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Observation Picture of Vibrating State of Speaker Cone by means of Holography

By making use of new technique “Holography” based on laser application. observation has been made on the
Vibrating state of a representative speaker of Mitsubishi TW-25 (Twitter, 5 cm caliber).

A picture has been made available as illustrated. With helium-neon laser light (wavelength A;=0.6328 um, red) a
hologram of the vibrating cone has been made (stereoscopic information of an object is recorded on one photographic
plate). When tbis picture is subjected to argon-ion laser light (wavelength A=0.4880 am, blue), an image of the cone
is reproduced. Each stripe is an equi-amplitude line of vibration. Difference of one stripe corresponds about Ai/4
(about 0.16 wm) as a vibration amplitude. This picture shows the devided vibrating state in a high frequency range.
It distinctly shows miinute changes depending on a place and helps to observe the distribution of amplitudes all over the
cone at a glance.




' ZETEREH, 77X}

77 b

UDGC 621.314.63: 621.314.5
AACHEEE LB IIR2S
KEFk— ol % - ANEFS - ZH—Z
=2 TR Vol 45. No.6- P683~689

EST

ERREL 2RI L 4 ) A7 EE ST, FREI R
DLOFRETEIHBICECEY), ezl Ttoniary ez MET S
DR L CORKROMETH S .

LA TR, TORYIOMICEREDB B, BER ERSELEM Y v 2 NICL
L 22ihed - MBI IS & BT0kV BAVE A ) AZ ST oBR IR L,
ZORBBEWM 2 L7z, 2T, MR & L CIRAERIREIE L O L4
&me#4uzymm%%or&mwaé.$i?@,Hm-
B REIfR E A b, T O DN T OREARER, ET, SIER R,
EESIVER, SEuL Y 3, BLURBEECIOWTEL TS,

}()k{';fl.}n [

UDC 621.375.4

EBRE SRS o —
HFE—HR - BB =R

=ZH BRI Vol 45. No. 6 P708~711

SETRTE L SRR A 2 v — (DAMS) R&—AFET & R— NV AEZEW
MFET 52Nt Y Ay LERLLEAETT, T/ Vv I CEFY
LodkiE% LTwa . £ FIEDAMS % 3IEIE L 22568, BARE TV
kG, APHIRIE S0, SVERE, BRI HT 2 ERBER S E IV RES LT
Db o 72, DAMSIEEFHHER S 2 v I3 RHIENEBR OB IT T/ S 420
%, EEBEA VI 2B L URRFHCHMEZ L 0L EORES D ENT
FEEMBEAAAL v FHbviEHallE— 7 F~DHICHL T b

O

UDC 629.783: 62-524
ATHEHHHERNQT &

THEA T - A - REHRE
=Z%THFEB Vol 45. No. 6- P690~ 696

ATHRD &I BWAEY AT £ OBIEOFEE =51 % QT (Qualification
Test) DIEH 2 WHEIZT 5 LEED M E - T b, 2 Z T, ATTHUESARIG
ZOWFEEHMELT, QT7F—2 ka8 7> 27 28T odHiE: S
SO LHITRENE & LTLEL L % BB, BH~n7 4 —
oSy 7 ZiREESGLIE, QT F— 2o e T ol h
LR ELDNT, TNETHOHENY —XL 2475\, BREF LN H
PEMLLC e, BUL CREFIET — 2 MR TH 525, [l a1

T, ANEHER SR Q T2 LZEZS, ©DohDBR

UDC 534.83: 621.822.7
IWEEMSOSHES
v S I A9 | R
=HBIFIRVol-456.No.6-P712~719

TR EST CRlET 5 TME o 512, RS OB EE TR0 8y » ek
T3, :@E?‘ﬁ:liﬂgm"iﬁ"}ﬁhbfL%?Efi\ﬁﬁc@-%ﬁmmn*ﬁk/JfL’CﬂC“(

T AR H 5. Lizdis THAIICERL, Rihds bRk § 2 BE oK e
H> CTBL I EHFTVEDTHD.

Y EoRisd bANEESSY, 3 TARERBE, AT R MRS & ARk
P 2T B AOEBRENIC BT 2B O D 2RI IRET L 2.
IRz LY, ZOooEN Ko FE Vv R E R 5T L, ThE
DEFI VN S H RO ko TELT B2 &, ARME OO
FHE AT & 7 VREA T Q D E AT A PRI OM O BERHES L
I T E S D EIRLA.

HAEERATEL L,

UDC 681.142.04: 164: 621.318

F S M FugpssE H%uﬂ BEE

FRIGIT - T R ol R A 1%

= TEFER Vol 45. No, 8- P697 ~703

- e bR B - SRR - PR I

WTEREA =Y — e IR LBk s oL, Belizo
FHEASTELIT AT — 120 b» TR A Y —, ik 2y —
DHHEN TS, PR A T Y — DRFAH: L A & s, R 2R T
HTOFEERRBOH THFTHY, EHE D R 2 £ ) — 9
HF B Ekz v,

A RIS N AL D E LCTAX 22—, HD5A, ERE<H
WRFEATTIE, ZiLE Lo CHOHRY Ll MM £ € )~ S LOH444F 12 Fine Striped
Memory{FSM) % F# L 7=, At cl R o TR

2D FSMo
BB ZIT 2, T FERE L 4 a5 L PEROAE) T L
—v &ML, FSM®

UDC 621.565.923: 678.664
BEEARENRSRAWE Y L 22 7 4 — L WS
HUATTHERK « FLFREE - W - 3 - PR ER
=ZETHTEERVol 45.No.6-P720~726

7ayy AERBEHETAEN T V2 v T x—b0E, BIBEERENT T Ay
NN THD EZDHD L, WHEOMBMICET L 2%E, X+ YA v o
BEELACERREANC 7 ), MNARZ R R2 e 50T, kELA ) v FiIT
&a.zt,M%ﬁ&#ﬂ%?&a:an:mﬂﬂm%ﬁm~ov,%mtm
Wisdt DM AAL TR QLT E, Iz CEHBIPEE P RKEZWD T, X2 E
v boTSAF v 2 bE L REIZL 2.

AT, TOFMEEHATBICHRD, SRR ARG & R
B2 BRI R O AL S T TR

s

)

BERES L OB T WS T 5.
UDC 621.318:669.018.58

HIEERHMESEFNC (Fe-Ni-Cu)
HREBE - KRB
=ETHFIRV0l-45.No. 6- P704~707

Fe-Ni-Cufd (Ni12~20%, Cud~T7%) D#AEE L ek ML,
FtERR & LC, {REE S He 20~80 Oe, F W MR EHEBr10~~18kG, fJ2ILBr
/Baao 90% L LRSS 2 R L. Zoa& R iEk o it A
Fez %y, VELHEAIHE R OEN b5 il L LTEE s h,
FEREMNMT2E YT L CGEIMTIA TE, BOAERES o8kl % & icf]
B, SEITREcEIMbears 2 2B ThD.

O

UDC 621.791.754: 621.9.048
BESHRICHTHTIGHRET—
ARG - BSE 55
=EEH Vol 45.No.6-P727~735

""" SRLSEIE B 5 v LA 2 SR MR 2T s hko—2 & LT,
TijﬁX&E%ﬁKLtﬁ%@¢fﬂG7 M RAT YR ) FkA D B
ZOWESACRIEN R SRS &, BREIETI 7~7&;Dﬂ&ﬁﬁ<@
BRI BIRRORIE N D LLNEZ 2R L, ZoRKEIHT RNV —
FHRECH ), ZOLANF—pEEROREI AT -2 TLI LR
P B
COREEKEMERICE > THET2 X0 ANX —EERILICH (X
D, L2y {EER TRES RHOE—~RA VI LLFELLRELS B BNT,
INEHEHEFBOTIT Y 7, B, AL & UTER L E WY
TICIBHEL ) 2 2 2 %h oz,

I DEBIMIA~DBH

_@77xb7ybﬁ~ki TEA—F (A7 Z2E3120m) ~INEY LCIRBER=2T 844 X

> TENET.



— L BEIRIXFR] / /A AT 7/ T

.

¥

:; UDC 541.68: 539.2 UDC 621.316.57

| TREFCBIEONFHOME: H T 2AEBRS BRAF/ —ba—XL o Widk R —X

‘i HWAE— - BARS FABH] - BER T - AT - BTHEE

1 =ZEBRIBVol 45.No. 6 P736~739 ZFER IRVl 45. No. 6-P757~761

|

} SIS T OWE LT 2 OMOBIEE ) X RT3 2 2 B L BB ORI & 2 REISEHTER DM 3 U o WiERT v 7,
1T, BREEATORTRLE CEHE TV 3285 VY RIEIE D Wi WMEAFNGESHE LTI Lo o ERiEon L, RTRHE R - 43D
'{ SENED B 4 B RIBAE 2L, U LA T BRI D v TH BRIk BN - B D SRS SIS TH 2 ) —k 2 — X Lo i
i

| RO Rt 2 b s 2 A RO SRR ITIER LV 2, MO WEERINTOL, SALOBIARZLL LD, A - WL v Wi - 7
i Pmﬂmtkvlmmwwﬁ%iﬁyfé.:@:t#é% FoB Y LR BFEOWRTE, — L a— X L2 WifiR 3 ) —X(100A7 L —24~ 800 A7 b
E{ AR RS S22 Th o r VB ND . —4) EHRLZOT, ZORE AR - HEE - BRI L < WitkhE - B .
{

l HEARENRISIE 2 13, M S oy » » L Ic o &T 2 HARF =V HERADBRIZI2WTENT 5.

1 SR EN R Tl

MG ~TET L, T80 Q S AT 7 28]

HiEEhsd,

O

UDGC 621,382: 533,95

FEGERBAROME BT 5 HR TS5 AvHMO wH
RS - S - BT

ZZETHF Vol 45, No. 6: P740~745

RHARER OB O WG B W CEREROEM A LT W B, HiER
EEE oML 2 :,iﬁ”%%ﬂé*WﬂﬁﬁﬁkLT#X7§X?ﬁE
Hafitwva, oz, PRk o EmHe, Q5HEEHS
TA T OkRd, (PEIRS & UHERIREIE ORZEL, @PEER Y 2o F TR O
MILZEDTR e AREHTE22, TNLOHMEINULBYZ 75 X+ %2
BEBLEFSHD . 2 TRERO TR LR RN, FATT XD
Wfﬂ%ﬂﬁmh_LN,Aﬁ,;@ﬁmﬁéb SHERT B HHREL AT

b WS T <:>%%ﬁﬁ&ot.

UDC 621.316.57
/—Ea—RL » RO TREER
P R

ZZEHHIRVol 45.No. 6 P762~766

b a—A Lol R AL, ZRMLT 3200, BIRD (ST EAE M
ZRUH, WHEHESHHHHEEE T, /-t a—Z s o fBEgEo
ERABIL TR, ALTR/ —ba—ZX L2 MiOMRERO R T, BHA
A v, MWAL vF, FRETS BT UEE, TEV 2R3 LHE, L
BiEgEa r, EAFOREN LR A e I o n T, ThEMEE
DB~ 7y A EEE L L BbN2 T~ 2B/,

O

UDC 621.316.57
/—Ea—XL v FEORINE M
FES IR - AR JRIE T

=ZEBIRHERVol 45.No. 6: P749~752

UDC 621.316.57:621.316.545

J—k 32— XL 3 & BRAMROHHA
WP 5T

=EBRFHR Vol 45, No. 6-P767~773

/T XLk, DA S TRIRNIS RS04 7 V- A J=a=x Lo Wi B L IERII R A A b 2 LTI 2 37 — Al — 1)
] TRIEL 0 RATH B, LRENOBHE e £ s L (aL. # IR IE BT 2O EDDTHEN LA LGS D ) — a2 L v Wi
j %mcﬁﬁ$LT§tA%K%Mﬁ.mkt*'X”ngﬂw NF3200 A7 ROPIE T 57, ArE T
4 THRIER I 5 Ty, ke Lo Wi, RN £ L 2l R A D L SPRE TG 2D
o MR LW AL C AL, L LB SGRITtE v, BAGEMm I 2 5 VAT L ELT Z ARG AT K [HIRE
:i EREAL IR R A T (B & X BT, Lo BioA T 2 BNk et - il TH Y, ALTE MY L TH AU ERML, PoNFIEL < it
i EganT, IVEVLLIHY D255, BT e T IR AT RN, OMELM
! ZIi/—ba—ZALw Q R DB, % B U1z UL WSO Lz Lze. Q

i IZDWTih~ 3,

i§

| UDC 621.316.57 UDC 621.316.57

| NF3200%/—k2—X L o B AAba—XfFEL el NFUR

| FIEEEE - BAIER AR — - digifede - B 30%

| SHWREHVOI 45. No. 6 P753~756 =HWRKMVOI-45.No.6-P774~ 778

il

} IRIEAR L o i D—FHz 2~ ¥ r —AF 4 7D — bk a— A L2 Withh* WL B PILTED, ¥aA T35 4R
} HBH, EOREEHIMAE A PR CHEE ST WL b, —HNABC X M O 'i“ﬁm'*~<wdtiﬁzﬁivm<xvx“
:{ DB TEBE IS, LALKAERIEL DO, B Fr— 20K 2. S0k BT, HBHBAA L2 - AT E L WIBRNF UEZ 5
i BEMAH LB L, METE=A Fr—AXBMEHET sy, FH #wlzz,

1 AEAHILL, TOERIE2500 AN TLy ARLTWR, SRl o USRS, NS ATBIBREET hAta—R" A sk
:; Breid, 24Ei2 5 3,000 A O/t a— A LxsWiBoWesiTa> Tk LD, kB GHOBERE, ALoWiiENB I Ly lﬂiiﬁ@]‘ﬁf!E)—l@@}iégf;‘g
*} 727, ZZi2 NF32008% LT3,200AN/ —ka—7% L MilOREE1F% LRy D Th D, SiL b OMGEREIE, IEH IR ORI 5
j S 2DT, TOHEE RN T3, 555 ABBR TIHEREXD ) — LRIz, EORetts & <:>U&%%ﬁ@ﬂk¢m1é”&fnkié
!; Ea—ZX LM Tshs, L0, s Al s Lo Widkis, oozl TH
J RENLLNTHB.

b

} SOTTALIZ b A— KR, T —F (AT £203127mm) ~Y YD) LTIHMN 22T 594 XiRZ>THE ) FT.



3 | J— e R - e

! =B,y S 7 APrT7I)

f

fl  UDC 621.316.923 UDC 621.816.57

| KAk a—X—ABEERRART — O MR EEERENREL » MiBOER E02. 30MES
PRI - ARSI MmBE— R L - nkE g PoE W iAREE . -

| ZEFEHW Vol - 45.No.6-P779~ 784 ZE TRVl 45.No. 6- P797~801

|

J KA 2 =R bHWDE - 72 A LW N R0 THERET B 5tz R RHEPLES 0 2 — 2 & U CREBRE o SRR U s Mg

% WL e, O H5E - A Sz owTiidllzoxtinTh b 7a—XTw 7ENTERD, AT 2T CE e {ERk 3

| oRAL 2R A E LTaBT Py s iivg i, —Eosisii F2nz., —FABOBE T 2 BB LIRE L 2 Wi oS RE R

;, BB AN X —EALZL S Y-z 2T, F Y2 I, 3MAREDHIENL OV EREIND, oL I LHEENREL i

)!' AL, ST RIS 2 28z R 24 2 4 » 7 4N CEBRMAL2BACRE LY B MES 2H L 2 LR 2

:; o T, WHANC VR L2 e2—XTHY, Iz 2z,

f HRCRB TR L3O TH 5.,

O O

]

1

L

'<

I UDC 621.316.923 UDC 621.311.161:621.316

e e e T R o T I e, 5 S s, oo e e I

ﬂXEJ—XmﬁEHﬂwm7wﬁUﬁEﬁ
filk - FHIED - VeKE R
z%%'-@%%ﬁﬁvm%. No. 6-P785~789

KA a—ROhE L, Tod ) SRR CEREINIOTIALD
R BEMOMRIZE R 22 85 »EBE L2,

Liquid-Metals Handbook % X ffiffi® & X 12, 27 v v 2, 44 Ktk
RERMELTF P Y v Lk

R L, AV, TURE, PRI B,

MoRBE bR TwaL D%, HFE-IFL
7Y 77 L OIEENHT B BNaK iz

¥

BILEREEBD HFREAR
B W - BB HE— - (WIEARSR - AT
=B Vol 45. No. 6-P805~ 810

BROBEKREHIRRZLREFT 22 L1, 25— 2 v} WREWE

T, SEE Lo, PR 2L RN

Dy 2= A0 o 2HETE. CokoREEBIESEO 7o v 2 om0
L, Sith 7wy WMEWHkLEBEL L OMARER THRT 2, Yokl lio
FzWEAL ., ZoRAR L R R R 2 L, 2o

BPABOE M X (zvytuy=l a7 A—7XE7FI47F) MER EFNER LR, RBLTHEEZREL 2, 27, TFLRERSWTT
PP, BEOR D L 2 VIR & B RIS & ) R BT T e T L 2 ‘
O O
L UDGC 621.316.57 UDC 621.311.161: 621.316
{VRFL H—Fy b TL—HEROH iﬁ%ﬁ&ﬁ“@%ﬁmsmvﬁﬁb+£ﬁ
DO - A - SR SRAREE  SRIFE IR - P e HE - LIRS
: =TS EHVol- 45. No. 6+ P790~793 KTHIE « BWAE= - “Jiﬂm {ZR R
! ‘ =B Vol 45.No. 6:-P811~ 816
i TR A TE LM A A LB E B I Liiaatn, TlaiR$L
K FEE AT & ) M D Ml IR T &, MNEH oML D L o Wi T 2 HR1E HORIET) & 2R &3, AR ONI, JASFE Rk % LIS o geEN
;Z FLOF LWL o WEROBIR A 5o T B2, MR b — 2 MEHNETAMREREHORFARE L2 T TH TV 4EFRARIC L &
L FTHIEILLY, BHROER AWML T D L o M Systems Circuit DT, 500k V SRBEEE~ ORI 2 LT, 66kV ’%H‘Af{*‘&m Bz =
E Breaker (S.C.B.) #M%L 7%, RIH L, 19704F12 A HERCE T2 iERT o 3 L2, AR BN
} S.C.B. ORIz k), WAHRKDRIUES & 07— 7 12 & 5 (RIERE B EERBLOT, HMALERLT, 27, WREER, ¥4) 2
}u DR L AL, BN BRI L s b LB C EH LR E I, JERULE RIS OIEE B o S E AT E R
1 RIS & OB D g, RPEEAHE, ABGER, R, JE
% Q R FR% PR OB % T o EAMEREN, REHISHRE
L WOFERZ B2 %5 FE TH3.
[ UDC 621.316.57
| ABTEIES L v B3
o
; =ZEBHA| Vol 45.No. 6:P794~ 796
§ WEBH DG S 2 5 500 Lo Wiz T 2R SRR TH 22, 1
{i iz CoE N RSB T E LT, # L CABRBAUP L » i
[ FERL2OTHEATE, SOABEL W, MEENGS, Bable
2 RSN E— U Fr—22MbRTs ), &b Ly it LT, A
b TR 2 TH D
i,, 7 U— L1:400A, 6004, 5 & tB00AT, WABI FIRk s, SEAATEIE280% 4 1 160
xR THEETES, 600A L X UB00A 7 v — ARBIIIFE] E 12T LA
I T&, NFBLo@iRlLa Q CELT AN O
|
|

I kA —F (A7 27220312%mm) ~D

Y LTIRM 2272



UDC 621. 314. 63 : 621. 314. 5

M- HRBEICLIENBTS I RISENLT

KB g % BB

Oil-Cooled OQil-immersed HV-DC Thyristor Valves

Central Reserch Laboratory

for Outdoor Installation

Eiichi OHNO - Hiroshi MITSUOKA
Yoshio KIMURA - Kazuhiko TADA

Thyristor high voltage valves to be used for DC transmission are in a stage to be built for trial in a scale of practical service as far

as the capacity is concerned. The maximum problem in future is how to turn them to compact for the advantage of operation.

Mitsubishi is now successful in the development of 70 kV outdoor type thyristor valves with the above object in mind, and funda-

mental technique is established. They are housed in steel tanks similar to a transformer and operate oil-cooled and oil-immersed. They

consist of 64 pieces of 4,000V thyristors of Mitsubishi make, the world highest voltage devices as production in quantities.

The article describes fundamental construction of the valves, cooling system, voltage sharing method, high voltage firing system,

fault inspection and test results as well as a solution of problems encountered in the construction of oil-cooled and oil-immersed.

Lo A 2 &

TROENFEOBIMCHUL, FEr il « FRA R - A
SR 7 EIC T B0 DRI AR E LT, DhAET L EHRE
BAiRRE CHEHENTE TR S,

Pk, COEBREED LIS b 5 N E RMEIET I, K
SRS ORI ALT) AR T3 28, WgR (IcHEEssn)
DHMEWTCESL S, ChEEEFHE 2 AR QHETHHe
&2 Tn5h, W, IEEOEIH t1vza OfRE KD EE
L <, 2hefivnik v192aA07 OB s RSE vy bh
Tin 5 (13)~(17)D

HHTHE, FBRISBERBICE T, bAEPOEMKEEHL
HBRICERAEDT 2 L 21D, CoOBRBELRERT S &IC, L
BEEORM % ERICA LD b YUz ~& OB
FREED T 5O~

U287 &, SHED )2z FEEINCERL, HLW5

L1 70kV ApJ O4E
Exterior view of 70kV valve.
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Inside construction of 70kV valve

2.2 H4Y22 Toa-— Thyristor module.
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Arrangement of parts inside the stage.
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One stage in test.
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Qil cooled 4 S thyristor stack.
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Thermal resistance of oil-cooled heat sink for transformer oil.
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Circulating system of cooling and insulating oil.
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3.4 ZEEERMC KT B fuTd BFE L BHRED Awlon
Head loss of cooling system and pumping head for
transformer oil.
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Voltage sharing circuit for 70 kV valve
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Firing system for 70KV valve.
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Transmitting portion of firing system.
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Damage indicating lamp viewed from the window.
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High voltage commutating test circuit and waveforms.
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Typical voltage and current waveforms of high voltage
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Shared voltage of each thyristor at turn off.
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B’ 7: 6 Aufua BECKHT 2% 25— D4HE  Voltage sharing of each stage for impulse.
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QT Data Reduction Method of Temperature Control

Central Research Laboratory

System of Medium Altitude Satellites

Sadao Shimoji + Yasuko Ashida
Takao Ueda

Kamakura Works

Necessity is rising in maling clear the role of qualification test (to be abbreviated to QT) at each developing step of a compound

system like an artificial satellite. A study has been made, with the object of developing a thermal control subsystem of artificial sate-

llites, on evoluation of a thermal control subsystem design by QT data and test items needed for it. To derive a mathematical model

based on QT offers the most effective means to obtain a guide for the feedback to the design ; existing methods in the past have been

surveyed to work out a process considered appropriate. At a present step regular data are the object, but when the process was adapted

to measured data of a small satellite by techniques of regressing analytical character, a number of interesting results have been obtained.
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1 2 3 4 5 6 7 8 9 10 11 12
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2 ~0.060065 0.28801 —0.033851 0.098566
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===
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10
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12 0.067451
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TWhBETH B, £3. 21, T, Z5|0HHER Fi OfHIC
b Tn3, FE2, oK, D0, FicdhbEDH -kl
BT, 0-A54-2 & Ll b OFHB LT HBEDN TR, &
3i%, DsodTr<, ETHo D% 0L LEBHAT, BlET2
D50 K EBOEREL, FRFC, ZE5|ELOFEIKEL 23 k51K

% 3.2 FHFEXOMBEWRIGIC X 3 B oHERE (132751

Estimated values of parameters by stepwise regressions for normal equation (132 dimensions).

