIC BT 5, U e X OB EERE O RiE o figs
fb&, ® 4. wirg, PET i, K2 ToclRELrzAEL cEsn
TH, SERMEE Sk VRT3 228, MMEEER RE Lk
KL TCHEDERTIHELICKELAY, B 2owTiR7H
MC20~30 % ECIE T3, Xbic, MEFIREELAKHES
BT 14 HRECHT, JiE &b 2ofitdesc ks
w3, LA, AU RII2FL FTH Q 2ans HoKHEL & oKHE2
LoMICHEFAERRALNT, TOBEDIET v, L,
ENTHAREEI IR S & PET & [ U & 5 ko fgaseis iz H2s
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Seismic Test of Electric Equipment
for Nuclear Power Stations

Head Office  Hideyuki Yashima

In nuclear power stations resistivity against earthquake is severely called for on electric equipment related to safety shutdown of
the plant operation and to the prevention of releasing radioactive materials. To demonstrate the seismic capability of the equipment,
vibrational tests have been conducted on some typical control boards, switchgears and their components such as relays. As a result, it
has been qualified that these items have sufficient aseismic performance both mechanically and functionally when subjected to the test

even in severer seismatic environment conditions with the present nuclear power plants,
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Vibration amplifying device.
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Test on machines by means of vibration amplifying device.

51 F5u+ MBS OMERE - &

a7, 15 AARELELRRLRE 24g (I5Hz kB T)

o2 B/ NBEEHE, /INED hoe RIHER, B 2~ REER IR
FHEALE, L L—ROIMEETE 142w L10Hz 0 & 5 2K
WM TR, KEAMEEEAELL R, AEERE TR
ZRY, —EONMEEYBLICE, KEEEURLECELIADT
DD, FOED, MEEBCSLTR, ERBEEBTRE RINRD
52 57O, 4 GRT LS ANEMEER Y EM L. <
NEBE R ER (WERBESLEE0EROR) LI TEE
ZEHETRY § o TH D, CO\BECTINES 282 AR
HEUTEbOTKERIBEDINHEEHRBBRICEL 5 LB TE
%, HEC XhiE 5Hz © 10 g (£1RIF 200 mm) D INEERE LR
Feo FWREEI I 2EECE, dorLoABELZEROR
AR ERCTIThE v,

REIRILEE
ﬁ‘P’) g P~y F iTJU’er%’L}‘ 2% TEL

Fv0757

SR IR

Ayvars57

RIS
:
ré 72 // l/ “‘;Ufif?r Tans
DURE Jl
’EMv~wﬁ$~j£Eb~%ﬁ,_w g

105 35 AR 77> F

HDBE

PFEAREREMET = » 2 @3

6. # B #E Jowo#R X
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Analytical model of air conditioner panel.
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Characteristic frequency of air conditioner panel.
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440V switchgear under quake-proof test.
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Vibration characteristics of control center.
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Mechanical constitution.
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Ring spinning machine.
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Specifications of ring spinning machine.
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Semi-conductor logic circuit.
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Satellite dynamic unbalance.
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Spin rate measurement equipment.
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Spin rate measurement electronics functional block diagram.
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B 2. M345M JE H15—F 63592 T02IL1 DK
Block diagram of M 345 M color character display system.

1 HEED JLFE S, ZEB L Bl TH 5, o, M34BEMIE
NS5—F2T01 FERRR] 2. wRT T & &, HIMEE E LR

i (z2200) & Fq2TdLMovto-5 A0, COWHER—EICER-T

FradLf HEORFBEEL T L Tw5b, Al ORFENA 10z
2212 X FAA2 25 vau TT, 18D autbo-3 kA 1658122
FMusy BREEEICHEH IS,