1 2 3 4 5 6 7 8 9 10 11 12
1 0.013206
0.027401
5 —~0.086886 0.2375 ~0.02972 0.058898
0.14265 0.12428 —0.19977 | 0.005208 | 0.043142 0.010514 0.010141 | —0.07375
3 X @ @ X ® X 0.005640 % ®
0.062459 | 0.0036114 || 0.071312 0.007396 0.010811 || 0.021166
4 0.05695 .
0.029482 | —0.048995 @ @ ® @
5 X X 0.010178 X -0.024817 || 0.010579 X
0.31252 0.011789 || o0.017467 0.033426 0.017818
5 X X X @ %
0.025536 | 0.0027656
7 0.032931 0.0032687 0.003971 | 0.004638
8 .
0.0084526
9 —0.05172
0.030642 | 0.003033 | 0.012610 | 0.057192
10
0.022804 0.0041255
I 0.015122
0.046239
12 0.067454
% 3.3 BEWERTFHC X3 EROEAF (& 14458, 5 :13270)
Order of introduction of variables by stepwise regressions.
1 2 3 4 5 6 7 8 g 10 11 12
. : 4140 ' '
41 ¢ 39 :
) ' : 30 1 30 77 : 46 1 47 5 36 42
- 1010 | 21§ 2 : 33 1 033 | 47 a6 | 23 i 23 : 29§ 29 : 44 136 | 35 i 35
3 ! : i 3 ox || @ G @ @ x | 8 8 x |@
12 812 | 51§40 |2 2 25 i 25 27 P27 |l 3 3
. 28 ¢ 28 B ‘
i8 18 39 4l ) 3 [0)
5 X X 120 i 20 |48 1 X Das | o2z o2z |f 34 DX
1 N 4 32 1 32 26 1 26
5 % X X @ X
17§17 | 55 : 5l 57
! 15 i 15 38 a4 50 ;48 | 37 1 3
8 31131
9 : :
14 1 14 | 40 i 50 | 5 5 | 52 ¢ a7
10 16 i 16 | 56 : 49 i 43
: ; 6 i 6
1 13 113 :
12 1§11
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® 3.4 HEMERO 25073 1Kt 5 Dy, Fyy OZFL

Variations of D;; and Fy; vs. step of stepwise regressions.

(O] 3 (6) @ [©)] (18) (20) (22)
Step Fs-5 | Fa.i2 {Dy1-12) De-s | Fa-s | Fi-a | Ds-s | Ds-11
1
2 0.362
3 0.348
4 0.350 0.072
5 0.336 0.072
6 0.33¢ 0.072
7 0.336 0.059 0.043
8 0.284 0.060 0.043 0.0%91
9 0.284 0.055 0.044 0.092
10 0.284 0.055 0.044 0.092 0.022
11 0.292 0.055 0.044 0.084 0.022
12 0.295 0.041 0.032 0.082 0.022
13 0.300 0.031 0.032 0.084 0.022
14 0.304 0.031 0.020 0.082 0.022
15 0.309 0.030 0.020 0.080 0.022
16 0.316 0.028 0.019 0.083 0.022
17 0.320 0.029 0.018 0.082 0.022
18 0.323 0.028 0.017 0.081 0.013
19 0.329 0.027 0.016 0.079 0.001 0.043
20 0.329 0.027 0.016 0.079 0.0 0.043
21 0.325 0.027 0.016 0.078 0.0 0.043 0.016
22 0.329 0.02] 0.016 0.06%9 0.0 0.043 0.016
23 0.322 0.028 0.015 0.069 0.0 0.042 0.015 0.017
24 0.323 0.028 0.015 0.065 0.0 0.042 0.015 0.017
25 0.319 0.028 0.016 0.063 0.0 0.042 0.015 0.017
26 0.318 0.027 0.016 0.064 0.0 0.041 0.015 0.017
27 0.314 0.025 0.016 0.065 0.0 0.041 0.014 0.015
28 0.314 0.024 0.014 0.066 0.0 0.041 0.014 0.012
29 0.311 0.024 0.014 0.066 0.0 0.033 0.014 0.009
30 0.310 0.025 0.015 0.065 0.0 0.033 0.014 0.009
13
50 0.314 0.021 0.015 0,239 0.0 0,030 0.010 0.011
0.2t

Faus

Dij,Fij

Fizon

10

25

Step

30

40

B 3.1 REMERD 2557 K35 Dy, Fiy OZ4L
Variations of D;; and F;; vs. step of stepwise regressions.

% 3.5 0-fsy-3 QWA X3 Dy, Fy; DZL
Variations of D;; and Fy; by introduction of O-parameters.

O~ 3T g2

pysrors~] = " o ° v e
Diws 0.013704 0.013087 0.013206 0.013206 0.013206
Da-s —0.075711 X X X X
Dj-s 0.058940 0.058761 0.056%945 0.056945 0.056945
Ds-g 0.010406 0.011043 0.010178 0.010178 0.010178
Dis-o 0.004416 0.0 X X X
Ds-10 0.0 0.0 —0.024817 | ~0.024817 | —0.024817
Ds.2 —0.087605 | —0.098749 X X X
Fj.5 0.15688 0.074120 0.071312 0.071312 0.071312
Fa-11 0.010431 0.011289 0.010811 0.010811 0.010811
Fs-12 0.11067 0.12059 0.017818 0.017818 0.017818
Fg-12 0.002750 0.003097 0.0 0.0 0.0
Fr-g 0.0 0.002544 0.0 0.0 0.0
Fio-11 0.003451 0,003701 0.0 0.0 0.0
Fo_2 0.13384 0.13305 0.14265 0.14265 0.14265
Fy-5 0.30823 0.30932 0.31252 0.31252 0.31252

ATH2ZGIHEZ D QT #: - T H) -

EH - 4E5H

Fs0 #INE T3, #5401, M0 LHEXN TV & Do
ZO)5-2 L LicdTh, FordiHklTLE>kX5AEET
»3,

Thp? 144 Tk LU 182 RO TEH A BRRCBEREIF 2 FTh o &
L EDLEROHANTE XUBRFEOHTE, F3. 3K HERLTR
Lco W ORhDEEE 0542 & LA EICXoT, #HBY 2b
192 BB s3I DCR>TwBIC b hhbb T, EHOEAL X
VBREDIFFELIZ & A EFERRT v 253 L,

LD A 5 BSOS EBO Lt AE 3. 4 5 XUE 3. 1 €
R Lo BENC Fo BMAXN, THBTHEHOD Diys=D; DI
AFFR T, Dys DIHICIEWZIEER L TCwS, 2FHD Fis itk »
Th, FHEOELEZT T2 X5THE, Xbic, D5 1k333F
BOAD Fos X > T, 006RETH DDA 024 FFicd &
ERfEE ok, DI Dys WA LLEEZ LIEFEA D, Fso
CREAVEREREL TRy, Sk, e DBACE, Dok
LT Fipn OBAK X - T, ZRENDEICIHET 2D %RL
Twnd, 2L T, D ld Fisne 3 XU Fuyu i€ X » T Lk,
b a Ll —EEHICEELTRS,

HAOHEREZEIRFOD L OBRBCEAING, ThbE FELIEK
WHDTHDB L LICHTE L\,

FThbbil OB% I, Draper-Smith 28 Hald @ s—a #2047 L
ek BICEBICE Db L EORF L Rbh, BU - 5%
SEE S HERD avdoaun OHEOEREAEREFR RS L, 2 ki
EOHBMEMERLL, H3BIVELIRE I OBREMED J)—F X
KRAEDDEVE XS,

EHAFBERPEL CH > T, EBEFIMERNALETIEVS
FHE, DI THo T, HHERBCHVEWIFLETEDOL
Bbhd, 0-Ass-2 DAL, LELAGEHRINL, ZEHEOET
MiFEE BT OOEIREED ZICRILo Wi D, 3.5, 0-
ASa-5 % 4, 8, 123 JUSEHA M4 & LB EOHEROZ(L %
Nlrko DyyBIXUF; ed, 0-554-2 D 8HL vk b —El
CESwTWw3 T e Hbhb,

ANCHER L, PIRSEED Fy OFFIER, #HEORER B <
L, M-z O Y—F FRIC X B Dy LD LHTE S, W5
F-a DIFICH e > TREL LTVWAERTZRMBLTAL T & %
FECHD,

BRPECW, BETHFMOWY H, EFCET 3 EHEDEDS
CRAER RBEH DT, ThbDREDHR : §bE T, 0-A54
-2 DFHHEAEZRED S c kD, SMREREEOT &%
b ORHEHFMOHE S b BB IR TR THS 5,

L 7T v

ATHES £5L © QT 5-2 fiE% ik ~7%, #EH 2576 D &
BRI cfTabh s QT OILE AR LR L, SEF O - 3¢
EEFREEFE Lice QT F-a RIETEE 5L 2, TDARDHDIF
$HELELDIDLADZT ENDL, BEBHEE LTLERDD, B
PN ECOMITELRFTC, % w5 SR HAI TS Jot
2 BEHALDD, bhbhORM L % i~ 7,

CDHER, HEHRWAERObOTH Y, BWEEREFF
Lico HEURDOBHIC 0-R54-2 2% b DFEAL, 0-A54—2 &5
MCEAD 2 wRERTCeick D, QT Fa 0T & =
LERELTRL, BEDL S, EREEMEHERO S LT L
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Fine Striped Memory (FSM)

Kamakura Works Shin ISOZAKI « Yoshio SHIGETOKU

Central Research Laboratory Hideshi TSUCHIYA - Toshio SUGIURA
Yasuo INOUE - Takashi KONDOQ

Communication Equipment Works Tetsunori SAWAE

Requirements for elevating the cost/performance of the computer main memory are very severe. The magnetic thin film memory
and the semiconductor memory are now in the limelight taking the place of the core memory which has played an important part for
a long time. Though the semiconductor memory has promising future, a great expectation is entertained on the magnetic thin film
memory with its non-volatility of stored information, advantage in the point of reliability at a large capacity and heat generation, and
yet with high speed performance. While there is the wire memory as practical application of a magnetic thin film, the laboratory of the
Kokusai Denshin Denwa Co. (Japanese International Telegraph and Telephone Corporation) made public the Fine Striped memory in
1969 as a renovated magnetic thin film memory excelling the former. Mitsubishi has made study on FSM under a guidance of the

laboratory and developed a practical memory plane with a capacity of 4 kilo-byte. This article is a report on the outline of FSM and

the present results of our study on it.

o TSI o1 PaEy- & LTTCRREME I o0 5238, 1BHI
L F A ¥ &

44 sERIC B E RS2 KDD) W & D, o1 Pazy-
HPRIFSOMARFT 5 1€, 2 J8)- D 28-F XU ED % LD SHFMARM: 48— & LT o710 285170 28— (FSM)
BRDEHEE INEI0CTHY, Tz Wicdbz 28y~ 1 PIHE I,
V276 KD 20~30 W H 50 B ORYWHTH B, Lo TET TR EET X D AT Dol o s 28—, EERYE 2EY- D
TSRO AL MG LD R bAED LT 3B, & a8Y- DAL BrsEx BT A > CTHTOBERT LT & 228, BAREIO
J2F ~DOEBRIZE U L\, % £ T FSM BRI 2y~ OB ERfihTd 5,
E AT~ B R ECHK 27 K X3 D DRI TH - s, [ T FSM yey- OfgEr & dic, kT2 chETo
bR TEE SMona1s &, NG 37 OHMICE DA WFeBHzERBiC D\ THAT B,
FT22enlhb, XD 2 KIBAEE LGNS X5ICE >, 2 FM o 8 E
ZCTEET2ORA LIRS a7 OTENEECHAL L TR &,
DMPATY~ e T I 22—, I L CER O EHHTO 21 B B
Hh X ERINYS X5 ik ok LSI y5y- TH 3, FHEMREE R 2. 1R, Uk SEIER I Eo-Frrmk
Feicsk UNIVAC # X b 1110 T8 0Ipes, ¥ 72 10800 (R DHDT, FLOEE f-vo1 BTEE-TH 5, TNEECHT
WTHEELD EhTwn3 9000 vy-F, X b ic i3 24 # MELCOM- B (T 78N T X B BRARRNICEEMIKA 285 X 5 i

3505 F /Nt v254 1K o8- BEFFHEN TR,
—77 IBM #KTPA 360/85, 370/165 7 &iciE AworaEY~ & L
TEED NMKi-5 IC 28y~ 23, ¥ =Wt 370/145 1C 1% == xEY-
& LTeEmic AMMf-3IC xe)- BEAEIN T3, %/ MOS T
1C x&y— HIFHD 2z bddoy OFREA A E L, - MBI 4=
y— & LTEE SR TV 3, 5

/// /, ‘f/
BHED 07 H2 WITEE £y~ & LSI yey— I8 LTiEH O ) M&M{/

WA, TALLERERY - BEREAEHEbNEC ARV
R UD, B2 3 &, KARL LA & & OEEELRE
DETTINTVE, LihoThk & 2 T Au51y D #llH 2254

v,h
>’ﬂ

7T A

( ot
PE 276 DRER 4T~ 7Y, FRICX > TR 48— DR | e
FTAREREYBREL, & IR 22 - R EOREM LI M 2.1 FSM o # #
D JEY~ & LTCEELZ—AF 5D D EEL LN, Structure of the Fine Striped Memory.
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€9
B2 2 #3 TR
Manufacturing process of the FSM.
MRE L T2 2D TH 5. TR ARBHRICZ> Th3ke®
7RO BT HER DR L, Tl CoF 2T LLADVBC & A
TE D, Tl RBONHEBR/NE WO BAREF S DAL TT
o

B D5t -8 ORFEICHIAA, BERTTIC X 2R LA RIC
il el & 23, CHCERRRDIEN D 2/hE LT, FEEH
BT D FREREOTHR DR A Y SR RS,
ZDOMFEE LV e & ORIEE & 5 T 2R TE B D EHEBEC

KBS R L EES B, 23t #F-A BVE Z LI XY EER
BlEE 203 e RTEBH, 22510 -8 DHTEICHH L TH
HLUBEERMRT 5,

2. 2 K0 Z2MoMETEY ;KT 152 K i f~201
(1,500 A~2,000 &) % #58, I (3,000~10,000 &) % SRS
T5, c® Lic KPR &2 B4 LERT 2 L K 2. 2 (a) BT
¥%, % 1oFud LTCE2.2(b) X530 2b51F LT 5,
2313 Wi Lic e ¢ A€ KPR SRR RHR Y k¥, A-201 %
EET B L2, 2 (c) X3DU B TEDH D, TD 4TI- D
FeERIIET 2 2

(1) J7rHREERTd s,

(a) U2BEHBP DA

(b) BEEG 2o OlEE L

(¢) BHLEEXRAEZL

(d) ) 28RS DB DHE A »

(e) HHBSROBER P

(£) BEwiBEpEcd BRI X

(2) 2251t =R DHALCEHMEPHALTE T L,

(a) ﬁ%?‘t@,aﬁ#@‘&‘/’

(b) EEEHC X5HEERhEn

(¢) EHEIcHm-

(3) oativFoul B EXZEBEO—KHERETES,

(4) 1wFod Fozo i 1 ENERL > bEEED MBS ¢ RE

PLED XS5 A5, BREEERM L LALD, HERAEEES
T 5P 231t -8 DINLHEZICTE R\, IR —ERi,
BEEYEH LT C L, BEEL SRR ERNRE S
E53T 2 hE0RMEEEALTR S,

2.2 XEY-FFORELEE

AT - FFh o COBREOFE LEENINFCES bOREHEL
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K23 Jey-RTOWMOTHERME

Analytical structure of the memory element.

L = gy e B =
M= lwbh/m w0 Smm

154 t=20ns w=0,3mm

10 }- w =), Zmm

Ve{mV)

sty Lk
T

w=Q, I

[83]
T

w =0, G5

C1 3 s 455 78 90
5 g(X10° A)
X 2.4 FtHUBEE—BEMREORMR

Sense voltage vs. magnetic film thickness.

THB, FROHMEMOBETEE LAWT, 22510 ¥-A B
CEWET 2 LT RSN LERERX (2.1) & 425, @ LEELD
eBOBCEBFR LA (B2, 32,

d4> _dM-S
i (2.1)

Vs=
% 7% L S=w+d, M : magnetization

REREEE LT M=1wbm?, w=3%x10"m, d=1x10"%m
t=20ns L FIE Vs=15mV 2 %%, w % f54-5 & LTHBL
BT L HEHIREOBMRER 2. 4 IWRT,

2.3 BHEFBICLIEHEHE

® 2. 3BT eifiE e, -8 OHXTHR w, FEER & BEMEED
Fouwd B g LT E, FERETAMOFAmOARE C Ihid

c=%"%" % ";’] i) ORE o IETrTm. (2.2)
EhD, TrREOEHTREL, TABRKCHET2EE VL &
dV_Reyaw dV
V,=RC%- T g (2.3)

EHhbd. ELVIREROEMEETHD, REWIEL LT w
=3%10~*m, ¢t=20ns, V=10V, a=g=1x10"*m, R=100 Q &
FE V=133 uV &% 3, COFHECE 2251 +-A 2B L THE
B AMERE TRV, HEFEC LS EHEoMFRE 2. 5
ICiRT .

2.4 nnee.,i"t_J:émﬁ-wr"ﬁ\U

2r51h F-R AT Aol CELL T T Ehd, FHEBEZ A
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f»’,‘\;\ﬂi I Plrdip by ! Lol rrv ey bt H Pt rENE bt
v 10 100
s (g
25 B0 o06YEE
Static noise induction from word line.
3.0F
201
=
e
1 2 3
E
K
2.6 Mo EHKDY
Dispersion of the magnetic field.
2.0
Mn—Zn® (1)
1.8+

x Mn~7n% (2)

/ Ni—Cu~Znk
~T0 Mgk

(RS L H =1.400 , Hi=12.50c)

0 0 20 30 0 50

SR E %~ =0 E (um)

2.7 B E 58 ORI & 244 % & & OEEHOLL
Word current ratio to switch magnetic domains vs. gap
thickness between digit lines -and keeper.

FSM TR iR R e - oy - 0l - LB - M0 - FF k- 3TRE - IRIT

o OFFTREREFIH L CHRDER D 2 BFTT 5, +-8 DRTE

9a(E 2. 6 Z18) K LCHRIE: Aol RIREL, -8 OBE
FEMRA L T35, Hy B2 s WOBHOWEE ©, Ho(z, ») Rz,
¥) BT BHRO z W Th b, v ROBRBFCHRLZ Y. +-

A BT E X BRI BEmA S X 2.4 TREN B,

9a Ya
o 2~ 2 %
HT (1;, y) :—.’E—] tan~1 +tan~l J. .................. (2. 4)

K (2.4) OFTERY M2 6 10F”d, HEERCIs BRI RE
2.6 WWRENBEBD, F-ARUEATECEIC L DBERM Hh T
%o CHITEIRMCTEERZ O 28IcEf 45 T 2 ik D FEEA
DEIRICIRIL D, | EFe 2231 b -4 T & BUHEOEREMA R » 1
ERIRNE 7D,

M 2. 7 WWiT@ R & 21t -8 OREEEL 2 & ¥ OFRER
DR H /L e b DRFT, COHEBTHE 251t HICZEE 06
mm, §&0.3 mm DHF % hEZE 0.2 mm O Hipo- L% HAALT
SR ) L je, 20 i A 1,000 A O HERIHERD B D251
F-A ks XokcENnG, FEEM (f=60Hz) 1o TREHHE
DX % K & CFBEH A RD 5, D& FWKOETL h— %R
X% B-H -3 bu—Y T L&, 77 LEEBIOMHHE X &4
2T 5, H—RKHED 22Y- BT EVEBHE, 22510 +-A LT
PR DA A A7 D BEFIC LA WE R L &\,

3. WMROISH

3.1 miEdR

S L 2RI 2. 1 BTCIl S AT E L oo Ao 2
X 76 mmx76 mm x 0.5 mm ¢, Hig: 60 mm x 60 mm {43 FH
BERRMEC LY, EyF 025 mm, 3IE 018 mm @ 2+517 HiC
L7z. A-201 D, HHEOBCE, BHUHOEN AL ES
B 2% X5 Apafinyafu i€ ko T 60He @ iR E & 720

Bl i X D VBB U (B O J0 3, & B L, A1k 50 mm x50
mm #53%, 2BY-Iu-v ~HEAROBHM E L,

3.2 R—=AaA4Eo B-H %

Kerr 2% I5H U7 B-H iz X b, 60 Hz zepii st
TO, i Aot BHEOWLE ST & B & o B-H
YR BE LA, chA3RE 3. 1 wiid.

HrEED He (B 13 1.5~25 Oe, Hx (S7MRER) 1X 11~
130e TH oo B3 21, 52 kT L NCOZERS f-2o01 B

31 EFEA~201EDB-Hi#R

Hysteresis curves of evaporated permalloy film.
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He, (Hk) values of evaporated permalloy film.
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Memory performance test set.
i SW,Re S W Dy RIS WoRoe SWo s Ro g
EEEREHTE i f nm o not
T I, )’ & _ﬂ_ﬂ_ I N | N I | -
o (0248) |
F1ERE) - . !
) R — I L
(LY P -
: i
! i
i Uy i
H Uy i
A |
BHEE V.. Vo
:—~M- »»»»»»»»»»»»»»»»»»»»»»» 1¥ 4270
g WEE g oemvmbe | ML A
SRR LI 1.5 s E 1.5 s
PR TS 1 200 ns 200 ns
MO O | bk R (Tr) 20 ns 20 ns
(Iw) | 3BF pw§Rl (T1) 20 ns 20 ns
@wowm W 500 mA 0~800 mA
S R 200 ns 200 ns
WaBm | rb ko (Tr) 15ns 15 ns
(In) ICHF bR (TF) 15 ns 15ns
WM 0~100 mA : 25mA
Ip Wi &
P 1,024 {# (B Ip i L)
(D) E%
9,*!; ; Iw 500 mA (Iw Icf8 Uigl) 0~800mA (Iwic i@ L)
Db 200 mA (I iK[ UitlE) R00mA(Ip ICF LiTE)

3.4 MIEMHEAMEALRIOISL
Pulse current program for memory performance tests.
@ He(Hx) O—BE2RTHTHL,
3.3 miRoEERNE
MR O EEE 3. 3 R T RIEREIEREE Ay,
3.4 @ fpzdodss THIEL oo
GBI BT, EEREALDERHCT 2K E BT &

Bk,
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+
&,

Vi

3.5 B RE MO RERER

Memory performance of a plane.

s Ip IOm;' /div i 5 4mV /div
‘ ‘Eﬁd}lL#‘:‘fT‘E

M Iw  100mA/div 8 4mV/div

(b) EERF
2020~
Ans
Y
!
1% &0
2%) .
B

& 3.6 W&ﬁ@;ﬁ\f%&*ﬁﬁ

Uniformity of a plane performance.
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Vo e A BOAT Utw PALA BRI oo TR REOIE

AR 1 L024 & EHIINL 7.