AR & Fezdu1ov bo-35 OO RT BT S &,

(1) smFhlgseE

FA2TLA I F T B UERIIEEE OB, F-0-F X t

2 hbDAT) Fer FFHL, T YOLwa 4T ONEE
Pk LU h-vL BEER Jodse X YT 3,

(2) Fe2IL13vb0-5
Y& FA12 25 vav @ CRT h#ifge LT
EART BRI, FAMZ 25 vz LD AT F-z (F-f-F i
51bR3), Fa2FU1 dvbo-~5 OARAERH I & U Sl f e 2 2
DEEERETTT 5 LB AR (- A0,
%) HoRMNETD
EHEB, o P-F ua“w T LT B 50 i FEREEED T it
J0556 TS 5w, FERD 1P+ 0Two HlEOSC LS T4
2701 EE XY, X9 ouFutuse KEHAR Foadur BETPER
LTwd, SREEELE M34OM B hs-+e35085 02701 EEHO
R, 220700 TBOM 345 T8 hs—-$45085 02011 SEH C HEM
AR L. DL THEH, FRERERR Lo A®RCX
T EHRTEL, 3. ic M3EM T h5—F+508512
Su ERONBE RS,

UoLwuaEY DR

UoLwya AEY PFL2A

jvcg‘gm

3. F4RrRFTLL arba—-5

WK 16 FA2 27 vay DFERGIH & FHEHRD SodrYod B
DEFEATDH 5 4%, Mtk b 2200 & ORHEIRRHIES LU 7
K2 25 vay & QTR IS O BAEAS F2du1 S50 & LTl
TWed,

Jvho-3 DR 0vw KHET 2 R4 0 TEKC

LIRS E 271020 HIERR

zh, K
Chrbhb, FAREHHEER T

M 345 M JB A5—F+5985 42T LA FER « /AN« (BTE - /B - LU -

TN

R 1. M345M JB H5-%63502 F02TL1 DHEE
Specification of M 345 M color character display system.

PERIEE
oM C R T
KR g~y b
200 m M
KR o N E I

V47 T RN T~ T v K
80 5= X 25 17 (2,000 4, #H 7 )
%250 mm X & 150 mm
B 2.6 mmx # 3.8 mm

XA B (36), mo (46), BH (32) B I4FH
e MR H R FARLAFx vICEDBFy b= b ¥ 22 (IX7)HK
FS EN { 7, &, BHIO 30
o W @ (79 v7) A, MARIRETRE

e (B 8 &R EROWRE ETH L (B Y 7ThE

7 x—=y Ml
BRI (27 Yy b
TuFs ST T ey
BFANT 4 =2 ¥
FGAYRY T 45Ty
BT b
MIFE
7Y vyt

¥ =)
b7 g ¥

BINSFANVRy FaFo9F 49 ¥ Za—rF

g AR
B
ZAv74=F Fax PP Hemy
PR
TvFaiF s py—F
AR v T o P EY S TAN T}

F4ATvA4 27
Faalrd A X
Ta=AF AL 4X
FI—r Av T4
AvIet 4y FraTvA
G4y FY—t

FAv Ayt

® 3. M345M B h5—F+3502 F42F01 DI
M 345 M color character display system.

zmJ0 & OEHIEENE, 25 1vay B INE 2 HEO Auo
Pl BLUEHE 21305 BERAEBREND Y, 2571050 DHEFHH
CHRBIRC dubo-s R IXBNE L WEHDTH D, —H, 25 (vay
HIERDIESE 25(vay T 1 OREAT S TH D, £ x FREIE
B IV 251050 T EHZIEED Auorlud BERH LTV 5,
3.1 FvHAHFEOS Y 2
Fou HlH 0Pwo &,

220y & F42IL1 v bo-> BOERIEE

BT 2 ET 5, 220 ik DMA 5o & Jods6F 2L D
W &L TH Y, DEuLvAl 26 25122 KEEND
1ogaz &, zz0v A JodseFean SR CHEBZEE%TTA S Jod