Hsso MR 3. 5, B 3. 61CRT . Bk S
(Ir) % 500 mA %L, 3. 4@ Avadodss © Wi, WY,

Dy, Wy, Wy, Dy DT 2 Bifi% Judse @ 1 1oL b3 LK
H1mA FORMZ 4T, ZhICHIES B EtH LIJEN
v, ) D P—o % Tu3Uud LT Av0rd-7 _hRicliddiz,

¥ o AR FBRIC Fad56 D RER (Ip) @ Yt A
L2 4L 200 mA T, ZOfluiE 25 mA IR L, B35S () 21 Y
1ou T &8 mA FORINE & THIE L.

COPTH, BEESE () 2347400 mA Ll B, H—fy -
STHRVWAETE TH 7, FEEH 00 mA, 7 EH 30 mA §iift
THI SmV OFERNCH L 5 2HACH 5 LT E D,

Ak, ERECTH ARHOEE fAuz % 32,768 fE-CEIIL
7eBEch, LOZAHEIND & & & v, vy OEICIEIETMR R > 7o

F (v vy,

4 XEBY—TL—r0iEE

FSM yey— ZRiE® & 3 ) BRI & LT o
SHEE PSRRI PE LN C R T SRtk &
CHFEANCT 2B EcE, & KhidE 2231
% AR & O i & ST ERE , FROBE D D

HEDE D,

1

EATwBN,

F-A OGS 3

WLBY, Zhnb & T R MOEIEATE AT, 20T &l
LEEED A E 2 5

T L ICEIEE O e A LT, BB EED M TYy
FIC T 2 #iBXT 34 Y, M LOWEHERZ W,

L LaHR e (i L@tz » ¥ dc e 3, L5
EWE SRS . AT VRIS, BEETER A A TF
Tk A Y OEKNEER LR 4 LT F v, 201 ozb @
A'Y- BHUMNCHTE LT, KL B T o Tt R HRE L
7o

Vo Z 5 DEEI L ) & OB H R L3 o B &
LTOE2TENET 22 6T 5,

4.1 1HAs4FFSMXEY—-FL—2

¥ 3 FSM xey-— SR D29, #1+0A4 + 44D FSM 4

EB)-JL-v BEVE L7, HBEEA LiIRTHIOTH B,
4.1.1 # B
(1) Foissd
1,024 A1 b (RUFAEwr &b 9,216 Fuwb, 256 FEX36 Eul)
(2) gfEHX

278 ey b AR, BUEEHH

(3) HIE=lik

182 mm x 140 mm X # 10 mm J551uh—F

(4) B &

Tz FEAR R AR 3 & BRI, ST AT 23 D% 7«
Tw bk (F7)Ju—u, LD Jyo bk FlEERIC 3-8 D& BB X UEE
FER b30U22 PhwoR BEMT 2D DF o-F GB MR T 2,

F4Pw bIU-v &, o-F HREHSGHET 258)-Tu—v BHHK
T2,

THEEFEOR D A O TN L TITR & h 2 2o, 28y
—J—v E—fk e LTHIToR 2 ORFBETH B3, & L+oi1t
Ju—v HEROR Y % +-A DElicEbT c itk »T, -
WEMNL L ClET 2 C &8¢k, N THEES LA - ko

FSM TR IRC R - a - = IS

l [= N

- -

YL

4.1 l=#aiqr FSM xgy-Ju—v
1 kB FSM memory plane.

B4 2 1+oA1r H F18wbIL—2
Digit plane of 1kB memory.

K43 wiuvsdauvdIhil
Wire bonding connections.

4.4 1xoRqbrHo- FIEH
Word plane of 1kB memory.

B 4.5 2131t -8 B XU
Ferrite keeper and word lines.

Freigces X Bk bR R
W,

4.1.2 F4Ly bTL—-2

chEE 4 210RF, 50 mm x50 mm BT L 4 Kol FH 3,
F 78 CwF 02mm, 7248 01lmm b3,

BT, 3 X OB LS, 3T L B & ORI 7
z BOBHEE foF ud KXo Thd, foFqud KiZE R4 31C

EIEBRACIE LA EERARL,
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4.6 4dFoAft FSM uey~Ju-v
4kB FSM memory plane.

B 4.7 4dfai1t HFM9wtIu-v
Digit plane of 4kB memory.

® 4.8 4+afiqk Ho-F 4R (&, 30
Word planes of 4 kB memory.

Vi 2

BACRZ 238kIT, HEBED 2RO 2% 2508 LEwh
ELTHAT 2 0D IE LERETH D, Jo-~v NTHETC &
X - CHIH L TEE I LT 3,

4, 1.3 U—F&R

chw, M4 4 ICRT . F—A I~k 20 mm x40 mm x 3 mm @
Ni-Zn 3% 2z51b C, 7B Cwy 0.6 mm & % % X 5 1ERY 0.3 mm,
X 04Amm~05mm O FREMAFRTITHDE, ChEEHR
likico& LE$D, M4 EEAL, £4ZCEERZO2mm D &K
Lo-L §AkER 4. 5 DTk (AL, —inlik JUob FEE LD
RUC Fyob M 1, BEEIR r5vsr2 2MYwoz KERENL TR S,

F-R LHEROMICE swvay BEEWTREERE -8 EREKE
BTkl Tns,

FSTR2 2 rYwoR & EERROMICE, Jyut EREERIC XY v
FEEPRTCH S,

4.2 4EQO4F FSM XEY—FL—2

Lo bdL-v OFRVERER LD, ThiiE LTR 4. 6 KRd
FEHM 2EY-TL~v BT L%,

TSR, Frvwbio—v & o= HROHWERE, RiERD 51
X, BERR CwF A Y, EEWICE L+olTtIL—v EFETTH 55,
ROFERIC D THEBME b,

4.2.1 # B’

(1) FElEss

Wit ey~ KBEBRILDOT S8 c 2 2T, 4096 A1t (RyF+
&b 36,864ty SIZEEXT2Ewl) & Lk, LEZMIEwE T840
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A e LTHHHTE S,

(2) Sgi

172 mm x 320 mm X §J 15 mm, J3551uh—F

(3) #% &

BRMIND 22 ®, F400 30— BEFEZMEHAL, 9-F R
A FaPurIo—v ZRELIBTLECHE LTS,

4.2.2 F4uP9 T

X4 7CRTCEL, HEi
b,

BEHER AR 2 AT Rl S 5 72, BBHEEE 8 A1k (T2Ew ) 1A
L LEDT, 2FAELsr FRTH M M4 AEHFHL TR 5,

7248 w3 3025 mm & LTEFRN 22 5B S ARbDLE L,
I 7481819018 mm & 5 { LTI 1oE—du2 DET R 2 7o

B Syt BEREEROMEICE 5 (M) MERT TRYAE
N, FOIEROMWMEICERT bhiciEe A W) in T s HEns,
B O AR 2B AT b TaT, K4 7R3 £l
b LT e BBHC A Y, HTEA~ITEEh, B UL o &
B AMTIES YO L, COMCHERDN S TRIG A2#ELHE-> T
FRIEAICRS 3D LB 5,

FThb BT A REEEERAT &, 1381 ke, 7
Yoo I 1R TSR CHHKBHCE 52, LS W30
TWCEHENT B OT, MR 14 DFEEZT L v,

4.2.3 U— PRI

o8 X~FEE40 mmx46 mmx3mm & L iEhs, BT 4 T
v EEEIER & L, W2 B Y CRERE —1EIWE L, e —
HALLCHEEH 2 AL Lk,

EEREPUL o2k BIED 72 d14~F 2hYwor & LTW 3,

¥ AR BRHICT 5720, 9-F T -4 2128 354540
AEL, FREEZHRCI>T Fvubib—v 2R EXALGLOL
Lo

4. 2.4 B K

Ll AfaRttd-u & LTERAEE N 72 28)-Ju-v O RiE

FEWTE L, THOXS51CARD,

(1) % +-A OWMKITYIELT, 7-F R E 540w 15U
—u BB Lie e, L - (REFBEES Lo T3,

(2) 9-FHMHONBERFIHI L TEER E LT w5 2, ERan
WAL, BEEPRYThS,

(3) BB A1A-1 2L, BEERSGTESED LTS,

(4) 2®Y-Ju-v % a-F XL, 5 @) BEBHTH S,

(5) *-A DHMIC owysy & AN, WK e OBEEMEHERL
Twnd,

(6) TEHEC LTEEEAFERH L,

(7) 2Y7HmEAE5IHL, BHAEERTE S,

(8) 1zELtwt T8FaA(tIu—v & LT H A EE

BT 4 B0, B8 Bl L <

5 FL -5

5.1 1kB 7L — 45

LkB Ju—» OFHLEBO—HES5. 1 Kxd, 5 10 -
Rl EERco OB 300mA ©, TRRZOHBLERTHZ,

5t UBEER 4 mV SR, IMEIEC X2 H7E5mV s,
Fo 72 UBEMEE. d=5,000 &, $-1 2218 w=300 um, BT L
DR £=30m0s & LASHCH 5, BEH LT IC BSO8R
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Yo b 200mA/div
T 5mV/div
HE 100ns/div

([&‘;”33400m.‘\)
Ip= 20mA

5.1 1#oASJu—u BEHBE
Read-out signal of 1kB plane.

H :80ns/div
ra-E%4 2V/div
EER 200mA /div
HT&R 50mA/div

FaLIER 2V/div

ZyFHH  2V/div
(0101) )

e L 1V/div
B
(0l ERAHRF)

D - 5&15/(11 »

5.2 1KkB Ju—u BfeEathh (411214 160 ns)
Read-write cycle running test (1kB plane, cycle time 160 ns).
FERICDB, CTHEFHE T ABOMMP N T2 20T, B

L F e B DO TREATNT 0271072 Fim S b B s 2 5.
RO fvdoauz 1 0.08 pllfem < ox51 b +-A K X 283 4
RS 2T, B E 2259 b +—4 DEEIENR R W 0 FEER % 4
HLLTw3E,

5.2 1kB 7”»—‘/@1%'&

D JeY-Ju-v ORI RS & O e ckBlEn g, M
HREH LEED S/N CBJ‘{’T\L: Ju-v DRI KE R %%
5. & BMuigic 2 miEsR% v, osve~F g2 ML L
S/N %[ 35 &5 T& %5 (R5. 1 Ot LETES),

T 7 BRI FR S 2 2 7D, YMoL a16 B RE LT
2, TOHT MG 18- OUEFIET 2HEBEABL L & -

Tho TS0 LR T 5 e, 7D HE % AR

T UBRIE T BIC Asvz 25, ALabsor & HTH 24
Eh Frotn T2 HEE R ARANEL TE 2T EME e Rl
BEEA R Ih TR,

FHERT) 0] 2613 <M L < Drive [l - Sink [3]#% - Discharge [H|#iC
e, 1kBJu—u LICERINT W 3 150028 7MY w3z 16
16 ZEEFN LTV 3, zows ALz XD EEROFRIIED 5 ET,
FThDEEEHRD Fab~ 214 13K 50ns, FEEFOIN LD Bk
30ns (BHME3B0mMA) TH5, Tz 255 E 1tut CHAL,
tUR7UT DATIET J50F AL €H B K5 MR obA LY
RO MU o 0 23S IMERE ALatsuzr ZHCEC L3 TE S
B, LAY PR D 2T OCEBE AR E Lk,

5. 21 #1181 DEBIERF R Lo Y121 814 160 s,
7IE28106 900 TH oo KHL F51A8~, Buared D Fav-a16

FOM TE#E AT iR ae i - B8 - 30l - + B - il - bk - 8 - R

#

ﬁ
IVAiv
¢ 50ns /div

:]:c—(“

Bk UimAg
V:ilVAiv
H ' 100ns/div

(Iu' =400A Tr= SOns)
léi= 40mA

5.3 4kBJu—o BEEER (LA L Ew k., #120216 300ns)
Read-write cycle running test (4 kB plane, 1 dot per bit, cycle
time 300 ns).

TEHICLY S1oLe1b
Ezbhd,

L, UABHDI LY 2HL T3
150ns, 7otzaa14 70ns LIRS ER A fEL
5.3 4kB 7L — o
4kB Ju—u & H1ouafs HEOMHEREL Y T LA B IICHE S &
Wb DTH B, FHRIGEIUHD 2 b Ywoz I d44—F B HWT
Ewh J2F 2% LTW3E, F5. 31 10916 300ns @ 2B
FEETRT, TOBFEUT LM 1wl TLohedDTH Y, SN
AT 1 ZH 1wt THATIRETH 20

6. & T U

FSM xey— BAiRD & 5 1t 4 01 bag)-Ju—uv DB
BEIFBIEFTH Lo LALAFISE LTRE LAIHE BT RS
e®icit, & L IR ORBEAHIDONELE X T - % 5 O &H,
BREEYVDW LR BN LERDL, HEHE L TR I DEER Jo
t2 D% TR 5 DO AL DT T,

T b ICKARGFIREE & LR BAEIRDOD 0 HEEET
L7, 16 oA+ HROFE £a— 2R BFTH 52,
N2 THBTHETLICLEE Lk,

X CICHHFEFEHEC S 2 0, RN TRE 2 OWE %
W RN EEE RS ARHDIEE, PR EIIEE D 5
BT E BB LT 2 & & bic, £ 0247, BIFRE
KAPEEETIRETH D, (FH46-4-T7 Z)

T 2 X

(1) -kEEH : B 44 ik, No. 3,157

(2) KlEH : FIHTIHLE EC 697

(3) /MK - BT BRI CPM 67-33

(4) /MKiED : WIETIELE EC 68-43

(5) % {5 : 1E45 Eilek, No. 856

(6) #& 13 : BE45Elek, No. 859

(7) A. S. Hoagland : Digital Magnetic Recording, John Wiley
& Sons Inc. (1963)

(8) KEEH : K345 @ik, No. 303

(9) XKHE2 : B46 Efe K (F), No. 1,199

(10) xHIEA : BE46 FFEL2X (F), No. 1,200

(A1) KEIEA : BE46 Hifie X (), No. 1,201
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UDC 621. : 318 : 669. 018. 58
FaE &£ FNC (Fe-Ni-Cu)
r_pEJ [%E"j(%} El SE

Semi-Hard Magnetic Alloys

FNC (Fe-Ni-Cu)

Sagami Works Yozo NAKAJIMA - Shohei OHTANI

Studies have been made on the process of heat treatment and plastic deformation of Fe~Ni~Cu alloys (Ni 12~20 %, Cu 4~7 %) to

improve magnetic properties. As a result it has been successful in the development of semi-hard magnetic alloys as oriented materials

with properties of He 20~80 Oe, Br 10~18 kG and Br/Bay>90 %.

Unlike the alloys of the kind in the past, the new materials are

available in the shape of rods or plates having necessary magnetic properties and mechanical workability. Purchasers can put the mate-

rials to use in assembling latching relays and the like without heat treatment of the magnetic core

L& & » &

TESE DB O [ R Y, AERSEL D X 5 IR 28 {E %
i a8ae, RABED L S CHREBRR®RIFT 258 & ok
ENTWi, b2, KABATREE SN ZOHEHC L - T
UM AREBRERE SR, ERATOBIRERELLE T &
BEEND, L, “BEEE CREIND X5 A
TR, WBEMHE AT 2 Y0 CEH 5, R LE LIERAL
RiERE Chbhd, 2Dk, COMDHRCR, BEBHRE
L 0HD, EOBGESICIE U R TIRLETR S 3 25, BL
RED % IR E L R TR IC s 24 5 2B, T
RENPRKELTR LRI AT ERL RV,

D XS “REECENT RISHE, EEEEZTcREEED
B, Fod A4, MEROMEBROPLE COMDOMEICEEN LS
Ticky, BMIRREOHORREMER T cenTE S,
COMER TR, TifEr XUEARO Auz @EIC X DB D
DT, PEREOMBEIRICL HRT, BNIPEHHRILRE A2 T e
I X BB O/NEAL, EHIE B 5 RIEERO T Ok
Eadb5,

z OO HIFEE O/ MM RICHI S ha ke TR,
J155 20 7\ L 80 Oe BRI D HIFHCIERGICHHRTE,  FREEHH Y
A, AL D FTE D B WP EH T T\ 5,

CORD, —HICRRIERERR & PN B RO G2 BT
2CHiY, bbb RUTO XS AEEY Bl hok. Thbb
KABFROREBRICH LN DB X 5, Mk aDREIEED
2HEE LT, LD 5 WEHEEESC X ) S2&NCHEIE %
AT, B L CHTHHES I X 5 IR & A4 P IC K
XL HERDTLND, L L, RAKHNEEIZ#NEE57%
e, % 200e ] Ficd 3 c L idEEE: Bbius, £/, W
B ORMITHEARE S ORIMCEEREA RE T 2T Hakcl,
{RRE ) B —E O MBNICETT 5 € & CEEERTRINE, ¥61C
NEEGE LTERICHER I BISHTH 556, BRUSROLE
HoEmic, MaOBRCITT 2200, BEHED ¥b DT
FETH B, Liar-T, FHEC X b BEMCiE bd 3 & BRI
By b U LAEET 2 Al ThY. ¥, Hdk
FULELRAE IC 3 W T O SN TR ARECH b, LEABKFHEE
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ERETREBIN AR GETH B C &, S£R0/NEELHE L

HYBOLSBRCHELWZ ETHEWV,

BRI LA AT LR L 3 A5 DR ETLNRAVEL ST
BB, B E Do ThWLEWC & 5 IEE AR L
REEX 01X, fHZSHEIC X AIERMOENAE, TAbb, Atk s
% v R SER AR & LTI 513 5 4%, BmciiE e 22
TERMEETE D, £, v HOEARFIRERER OB% T
X 5A% BRI R L, BULPLOE A I EED 5 W IERRT |
MT%E S ADheTREMEMEE L, FEHRD tasyua it
RT3 C L X b, FREBREREIL R [ L& ¢ TR REE O
T2 HEAS T LBWEFTE S,

Ll Eo#ERN S, Fe-Ni-Cu ZRa&% 0 RICA L, IR
TR R L X2 20 OUMG LR RHT 20 e Lic, TOH
LA DE M 2T L, BIMIC b B 7o E VB FER A
B2, ek, Fe-Ni-Cu ZTCEETRIFICT S FRIUER R
BELREWE &h, ChCHEMTEF <A b T EMREINT
NEAML@ Ni20 BT % D Fe-Ni &4 37 < H b EHERD
{LZRTARTWELE LTHILATE Y, MEHER T ICREH
Y3 T, MEBEEERE LS ¢ 3 aEA ¥ Tn
Y I e bTH D,

2. EXHLRR

2.1 aWEREONE

PO o RINBE R T & yHOZEMA L, a—y THER
EAHIEED 910°C b LEWIIETT 52 8, H5VEd Zurn
SEBEIC y AR REIEBTETH I LR, I<HbATHD L
BOTHB, F2. 1ic Fe-169% Ni-6 9% Cu Ga0#PRHRE
FLeA, COHKTRABRER,A VEL A D, 500°C (A
LEEREAIEE D, 650°C fRECEHER T L CalkrEiig b
2 TWnBZEWbhb,

2. 2 3 OFEREMICET 3MBAODBICELEMRE © X
5 ABTIEHFF oL T LELDTH 5, FEREDHEBICAS
&, WHEEEAET L, BN 5. FcEKENC &7,
{EIRAE « & ESRAH ¥ OILAEEETH B 550°C v L 600°C o i %4
B, ERIRL oL VARELARD, EANIEREOyHE ASE
Eem# iz oblegH I RECl, b LARBNIREL &
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A/ (%107

. , ,
500 600 700

2.1 Te-16 9 Ni-6 9% Cu £ m_L BIBZRE 1l i
Thermal expansion curve of Fe 16 95 Ni-6 9 Cu alloy

20 1
2 Buo 7 78
2 4=
-5 T
0B, RN
10~
H,
i { i I 0

1
450 500 550 800 650

(50%7%

/2 2 MA@GM4%Img¢®MMmﬂaMA%w
Magnetic properties of Fe~16 9 Ni~6 % Cu alloy
after heat treatment.

D, BAGEE ST L s HHTH B,

COBBEDIT B DL LT - 2B THEMSIC X 58
MMER2 3, M2 4B I0R2 55RT,
smﬂ®mﬂ%,ﬁéﬁ&$w ¢ OHMEIEER T Y C Xh &
BOBBREHEZR2. 3(a) DeBHTHY, —HOCHFEO X

SWEfifEzE B UIRIECH D, T2, TOL XD THPRIXE
2.3(b)THY, «HOEPHRETEZRLTw 5. C Otk %
S550°C Mgk F 2 & 2. 4 (a) WiRd k5 iC, MMMIZRSSRICTHE
P Ui e 2. cOPECOETHNITRE E 2. 4 (D) o

BYTHY, aHOBIHROEMIC, »A D OEED » HHOEHTE
LB LND, CTHICKW L 600°C i X hu ik stkoik, K 2. 5
(a) DX S5 IChE TR %< &< T, KE RiSRRITELL
T, ¥, CORECOEFEE, 2.5 (b) ti, 550°C
TR ENAZBEO 2. 4 (b) 2 bT, yHDEIHED®)Y
REE - T3,

P EoE#ERIL, DFOCLAHEIND, Thbb, —%
8y HEIC AR D X 5 % 550°C INBATRE, 2 #DIFED X DGk
DEERFE L b, BHAKRRELCE EFEoTWwE, ¥,
DRETE LA vy HE BN EETH Y, ERCHHIIZDD
ICHAEMER « HREEE T, yHOEEREL TS, TiiC
e, BEAER yIEE 25 600°C I hictRigclk, v 8
ELTHSEEL TR, Oy HRHENAEETH ), FiE
~DEHRICT K2 a $ICHEIET 5, Ak, TOLBCENE
NARIINT 5 . 800°C (kL 7 i, 600°C g C b b i 4k

FEEEB M &4 FNC (Fe-Ni-Cu) - 15 + KB

(a) BBHLEL (x30,000) (b) [

2.3 B00°C Igkis, 50 % IIEAEIRIED B Mk T R

HEP LG ILIHT 1%

Transmission electron micrograph and diffraction pattern.

The specimen is treated with heat at 800°C and cold roll
50 9 thickness.

(a) BHELT (x16,000) (b) [EHHE

ed

2.4 550°C i D T ARG 2l X U IS

Transmission electron micrograph and diffraction pattern

of specimen treated with heat at 550°C.

(a) FHEH (x16,000) (b) [
B 2.5 600°C Ji#th % L s 5 S X T E

%

Transmission electron micrograph and diffraction pattern

of specimen treated with heat at 600°C.

400
o Oz
3 7
=
X
o
L 30
i~
i
EN
o
3001
Lt 1 1 1 | —¢ L
RO 80 0
A 500 600 500
rolled :

2. 6 Fe-16 % Ni-6 95 Cu Aﬁ@}mmmﬂ Pl e X

Vickers hardness of Fe-16 % Ni-6 9% Cu alloy after
mechanical working and heat treatment.
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BB X bicitia, FCEENT %0 2D bick, v LR
AR Y, FREREINTICE AWML AN E S Ua e &

&k b OREIOM e X B E J 2. 6KmLtOSMCH

T2 b BEEESIC & % 7 S REASEEY b B 2%, B A 600°C I
BRDE, S U ERHNT 5., CoRE, SRz
Wi EE NS HFICERE U TIRMI DS\ e HH & 25 & & BT
BEEWIET 5,

2.2 mHoEm

EDRPAD T DERICE T, v OB X Y R334
FTEPETFE L ASREPE 2. 7 ICRT, o 28 20 % CRE
IS L7 3 RBEIASRA AT 228, S hic Zwyn BN EL 25 % 1T
n3E, BREEORDE b, FENIDABTS. Tk, BB
NERME D B, Zorn BT Th ROITERLETH Y,
5 %Ll LOMOTRINC X D BRI RE b5 2%, & bICERE
#F L 10% & LT IBE OB %80 3 35RE D,

oAy & % B IRECOMNBIC X D R y AR bR B B
HiE LTk, ZoRECRFMTE & QCHDRTREC ¥
b ToREEREL, ToylrEEtTsceifiiEZshd. &
T I NREETHE, 2P SMICHEERyHE RS 2DIC
Kt vy B E b A wDTH S 5,

100~ © Cud%

x Cald?s

{8671 11(Oe)

10 15 2

G-

2.7 550°C, lIMIME#% o REIICTZVT KD 0 E
The effect of Ni and Cu contents on coercive force
of Fe-Ni~Cu alloys after heat treatment at 550°C
for one hour.

Br(kG)

EGER T

It

w10

L x
50_<\

H.
\

L X\X\x

&

(&g H HLOe)

x

0 ] 1 1 1 k] ! 1
0 0 20 30 40 50 60

JEREE (%)

E 2.8 HUEHONITIC X 5 BRUEOZt
The effect of cold rolling on magnetic properties ot
heat treated Fe-16 95 Ni-6 9% Cu alloy.
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2.3 ARBEOMTOME

Fe-Ni-Cu &% P HEM AL LTRHL XS 320k D
PR, BOr 3 X CBULTRTOMICIE 2 5T L, RAaiic Sul iz

BCAVWHEEICIERME R T E s ik, B2 2R
NB XS A EAL, RENE IVBIEER2B20LCE 229
Eé&%%%*béﬁﬁﬁhﬁb%fmko%bf,C@ﬁﬁ*ﬁ
bILBEHEE LT, F2 2hb5ihend k5, 12KG Y
OBREWEREE B LT e, MENX00e B EE A2 Y, B
%wwﬁﬁ%ﬁ@é&fmwww%ﬂm*&écaﬁf%ﬁ#oka

chiCiw Lbivbivk, EiREOHTHIC X Y R AT 5
C@ﬁﬁfﬁ,ﬁnLE%CUL5%WMK'%ﬁT5C&K%E
L, BMCEENTRESCT el D, FTHEO R
FIAL, A e L COBKEEOM 3 Eh o ko T OREE
T ENC TR A AR OB KA L, ARk St
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& 3.1 FNC &0 FEWHESEHE
Typical magnetic properties of FNC.

e Trsd BOR & &

Ni| ca Beod) | PEEGE" | ekt
18.5 6.5 6 BMLES 68 12 0.96
18.5 6.5 & ¢ TEREHE 60 13 0.96

16 6 3tEH 45 14 0.91

16 6 0.2t B ¥ 45 14 0.97

16 6 0.55 [H R £ 40 15 0.97

16 6 0.55 ks Bf 20 17 0.97
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R 3.2 FNC &&oHiiis X U HE
Physical and mechanical properties of FNC.

i i3 #) 7.95g/em?

O OB B 30~40 t0-cm

OB OE R X 100~130% 10-7;°C (30~400°C)
i 7 x 330~410 Hv

5l oy B & 100~150 kg/mm?

i w 1~3%

£ 3.3 JFEREK X3 MERogL
Change of magnetic properties of FNC depending
on measuring temperature.

o R BOR W K B h
: Bzoo (5G) Br (kG) He (Oe)
0 13.2 12.7 59
25 12.9 2.4 61
50 12.6 12.1 b4
100 11.8 11.3 71

£ 3.4 BSRSMORELL Qe 2570)
Stability of magnetic properties of FNC.
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;oW oAk 12.9 12.4 61
200°C, 200h 12.9 12.4 60
200°C, 1,000 h 13.0 12.4 59
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Differential Amplification Magnetic Sensor

Kitaitami Works  Kyoichiro FUJIKAWA

Saburo TAKAMIYA

Central Research Laboratory

A differential amplification magnetic sensor (abbreviated to DAMS) is a composite device of a Hall device and two transistors

differentially amplifying Hall voltage. It has intensively condensed monolithic integrated circuits in construction. As a result of trial

manufacture of DAMS, measurement of it has revealed that the magnetic sensibility is 7 V/kG, unbalanced voltage is to the extent of

0.5V and nonlinearlity against a magnetic filed is not very large.

DAMS is not suitable to the detection of DC fields or AC wide-band

fields, but because of its features of high voltage sensibility and asymmetry for the direction of magnetic field, it is to he well adapted

to contactless magnetic switches or Hall motors.
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(a) HAHBERZHE-2H0

(b) UK Ko R oz d D

(c) MOSFpiL oAb D

(d) #EEDZ R 1C2tuel BEERHioc b D
(2) BWKIEHFET

(a) HEAEEZHE-Zb0

(b) &tk o 2ok b D

(c) FEc&BEEZARLbOD
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(b) Az Th-p BIREFECTHO
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BEDKEZRFF> T DT, HHEEZAKEL YT R
TE 3,
X 2. 3 ik #e DAMS OB % /8T, RARECRBER Y H%)

E2oorx
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B~ AT

Blav s yWis

E2aL X
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(b) XY#T&EE

B 2.1 ZEWHRERS tuoy— ORE
Structnre of the DAMS chip.

! Rg
B,
p
R
O PR —
________________ E
B, e

Hi2. 2 ZEBHIEERES tof— ORISR
MG TFHRT & LT DREERF
Operation mechanism of the DAMS, and an example
of its connection as a four terminal device.

B 2.3 £ MEENAEHHEBERS to-
Mold type DAMS.

ZEORIER HEERE tuy- - B EE

o

IS e DICEZRIDOEIT E 2 TE LT LCHEHEOLEMD
R HERD D, MR tod- & LTRERD 2 wERDSX R
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&5, BORERHENT 228K 2251 b HOBBEMSE CHT eot—
FROMTE C BB EDbRNTwE R, © Cicik~<s DAMS
FFHCREREROFEE & > T,

3. EDWEMHMIt Y—0TRW - BEHSE

AfEE i DAMS OFES 1 FkR R 3. 1 iRd, B2
(bfe) DPWEL BWTR, ZOoD 1292 BLUETOD L2 % £h
ENEARCOARE, FHD Fsvvas ¥ HFlC LoRECER T
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x 3.1 EHHEBEI toY- OBV
Electric characteristics of the DAMS.

A R = No. 1 | No. 2 | No. 3 it #
o o A R 1.3 1.2 0.8 kQ
Iy A HAFERE 3.8 1.2 1.5 V(IE=1mA)
LR et d-3iiliiH 20.0 19.0 19.0 A%

R X0 3 L2 X WIFRIE 38.0 37.5 37.0 v
AKOEw|t 0.025% %
oMM W OB OB 0,001% G - Hz"!

& % e iy 10~ sec. (RL=100kQ})

% A W H hre 15.5 14.2 12.5

= EHVRETE

gl
V=35V
2= 1KG
s B=1kG
R.=100kQ
6=
B
4 -
B
wr
3k
2
.
1
0

1.5 2.0 2:5 3.0 3.5 4:0 4.5 5.0
R LB AT (KO)
3.1 ZEEEEEEE tuvy- OBSURE
Magnetic sensitivity of the DAMS.
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/ V= 36V Tew = 0.2mA X £3
/ 6 Vizes 11,5V 1.0mA A
A/ Vip = 8,2V 2.6mA QLD

" L+ 10ma 5.0mA O]

3
/ | TalER — o B,

Vir, ValdR us Y OR el %

4 R.=10kQ
3. 2 EVRESKUBRHE
Magnetic sensitivity of the DAMS.
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Structure of a brushless motor.
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4.2 BHF 21wF OERREK

Application to a binary switch.
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High Frequency Noise Chkaracteristics of Small Size Ball Bearings

Ichirs HIRANO - Kiyoshi TAKETO
Nin OGAWA

Central Research Laboratory

Nakatsugawa Works

A rotating ball bearing under load generates an airbome noise of high frequency peculiar to it. With the trend of electric machines
getting of higher speed and of lighter weight, the airborne noise of the ball bearing has come to impose increasingly serious trouble.
This makes it necessary to bring the light to the noise characteristics.

In this paper are described experimental results on the noise characteristics in question with a small size ball bearing under concent-
rated radial, thrust and combined load. It is made known that a sound pressure level in two specific zones becomes the maximum and

the two maximum sound pressure levels change with the change of the load. Then the noise characteristics in case of the combined

load can be estimated from those of under concentrated radial and thrust load.
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& 2.1 HPIEXZTBENT 6202
Single-row deep groove ball bearing 6202.

RLeimm oo

I b L
SUTLFazk ERoEia
SUTNE | 252 T | ARHES
) WHEOY | Kot | Hh
i AZN—7 | BIr—7 &
055 A | B | A|B A | B
7% 35¢ .03
D ~0.007 No. No. Na. No. No.
1 6 1 | 16 21
e ) i § § § $
: 15¢ o 5 10 | 15 | 20 25
[
11
B
YT 0.009 0.013
TER s ]
Cr 0 012 0.016

*CM T 22 2E 22 70— 7125013

TERORR AL LM« S5P7L MEAER 05~6keg, 25
2t fHE 0.5~5kg oz Fhofipc, 0254wl 05kg p 8
WAL Lo SR OB S, WHEILA=Lr/Le (L X 252 1
&, Lrld 5970 BEAE) 2EHXKL, TOrOfE»0.25, 05, 1.0
G~ %5 X 51 Lr, Lr 2B b ico %% L Ly, Lrp ©
R, Wl d sy |EMWE, 252t HEOZLEFRE BICH
L ABED P e Uik,

WHEOAF HES ¥ TOREWTR, 570 HFRDOLD 252
FHEDHTH-T, 2HARNOARHEOHERELL LV, &

CORFBCIZ R T 2551, SRMERLE 25BN KSR
THb, COEMPDLT TR, —HlDADHBEDLIC ST D
BER e )BT . TMEDRAME, 5T71 FZ 06 Ak
LC—iic Rl a0 5, HAMAE Co 0 1/10~1/100 R k& 4
T, T TR CoD1/50 & Ui,

2.3 =REE

BRI, I b R % [BE X - B 72 0 BETIEET & IS
WA 2 2D OEMER, BS%WESTTT 3 2 dDBRE DM
FESEEA LRI N TV 3B, ThbOHEBERT<T%, 4K
B T 7Bl (dmx 4mx Sm) JIcEiE L CHE L 7.

B2 1(a) kiAo EEREE©, HEmhcERE 2%
AN, — AR L 2 BB sEsic T1S st #e Ui
MR OWMZERAMAEIZ XD EbETH 5, HEBWSE C OSH A
HOEIRIC DT 5. 2. 1(b) BXU (¢) 7, &b IcERFEET,
SU7) BEME L 252 HHE AT 50T, SHREELMT 3
HaR (b), (¢) 2T 5,

—FEREDHESTR2ED L5 IC Lo WSHMME ST AT
TEEEBEFHE LT, TR ENITRAME BE 5 21 L,
YA o BRSO fUd b 5 cm OEEREC JuF ot 21ooh
v RARE Lk 20FuY 21o0ky b DESLHIE L 2% ~Fod(o
BOBBAEELSTERL AL, BoheoiERE LA d-4 T

# JIS B 1548-1940

PR EIZ ORI - T - R

e

7

(b) IS TALFEORER

=

4 \\

i i

RAREROT &I '%E’;‘.%\f EFA
lc] BWATMATRE
K 2.1 BEShESHE s X AR SR
Drive and load arrangements.
FUIR L 7o COBRFHODIWHIE w25 ORGSR EEL, R
ICBIL Tk (20~15,000) 1 %+ 2Hz TH Y, HE LA Bl T
i £05dB vh 3,

.ERER

SU7L WEMED L% EW LS, 252 MHEOLEHARH LA
HE, BLU U7l BEMEL 252 THE T FRICEH L 2S5
WEDBEFDZ DL D TEBRE RS D5,

3.1 SYTIEEFREOAEEFHLLES

3. 1(a) & sv7L BREFED L ZEBIF L BED, BE0H
BEEHEO—M %R T sT7L TFERE, T2 1 ©RLA Adu-
SIETSE InDdDe, BA-JIKET2 4edbDTH5B,
RREL 90 DHDICDWTIL, 5v7L MEFEA Sk DX
R Lo

3. 1(a) D 5370 TEEZRPIVEE, KEFvBEEOWTR
DEREOREEFHEC DB L T B T 2, BEOTE LA A
0 () Re o T BEEEER, sv7 BEHEL 05kg »
Lo5kg KL THIREALEE RS KD VB3 CHZ(EL &
nwZ ki, BE LW EGR, sI7L BEFEOHIMICOR TEL
HBoTnwTeTH5,

SU7L TEEOREZ A, Bifi S1—-7F MCoOBE D Bttt
HEILTHBE, 22 233 1(a)® 587, RETHE Le 73 3ke
DHEEWCIL, 59701 TE XD ASL-3 BT 2 DI 5 25,
5dB BIEEEMSEL B> T, Ak T DL O BEIGEHET,
HIE LA 22 DR e o T\ 3 200 Bk 6~8kHz, 10~

713



HEL -~ WB)

& )

570

]

E)
7 N )
S y
1 AV
o \ﬂi/%/%
o -.N/;%?‘
* 201 * \/5,' %% et
: > >V‘ [ e
i ! 1 5 . .
2 5 N 15 20
B R
b) 23R
® 3.1 =7 EEFTES LU 252t HEOH GO
BR S o BB S i

Noise frequency characteristics under concentrated
radial load and thrust load.

13kHz %, oL EERRE/EL T TH #, 12kHz 82 1L 3%
Frectsd,

3.2 RSRIMFBENHEEFH LSS

B 3. 1(b) & 232t HED» % B4 LB a0l D B i
WhkRT, chidsvr BEMEOES & MR, 5371 F % 45
A, B I3 CRBTB3MZO—HITH 5, 252 WEDEHEIC D,
115 6~8kHz ¢ 10~13kHz 00D JEEHHIE CBREDOHIE L
A e DRERLTRwS, COZOOREE sP7L BEHEOE
Hr R TRHz %, 12kHz e U 53, T Clili~%k 5271 TEE
WEOBE L BA 5 hE, &oRERTHREEES 252 HEO
BN ONTRABROEIES ~BET 2 M TH 5, e 12kHz
HEOHBE AL, TOBMABEEL.

3. 2 i3 & oK ERTAEEEHROBH IS DK, 252¢h
WEL AWM L LB EOBEORAEERED 5 B, 252 HEAR 05,
2.0, 60kg DZDDBER L D HFTHELADYDTH B, H3. 2
ke, 252b WEN 2.0kg BEL LT, 6~8kHz kEbh
T b DRD LAY &, 252+ HEOMINC SN T, LEWKCE
DR BERDHR T Do

—7 12kHz #icE b T & 28K LA O BB, 25
2t HEOMIMCONTH LT ORAEROENES CBEH LT, 25
2 FEMN 6kg BEICET 5 & UEHEL FCBHHL T L
RKbh b, DFCARHEDOHAEDRE D AR RIERERIC
DT 5B,
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&
i

2 b f5E Li(ke)

AT

i ! i ! i ! ! 1 ! M 1 1 ] ? !
2 3 4 5 6 7 8 91011121314151617181’920
B & (kHz)
® 3.2 zsxab WEOZEL L BEO HEER ozt
Comparison of noise frequency characteristics under
thrust loads.

K OB

(a) A=025 Ls=10kg  Lp=4.0ke

il Zkilz
4 '—'»E.
2 3 A R

7l (l12)
& K W &

(b) a=1.00 Lys=40kg Lrp=40kg

557 TE % BJu-7 (Cr=15p)
® 3.3 A EOES 0RO F R
Noise frequency characteristics under combined load.

3.3 ERWEZEWLABE

BRSO U SO D PTEE R &, C OfERE I AT =T
B 2B AORSRE RS,

3.3. 1 EEOREEEFE

®3.3(a), (b)) CHELA=025 & A=10 DFSDOEHREDOH
WSRO ERT. E3. 3 XD SEFEDHBACENTY
5571 BEMEOR, 5 niE 252 WEOIDOHE & [{ikic, B
FO BB EZ o0 & DRERT ATEREEIREDI Tn %,
LoD ENEERE, 3. LTk e Bkkic 7kHz #,
12kHz #E L3 T, COLDOFEHEEEDS S, Tz HOR
WEERIE T IO A E LA BAZEL T, BEAEENIES
~HEWE S ~ BB L A\ Orest LT, 125He #0 FEsrkiEi
AR OEE 5 ~BHT 5,

—HEE LA 1, AREET B e TkHz g, 12kHz #e bics
b2, ZTCTCOTE LA AEFHEC - TEILT 2R R
FT 3 BABTECHENR, COEDCEEHHEEITHED
TSRO BRI~ ED LE2 A2 TERT 2 DOHE
FTH 3, COX5%E 54— & LT, MZHOTTORRIRIC
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7 /,\/Vj/ -7
!
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;
o

dB)

BEOEEL -~

(b} 12kHz% 0 <

H 3.4 7kHz #3 LO8 12kHz 0% E LA

Sound pressure level of 7kHz and 12kHz zone.
MCBEUADS BEOBROIDER L Bt L, ChEHAEM

71 Pkg  LTL3F. BABM P & sorn BEWE Le & 25
b HE Lr OFOBIRE, WMERONIOHD FriEETsCe
CIVKB L DOETEDLTCERTES, AFcOXOBYURN
SBCTF T

P=Lp/z(A/sin a4 K[ (208 o) romrremmmmren B

RRLZCK z BIENDEER%, » BiTEIE, o ZiEo
B %E, c REMZICREOER® (MFIEXEBEMEZ T’
437y #5FF. D P2 HwT 7kHz %, 12kHz #OZIE LA, O
ZLR ML AfRIC DT~ 5,

3.3.2 HEEROBFEL L EEXERD

3. 4(a), (B ENEFNGETEL AN LHcEbhik
7kHz %, 12kHz #OREZFOLT LAL OZ{L%, SR Pic
DETEE LA DTH B, ML AWELL A=0, A= TENT
N SUPL BEFEDOHXDOEE, 252t WHOLDEEOREMETH S,
3. 4ckh ThHz B3 LU 12kHz BOZE LAL B, & dic 2
52t FHE Lr D& OHBER, —FBTRLAERED X 5 ikl
fuhdy P O oW CTETT 2 EM%ERL, —J so7n RERE
DHDEGEX, NS TR LERED & 5 KR A P osgn
ICONTHKRT S EEERL T 5,

T BREEOBEICE, ADEDHLICELTEIC, BAE
filDy P ASEAINT 21 U728 » CTHE LAY AETT 2{EH2RLT
BH, COEME 252 WEOFDHEOEMICERERE R, ¥b
CERMEDCHE, WERADEAKELASICORT, T4abb

I EWE OGS - 5 - R /]

SUTL WETFEIC ST 252 WED A KE L RBIC DR T,
7kHz #3s LU 12KHz B0 LA 1, A=co © 252t HEDOHD
BEDHE LAV DELICE L o T3, Mic A DEZ/NEL A
Y, SUTL WEAE Lr ik, 23520 FHE Lr 220 & o T
3¢, IZODHEBOEE LA &R AEEMIIOBNRE, A=025¢
A=0 L DEREIR L LS KRl LT 5,
DECINLOERKRE D LI, =, ZOEEPRD,

L5 B

syUpL BEFEOHFEAMN LHE, 202t WEOLZEW LA
B, BRWEY AN LABe0 2N FLOREO B HE
b BE LAY Bk E R T AEERRONBEERE, oK
LR DREICKTS 2 2L & KB 2N L LT 5,

4.1 FELASAEXERTEIRES

SU7L MEFE, 252t HH, SREED ZNENOBHGCES
OB RO 2B LAY 25, &Nk e A3 HEHC
T o T 3REFG & Fe O#EERT 2 C &1k, FMEHA
WA - C, TOREHERO HEEHETHT 2 k2o cC

ABDLETHEETHL, LR, T TR, Fgofs LT
HWMENDIEWPREEET D2 & ic, =, ZOHEEY cz%) EDnwT
EHIRERE O R REC D\ CllEd 2. ES O BRSO F 4
Bl 5 e B2 bNWBEHH AT 5 L DED LD R 3,

(1) EWZoOMNE - GRE% - F - RO 21 2023 Buc i
BT 5 d0C, thiEVRIDERN: LT,

(2) EWZoNGK - E - WhE—HEORMKERT, chiczo
SERHACHAIL T3 RThT 3 o-h AEMZERK X2 En
VEFASID 2 € 2 IC & » TR E N B IEHRORINC L 3 3 DT
Zh# SVRINDEGE Ld3. D 2EFEDEIE, wiFhdd
LIDRHANEZT 2 LR EVFHEETIRTTH D, WEHIAN
& LT,

(a) H Perret I kLo THHah A TEBIC LS bD

(b) WEoOMEEERRICGERT 250
ERELDLND,

ZD5B (a) k- THRAETZIEHATO BIEE, AHEE
MCEERTT BB N-ZTH b b, £EHH 10 fiHD
NEEEE TR, ok 2RSS 6,000 rpm (100 He) i ERL
e LTH, NZ=1000Hz Coh B LOEERKEEADAVEDL,
(a) it X 3 FWEAEDEBAINC X - T 1,000 Hz L | D @R s
FETDLCERDPRVEELTI N,

Thic b (b)) oS, FCREREOTRRD S b, EEo
WD -2 HEF LCECETMECH D 5D &L B 5 & D (M
M) ] X BN X o T LD ERHET 5 2 bitd.
TDEH & DODNEIEERS, BE L0 BATY 1/100~1/1,000 ¢
(rms) D b DHAFHMEE -, FEMCDZ > T, BIERHEAIIC
FEL TR EBHLNLTEIW, FREEFEDOITA-LER T
b, WAMORECHIR L 2 B84 USRS o BE s, &
TrEAs 500~20,000 Hz I 7 » TR IE—F LAIL D hoA b A2 I
WEHEC AR B T b, L-AHEB IV EOEE D E S £ DL X T
£ CBI|EBA O BT, HEOFEREERO s 0Tl Rl, &
EHoWDHAEEETHACEAL DD EEZI DT LR TE D,
FiszR, SBR~EEHADZEThE, 2 OEHRET Tl
7%z EV %% - SV ZFI2fb 3T, HBREDE € 5 CiREIERAL
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b,

L7chio THIE LR 25 & Dk & % B s Srsaig,
KD~ EV RF| - SV ZFOFEH O HHIEDEHc 2o TEW
FEHL 3R FCd B, FCTOFREV RFE XU SV RFO
HHED - 28832 & 2 bic, HHEBEDRZHET 2.