S6 Fp3L EERE E~F &, YDLwuaAEY & 320w 23 DMA 3430 #E
TS E (T4 5 DMA 330 #65% -F 255, DMA 5431
HE E-F I Wi KR B0 i LMy S35
BEEZAL<H D, 2200 XU UoLwiadE) O ABYHMoL EE
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DELETE | INSORT Pl Fe | F3) ora|oms v | 17| r8 | ro | 0 Fit| iz | F13| F14 | FI5
BACK TAB . -~ PR PR | omrr S
TAB SET soE| O L O 1 OO R NMIT INT | eyeLE
" =2 3 ao b & ( ) =
TAB HOME po12l 13T 4% s 7 18t el o |- i~ ¥ I -
= 7 7 v ol o X7 a 3 7 b o~ -
DISPLAY | FIELD 1. . o1 | )
ERASE | ERASE Q [Wo JE, R T Yo Uy |12 (05 [P |& | ] NL 78 e
A
T l Ay 1s o |Fr o SRR L ; | I-S I  -
2 s 5 ~ % 4 J P [ £
< > ?
< — X 4 N M ) /. 1 2 3
é z 4 \+f ¢ Y v |4 B 3 : T B L X [} 4
SPACE 0

5. 28u8—F F-fi-F

THD,

4.3 F—-K—-F

AR -2 DEBREET FEE LTD Fh~F 28 4 Fu s BRI
BETH 5, 5. 1K 2D #- WHlZR LA asud~FF—fi-F Dl
Irutavt- DHEFD IrvovsvF-ti-F BH Y, F-fi-F Lo
Fo T AR B L T2 T, ThicHiBELA 8Ewk O F45
o50—F RFEEFT 5,

Foifi- K THLE L& F+5050-F & 702701 Jvbo-> %fE i L
T EIdv KEEbh, TCCfEiEhs,

4.4 S bR

AL~ AR E LCEH—D 51 Mo % A 0= T 5 C LA
TE D, Av koA, CRT Wil LoEEoMBEiERT S C
&T, ZOMBREHE Fo2I01 ovbo-5 BHIT 200y Wik E R
%, #0MHR Jodss KW Eh b TED 2256 1K Ko TEix 72

EIRICERETARETS 5,

Standerd keyboard.

5, F4RFLARIEBITOSS A

Faasu1 WE Jodse 3, UEHIEEEE E LTo 2200 IC 2t
7ERTEH Y, F42I01 2vbo-5 HBH LT Frair EEOH
WEF L, WA CHEINDE Jodss B IURIRA,
YK 02576 & LT A~Fozr MK s X CHBS I X - Tl ~ 284k
HBHd, @6 cHHOUK vass A LTIz Jodse
BRERTH, T Fod56 FDOHN F42TL1 KEHBFEBH#T S Jodsa
E LT, AR0—2 @ F-ifi~F, S1by BVEC X D REE»D 5 F-
fi-F A S0d546 &, tuz P bEEERETREZ 2P 5 ZE F-2
WM Sosss B LTBIEEIT 3, Faadu 1 #Ee LToBES
o— & 7. WRT,

5.1 #—s#— FRIEFOS5 A

H D ABIC X o TEREZN, F+5223-F, A-VLFFLR LT 2
F1uavP LA RERBAA, & $+5020-F CHIG LA KO U % 5

Ze—EPFoariO—-i EZX

CCcu

i
afi
~
I
N
=
I;@

CRT

Fa4ARZT

Ty vH

6. iR vo oIy O

M345 M B hs—++5025F 4270 S50 - /N - G - Ak - 1L - Uk

Tz 7R

Block diagram of terminal software.
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BE~Sy FEBERT « Zﬁnﬂ“l‘ﬁ%‘l'z’i

TSR LIRS B A TR
fte 71\ B - B

Fixed Head Magnetic Disk Memory Device

Kamakura Works

Hiroshi Shibuya - Noboru Higashiyama - Toshio Hashimoto

Masaru Sasaki » Hiroshi Kishi

With the progress of electronic computors, the fixed head magnetic disk memory device as a random access memory that is a part

of the periphery devices has evidenced remarkable innovation of technique.