EV ZFIoER & LT, 54,
HIFBCLHTED, CO5BbRERTIMERMAE B EEEIND
b, WIRZET OMHEBRIEFCHELT WS 2K, BTD X
ek LT, FOBHMBEDET 20 kHz B AT LR W,
L7z THD b ORMR e RIFIHTH 5. SR RIFEd, £0
WEBRGERECH 245, —FO Jud L RECENTE S,

Lo THE AL b REL AD LELITLHTE S,
wWFh I T

Rims XUHRIC X2 0%

Ao T, Sl DUMREERE O RS -~ & LTR,

M EBEED fr Vol BACEERZEMN: A Th e OfA2E

fﬂil’fﬁm#ﬁ:@f] f:i %%i%bpflv‘o
BED S bWIRICT 3 D% Ffay fra, fao, fs 2 LBL,

THHITOOEN T~ F O HH

Lz
Yod HIAND

£ 41 Eihg (62029) OFEEEO BHBES)

Natural frequencies in high frequency region of ball bearing.

o ik P | B R | B b
o JTIJ % Ry 7 Hz He (kv =
] (RRgERE) | (gEE) | AW He
oy ¥2 R -
LV — s 5,73
55 AR
5,690
A= SHO g 0000
§: A TI }\ - BPENIH
BV fjfmiil;ﬂ {y‘) 5,860 § Thiz 4
Ay KA ' |
s 8,000/
8,500 |°7)
1 /
9,330 .
Svhzx bax 2] , 9,820 .‘
5 o7 gy 10,180 | 7
0,50 |G/ 10,000
b/ 1
10,710
fkg | 12kHz 4
. FRETHEISL G 2 o
EV. koo w20 11,460 13,000
; 9,810
FrEE YA TAT 5% ] 11,460
B SRR 2 . N
EV oz tistgan 27 11,780
| mamomst . - /
BV | goyarmy M JerEb 11200 /
i/
.| SRREROT N ]
EV o5 — SR ufra &l 11,600 Ir
!
/
Ly | HTISOR
R S 16,410 ;1
/
/
/
i
ST O 5 Y
EV | ymm 5 16,600 | |
/
i

1 OATHEIC X 2 BRI R ML 2IETH B,
32 Element Vibration®Bg

3 S
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ystem Vibraton?Eg

(FERICET 2 0% ufr, fat LT Y0022 31 %
NFEWE R ETROED e~ 2RT.

—7J5 SV ZFIOES =-F & LT EEEIkE L, SHE- N
o HEAECOEREERE T 252 K fsr, SUTL T
Ssr B XCHESHF GHR & iR e ORIC T b BEFAP 251
BOEHNF) fso DIEBE-F BEZ bR, D5 D fsr BN
Tih 2 &,
poTroTRE Y BiTFRw,

Y LEoBRFIOBEHRBORFESE, —#cowTRIzRc X
S TRBEEZHELTER S LiciRd, AapRs lichk, 38
1€ 3k =7 BFROTHE G HNIC X » THDLNZEREFO & oMk LA O
WEEEZ B L. 2¥FCINTNWOWNEOHGCEHON LD
O FAEFOHEEL 7 k2 3 & 12 kHz o ME» b, [ 2 OFLER

ZOHBIREHCH 1kHz B E XU hET T3

*#%Z Do
sup) MEMEOEH S

2520 WEABETH LD, R4 1 WRLAESVE
WO X BEERIIEE LAV L iKh b, Ltk
T 57l BEREOHHOBERESEF i EVRFD
EWiC L b EL b D, ThkHz O FEEHEERTE, R
410 fm B XU fo oREHKCEL, ChiKkdDd
FTHICENEIC A > TWE C k, XbIchiRod & ihE
b Y 3 LT A BHEEIE R 22 L 7 fiE 5,690 He,
5740 Hz »ifive, T ORFERNRMAIERWICIE fa, %
7ld fre DIE) =¥ CIREIT % 45, F e OFfEIC
BUZEHINHEDO DI, HROEEIERENE - %<
HEABAERHEST, WS BUPEL Ao dbDLEL
bbb,
—75 12 kHz i B 0 R SER, Rfgo BV
JHNOEHBEDE i f a0 5 fre & HHOR L EV RS
O HEERER fa fo O 2 ERIFKTH B, DD
AT sT7 L BEREY ZF TR I AV kb,
527 MEREORINC X - T FRIFROHEDIC X 5 &
F Ay BZE(tLawzricab, chldBEc 12kHz
BOEE AL RELTIHELFET 5, LEH->T
12kHz X i 0 EV ZFIOE\EBIC L 3 faoP X fre
D2 EEFE L LIRS BIBYTH D, Pk, BTHE
WoBs, =41 CEEERRLE EV ZH0E=R
- O HHEEBRCHYT 3 BEET C-ou BEDL
NEWERPRD 52, FELOHFCERDLL A
o fo
252+ WEDEE
7kHz #, 12kHz #0 5 5 7 kHz B FEuk g,
252 WESHMLTY, BRHOHENEDR LW,
12kHz #0 2 AT b 2 I BEHDOE IR 5 ~BH T 5,
TOHET sT7)L BEMEOHEO 12kHz # e RHEEE
Bt B, 252 WEAMMT 5 &, HEE 242 DR
& ML O e DI EICEEM LT, STTLRTR A2
Frhb, TATOETNE - A& Sk LRI
B3 % 2 b RO T AT L & o
Uit T 252k HEANE WHBHTR, el

¥ of—-We- FREDbIEV,
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TEHBD fao, fre DEWHER T VA, 252 HEEKEWE,
INDD fao, fre DIEWEFEAELIC SRS, TOESLELS
&, TTCARLAERS. 31tk nT, 252k 48 Ly 75 0.5 kg B
HEHbLAIcEDIRE R > T3 ThHz #OFFELNA, Lr=5kg
T, BEAE DKL EEDELL A s HEREFTE 5,

—HE 3. 21/ LA LS o, 12kHz #0 By e &,
LA 2520 WEH Ly ORI CREBICZE LT 220, HARMICIT
R4 LICORL 72 SV RFIOIEE) fsr ICEAHEED S DTH 3 &%
Abhd,

B EO B

B EOEEORY O FsticEbh 3 & ok LA D
B, 5 CRORE sPzy BEMEDHOEHE, BLU 252 HH
DHRDHFEDOHWHEZ A L T35, e T XTOEL AREE
REMLTYT, 5370 FFED 2320 TEEIETH B HR 252
P REOHOBEFIREICEND T, ZOMHHED 252 HEOHDY
HICGEL 23 LB TE 3. COfERDL, AIMEDEEDORKE
HWROEFL, TORHERLE W5 HTRTTIED e 5T7L THEH
H - 2520 WHOBE L HANCALE bOTREAVEEL LIS,
TEMICHE, U LAREEROHE LAY Ik L, 5971 BEAE
Lrd 252+ HE Lr D FROHFGFERBKE WARAEETH 5,

4.2 ERMEOSESOREEHOTEL <L

LT CRBHCTOOHNLTRHz 3, 12kHz #0E M LA DT
T 2L DT, TR~ 7e U7 BEME - 2520 T
HOENENOEE L R L 2R 0EET 2. FSic SlmEE
A5 2C2ICX>T, E& L2 HE OEMEICE U5 B
NP e BCHRRZETOOEKD b OMk LN D & O BRI
L, T Clo—8EEk Lo,

K 3. 4(a), (b) IR LZHE LA S &) P & o
EPEHEL L CERTZ 2, 2FCRTL @ 1D)~E10) 5 b
b,

BB DS S
Srr==39+20 log P‘aflfz‘ Azm0.25 coreienieie i 4.1
Sar=235+20 log P“'s‘TlnE A==0.50 ecvrernernnecnirnnaenns 4.2)
1Srr=31+20log P“z?ls’ﬁ A=1.00 ereenrrinearanaens (4.3)
2SRE=36+2010g P 500 A=0.25 crrerrmrrererninns (4. 4)
185 rRr=28+20 log P“?.‘lﬁi A= 050 - oevreerenenneiannns (4.5)
125 rr =29+ 20 log P”cflz'é A=L1.00 ceereremrioaieninns 4.6)
SU7L BEWEOHE
2SR=37420log PTE A0 «roovereerermenrsnnnes 4.7
1SR=37420log PTG Am0 «orevrerrnrenrninenins (4.8)
252t HEOHE
Sp=25+420 logP‘zv.Iﬁ ABECO  rrrervrnaenies e 4.9
1257=29420 log PoTE Am o0 (4.10)

ZZIRSEFE AL AB %, SOEM 47 w02 e 2K LA 0
BT, S OLEMY v o BEOTEEZRLTEY, ar
REEHECSHS, =i so7L BEMEORXOBE, ik 252
HOLOEEERT . EAMERA=0 DL & X 5371 REFHED
s Amoo DL EL 252+ WEDOHTH D & ERT

NEEMZ ORRERS - P - RBE - NI

BHAEDE & O 22 O #HROBE LA 2FELTH @) ~

(4. 6) DR P O » X0 O 5.
—1/2.56=n=~1/7.70

—5supL MEMEOSL O % & 1k, TkHz#, 12kHz #r$
IC n=1/3.03 TH Y, 252t WEDZD % & & 7TkHz #Hocld n=
—1/3.03C, 12kHz #-CiZ n=—1/3.84 2 % 3, HBRFW, T L
~2 TH & DEEACFEICIRE A 5 Eic ) < ilblhas, i P
D 1B FCHAT 5 L w5 KELCD & DT, HROEHIC X 35
FEUAL W, PSICHHT 3 2 27 Lok, SE550RBTHE 59
7L WEREOBACE, » DEIEFIE L3 LA VR L—8T 2
2, 252t WEOHGH n OEFE L & D, BABEM P oRn
CONTEHEREDTE & w5 HOEAERLTY %,

252 WEDOH DB EDLREE LAL KD TD LD n [CfHHF
L CNETOHEH» LD & DB L, 1/263~1/3.1209 1/408),
B L HBICE LD ERH BN, ACEAoTraln, HFHbLD
EE T OENAICA D HICDWTI, 2FD LS IKEZR 5,

FIE LA 253 TEECH P o 1/3 Bic 3% L ODEZ LT T
B, FCRLEH 2 OEL DX REWARTE v LA o TA
B L L LT3 E-oAL v Lk, & 24K LA DHic
&, B P o 13T T 3 HEO b 00ERe, P o
B L7 b WHED RO HIE LA PFEEL, TOBE LAL B
RBRE LA 0B LIETHFERRKRE wanic, 2BE UL DR
2B Y3 DI BEREDbNE DL EL D, FEELDOLY L
F 7B ET IR D oMk LA, LIS DR AR O B LA
CHYTEH0THEEBRTCLEHRTE B, 25t WEBRINT
DI L AN T, HRAE: OBlERB 5 T 2EIERL,
FTIE~% BV ZHORTHERSRL L, FESETIFS 0L
e T %o

FEMEO A ORI P O n O, TTRKFRLA
X5k, TkHz#:, 12kHz #r hicH e h>Twd, ZIEERK
BIEA 728G, 0 2520 HEZIIC X o CTHdR: AiROE O
SUTPIL 3 EE, 25 TEXRBICGEL AL 70D, HRFENLE
il %N L TR 2SR, 2520 HEOZ BB E LK
WREETH D, Lo TRETEOEHSOEZOMER, 252tk
HWHEOBEOMHICIEL A3 b0 EL b3,

4.3 BEE0HSEREK

BRWEDOBEOBEDZHE LAL Ser 2%, 3070 REED S
DFREDEE AL Sr & 252+ FH O HOREDEZE LA St &
ODHERELHIC L > TAKEN TS L {EELEBE, Sa Sr
Spr DR TLY D LR ED TR Kr, Kr 25, FHEEA 3L
TED LS5 AEFET oMb X, EHLwedDTH D,

2CC, TTCRNEZOOF W EE, FTabb TkHzH
& 12kHz BoSRMEY A1 L S8 ICRHEET 2 HE vAL X
(4.11) DB C 2 e b,

Sap=Kp « Sp+Kp « Sgp wreceeereerermienns (4.11)

i Kr, Ke ZFNF Ser DHIC LD B Sg, Sr DHEHRER
THRECT, LT sPvn BEFERE, B LU 2sat BEFSRK
L5F, R A1) OEAD Ser i€, FTTICEBMICZbILER
(4. 1)~(4.6) ETCORFHEOHEGOHE LAL &RAEMI & O
BIRR A Fv, —F S, Sr b AR (4.7)~ (4. 10) © 597 EE
FHEE 252t HEOHEFOHFE L OXEHNT, TRENOH
Hitaich) 2 Kr, Ke OEERFHE L. ChbOBEHFEFRE
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HELL A
X4 1 B #FF 5 FRK
Radial and axial noise influence coefficients.

Kg, Kr *HEIL A & OBIZRER 4. 1 ICRT,

4. 11Lh DT, DEDEMNEEINGL, WHILA=10D
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Ball bearing under combined load.
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Foam-in-Place Rigid Polyurethane Foam

Consumer Products Research Laboratory

Shizuoka Works

for Thin-Wall Refrigerators

Haruaki SOBUE - Kunihiko MURAYAMA
Kenichi ICHIKAWA - Kygichi YOSHIDA
Shunichird NISHIZAKI

Central Research Laboratory

Rigid polyurethane foam using R-11 as foaming agent has thermal conductivity of about one half of that of glass wool. When

it is used for the heat insulation of refrigerators, the thickness of cabinet can be reduced to a half of the conventional one, resulting in

a sharp increase of the interior volume to bring out a marked feature.

Another merit is to have foam-in-place so that the foaming

process can be automatized in setting in the heat insulation material, moreover, its large mechanical strength enables the cabinet to be

plasticized.

This article describes, in introducing this new material, the formulation of foam systems and test results on foam-in-place technique

adapted to refrigerators.
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Typical formulations of foam systems.
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Changes in foaming characteristics with aging.
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SR LM ofcfedbELbNE. TCTELNAMBYUREDMEE
OB b E BT 5 &, k& &2 E A520-1 O EyE 0.033 keal/m.
h-deg, F&IT5 250~ DL 0032 keal/m-h-deg TH 325,
1/25 13, #d No 3OEEE LT, RrbBAbrAR LK,
5E 0 EEECT 2 & WEERETL T2 o T ozt EEEL

DT, 0.025~0.026 g/cm? RBEHETH D 5,

Hsan-L KL, SRR KE WO D COHBEORET, Bl
FECIE I & O—HREEELIC X D $ot2or O B FHL AT
%, No. 3 DifiEAE No. 2 XY /hXWwDR, T x4 IC 9517
EUsq BHLRDTHSE 5, L LEMAWCE 0.025~0.026 g/em?
D HE-CIERERE 05~0.6 kgfem?, fifegE (FfrAE) 1.1~1.2
kg/em3 102 o T 5 O TR B vo

5.2 —BHINfREE

Io—ts D—PEFIHEIC DWW T, & QICEIARE % Th o %o
5.7 i, 7oa-%27 E&dbO—UHHERERRZE LT AtLo+—
L DEHEECDCTRDEDDTH b, O, FROLEAMELD %
Y ICIGEERKE v BBRIT S ORMEETY, THICHIEL
HFEHE LTnd, BEFZLE, BIEI12FRETIEE ok LANR

= No.2

o—=0 Ng.3

<o

F 5.2

(&)

R X B~ RED L L—
e (—
Effect of foam density on dimensional
stability at —30°C.

il 3 0.
0.028 0.030 0.032

7 (g/em?)

HIEC X 5 HEE 0 25—
itz (70°C)

Effect of foam density on dimensional
stability at 70°C.

024 0

X 5.3
30°C)

2.4

2.2~

5.1
— RIBAE
Effect of foam density on dimensional or 2.0-
stability——primary shrinkage. o
o—0 No.3 3l
0.018|- 0.9 1.8
—~ —— No.2
,.;;P o—0 No.3 1.6
T o.016- T
=
£ o.ouf 4
2
5 o002k 2 L2
=
AL
0.010 : : : : : sL—" o : : : Yoo 5 ' :
‘ 0.024 0.026 0.008 ©.030 0.032 ‘ 0.024 0.0 0.028 0.030 0.032 0.024 0.0 002 0.030 0.0%2
2 & {glem?) B E (g/fem?) & E (g/lem®)
5.4 HEK X IBEEUEOREL 5.5 EEIC XD EREREDE L 5.6 HWEKX3HTREDE L

Effect of foam density on thermal

conductivity. strength,

HESY SR E ORISR OLavoa-o BB - AR - Al - 1] - HH - ik

Effect of foam dencity on compression

Effect of foam density on flexual
strength
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CTlE 90 % BRI BLL T3, RiE5BREMABOERT
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LauDs—6 1, FCICIR S e E M AR ST 5. ¥ 7, Kk
BEOEAREL Bl b o TWBEDT, *OREZE(LS DAV,
KD FEEHLCTWV As20-L G HB L &, oo Tk
HWEAPLHTH B,

6. HEEICHFIRGRIEF S R

6.1 —FREFESHXOBFER

BIEONEE & NFR S F 7 $ o030 b OUTSEEPR IC THHEFE
BRI EEATEC 2IC X » THE SLau4-6 ZRTAL, B

MEBRPHET I HFELE—~ERES vl ZRICHLT, Dbk
Lbﬂéé’;&ﬁ%;\-zﬂiv\f Fotrob OBREP L 2a-6 FIEKL,
ZOLDICHFEFRR iR COOMERIES ¢ FHEhTnwdh
Hd B L, WH 9L au+-4 T RREOUTEINCIEAT 5 Hike L
T, EDEH Laudr—oh-F ZRAL, #520-1 & FERCHET
ATBCERFTREbRTWE, 6.1, thbZoDkkoE
BR B LD TH D,

6.2 HBREFS CUELEER

(1) wESH

70~90 ! OIBEARHE AT 2 HREOREFIIE 5 <X, —Fkc
2~3kg DFHEHLELTEOT, FORHE FE - BE 2R
AB I UTEACREROER Y V3, coEBOBMEHZR 6. 1

R, ThlE, vovavs KRFEERTWB K (PR - R#E) %,

£ 61 HMECETHREGTS Hlolk
Comparison of methods of filling polyurethane foam
in refrigerators.

g5 H K F o x =S

(i) A% -AwREK7 x—2a% | (1) ECATRORBRER

B. 7 — IR DRILE L
Changes in primary shrinkage with aging.
F 5.1 A-A~Rw2 da—t O—RILHEREE No. 2 FHk)
Primary shrinkage of overpacked foam.
Aty 8 % 0 3 6 10
—- W R W B % 5.3 0.9 0.8 0.8
% % g 2~3 0~1 0~1 0~1
K52 2Y-2x-06DH#
Physical properties of free-blown foam.
® OB W H No. 1 No. 2
# ¥ K X glem? 0.021~0.022 0.019~0.020
E # 8 & FITHHE 14~1.5 1.2~1.3
kg/em?
1026 0§ 2 TETE 5 0.7~0.8 0.5~0.6
Mo Al 5 & N 89 Lk 85 Ll
= iz 5 # mm 0.5 LT 0.7 MF

< T, 12 R _E OB C— RIERHED TR FIRECH 5. A 35,
WEEER 1°C T3, 0Cerld 3 BEEROMN121KCA >k,

F5. 10, Az RIES FER~ A-A-Rwo GEFEEA) Lt &
O—REFERHHERZ R LT o A-/-Awo OFREITET, 3%D
F—R=Rwo C—RPFEEE N 1IB LT BT L Bbhde Noo BHH
LT3HL L LT, & CEREBOAD ke T, PHEIC
R Ao T on—b6 BEETHL L IHLATH D, CHITHLKIE
5 LDOIHEIC k5 R-11 OfBic X530 L EZ bR D,

5.3 7Y—=73—s0iht

No. 2 3 X * No. 3 O FRICDWT 21)—24—56 D % FIEL
iR E KD 2ICELE Vo RRLoA-6 BB O #EH, No. 2 1%
0.028~0.029 gfcm?, No. 3 & 0.0256~0.026 g/cm® DFECHHFT
ELCEbholkDT, TOEENS (BEmciX R-11 &8/)
TEREZGTR > 7o 2U=Da—4 DAY HEE A2 o4-6 THCHL,
PRYECECAR S, COEX, Axo+-6 KB 3EEER 2+
VB IBLDTH S, Thbb, A RITS OBE, BEECNE
LAadbi@R LS SN T, 23—t OREICHIERES 45T 5

T, FHEEE LTIEEEL AL, EEREO FE R, &
5.20r5Y, FITHRAREEHHOM 2 HETH -7k MUKIES
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(i) WBMBECTLOBHL - %
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(i) WEORKARESE S <Al
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(i) AfiEZRAFORDT A
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BERTE RN,
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(1) v—noBERRL, 77
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a R MEICE S,

(ii) w72y —rofffzn
L, HEHEELELE N,
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Operating principle of foaming machine.
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6.2 ABECHEHLGRET > T
Foaming-in-place process in refr:gerators‘
HRHIIREE 1o % 3¢, WHNOBRERFEZIEIE T, 221
vIRuT IK X D BREDEI S hic &2 3 X 5 RHEL, 23vudnwel CTIRA

HRBALTHETZ X5 IthoT b, 36T DML LT
i, a) —EOrE, b) —EOFREE, c) —EDEAL
d) +HARBEEPEA, o) ki, ) MELRVEL RS
BEREh 3,

(2) REIBE

OLRUIA—L DFIE S FIC K B #plaw OEWERHILT 5200
BRED MBEHBRE S KB 3 REARMO—D2TH . L+
v ICFHEEZEAL TR b 0B b wERT 2 &, FIT5HD ox
-6 DL AR AT, BB 0.2kg/em? IWWIENAESDBo Da—
L DI TAERTEINCT 272D A=~RA=Roo FEHT L, TOENE
XHICKELS RS, LENEST, Fpl2ub IC Jd—6 BETATD
BRcl, Mf - AR EEARRACRIT 2 28R D 5. LI,
IBEED F525 w0 PFHEEBERICE-OT, WilRRICEZ 2%
OBARLEOFEHEIBRC I Fokdb D2 HATNE L 2\,

(3) R

FpE%w b O TEPTIT 5 58T B L% Ji S 70 DR, H
ROWETE L LTO R BRHERIT S KR ERVEHE LT
HiFbhd,

X 6. 2%, SMECHERITS TER2RLALDDTHE, O
Jowoddtdss FIRCEHAT 2 &, EF8REN LT XN ABRNE
I F52Fwy DEZBEEMTH AR TEDTH, TTTHAIIUT
bz Fv3wl & 20751y KEE T Jut—t FE il LFTEDHR
BICTFET 5, OFICTD Fotitw b R BEICHIAALT, By
AP ICE D HT O BOFMCECER, A BICFHREEALTRIL
5 EED, Ia~b DECAEKD -2 b XD EOHKEET 60~70°C
KRz e Poa—F27 FRBELELLEL 205, #BE»DL F+
2wb FEHT. btk o2 CERITD 25-vay KE-> THEL
RN 3 C:ich B,

BRSO RIS FIRE U406 WEWE « HRIT - Al - wil-

2076

Ey&

SR BOTYE
6. 3 W BT 3 FE 5 FTAKI
Foaming phenomena in refrigerators.

6.3 EFARIEIFE

(1) 25%fLpg

BFERFEALRITS SR ED F+hob DFER, Ja-4 KT
ADS, TREDWAT - REOVNSEEDR LE X T, 2500 HHET
CARBE5ICTBDR L v, L L ZOHBEEAINLEFRAEAFE
ENFERER L CRBETD 55280 i E 2 DT, COHDH»Db
DWW HBNABEC A S, 2CC, TCICHEYER v-L M2 2D TH
INFELTECriC LA, 2DED, WADORHBRMANILO v
L3S 57 2V Tw 3, FEADOZER, SO EH

W TH D, 2MEFTALEATS XS5 C LD, milEcE
0% 0a4—6 DI LR 2E—LCTEDTH L, BREKE DK,
D=0 DFECAFTT 2 KHMMEBRICET b Trd, LEkM-7T,
BAF D Frwo &, COFRBITTARLE v, FROEA
BiZ, 74-6 FEXTADEREZED B EDIC, 3~ 5 %EHK
TEOREHTH D,

(2) #HEHVERIT 5 25k

6. 313, HEAEREIC Lo T #ebaw b WFHREZHEAL, ¥
I£5 TR T a6 ZRTALTRIRFRLADDTH 5, T

—HDEHEIC X D, RECAGRTE g2 v R
HoTH 5,

(3) P 5w K

AT 523w RS BE, ZOMEI X > TEREEE 9L2v7%
—b BEB L L &, ¥ EEBENARET 550 OFET
BT eRPB, ThEDDE, J4-0 BP—KIEL RBE, RELAR
-11 O—EHERFICEL T, wh® 5 vy tov1pvd ORERE
Tho ¥7z, WHEICIHERMND - HEHKE, 3 9v2v74-46 D
2%y JBIC 0500 BFLEL, DWT JpFIozob I L) RFEDIE S
~NEEFE) LTwL L XRTwE, LaRE> T, WD 590 S5R
LT, BSRRAULOLe~0EIRED Y, Lrd abuz OHEH
FIEMTE D oque OWEREZ LN, 2T, RIIFLVIALL
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DIEHBFED 55002 BEFHRE L. RIIFLvosLs BERICL
TSI B 5 B HFERIE, 5 b [T T o5wo DREIERNR S A E
s, BENC T - R, AR O REBHDIDICHLT,
55w BT, VEEHCEIERD 525, WL 24-6 O 2ufivy
PAFSoFe BEBLNT, ARHOMERMAT M RODHD T e b
oo 3TwoR BEC X BARFID 05w RIS XU
LU X b TEeTH 5,

7. ¥ v

7.1, HioHB RS HEE MRA-185FB O KMm%E R Lk
LDTH B,

BRI D BTEFHCBUBTET 5 BH dLavos—0 BERAILZC 2 IC
Jb, MR LB TR Lo E0 Xk 5 A Ay BEEN k.

(1) FHBEC A - DT, FANARD KIECEINL 2.

(2) WisMEREOREZ LIS 5 B2 L 7.

(3) #ptihob & 2a—s O—{R{biIC XY, HIHUSREREAL 7o

(4) #vlhwb & 2u—0 O—KILIC XY, KBRHEED F527
w2 Fpttw b {LAAFHEIC KR - 7o

B 7.1 BTG 4-w752Fv0 Sl (MRA-185 FB)
Thin-wall refrigerator (MRA-185FB).

T ® XMW

(1) 2zy—) CEEER) : B 52590046 (H42) WHEEIE
BfE, MEEMmOFTIEL b, CORSHEOLEERE Cy (2) J. M. Buist : J. Cellular Plastics, 1, No. 1, 101 (1965)
F THED TN B,
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Application of TIG Welding Arc for Metal Working

Manufacturing Development Laboratory

at Reduced Gas Pressure
Toshio YAMAMOTO « Wataru SHIMADA

TIG arc welding in gas tight chamber filled with special gas such as argon and helium is often used as one of the welding methods

of refractory or active metals. It has been found that beneath the cethode appears a spherical luminosity brighter than the outer arc

colum and with different color when the gas pressure is reduced. This sphere (called a cathode zone hereafter) is found to have a high

energy density, the energy based on that of the cathode. When the cathode zone is constricted by axial gas stream, the energy density

becomes much higher. " At the same time the momentum of the stream becomes remarkably strong at reduced gas pressure. As a result

it has been made known that the cathode zone thus constricted is applicable to special metal working.

L & & &

B ASED b WL IR A B 2 a5 0~
DE LT, REH: A2 7 EORBTRIREH AL ABRPCHEELTT
%5, Wh®3 “WELLSKBEE B0, BRAKESAN
S THRERIT AN TV 35, AHEOFTIRR2 X5 KA
[UENZEAEE 5, BEREETCHE 7-2 & X0 HIESE WK
ROFEBRELNE X510k ), Lid CDFNGED 1208
ERENE 7-0 X DELIEC E BHELAIC R 2 %,

CDXSBIAFCOWTRIERE > B s hTHbLT, %
DFRHEC DT H KRR B RS D - DT, L& L CITEHR
DXORIGE LT OREFRET Lice ZTOFR, COFRBED 1%
- BFERR 120¥- 2 LTH2 bR T Y, #iHe LTHERED 7—
2 LG - RERAENRRTC AL AR5k, £TTE
DFMET M L LT, HREABD - B © 09 [ R DB
SENTE~DISHICOWTHE 24, F2H LMD 25ER2E
o

Eie 7-0 DEHFIC KT R L CRME & HiflhcmAT 5
LIk, 2OBRELRECHEL, i BELXEDS 3T
BbrofzDT, ZTORYUZELICDWT S EICHN L. &0k
B, WEHIC X - TBEEO 1aut- BERE RZ04 AL T,
D E—Avzs BEBFE L KEL AL C e ABPELAC A Y,
SRR A0Tus - EET - AL B I F-h-L BER O T
L, TEED 7—0 BALNAVREED 2PN ERMT I e 2
birofeo HWHETHE, HEICHEBEHORE: Zhic k5%
& BN THEOREC D W THMICHE T 2,

2. EEREESSUERRLTE

ERICHREBOMKMREE 2. 1 ©id, HEEPRTLA
AR 5001 D 27012 FRBIZEARRD PO KRB b-F & K
B 2EE LT 5, B -5 O sudary B (UTWERE
M 5) 2 LT, #Eo TIG FEoEt-#Hitic L TEE 4
mm @ 2 9 Th-W EROJeHiE 1Y 25° DFERIC L 58587k & @
Mo BT R 2B XY FTFCB#HTED X5k
> T35, KEFBERIZEN% 4.0 )min OFATCEHEL T

* EEROPIAET (LD FF AEE i prseEt

Is
T A
e v 4

Schematic diagram of the apparatus.

Y, WHAKOHHLF X UHE LA MET 2 T e & D ERRIIR A
BEHETE D L5 Ao T 5, AREHBED 5 ik EEm
A GETEE LR CABATATCGETE 83 C L8 TED
L5110 Lo HEERRE UCIREREH 500 A © 2L g H T
SOFISE R 70 /AEHE (TS 2EH L. HEEOZKE
MiCEFICEEE 7—0 EREE T HE L o

ERFE L LT, $FREEAMY 2x 10 mmHg T F THER
U7efs, 99.99 %R Fudusiz 2FREQEETHAL, EH
WRIIC & ) EREEED 7—0 2t 4k 8 3 ECR, EIE
RS A CEHRIC BT W R 2 AR IARIEROMIC T & % € %
70 OELRHES LU - Biko WiREEe JEL, % KeH
W ERCRE L 24 BEERT oBdARERER® 2 c LD,
BREORHET HL MC Lo 384 ECRIERE b5 O W HD
S AL RO CHEIEEL, BREMEREL 2SSO 72
ORI L U FHOBNBEDOLELENE L o T DEHBTHR
LD E-dvas PRI ZEFTEN RTINS 2 29, JAL WEHE
7—o BTFOBRER LOEI e #FARCHE L. Tk, FO5ET
ISR TR & N B OB E: 35 X OISR D T-auas Té
BSERATcEA 2T, A9 - 5l - CAFL B XU EER Y
DINLHERZ T2 - 7o
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i

E 3.5 SRAWKIENICHT 2 g0zt
Variation of anode power with gas pressure.
FEREARERELS AR EBHEINTWE DR, 3. 1 Biopl
eXdiic, PHMETFT 2 LMD v~ ORERMETTS &3
2bndDT, ValdiEmick POBETONTH AT 3 &%
bNb. DFIC Ve ILDWTH, BElRRE, 7o s h iy
EREFRO—EEHIET 2 2D OMBEHRIRTH L &E LD &,
POETRONTCOFEAKE S 2D OTT ThbOBEID K
LAY, TR EHO D VERKEL AL ELTHEENS, Vi
& REOBELC O W TR BICERET 5. Ve 2P DETFIROIT
BT 50, QRN TFEEREL & T -0 Hid b Oiiks
NER A, Lo T r—o EERNEE ER/NEL BEDTDH
Bo CORBHEMIBENIC S & DnTHET B I5de Qs KEIC

B BT e R EBICTERL .

-2 B V Ol & RN HlE Uz BiRRIsedt Qa o P ot
FTHZEDEFAER 3. 5ICRT . KO EFMIZR 3. 4 © V o
KBT w33, L oMK Q4 ORMOBER, FUEMtcs
T2 VORMNOEE & <3 EMhARD/PELR>TRSE, EKP
A 50 mmHg LITF O 4k, L ofkicoh T Qa #EAbL
TWEDRERHENS, Thickl 7—0 BHEDDOE L Olgk
Ko THh IR TRDEHFHALTVEOT, 3 L L okicsEs
Qa DEALD 7o HEFREMBOZOHFSIC LD HOTHNE, &L
2L EDBHBA~DEERETH > T Qu WA T 2L lBH A
WETT, 2O EhLEBEROMBRESEELEEEERV. T
AL BRBED 1iuf- BAE 7-2 INELLIBwEEL B &,
L BB AFEHTRED 1004~ ORBDBBBIC T E 5 2,
LAEKRE ABIC LR, T OEEREA, b 2RICHE S h 5154k
BBEOHSHUKBICKELS LY, BEB~NOBTRIETT 0L
#ZEEh b, P<50mmHg ¢ L o#jkictl-> T Qa BT 50
X, 7-oEFREBEINE {, FOBBR~OFLSREN/PE Ot
L, iR b B~ O 19— FEBE L CRDT 2720 &ff
REnhb,

O X5 BRI XY B ENGHFIC BN T HFET 30T,
FROEFIFABCHLT 2R TCH B, PESABZKDNH
TREBE/NELSARD, 20 1204- BED NS ARBZOT, LO
ZICHT 2 FEROE{L I PE S AB 2 ELOND, X PXEE
WEHCR 7o EREBERKE CAD, TRAAENL I5dv &
HiC X - THRICGERI S T, #ERE LT L OB AICH LT Qu
BELKkELI AL,

BEKHICET 3 TIG B# 7-2 OSBIINT~OIEH - 1%k - BH

U8 12 18 3 30 76 120 180 320 500 760
SAWRES (mmHg)
3. 6 AKSHEEERE - WESRERICH L IR 70 ©

Energy characteristics of the arc formed between the
water cooled pipe anode and W-cathode.

Ll &5 7B it O Z8fbicst L, BN Qx i P
DI LT E R EEES T, HMELET 08V BEDHEE 5D
BDOHRTHB, TDT b IV D T34 DA BRI TN
ENFE, MAHAOBTHE~NEHENR TS & L AHEEEN %,

BlLECEE L 7o 7—0 ABE SOBIER O BIRE X bic B i
T dkn, B3 61RTXE, ARG R S L CREBEL,
FRZRIC IR A CHEE L 7o KB eR s & WD RIIC 7—0 256k
TR BBDOEIMOBEGE 2 WE L 7eo 720 FRIER P OETIC
e EF LT3, BRSO AT 5 BIETH Y, B
BREE~ETHD, CHICAHLT AL #BEEFELIHKAKLTE
0, FHREEBUCEDS LTS, b D Picsd 3254t
DEEMIEDED X5 &5, ¥ THRMEICDW Tt P<32
mmHg OLEHTREBICKE { A>Tnd3, THIZERES K &
o THAMEVERME & ORI A Y, HIBHFOMER 5L
27D ERT 2 ORZTYTH Y, PR EAREICORT T E S
KK 8V EEOGMIELECELEIND, —MRICHIR Tau$- Qald,

Qa=I(Va+Vi+Vir)

Vi @ 25 E88

Vo : BFR 7—0 TR L T 7clE) 1204
TELINDIOIN, »wE Vw2 4V, Ve 215 VEE & T 3 &
Vald28VERELAD, P trLTEELTVEELTH ZDOE
BRNPE VT LD, R POBETICHES Vir O8kDR
FEREE Ve OB RICH BT e bbb, JALEEIE P opd e &
Bic, VorkeARECHALTAS5, ChiZ POEFE LD
RS A U CHEEE AL 28 20 THh, o 0¥
~ BRATE DI Ve BEALICHAT 20 LW h 3,

3.3 BROBERMRZ LY RA-BEROAE

BE 7y &ARC, #E 19 mm OREBEREN LI 7—2 25
BTGB EORR OB AOREEZE 3. 7 IKRT,. MXYBAL
DX S, BEESEN ML CTn 348l Bl s
BEbLCAETHRDLHR, Lk LUEBREEHEICELALT
2L, BOBDRHEZRACE LB A%, Lo epbEHRAD
T~ BERNE 7-0 BICH_TE LB L FBbh b,

WE 10 mm O 25002 R LiC—ERE 7—2 2RE X225
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& 3.7 ¥ 19 mm MK OB CoRH
Incubation time for the melting of 19 mm thick mild
steel specimen.
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EHRHLNATH B,
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Fids b X L e BB TS, BHEERT Ve chigish T, Wiz
IC X oo TEFp TR E i e L S 2EEEEc IS L, Eikic X
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BED 5 5T L HAHEIN D,
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copper plate.
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Appearance of arc under axial gas stream.
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Dynamic Mechanical Properties and Glass Transition

Central Research Laboratory

Phenomena of Epoxy Resin
Kyoichi SHIBAYAMA - Teruo MIYAMOTO

With the object of elucidating relation hetween structure and properties of network polymers, a study has been made on dynamic

mechanical properties and glass transition phenomena with homologue series of crosslinked epoxy resin which is one of the most typical

examples of crosslinked polymer now widely in practice. Tt has been observed that when crosslink density increases, occupied volumes

are kept almost constant while free volumes decrease. This leads to a conclusion that the crosslink affects to decrease the free volume.

According to the existing theory of free volume, the temperature causing the disappearance of the free volume shifts toward a lower side

and a eritical volume required for segmental motion decreases with the decrease of crosslink density.
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Application of Gas Plasma Technique to the Fabrication

Central Research Laboratory

of Semiconductor Integrated Circuits

Shigeyuki UEMATSU « Haruhiko ABE
Aiichiro NARA

In the manufacture of semiconductor integrated circuits, multifarious techniques are used. Recently, gas plasma technique is paied

much attention for the improvement of performance and productivity. Further, this new technique does not pollute the water and air.

This technique is available for the processes of (1) cleaning the surface of a wafer, (2) the removal of a photolithographic resist on

wafer, (3) the formation of conductor and insulator thin films, and (4) the formation of fine patterns on wafer. It is very important to

use an appropriate plasma available for each purpose.

The article discusses mainly the experimental results when the plasma technique is applied to the process (2), and also the problems

to be studied for developing the plasma technique further.
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Technical Trend of No-Fuse Breakers
Fukuyama Works  Jiro FUKUSHIMA - Shoji MATSUO

In 1933 Mitsubishi produced 50 amp. frame no-fuse breakers for the first time in Japan. Since then they have come into wide
use with the growth of power generation, and their technical progress is also remarkable. Particularly, type NFU breakers with P. P.
F. (permanent power fuse) and type NF 3200 no-fuse breakers of recent development by the Company are epochal products. The
former have the world largest interrupting capacity of 200,000 A at 460V AC, and the latter the rated current of 3200 A at the maximum.
However, the demand is getting severer for the safety and reliability of the low voltage equipment with the advance of modern industry.

This paper describes the technical trend of no-fuse breakers and the outlines of Mitsubishi products in this line.
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Type NF 3200 No-fuse Breaker
Hiroyasu WADA - Kiyohiro HASEGAWA

Mitsubishi no-fuse breakers are of typical molded case type, taking full advantage of molded walls that insulate live parts of three

poles one another so as to save the space on power distribution panels. In heavy current application, however, the weight of case and

poor heat dissipation due to their thermal impedance of molded parts upset the merit of their high insulation. Consequently, no larger

units than 2,500 A rating have been put into practice for the present. Through two years studies Mitsubishi is now successful in develop-

ing type NF 3200 no-fuse breakers, rated at 3,200 A, the world largest capacity available in the market. The outline of the new product

is dealt with in this paper.
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Type NF 3200 no-fuse breaker.
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Ratings of type NF 3200 no-fuse breakers.
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Internal construction of type INF 3200 no-fuse breaker.
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g 3.1 NF32007% J-tad L+ BrassBanis
Test results of type NF 3200 no-fuse breakr.
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breaker (short-delay tripping).
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PRAR/ —a—XLeliEERY—X
ek BA R R LA SR E S B

Type NF Current Limiting Molded Case Circuit Breaker Based on

Fukuyama Works

Electro-Dynamic Action

Shigenori KANEMOTO « Minoru FUJISAWA
Kiyomi YAMAMOTO - Shingo MAEDA

Electro-dynamic force between two paralleled conductors is used to open a pair of contact carrying arms of a circuit breaker

directly in advance of electro-magnetic tripping relay.

Opening action due to electro-dynamic force is fast enough to assure effective current limiting interruption and make it possible to

design a small sized, more dependable circuit breaker with high interrupting capacity.

Mitsubishi announced a new series current limiting circuit breaker-Type NF-R- incorporating electro-dynamic force into low voltage

inolded case circuit breaker up to 800 ampere continuous current rating. Outline of Type NF-R breakers are dealt with in this paper.
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Specification of NFB R series.
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Description of electromagnetic force.
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Starting current of current limiting mechanism.
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Minimum wire size protected by NFB R series.
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Interrupting test result.
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15~30 A 16 0.6
100 A 460 35 0.3~0.5

0ABE 25 2.4
225 A 460 50 0.3~0.6 38 4.5
400 A 460 80 0.3~0.6 55 8
600 A 460 80 0.5~0.8 90 24
800 A 460 80 0.5~0.8 90 24
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Diagram of short-circuit.
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Interrupting capacity by cascade protection system
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Accessories of No-fuse breakers
Kiyoshi MATSUURA - Tamotsu FUJII

As the no-fuse breaker becomes prevalent and a variety of types come into use, accessory equipment going with it is in high demand.

The following are representative devices to be quoted : accessories to be mounted on a panel and remote control or automatic control

devices.

This article describes them of electrical remote indicators and electrical remote operating devices, for example the operation of alarm

switches, auxiliary switches, under-voltage trip devices, shunt trip devices, motor operating mechanism. A number of data considered

to serve as a good reference to those designing sequence control are introduced herein.
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21wF, ) 21wF A EOBERREB SN RETLS T 35 LER,
BIES 33 L, EER/rE s COfillEREs L T HAn
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X 3.1 #2107 - Fllh 2107 OUFELE
Terminal symbols of alarm switch and auxiliary switch.

# 3.1 B 21T T 21wT OBMTE

Contact operation of alarm switcn and auxiliary switch.

~._Ll=+ BaRoRIE . .
R &% m - ON OFF by
MF T
ALa-ALc [ ON OFF
FRRA v F
g ALb-ALc [ OFF ON
AXa-AXc [ ON OFF
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mhxA - AXb-AXc [ OFF ON
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3.2 P 2rw7 - W) ATwF DER

Electrical ratings of alarm switch and auxiliary switch.