On the part of Mitsubishi several kinds of fixed head

magnetic disk memory devices have been developed and produced for the present. while new types. M 814 and M 824, of high bit

density, high capacity and high reliability have been developed and put into practical use for MELCOM-80 and MELCOM-70.

This article describes the outlines of these new types and technical problems posed in their development.

L & & #° &

WEHHANEESIR, soov ol e b, Zofil)aEy &L
T, KR sude motasey OFEERMLo0H 5,

MAlCr, civEC MELCOM-80 3,y-3 N, 4R35 #€9 %
U e LT, MELCOM-70 JJl, OEM <_2 o4 iHl % & 55
5 N b SR Fa20 AR L, 5 THo g
Twnd, A& LICE b B, AR, SEEEE - 25
T M8l4, MB24 #BHft L, coTl, B vl B ERFa0
RO, WACOWTHERL, Tt BEEZHEES
7o W ORI OTE R E O b, ke - TN R, I U#E
KAl OBZE, & bl o i, AIEBoR G Dw

Tl 25,

2. BEE~y VEIBST 1 R 7%KE

B A P R F a0 BHONBIZR 2. KR L, DR o3
D REFE D CHRIHT 5,

2.1 E&E~vF

T DMROEE A F I, 5wy T AP EF L, 5D AuF
HDD 2514 WCE E DR LFFeIL TH D,

2514 &, F420 BEEET 23 & BKOHITES 2 Hhilkic X hiF
LT3, 2514 WCRFHN 2 G2 200@RMHEAS 2, Tk, 2

1. M 814 7€ Aw |

HIRER, F20 HEHE
M 814 fixed head mag-
netic disk device.

20 W AwF
Magnetic head.

* SRETVERT

514 1% Vo RO EHERNT Ao F BMHRCHFENTE Y, TH
ERCEIMESENED -, 2514 0ZT 5ZHINCEf Lix
WMIETH 2518 KMA BT ERTED, Fa20 2EMEELICHT S
&, 239418 Fa0 & 2~3 2000 @ 17¥ewT T o TEEICIT
B2, Aot @GR J546°C, PRI, Bl Tw L
5 %cﬁr;i%%;)J[x;;;:aa}j@é%vcuwo S ~wF D a7 i’f AR IVITH ATV
BT, ERETERC B CEBER OB SR D57 2T
wh,

2.2 WERE

WSRO F 1T,
BaEcEThEhEsg
I LB EE T WD, ch T > & TREEE T Co
-P Tk - EHR T, & HICED S LI IHH sos DR - %
BLCTH B, Do TR TOABEEL D bRERECHER, ¥4

YL, EEEUTEL swT EHoll

5mm 50D

BHIC,

205 mm, 305 mm, JF¥ 3mm,

IR OMH S D1Ed, Surst, FEHEDRHECER TN TA
BT, BE Aol i, BRI X BRL, M fewd B
ERRFC & 2,
2.3 ERENERE

T DWEROWE AwF X, Jvask aa-t HFREFHAL T, &
Bl - 4 pERRENER I, BRI A P 2RI L Tr B DT,

BRFHIEERL, T-a % EIRFRC—E ENERCE RT3 2 C &, (FILE
CEHEEZINA T, -2 € FL—+ BRZFHL, ~of &EZHY
oo BERRRT - 4T 2 BB R o TV 5, T
FHafb et FHEL TS,

B Fao DE

3. WE AwF DOFE 4. B
Floating of the magnetic head.

Driving circuit.
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3. M81l4, M824 otk

Ak, B HEEE T EThE& L, 210RK T, COBR Fa2

o .

BEgh £-4 1€ X b EE-culiid 5

%= 1. fhE (M8l4,

M 824)

Specifications (M 814, M 824)

OB i S Ao

m,‘fk 5 M 8l4 M 824
% mm 256 ¢ 354 ¢
mm 260 245
i kg 13 &)
H i3 [0S 2/1 2/1
MoK MK M o OE B mm 205 ¢ 305¢
P 7oy o2 B B 64 64
v F o~y F (2T 5 5
B~y ¥ IR 2R BFS wH 10010 10010
B ER A WH mA | 190:£100%) 190:£100%)
B LRIE mV S Sk
f - 5 W it % 50 Bk 50 Bl
Y lEom oz B % | 704k 70 Bl 1
SIN 5 5
ot A #OE A R €y b 1,065,600 2,128,000
OETOM N5, s wE Yt 16,650 33,250
[CE - 214 BPI 1,430 1,460
= e e it
EE S s m TPI 20 20
b3 x ms 20 40
FreREL A T 12 ms 10 20
m} (13 o4 rpm 3,000 1,500
T JERDE Y key /B 870 870
ACI00V£I0%
w oW I DC+35 V:':§ %,u T5A
DC+24 VE10%, 05A
DC—12V£10%, 02A
iR I °C 5~40 5~ 40
N i B % 40~90 40~50
[
S & 10:0.5G LT | 10:0.5G BT
o 7 G 5 5

ANAYE Tz~ A

AC 11 -
T - RIEIES

AC 12 Exh[e)is

ACN 1

ACN?2

PMDL

PGND 5SEC

|DELAY

FEELAZEDT, HAul 3, BTz EEICHBENL Al
BER 202 d1A=F, U=-FF7ud, >Ttrud BT, 130z WHEK
INTW3E, X, EEREEEE, K5 REND XS a169-FuR
Kk, v-2 2EH, #kd 5,

¥ 2. fLEE (BRahinlig)

Specifications (driving circuit).

‘k T—— . Bt M 814 M 824
W i T
s i AC100 V10 %5
(REFR)
AC100V£10%
(=4 5 F80)
#® ®B  w M B ST SLUTF
e i i il B 25 BT 25 PIF
®o®n " A 0BT 15 BF
£ F & & A LSBT 25 BT
T v F o ¥ uF 160V 100 160V 100
EfHFa v T vy uF 200V 7 200V 20
ON’ OFTF
7= 24 5 F] 1
AV S 1
HlEh
—

5. ERBHEEED v-Tru2

Sequence of drive circuit.

Yha4vy 2 7z~2

NMDL

NGND

READ } ,
READ ENABLE CONT- L i READY INDICATOR
WRITE PROT 2 W-PROT MBUER T 4 2 7 £8
TRA |
WRITE PROT 1 CONTROL| | HD G——— |5 _3\0(: m’)\
WRITE PROTECTED
DWP™ - Dwa TIMING
(P | \@~4M)}T§;§“Fj§% DECO- READY
; WRITE DER
WRITE ENABLE | cont-| |1 |w (g D(’;?_, " SECTOR
WRITE DATA ROL. L / — READ DATA
- R
HEAD ~SEL32 X DWAIN G- 1DWA I " DECO- FAD CLOCK
’ SEL T (P) |- (M) EE DER
O —l §' d fo-‘_. DRA { ﬁ 1
[ o (P) T '
HEAD—SEL 16 o -
HEAD—SEL 8 Ll (xéO) _____ x
HEAD—SEL 4 [ y0 . )
oy
HEAD—SEL 2 ; Y— Y30 R H}OT‘ : I~RO1 ECT
HEAD~SEL 1 ! SEL y / SEL : S,I;LEC’I‘
UNIT —SEL 4 T 731 O WoOIWRITE
UNIT—SEL 2 ! { N , D\)&’A.DAL\ WRITE AMP
SRE
UNIT~SEL 1 ! | S ——— (P) . (PRE AMP)
proTECT Lol 11l ] e e ; DWA : DATA WRITE AMP
+24V (M) (MAIN AMP)
+ 5V x1 TRA : TIMING READ AMP(20{%)
—12v UNIT- RS :READ SWITCH
+5V (IF) SEL DRA : DATA READ AMP(20f8)
GND —_ LD :LAMP DRIVER
6. AleE 1oa22-2 Input output and interface.
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4 AHhEA 97~