AC DC
- oW WA oW A
® # ~drexd 7 | ®_E W e i
v B ¥ 8| svs | wmE v R A AN I L
BT I < B O = = O U - W A = O A = O ¢
250 5 4 0.5 0.8 250 0.2 0.2 0.03 0.03
NF 50-C S-5 125 5 4 0.7 1.3 125 0.4 0.4 0.05 0.05
— — — e - 30 5 4 3 3
NF 30 NF 30-3 NF 50-CA
NF 50-S NF 50-H NF 100-CA 460 5 2 0.75 0.8 250 0.3 0.2 0.05 0.05
211:100—18 NF 100-R NFU 100 V-15 250 10 10 2 3 125 0.4 0.4 0.1 0.1
225- MB.30-S MB 50-S
MB 100-B 125 10 10 3 4 30 10 10 4 4
NF 50-A NF 100-C NF 100-H
NP2 NEe S NEaH 460 5 2 0.75 0.8 250 0.3 0.2 0.05 0.05
NF 225-R NF 400-B NF 400-C V-15 250 10 10 2 3 125 0.4 0.4 0.1 0.1
NF 400-H NF 400-R NF 400-B
NF&o-C  NEsoon NE 200-R 125 10 10 3 4 30 10 i0 4 4
NF 800-B NF 800-H NF 800-R
NF 1000-B NF 1000-H NF 1200-B 460 5 2.5 0.75 0.8 250 5 3 0.75 1
NF1200-H NFT 100 NFT 22 -
NFT 400 NFT 600 NFT sog X106 290 10 10 125 8 125 10 I8 4
NFU 225 MB 225-G 125 10 10 1.5 2.5 30 10 10 3 [
460 5 2.5 0.75 0.8 250 5 3 0.75 1
E; ;;gg NF 2000 NF 2500 X-10G 250 10 10 1,25 1.5 125 10 6 1.5 4
125 10 10 1.5 2.5 30 10 10 3 6
|_—NFB FON
A A |___xFB OFF,
B A A Fhig B R A o FhIE
——0.5ms —e—0 . Bms
HRAA w FalgE \/\/\/\
MEEA L v Fatis i \‘_‘ i
—Z2.2ms
I Smy——] ﬁ /W
. - e . B 3.3 #l) 21wF OBYERE (OFF #4g)
.3' 2. i A% @@)VE%E (ON #:4:) m Operating time of auxiliary sthch on OFF operation.
Operating time of auxiliary switch on ON operation.
3.2 BHALvF  WBIRA %@iﬂ{’ﬁtf?&..@@lﬂi [RFR RIS EREIED 85 %Ll hiclifi+ 5 &, REEHRD]
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UVTERE

4.1 FREBES*EFLEROBERER

Tripping time of under-voltage trip device.
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TOFERFO—HER 4. 1 IR
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OBEC L >TEIERTL a1L KBERENEh LY, H50-i
ABCH L Rguafes CEEAEME MY T 5,

BESRFLEROSFRTL o 13, ERETER T 5%
DHEENLEGE L CEIINC & v, BEREEING 2 & &, 3k
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B 3.1 FESEET LEEEOTIVERE & BH 2107 - HhBD
21 wF OTVEH]
Operating time of shunt trip device, alarm switch and auxiliary
switch.

-——*{llms
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X 5.2 W& &F UREB OB & B 2107 - HEh
21wF OBV (B 200 %)
Operating time of shunt trip device, alarm switch and
auxiliary switch.
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Connection diagrams of motor Operator mechanism.
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Operating time of motor Operator.
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Operating time of motor Operator.
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Connection diagrams of accessories of no-fuse breakers.
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Coordination between No-fuse Breakers

and Magnetic Starters

Nagoya Works Hiroyuki OKADO

There are many cases where no-fuse breakers and electromagnetic switches are used in combination on general branch circuits.

However, as the protection coordination between the foriner and the latter is a problem falling on a boundary territory of the both, it

has been a trend that not sufficient study is made on it in using them.

When reliability is taken into consideration on the branch circuits regarded as one system, the protection coordination is a matter

of indispensable importance. This article takes up this problem and look into the matter thoroughly, making concrete discussion on the

protection coordination between the no-fuse breaker and the electromagnetic switch and describing it in brief.
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Combination starter.
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Unit of control center.
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Making and breaking capacity required for magnetic

contactors.
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Relation of each characteristics in coordination.
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False tripping of no-fuse breaker according to rush
current of a motor.
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Rush current of a motor at the time of starting.
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and an overload relay. :
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Maximum rupturing capacity of type S magnetic contactors.
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Coordination between type NF 100-E no-fuse breaker

Coordination between type NF 50-A no-fuse breaker .
and typel MSO-50 magnetic starter.

and type MSO-18 magnetic starter
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Coordination between type NF 100-E no-fuse breaker
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Coordination between type NF 225-G no-fuse breaker
and type MSO-80, 100 magnetic starter.
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‘Combinations of type NF circuit breakers and type MSO
_magnetic starter for the desirable coordination.
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NFB | MSO NFB MSO | 200V | 400V | ®# A
NF50-B 12.5A | MSO-18 7.5A | cold cold 3.7 180
NF50-B  15A | MSO-18  9A | cold cold 2.2 ) 180
NF50-B  20A | MSO-18  9A | cold cold 2.2 220
NEF50-B 204 | MSO-18 11 A cold cold 55 220

NF50-B 30A | MSO-18 15A | cold cold 3.7

NF5-B 30A [ MSO-35 15A | cold cold 3.7

NF50-B  40A | MSO-35 22A | cold cold 5.5

NF&0-B 50 A | MSO-35 22A | cold cold 5.5
NF50-B 50 A | MSO-35 30 A | cold cold 7.5
NF 100-E 15 A | MOS-18 9 A} cold cold 2.2
NF100-E 15A | MSO-18 11 A | cold cold
NF 100-E 20A | MSO-18 11 A | cold cold
NF100-E 20 A | MSO-18 15A | cold cold 3.7
"NF100-E 30 A | MSO-35 18A | cold cold 37
NF 100-E 40 A | MSO-35 22 A | cold cold 55
NE100-E 40 A | MSO-35 30A | cold cold 7.5
NF100-E 50 A | MSO-35 30A | cold cold 7.5
NF 100-E 50 A | MSO-50 41 A | cold cold N
NF 100-E 60 A | MSO-50 41 A | cold cold | M
NF100-E 75A | MSO-50 56 A | cold cold | 15
NF 100-E 90 A | MSO-50 56 A | cold cold | 15
NE 100-E 90 A | MSO-80 67 A | cold cold | 19

NF225-G 100 A | M2980) 804 | cold cold | 22

NF 225-F 125A | MSO-80 80 A | cold cold 22

NF225-F 125 A | MSO~100 80 A | cold cold 22

NF 225-F 150 A | MSO-100 107 A | cold cold 30
NF 225-G 150 A | MSO~150 107 A | cold cold 30
NF225-G 175 A | MSO-150 130 A cold cold 37
NF 225-G 200 A | MSO-150 130 A cold cold 37
NF 225-G 200 A | MSO-150 160 A | cold cold 45
NF 225-G 225 A | MSO-150 130 A | cold cold 37
NF 225-G 225 A | MSO-150 160 A | cold cold 45

NF 400-B 250 A | MSO-300 160 A | cold cold | 45 50 | HI:3,100
NF 400-B 300 A | MSO-300 160 A | cold cold | 45 50 | HI:3,700
NF 400-B 300 A | MSO-300 190 A | cold cold | 55 110 | HI : 3,700
NF 400-B 350 A | MSO-300 230 A | cold cold 65 132 HI : 4,400

NF 400-B 400 A | MSO-300 230 A | cold cold 65 132 ) )
NF 400-B 400 A | MSO-300 270 A | cold cold 75 150 | HI jjoj!
NF 400-B 400 A | MSO-300 330 A | cold cold 90 180 HI : 5,000
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Short-circuit point at a branch circuit.
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Permissible over current of type S magnetic contactors.
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A mm? 220V 440V 550V
S-18 1,000 3.5 23 46 58
S-25 1,200 8 46 93 116
S-35 1,400 14 70 140 175
S-50 2,000 22 80 160 200
S-80 2,500 30 71 142 178
$-100 4,000 38 65 130 163
S-150 6,500 50 52 104 130
$-300 10,000 150 85 170 213
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Prospective short-circuit current at the end of cable.
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1.6¢ 300 600 150 300
20¢ 460 920 230 460
5.5mm? 800 1,600 400 300
8 mm? 1,100 2,200 550 1,100
14 mm? 2,300 4,600 1,150 2,300
22mm? 3,300 6,200 1,550 3,100
30 mm? 4,100 8,200 2,050 4,100
38 mm? 5,200 10,400 2,600 5,200
50 mm?2 6,700 13,400 3,350 6,700
60 mm? 8,000 16,000 4,000 8,000
80 mm? 10.500 21,000 5,200 10,500
100 mm? 13,000 26,000 6,500 13,000
125 mm? 15,000 30,000 7,500 15,000
150 mm? 17,000 34,000 8,500 17,000
200 mm? 19,000 38,000 9,500 12,000
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Molded Case Circuit Breakers with Permanent Power Fuses, Type NFU

Fukuyama Works

Keiichi YAMAMOTO - Toshio ZITSUMORI « Bungo HARA

Recent marked progress of civilization owes to electric power. This makes it necessary to design a power source of large capacity

in the distribution system of buildings, factories and ships. Under the circumstances, Mitsubishi has made public molded case circuit

breakers with permanent power fuse, type NFU. They have current limiting characteristics of high rate and a large interrupting capacity

with self-recovering current limiting elements, permanent power fuses in it. Protective apparatus in future must have function of safe-

guarding circuits and continuity of power supply as well as the measures of coping with increasing power capacities in the interruption

The circuit breakers with P. P. f’s have been developed to meet the requirements of the times.
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Crosssectional view of molded case circuit breaker with
permanent power fuses and P.P.F

TN
/ \ A e T ek
/ N\ EEEHEE
/
.y 7/ \\
2 / \
/
P / A
/ \
/ \
/ \
/ \
/ \
// \
/ \
! AY
.f i \\
o AY
J \
A By M
awak |
o3
C
D |
13~18m

A KA 2=~ XBRHIT B0 KA L o~ ZOIWEF AR L, FHER B FPEH
B, ¥AEKcIy LEb T Rb O LA S,

P Lo WO B EERMEL X o EERIKT — 2 583 5,

PRSI A PIREERE I LT~ 2 BT B,

tRAE - XRURT B

M 2.2 KA ta-Z % Lo WiaROBRM L+ W

Current limiting action of molded case circuit breaker
with permanent power fuses.
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Specific resistance of metals.
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PR FIBEF - BEAR KB 25 BB

Permanent Power Fuses

—Self-Recovering Type Current Limiting Device—

Central Research Laboratory

Manufacturing Development Laboratory

Toshio ITO » Toshio MIYAMOTO « Akemi HIJIKATA « Yuichi WADA

Takeo INOUE « Isao ISHII

It has been successful in developing new power fuses, named “Permanent Power Fuse”, having non-linear resistant element. Description

have been made herein on the construction, characteristics and application of them. The fuse has metallic sodium as the material of

element. When a let-through I2 becomes a certain value, jule heat generated will work to produce plasma of high temperature and

high pressure. This will cause to make a sharp and sudden increase in resistance of the element so as to recover the current limiting

function. Development of reusable power fuses is realized for the first time in the world.
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Crosssectional view of the permanent power fuse.
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v, EEO RS S a2 BIRERAL TR 5. T
Fruss O RESCB LT, REIRCHEMCcO<LNT
W3 DTT T TRAENET 5,

4, kAL a—ROBEHM

KA ba-F DKEE, WHTBRE R CTEBEEDOLTE R
FEWS 2%, Tk, F4 1ICRT L AIERETOKA L
1~-Z D WTDRFHIC DT DG,

4.1 HRBERE

KA baF OGEFEHEARL, Tk e ¥ E T DML LA
BUEICX » CHIEIXND 2, BRDOC 2R LHAFHICL YK
Bt 2, R 2 /3HHEL L HEFROMFREZFRLES O
T, E=LFY-2 WE& « oqv RHEES - o0 ERE » oo (1F
HADRBECOWTOEMETH 5, At 10m/s, s 0.3
mfs, S FAREES 0.6°C/W, A 10 m/s iIcs\»T 0.15C/W O
B ET 2D DI ONTCDOEMETH S, TTIC3. 2H e
WTORFe B Y, Yy BEROERAIC LY, KA ta-X OEW
BEE, Y1u2e AR SPEEET LELLTE Y, 2EHD 12
2 LT 3 EWEich-Tnbk®d, Th 2RI EED,
BHGEMEOFEN E CHFECHLDRS T L RENT b D,

4.2 KAk a—-ROTLEFE

KA ba~2 CBERE — RIS &, ERHERKIL L CEDL
BEALTHEARD LN S, EIREET 3 £ COERH WD
BREZROZDDOF, KA ta—F ORI LTS, chidlEk
ba—Z OBEWREEICHS L, SERREREE LTEER O TS
b0 T L, KALa-A, < DRUTHEZ 2 2 0ENRETEA
CELIM LT 2T 3, B4 1 0@RFES 1IRTISK
W O—HC RGN E B 5 W 2kA ba-X KT, ®
O BRI KA —EE O 1.5 mm, 3.5 mm tEX 17mm O kA
ta—Z DKL TH 5, DRODOEEDO—IFIC® L F—EDOFE
e D OWEIC R - T 5 3, 4. 1 o@D SKILFFER, R
HETE®K, BRI TROIIRET 22 RLTFY, O
ODOTA LD BFRFHEE LCanKdbh, LidEEERARZEO
ICEDWTRE L, BEFINHIERER@OREICELS 2% &\ SR
FE S LCET TAFAKESELNDS C itk b, EAWN
DERE LTREBEHROBHAEREL LN, wIhd BHHi
B UCEE AT CH B, B4 Licik@2 LT, 100A )—tq-F
Ju-h OBEHEIEZT LBEREL bR TSR, @LODEHKE
LTELNZ@ICL Y, S ESHHFAR LTS LHERENTA
%

4.3 KAk a—XOIEFTERE

KA ba~A DIRWEESMEL 2 G.3), (3.4) I VEKEL D43
FwHBL, BEHREHO IBFICHFTZC L BEhh, L{LCE

782

£ 41 KA La-ZOTHEEE R4 2 SEARMEOEERE

TLD -] O BEfR
Geometrical dimensions of Continuous current carrying
the P.P.F. capacity.

L) & |2 & #H & # W rms
® L Een ¥ — 2B 100 A
pr] T T 12 -

7 4 v it EH& 400 A

b F Ty | 20

~ 3 9 7 | 9ex17y ZavHERSE 8604
F UV AT 1.50X3+3.5%X141 74 v i EWmH 720 A
50°E
307
10
5
100"
50'%
30T
ful -
E U
g 51‘
:} 3 -
=
1
0.5
0.3%
0.1
0.05"
0.03F
0.01'F o
0.005' 500,760, .
100125 200 300 400 &G0 1000 2060 4000
3000

Percent normal rating (%)

M4l kAta-AKLREA

Over-current/time characteristics of the PPF

|
i

-
<
N

5]

o SIS R R

W OE di{mmy

4.2 FLAY &JF Tusu b R 2 IRE B E O BHR
Relations between pealk let-through current and the
diameter of Alkali metal elements.

£ 4.3 zuraob TBRE RREEE, ERHEOR
Relations among configulations of sodium element, its
resistance & peak let-through current.

LAy FIBR (Na) [3.56%177 (c)] 1.5¢X3+3.5¢x147 (a) 1.56x171 (b)

BB B W fE 31kA 67 kA 6.0kA

#® o 20°C 0.115mQ 0.185 mQ 0.530 mQ

() Wa~ct H4. 1 oRULRHICHET 5, -
BRICELTE, HANEOREKOES, R/AOMERFED 4/3 fic
HET 2T ecnd, M4 20 Fhuvs, hyss & ENERH
B LR &0 B/ NEE & A EE & OBIRERL 2D OT
b, T4 3R, [HEEZLELEL 10O, B, ©TH3
X5 AKA ba-Z ORFEEEE FEEHLOBRERLE d O T
$5, HAFEHORMRC LY, FRER - BRESEEZHCTTS
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460V 20m Q ~200m Q
B 3X10 Joule
4.3 KA ta-A FBAFHESLIASLE

Outside view of a moulded resistor

4.4 Eatuowl RH LKA £2-X HHE
Plunger type modified P.P. F.
BLEBRINTE, MfitkiEo—me LT, R4 1 OJEE
DOKA Lo OFER L D3 &,
TUEETO #xz :TX10* Ales
T ERL (Lr2) : kA rms

PR s : 16.5 kA crest
(R iars E i AS 200 kA
DEHICENT)
DEEYVTHDL,

4.4 KAE 2 =X EEROLFIES

KA ba—A B, RS BBEOSMAZELIC K > C Ea~-X W
SRICHET 5 REBER ST 5 201C, KA ta—d 1A, WFiic
HHRPER SN T B2, KA ta-A &, FSFEBEI R O TD
b, W3 B IEHL OIS R 2R3 HiFARN © g &
NTENIE, KA ba—L DEFEARHEINE SO TRAEV. ThD
b, Rig,

Elig< RCnEfy «weeovserrrrresioniinnnrenni (4.1)

THZbNE, CZICE 4 IEETA b I IEEETH D,
7 LHEECHRGERRT . 200X RFREED b, i
TSR b OflR%ZRT O TH 5. DG, AFHERHL
%, FEHFOERE 14— 2 —3RMETIERD 50, KA L
21~Z OTHERZEH 5 1 28 22 # BT 202> Tw
%

4.5 KAk a—XOBEFNHES - HFEE

KA ba-R DEFIEERE - AFIBHLT & DICHRETD B F— 14k
DIKA b2~ DEFIEEF CORRRS -4 WTRIEESHAE,
JEBICRITFCE TR HNTH 5, WFHER S TRECH 5. WFIED
I 7—b OEEER % & TEI Asvr LTENE, BROTTFH
PRI 6 XLNTH S, ABUFIEFHICE T, RAEESETE
KA ba-X ORTEEEOMTEL b2,

4.6 EXFIRHELTEAAL -0

KA L2-Z ORIE LR ZEMT 22D 50 b T3 B2ty
Cowl ZEML, BEE rudviz Ofb VI 5% KT BT e
ICX2T, Eatvowlt OEWEERMIHICEY BT X 5 IC LKA ta
~Z D AL FR 4 4 1RT. M4 4 DED 0wl B Eaby ICERE
ThTeY, ERFOAFELFC X ) EEE B X5, vl O

ThE, WEEHE 12 WY Has CEM L iER,

0w F DERENHE : 8~10 m/fs

£ 2r0—2 BRI : 400 us

HEEINBPWES - 3,000kg/cm?

Owl OFET : 37 3 tons
REDEAE LN, ThbOMWEETHNE, KA Lt~ DL
WHLCOBBROB 2 RTL, HEEEERAEETD S,

5. XAEax—ROIEHA

KA La—R I, TTIRORE L B D REWICITEIIHOIFEHIE
FTHY, BADORNETTHLEADEECHBREELOND. &K
A £a-R DISFATHERIRD 5 b, B AETHDIEHOEROKE
R, DB WILEERRSETE LTOIEATH Y, e
THEERICLY,

(1) #3kd 2 BEOTEHRHHAE S o TRB b0 L, BET
5

(2) ARENEHCERFBBREE bRV DL, BETD
Ba
KT bRB. (1) Tl J-ta-F Lo Bighh EO—Mo L o Wik
BMEHALT, LeWigoRREak LTREETH 52, TOR
HIEFE 7o L Dfth D ICKA ta-A Bl Z T 2ic X b, Sk
BICHD (T bITw 3 Lo BisED L Witka % SEEMmICHs LT3
BCEAEETSH B, (2) DHFICDOWTRE, EBBEMEE L Off
&, BHRLUAET L OfE»E LN, TOHRIE, KAE
a-F ORI XY, FWIRERGES, WAiEhsc e
Y, IEFIGEISEOHHTERIT & CKkE v, BFRZhBD
ISHICDWTDR3%,

5.1 /—~ba—RL+rHEeoEs

KA ta-d BEFALL J-ta-A LeBiERicow T, ABHF
CENTHLL DL T SO CTHMZERT 52, KA ba-X
R D #s 2 RIETH 3 OCHEE L« BiggOWHEICH Y (41, Lol
BB KA bai B IEED 460V 1I5kA 755 460V 200 kA @
EEWICIEEREAD L »FRECi BT 22 225 TE 5o —
75, EEEOER 1304 L REO KIS, KA ba-A P3RIHET 2
e, MEREOBRER Y L JFWHE L, BFEM TR - MR
B0 L - WismRAREcE 3, ¥, KA La-AE Lo HiEED
Lo BiEER k& wiw, RERMIELERARTEL T ICTR
5T LRTE, THENAER L < 22546 %, ART-F Lo Wi o2
o BT 2 C L DTEETH T, FAROEIEED F1_E & EFIE
EDRHATNECH B, 5. 11, KA ba-AftE )—ba-A L
SWEONER TR L DT, 225A - 100A EHMTH 5B, KA
ba—? i, 550V, 100A - 225 A flzie b o bh, wFhd L=
WiZE R 200 kA TH B, 100 A SERREHOIRFTE A & L < Wi E
%, 200kA DIEHERICE T, W16~17TkA, bms BFTH Y,
L L oW @x2 X 3X10° A2s TH B, ThiX, B—EFEHDIE
3 Ea-A D18 TH B,

5.2 BYTLMLE LTOEGH

HA Ea-X %, F5. 2 CRT L5 CIERRHEEHRICANDE T L
L VERERSEOSIEATE 3, TADD, IWERE T T
KA ba-R BRI L, H 2 —ERHEEEL ko Bk RS
ZO-C, FHRO BRI PEAROK X 7 & @il Mg
L AT ERT A C L AATE, SEEBHL«WEE G, G

KA ba-A —BHEHIHBERET— - G5 - B4 - £ - Wl - H.L - FH 783



5.1 KA ba-Z & J-bEa-ZATL-h
NFU-225 (%) # b e NFU-
100 (#)
Outside view of the moulded case
circuit breaker type NFU-225 &
NEU-100.

R 5.1 EEEUBROMEATAL #Xt & WHIETT KA
Ea-Z @ #Xt
Permissible 2% ¢ of contactor series and £x¢ of
coordinated P.P.F.

TR O THEFITRER 23 ¢ (A%s) KA L 2 — XD i2Xe
S-18 1x 104 1.6x103
S-35 2% 104 3x 108
S-65 4104 8 103
S-100 1.5 108 5% 10+
S-150 4x103% 1x10%

ED NRT-F Lo b HEEETH B A, C Cr D L Bk b Ei
TE, Bk U TREARIATE GEYLATEETH D,

5.3 TRIEMErOES

EREEMET, A5k 2N BIRCRIEEEIEAE b e h i,
SRR L« Wi Tiia S DD & N T 545, BREERIEAIE
B S TR ODOHFR #xt PIFFLPE ey, LolfigcH
RS R T 2 HEC D, EHADOETE LAY, Chick3BBH5»
&, BEERTOREW A EOBREARET 3 C Lk, BUBANIO
EELLNTVE, LABIC, KA ba-F & EBER L DA
InE, ERO—HEDEER S FEL A LA ¥ TExXE & &R
LIRS 2 C R TEBRTTARL, THRL < b BRSO
HTiAS CERTEECR S, £5. 11X, 24l S BEREMES
yy-Z OFMEHTAER Xt &, v)-X HEHBMBICHE XL KA
Ea-X DL 2B 2Xt #RLAEBDT, KA LA D Ext BE
MR O #xt D 110~1/3 TH 5 T L Hbd 5,

Lic# 2T, KA ba-X &SI NICBREEMEE I, R
D o52d, Thabb, “ChidEAEECIEEE TS 5 C &
RREEEND & & hic, ZUAEOEUBBEREE O, XK
LeWiAREZ b2 LelilEe LCoOBAR b5 3C LA
D, JEMAEREEL c iR EE T s C LN CE 5, EBHE
L« BigRid, 3 CIRBERBERERT L, MRtaEvbhTna,

5. 4 BHRFEEORE~OER
KA La-A BT CICDO<T e B Y, BpREEHFEEET & XL
T3 i, PEERTFOREC L CCHLTWE, KA a2 %,
RAEUES N ERRERTH 5 IR L EFcER L, P8k -
Y MEMTICOESERZRRE L, LECETT i~ fiflss e
X DRBEAEHEEHENTE S, UAT-F, Tui-2, Y12000A-2,
HWH Fawh & E 9122 BHESHCEREEOTRERTTRbN
Tkbh, MWEEHRTOA »HB00A FTD H1Y28, 517w LY
BLULRE T2 HELAELATY 2,

784

Example of the application of P.P.F.
as a current limiting reactor.