[ 6. B DE MEE
4.1 EEI)_ T -

D3F/rOARDY,

—-25-F I, 3T 7-2,

BHECONTH,
PRI 72 R L,

B Lo THREHES
XLLTHEDK

FRTCI, 21300 e 7

w12 IR7 %,

B KT TR T

R
DB OB 7T 1,

ARSI CEESE T B L RS D B,

4.2 S4»

2, TTL-IC %L, Mk

FZAR/ 5401y —<

COBHED 1varz-2 1,
ToFs A, A=JvaLos h-TE Y,
L EREEE, Tk 5ToLy-A D aufiL-2 Kl eaF)oz B
kAR LA TwE, B 7. K%

FRgE IC (TTL) LA, ¢

BE r-JL, 8% r-JL, 7-257-J1
BIE r—Ju ik, ZHER, ERERESY, 7
x5 (@ 7285 5,
TEERMRR R A Lo R b X e, %
BRI E Sk 7-2 BE2SHLT, KHR
g LTw 3, AMRBoESh L-T 25ih 5 o
BlEETH b, 7-25-T & 1oE-4uz &/
CEEHORWRW RS E S BAHTHE, &
3 FRE Ry &,
)-F7-2, 2122FY-F F&
Wb, FAEMEESEEE LD & B, Frao Ak Mo 7-2

, T=LF

ERE voo LTHEE LN

ogfﬁzmblto
16C . Vs ATy FTER
TV TR 7 T
e e R
-gj i_’»ﬂ‘_! ‘ :

|

i

!
L@') !‘(54‘/w/~/\'§ ‘E‘ {

) UNIT (O UNIT () |
ne A8z b
SALF-FA{rET-R
I¢’C ar. 1
+5V - - — e ]
_ﬁ Pr fk’_”"l i e |
! o | Rl
| I unir (o) | bt @

IgC = F4 R4 % 72—

. ]
B
&

UNIT (2)

=
I

UNIT (0)

ntIEABT=Z oy b

VR

X 70y 4r2 Tz—2A

I+5V
VA ATy FTER | #Rm
- & T —-/¢ - s J
[ T RN
i |

+5vV

UNIT (%)

UNIT (0)

T4 A7=1¢CAr T 2—-2

7. 31uFSIA/ STuLu-A
Line driver /line reciver.

BE o # BR F2o Rk -

R -

TR 7 N N

Fr O AT
BAaERL T

CHhoTnd, 5

4.3 AHHPEES
RO 17w beLot BB, 3FED 1uz7z-251v (243
Ewl) %5, F422 3ut0-5 P bOEFLC LI VRASAD F120
DnThhlBEEIRTE 3,

Ao FELoE I, S EED fua7z-251y (2S5 EWH) T,
30 h0-5 B LDI/HI LY, F420 WED Awl Lot 2hYo2 D32
FlowTFhp—D2RIRT 5, BIRINA Al D toazsI i, 0
Ve, s1t7od poDBMEXZ I~F707 2> LD 172 B
ZFERAL, FRINARC A0F D toased X +24VERD, 17
—F 2 72 T 5,

JowotLok i, 14D fuarz-251v (2#L1 L) T, Jvto
S LDBHL LY Awl Lot o2 D 32y BiLD 2 J0w2
KERINTWS sTtrud (ExI 1-F707) BEREN S,

ST EBIE, Jvto-5» b btk STIF-2 FHPL L, Al iC
s+ EREMRL, BRSMERILEE 5,

4.4 F—&Y— FROTE

(1) y—FafyF [

J—F21wF [T, —HD 7F0d B85 F~+ CHE 8. K £ D W%
Ft. Mt GIDANL, 23 “H” iKhdE, tsuvzazXe
EA2, #0e & GIDANERF “L” &Y, Pz X du
B Xp 24D O, +24V »5R301 %3, R305-D301
—R 313 (R 306—D 302->R 314) B amin, D301, D302
RIEHEC SAq72 35, D301, D302 88l 3 5 &, %F 22,
B2 ICHAIN TV S U-F U3 2 LDFEERG8 D A1uruT €
Mz bhd, 50922 X R A0 THERHHL+24V b R302 28
3 M2 Bk X wfihid s, — D301, D302 % L < 3
JA72 B X b R313, D314 & A4A4-F o asERME &
Zrwdic, D303, D304 g Arra &2 &b, T 23, S30EER
G3ap Ahicma b,

(2) Y=Fafurvd & €oo0a 2 1oF [EE
Y—F2fws MgEEE- 2 EBERR 9. OEKT,
BENAtt AMoFud BT A2 CEHRIN D,

#EFoEKER 10. CFRT,

ANEER, M10. 00T EHEHTH L. c0FE% C302
&R315 (C303 & R316) CTHIM & 2T MR CHEBERT 5 &

F420

BiE oIRIE i

C303 - 2

'}—!'f’) »TEn

R316 {300

X b S W = 2
R302 o R315 G

o N .
)3 { c302

22 N
Y—-R7YyFy

%
Voo

R301L

52

+24V

Y- Fatos E

Read switch circuit.

X 8.
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YK AL TS favsr -3 +5V
C303 R318 . R324 | %RV303
meov IE)Y [ D310 B33
R314 R3i6 \L jR32 | [ 317
AH 3 304 G8 ]ty C307F | 5

Rt m z T e E8

iR3s | ) R321R323 | F8 3 {>C -
P — ‘ i — o in7

€302 Rr3a17 ! “‘ —6

f C3l4  +5V

S sl — ‘ T READ DATA
v R3IME 3R3® . Slhe 2 8 P
= | B 11337% A0 '

132 o= e F¢_i>w__._.~ 13— 1,
Doc&s r C316 - Vg | 7] ne pik |
E8  pasm 35 =g 1

! R335 ES S READ DATA
[N,
1 5{>% = 7 (NRZ)

9. J=Faturud & toooz A1»F [EEE
Main read amplifier and zero cross switch circuit.

READ CLOCK
0 1 0 1 1 01 1 0

ATHES /\/\/\/\/\/\/\/\ 11, y—FF-553-4 [l
(a) Read decorder circuit,
RV RN A VAR VAVANSYAV AV

n
g8—1 C C c DcC c prepre cCDCc'nc
=100 beed L Ll L L LT £8—3

2RSS A NV WS W VN VS W U N—— =4

LI
E8=2 UL LU UL LU L Ds—3 m M.t 11
0 4] 1 Q 1 ’1 0 1 1 0 ng—8 Ll L U
10. %o BERY ~ e e e E e
Wave forms of each of parts. EXCORCHMNNN Jy SN WSS 2SNy 2 O :
C7—13
G8-1(7) it 3, G8-2 i A Bk IBIE G8-1 @hw Fa C7~8 f I

12, y—FFo-sdafzyiFe—b
Read decorder timing chart.

LD EELTH b, G8-1 (G8-2) migh
THE 2T F8-12 (F8-5) ~{li#pan s, F8 i1,
WovAL—a (CEIEHEE) € [2~13 18 (5~ 6B R %

AYTF o 22 2802
J 1 @ eResH]

mV BES 5 &, HOBECE 1) BT atwF T BEKTH 5, for T — ) :
4.5 Y~F¥F—% Fa-5 (FDEHADK DO €7y I ] U M
Fo-4 DEHIEZE 11. 1, 20 21205%e—F ¥E 12. (5 s <o s - o 56—
o Sy rER ‘
t0002 21wTud Lk, WHERAfEES (E8-4) i D7- S xi— b [N v
SICAB, “C” ol LT\ ) ClE E8-3 piE st D8-12 o / —
AY, ZDEHR H UL KB D, Lisb T ) o~ B e sERaT - G2
E, E7 0 ovvawb I MA ERTHANRDT L7 TH 2, o PTER v
T, D86 “H”, D8-11 “L”, D8-8 “H” mifkfigT D8-3 ;% “L” BERAr R L

1
ERY, 2UsTo0uT BEEEED, WoT D733 “HY, D75 sl LALLM L

yncf Foz G2

L E7H pyf EhtwnwhnoT *H whoatTtsh, E8-4 p{Eh
HE7-S (i Eh 2, EVHEBOLTHIT tyf dhdocC
Apzick by, E7-13 “L” a5, #hwi, E7-128 0

B2 D750 - @HC bR S, YED X5 REBEEC b7 ZER +
E9, D7 G-zfwa) & C” (gowoin) BDEEL, #0 F-z ”ift’fhl
st LT
Az % NRZ (NON-RETURN TO ZERO) #5#i2, (7 T —
. . ) AHHLT -2 =
4.6 44 35Y~ FROBE BatLooy s
(1) afzudU-Frud & Poran 2T [illk I
" i e By SR Y I
AERRICDWTE, [ 8. 2T D0 THIET 5,
BABLr - Lus ~ I
(2) atzud (HIM0E%
- L e Ty TN
ik, 13. DIE|H & [F—TdH 55 NRZ 'ﬂ‘:h’ 2 [ i‘é(iﬁl/‘ w7 10/157‘?’0 0,1,10101100 000
YRR 4. 5 S A B E Rz, pesLT e I ]
- o
(3) to2 1uFvoad S FABL 2Dy 2 Ty
gk L s ) ] i
T afzd GWEIENE, 1Hge2% L0 1vFwoa9 13. afzudy—f Zo@E
~0 B Aoz e LTHD IS 3131, eos fET D 2 Operation of read timing.
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Computor Control of Unmanned Ocean Space Robot

Central Research Laboratory  Yoshikazu Kotera « Shinji Araya - Shoichi Takeda

This unmanned underwater vehicle is equipped with a minicomputor and moves automatically on a specified measuring schedule
and collects data of the ocean.

This computor processes the on-line data on vehicle dynamics for the attitude and course control, supervises sonic communication
and data recording devices, and also has diagnostic functions against hardware failures and accidental troubles.

In this paper, we report on the processing methods of position and vehicle dynamics data, especially, the filtering and estimation
~prediction algorithm of noisy data and the control command program for measuring mission in a specified pattern.

Some of simulation results are also presented to verify the proposed algorithms,
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Mathematical model of OSR-H in yawing plane. Allocation of transponders and position coordinates.
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Control System for Magnetic Levitation Vehicles

Head Office Akira Shirashoji
Takao Mutd - Seishird Ota

itami Works

Tor the purposes of study and development of super-high speed railways, a test device of magnetic levitation vehicles has been

constructed in the yard of the railway engineering laboratory and opened to the public as a part of the commemoration of a hundred

year anniversary of J. N. R.

The test device is in such a system as io propel magnetic levitated vehicles by means of primary linear motors (LIM) set up on

the ground. Each LIM is fed with power from a thyristor power supply arrangement. There is a control system with which the

vehicles are made to run automatically by a predetermined pattern by changing over the LIM assigned to the power feeding objective

corresponding to the position of vehicle and by controlling the propulsion which varies sharply with the change of running resistance.

This article describes this control system.
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