TITRIAC 2 mix A4 U &K
Gi4—pmybo-—iLEEE

DiskAk o~ XEHERBER

5.3 TRIAC @kl «Ei2eD 27L b K
Example of a solid state gate controlled
circuit breaker.

5.5 #ELAEIEL » M

ToK, FRHRIBIER VIR LOFAEAERANE L, Leligie
UTRBHERICE Uk o 228, JEko -2 R TT, Lid
et BRBRES B TN AV LAL ETHATE 2KA Ea-R EFERT
N, FROBEIT S BAA -t LeWidbTlaECH 2 2 2 M
bhrTHb, K5 3EEKL «Wizmd LSO 270y M TH B
2, BRNCESREER0OEENEL bR S, Bkl ¢ WiiRicon
THHEMMWAZRBELEELRO2H Y, WRLETTH TR,
5.6 zofioksH

Bl EDR7 b DDENIC 3w bo~sF0702 D £a-Z & LTDIR
%, BEEMBRINETE LTOISHRE b, TEREDLR
T3,

6 & ¥ U

Bl E, kA ta-Z O - $i: - IS WTONR, HEE
[AEfE% 3 DIRFEET & LT, Z0OISHREARMBIRE K, #ESkH
fcRERTCE LR WHTI LR AT 2SR THBICE D HT T e
BTEBLEEELTNS,

¥, KA ba-Z O - EEFR - ISAKBIL T3 Tic 150
BOREr - EBRRTHEThTH Y, BT Cr, KE, %
H, A £ AYHEETELLTYw3, ¥k A ba—2X 1L, HHERE
BEHIC X > TR LS DOTH D, WEH 44 R 10 KFEPIC b 31T
NTw3, BHICKA bx~2Z ORFECH 20 ICERZBIE % »
e T BAR A, & QWSROI SCET I, ST AR
WTes - B =DPSRis - SEIODFYEss, 7 b URic 24k HE 1BV RETHT
W TVEHD BRICOh b OMEREL E T,

(HEFN 46 ~ 4 -7 5241)

T £ XK

(1) T. Ito, T. Miyamoto, N. Takano : IEEE, Summer Power
meeting Conference paper, 70-cp-601 PWR (1970)

(2) %, B4 :OHMIws-fu, pp. 18~20 (FE44-11)

(3) i =&, L, S5 : B4 ERImEA 721

(4) #1E =4, FiH, 7% : K45 EKuEk 722, 723

(5) fEE B, FH, KIF: 1545 BXUEL 724

(6) i FH, B 3F: 8B40 EIFHEEGEK G 3-53

(7) {BiE B4, M, 7 B4 BEIFELBEEIEX G 3-54

(8) -5, &, HM, EE : 1745 EREBEXE A G 3-55

(9) Ezx, FH, L=, JIM: 1E 46 ERESLE kS 694

Q10) 75, BAR, EM, &K : 46 BIFER2EKES 696

1) @I B4, f1H, 7 B4 BREREE LS 697
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UDC 621. 316. 928

KAL 2 —XB €¢EMHOm7T LA ) &%

HEBIZF-ERH EBEDY. /IR T

Corrosion Resistance of Metals used in Permanent
Power Fuses with NaK (Binary Eutectic of Na and K)

Fukuyama Works

Haruyuki OCHIAI » Tatsumi HARADA
Takashi NISHIRAKU

Central Research Laboratory

From the standpoint of construction of permanent power fuses, it is unavoidable that alkaline metal comes in direct contact with the

component parts. Study has been made to see how these parts can withstand long use. Based on information in a “Liquid-Metals

Handbook?, stainless steel and copper alloy reported to have good corrosion resistance were dipped for long time in solution of Nak,

binary eutectic of Na and K on the assumption of a state conforming to actual operation. After that it was confirmed that there was

nothing wrong with their appearance, change of weight, mechanical strength, and E. M. X. (electron microprove X-ray analyzer) mea-

surement.

L £ A #» &

RACHERELTHLS L5, RFECDEHNEDETH - &
KA ba~R BBATE EH, 2 460 V EHED J—Ea-F LrBigg e
HEbET, HRCRTHTE S 200kA OKEH L « Bl fe%k
KA ba~F L« WigsssFise s, $1ENREL %,

KA ba-F DR L, Fhyos BRIELA L 3 ICREETZEEN
ICTc 2 % 3R NAER, TLnY Wik L 3R o Sk A PHIFE BN
THITWRER D - %225, © CCTRAA ba-A IKfifFIh T 54
JEHEIOM 7uh) K DW T3,

27uL2 SH(ET SUS27 tw3)id, IRTFNZEE Etdasin i 84
BkE LTHAEIRTY 3 Tryos O -3 Bl e Lt, 600°C
TOMERSRRD P, BKAE (BT CuBE 2w 5) &, 300°C
EFCHEHNOHRKCZZ2P L iHlix OE#HE S LIC, BLDS
BT - JERMCRBERIED B B i 7uny DT ChATHROH
¥ QOFEEL L) 2#ETL, AREICZ S LBz iTh-%
B, TTTESHEHOHEIOE, 7un SBCEEAIGROMNE, &
2k, 7y £J8 L OBRFREO E M. X JliE, s
REERRKDE T, FE (CTRIEOMIGZLERZHE) B
VT SUS 27 & Il Leo ABAA oA BHAREE & F—EE
EMEHTHEFEE LRI COCIRIESEM B L T3 4, B
Y RADRELREBHETRTD L, MRS LTk, 2588
3% 7un) £BBEROHE, TIREHEEORSER, 7100 &
BEARSBIE, SARE PIURBOREARY, LEEHMCRE
FTRETH B, A—FHTOENHRETITR >4, 700 &R
& LTH, FBilTRETS VD X Fhyvs & hyvs DES
TH5 NaK 2{FL 72, FEEOKA £a-A TR TrUvs %A
LTk, NaK & Fryns & OB BB ZET 5 &,
COEBTRERMLY b BEEARBRCA-> 2 EE2bRB,

2. K B B &
2.1 5 3

2. 1.1 HHoBES JUNIBEE
KA ba~Z OHEE 0BRSS 224, L i NaK #o &

*AEILYERT FF B BrERT

WL E LCTHIE® SUS 27, CuBE, 3] 25wz 88 (BT AISI
303 v 5), # o0 (BIF CuCr tw3), ¥ Xuifhiiism (Bl
T BsBM2 v 5) o SHERBAE, EloNEER LRl
B, MG TER 2. 1 IORT L S ERBERD ) X B IETIEMD
ZEHICINZ 72,

2. 1.2 HBROWRK

SE A O e LTk, NaK dicig@ABET2 % &, I
DL THE~DEBRET L IRURD LD, KETFITE
RaflsEhsocl2. 1, 2.2, »X0E 2. 3Ry 3T
DEBTEER Lo B 2. 2 OWRT RS BRRETO @A
L LT, HFF0Llkg/mm? OFERISNEINA 2 2HE 2. 4 1R
FC& L, SUS27 {7 KB 2 AN, 2. 5 Rd ERGSK
5) 2w LT 0lkg/mm? K43 X5k LoD ko,

£ 2.1 BEoAEE X RS & HBAE

Treatment of specimens and test conditions.

H b= ®Om & B O S
plamzn| snax co | a (D290 amme
B EEZ L # It o | E SR S
B & (°Cx)2oo 160 | 120 | 80 (1) 48 i

305 @il x lmlysinlvis
3) LK s s | — |4~ssl0| 0|00 0|0~
wl "

5 | S| —|—1]—12lolo —|oololol—
o
L
B 680 | S | — | — | — [ 25 |OIO| — |00 100~
N x L|BC|UCIUCIUCH bol-| —|o|o|—|o|-
gl 0

s |$CGluclu,ciuclai~e20|—| — Ol O|—|0Ol—
alkglz E b} * b
I TTED ]
% ol U,c| ~ | — | — lz@o|—| — |0 o]—lo|—

(H,C)
o |x Ligf — 1~ | =] & o—|~|-|—|—|-0
miv | s (@K~ | — |~ &|o—|—|-~|—|-]0

&) (1) HEES
U: 27y UL 2H(SUS27) K : #fl=x7 v v 2§ (AISI 303)
C:4-7uoxn (Cu-Cr) E : B8 (CuBE)
S ¢ fLHIE 25 (BsBM2)
(2) HESEEYCce~t94202T 540
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2.2 HEAEMH
£2. LICRTC e, Bk 80, 120, 160 ¥ X UF 200°C,
FFfEIE 4 ~86 A0 SRR R TR o /o $ e, BUAHIKD S
US 27, Cu-Cr DOHHEFIRRHENA 2210 1&, 67D b—bo1on Ak
( BIRFRIINZL, 16 RFfESEIR) %177 - e
2.3 #HBAE
2.3.1 NeK £TAHE
(1) NaK & 3
2. 6 ICGRTEE R, HBAOIECED (1) 155¢x2t
%200 35 X OF (0) 25 ¢ %2 tx200 O IEHEIERE % k3¢ 800°C 30
SYIEE E LTHA - BEE Licth, —WREELERC u-1
L ABEE MM L e, BT 5 NaK (3, B#—Ho Na & K 25
Felb 22 78 Tini, EEE A2 SAWKATCINBENTE LVERCL 2.
2. 6 ¢ NaK 28 « 7uiviz Z®E 25002 A8, B 2w
EF_THYE sz Ble L, NaK 0 x 5 FF) Lo K, SEa
ROk XHBABRCE Y FOO ST o 2 Lk, B2 R
v7 WHEER Rud CEIEREZER 10 immHg <H 3,
(2) #e (®2. 651
BEAG - BERDi&kDb o BB 2 —inEE L 2lEFC £ 5 AL
Vi DT S WEEERFIALTE YD 3, 2FICEZ KT T Vi,
Vo, Vi ZfH L CHREIEBAEHIRT 3. Vi 3 b0 T B
RN A 25— BE L UEER (-222) XD . —H Vi %
BT T 7Ldofiz EOERPFKLEKETH Ve 22 U Ve 250% 71
Jofiz #iMife T BZ2EM 0.0l mmHg & 42 & Vs, Vi, Vip 2 &
T, Vi Vi, Vo 25T NaK ZdrhD NaK % NaK ¢4y 5 &3
CB%ET S, IERD NaK OBRERFET Lk b Vi, Vi, Veld &
U, Vs Vi, Vi ZwT NaK 0 ¢ 5 BN D NaK % 50 AR
RT3, DFI Vs 2 & UV 2B CEEERAD 7rdufiz
PHRERTT %, SEAREZER v-1 L, NaK & HB % S8R
SRR CIASRIER Kb 3, CRBPEH 52 HAIC AR
E LU CEES R RT3 . DWW CESUF A CITE O R R AL
T35,
2.3.2 HEBEOrUHL
eI %&b - 8B, DF¥DJiFcNaK fixbey
HLAET 3,
(1) Asz E%UW, WTHE R clEeZRmE 3+ B Lt
& DT, '
(2) HBHrBEERmTTo%ET 5,
(3) Aw-u RE ), »e)-1 I~ CBE%EH 15423
Az -, GREE—f) CoBESE TR,
(4) 120°C 1 REEHzEEE For—a PClET 5,
2.3.3 % #® v
Biid & S RBEME (x32) KLV fiThv, Wb L3 Lwat
Db DR BEERET S, Ak, EEHbOBRLRIED IR
FHNEHRE T 5.
2.3.4 BET
BB DRI I BV B ERZILRE RO 5. RBFOERR
Foby B, sa -1 BEEHREE LT Fur-2 Ricl BB L 2t
FTELMERFALAE) O 5HET 5,
2.3.5 E. M. X. 82
SUS 27 (200°C 25 HRSEHE) & Cu-Cr (200°C 86 AR &#) I©
DT, NaK ORERIERMETEL T =00 WICEHET 5,
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B 2.1 BlakaEBT
Tension test pieces.

W3/842 L
/

!

70

R 2.2 kGRS

Tension-loaded test pieces.

o
—€

N S .

L_1pz2s 508

2.3 vet- WEHBH
Charpy impact test pieces.

; L
8¢ (NaKifiahil)
T 44

2.4 HRSIEABRE

Tension load jig.

10.2 g—f

2 *""i —

% Iy =

T 8]
f

fie]
204 | =

1

® 2.5 &b (WESKS)
Pan type spring (SK.5).

%Vv

v, V. V, Ve V.

ez 7 NaK e )] NeK 72 f—Dd Arz a7 [ —Ar
XVe Ve s

XV
A ART By
Vio
%V 11

2. 6 NaK £ TAEE Jovs
Block diagram of NaK f{illing apparatus.

FlEse . BEE M.X 2
% ImEEE 0V, BT E-s® 05 XiE3e
2. 3.6 HmERE '
(1) WEEflE

HimEss « fh/NERESE fE 500g, 1,000g

=TSR - Vol 45 - No. 6+ 1971




(2) BIRFER

HPERE & LCBERmE, 0.2 %M, WUsiEda
(3) ez

Y- X 30kg-m

3. BRELIUER

3.1 s LUERTSHES

(1) AR, W B 2E LB dBstess
T% BsBM 2 LIS T WO RAE L RIR S 250 b3, TS
o THZERBEO LN AV, BsBM2 i, BaERAalZ L FEH
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Cross-section microstructure of CuBE
after NaK steeping.
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Systems Circuit Breakers and Their Application

Fukuyama Works

Hiroyasu WADA - Keiichi YAMAMOTO - Akeyoshi MIYOSHI

With the increase of demand for severe service continuity and safety for low voltage circuits, it has become necessary to develop

new breakers with more exact and adjustable tripping characteristics than conventional ones and also with function of protecting circuits

from ground faults.

Under the circumstances, Mitsubishi has been successful in working out circuit breakers to meet all the requirements referred to by

employing solid state relays for them. They are now named Systems Circuit Breakers (to be abbreviated to S. C. B). With the new

device, selective tripping of branch circuit which localize blackout against short circuit faults and protective performance against arcing

ground faults as well as coordination between the breakers and the electric devices in the system are available.
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B 1.1 SCB-2000 »h
External view of SCB-2000.

& 1.1 SCBIE va7s Y=Fu b JL—h DEH—E
Ratings of type SCB systems circuit Breakers.
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-600
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220 1,200 50,000 25,000 42,000 22,000
SCB-1200
460 1,200 35,000 25,000 30,000 22,000
220 2,000 150,000 50,000 125,000 42,000
SCB-2000
460 2,000 100,000 50,000 85,000 42,000
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2.1 S.C. B. ofKE
Schematic diagram of S. C. B.
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Flux-Transfer shunt-tripping device.

b bF, BRICHET 28 naut- B -t B—TEHICET B &
FIRESATEL, LeWiisglddkFehd xoseddceick
D, EHOMWEHED SV CHfERAE D MBI 2 BN A
T koL Tn3,

MR F T LI B 2 L X D B K E Wl
ISEL, BHOKE JICBRA L BE—ERHRCiET 2, R
2~1041o1 DECHZETH 5,

[RR 5| & %37 LBl BS i BRI O KEERIC TIRE L, [FREICT)
YEL, LoWi#% rYed S5, R Cvorwd BIRER LTS
ERGIER T LRI —ETH D,

HAET & F LIS, Bt L e &, SRR
BL, Do LOEDLNERKET, Lolifiz riod X5,

HIFET | & T3 LR RIE 25T 2 285 [ 2 3 LER O R/ MER—
EBTH 5,

LB 41922 © F~r KWETEXD L5k LTsD, &N
FHERO Y- 5 L OEREIC X 2B 0ER X T 24D, $1y22 D
Fub BLUR 7~ » Av—F FIC 3u5uY IC XD $-370J-A %% 5
ALTwn3,

L+ Wigsiificit, & zaud- 0BS5S L e MR 5s k9
ERTEDWER veu b Mwda L BRI TRD, TOWR veut
MwTITL FED Yew OREICET 2 REPRE 2. 2 IWRT, =0
DRABADRIRE JU—b, 7IFa7 D 292F9021)~J Z#i->TH

VAFLY—Fu FIL—h & FDIEH « FIHE - 1l - =

10,000

1,000
100+
=10 ]
& Ir I
6

oo ded v bl oo tosd b
0.001 0.01 0.050.1 0.51 5 10 50 100

B (A'F_“‘sz/n. ;T B{ER)

R 2.3 T /K ik il
Operating characteristics of type SCB-2000 systems
circuit breakers.

B 2.4 LT yu— O e
Internal construction of solid state relay.
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Equivalent circuit of power and signal circuit
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Voltage change due to loading effect
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An example of distribution system.
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An example of ratings and settings for distribution system.

% OB MW B E e a =
wooo& | B R SR Y mmsradunsi gy
A CL 200 A | FGIEMRH T = — = RERSD —_ —_—
B SCB-~2000 1,600 A 5,000 A 20,000 A 0.3s
o) SCB-1200 800 A 4,000 A 11,000 A O.is
_ R T AN 1]
D NF-100E Q00 A S 2,000 A
10,0004
X w77
00— SCB~2001
1,000 ’f&f?ﬂa&zfy a2
o A
1o~
= 10+
e r
g I
0.1 — -
s YL
: SCB-120
0.01+ ‘ 1,000 10:000

SO 5 R RN o MR T
o 10%104
B/ (A)
5.2 SRR b o ZEERFEOBWER O W

Selective tripping coordination of distribution system
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A L2l 2 - Fr—2 OFREE L+ BB TH %,

e e e e e A e et A i e A NNt i b M MNPl b AP

P2FLY-Fw P SU—h & EDEHH « JH « 74K « =4

793



AB 2 {RERH L » Hies

oo

Type AB Low Voltage Air Circuit Breakers

Fukuyama Works

Kiyoshi EGUCHI

Overload protection of marine generators have been conventionally attained by means of frequency relays or hydraulic or pneumatic

over current relays in cooperated with air circuit breakers. Recently, the merits of molded case circuit breakers such as compactness, less

expensive structure, safety for body due to insulated live parts and easy maintenance are highly apreciated by marine power boad builders.

Type AB air circuit breaker announced by Mitsubishi is a type of molded case circuit breaker modified for application to marine

generator protection, equipped with hydraulic long time delay tripping, the pick up current of which is adjustable between 80 % ~160 %

of nominal rating. Frame sizes of type AB breakers are 200, 400, 600, and 800 ampere frame and the latter two frames are also

available with short time delay tripping devices which enable the breakers to be applied to selective tripping system. Thus type AB

breakers afford more easy supply protective design for generator capacity up to 500 kW.

L A o0 &

EEESO Raggon & LT, Sl < BragcZhk Eh 2 HEaed
28T, BChWIRC S > T, KB suh- »bRARET, £
FEEHMAR D IAMAC b 5, 16k b, Chb@%ﬁ’?&%ﬁ%i‘éﬁﬂb
Wi LT, BESHL « BmA S TE 223, JvMNERD
RERHC D - T, NETHRFHTH DI L b HHEARE
BRERRER L« Wits S E N T e,

TR T2 D7, KED j~ta-FL L Wigk (UTNFB 2w
5,) OPFEEGHEEALT, Flv 2147 OEEIHL « Btz
FEL D THENT 5,

2. E &

#£2.1 1 ABBKRL«Wigor b ZEkdme, 2.1k
AB4007%, E2. 2 i« AB600 D ZN ENNEAEEEZTT o

2.1 E¥LL-WRE

ZEH 600 V LI D [BIRKICH I3 2 EIESR Lo« BiRR0 % L < i
EFilE, NK®, JEC®, NEMA® D&k e b, HFEER 12
H1oL KB 5 ABSEYEL LTEY, ABBLoNRD DX
FREEC L oTw3, %L, SBRICHERE X WERORME B

= 2.1 EkgpEEE Ratings.

I4 # AB400 ABGOO ABS00
7 v - 4 )0A 600A 800A
1 # %‘M);LW B3 BL v Wigko ORI E ) 2T L 2 b 9)
e B i IE AC500V
e R 100A ~400A 400A~600A |  600A~B00A
SERS L « L*Jixu;ﬁf, S0k 30kA <n§:u!fd 3 g
(RpHtin) 20kA (HIFR
WA B L FEREES 2L B ST
i * +
I SES SR DT RSl U SRS (NI ST
r @ 210 210
LT b 250 282
c 445 580
@ d 144 171
e 73 80
B dh 16 23 25
NK i ;L ﬁ’f k2 NKE —4583 NKE —4586 NKE —4591
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ZEEICR, FRIC, BAHEOIENREA (R HEC2»ThE
BLadhBabiv. %7, BEEHR, O-14-CO-373-CO
TH5bo

HFBERS R T LER 2T 2 ABREL «Higkic s »TH,

2.1 ABA400 JBL < Bioe 2.2 ABGOOTHL « Hok
Type AB400 air circuit Type AB600 air circuit
breaker. breaker

(A 300A Rat #4 let CO
Ll T
12 IR0V

’\/\/\/L/\/\l/\/\ A
V\/\/M_L/g%\/\/\/\/

Ja 0.78Hz
1
32,5007 "'{ 322V

J 21/ 3XE0V

/2//'—

N\ VANIVAN .
JARVARY \//\Vv \VARAV VR VAV
/\

38,4008
GOH, ‘*35" /'TL
AN AN AT

‘\/\/\/

V V V VNV

0.78Hz A\

B 2.3 AB400 L <Ml 1v0d356
Oscillogram.
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Oscillogram
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X 2.5 AB400 1 Wrinik X
Cross-sectional view of type AB 400 c1rcu1t breaker.

rﬂE;
2

SR R SR Aijr?& rlfm CHLWHERET, ZORE
B, BlERF LI L YV EISRERBIZEINE I, 2. 3
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R 2. 5, ABA400 o irmiRGEe %, 2. 6, AB400 gD
FlERFURER O —f% R T

RERRB S & B3 LSRR, £, vyaudn X3 A idvoa
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Typical time current characteristic curves.
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Ambient temperature compensating curve.
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® 3.1 REHAEL ABEL < B0 sE

Selection of type AB. circuit breaker.

E W E E 45V € oM W OE 225V
B OE OB o R
AB BB L - B AB BEAPL « B
T A .. N SERVER A 7 . w

kVA KW B (=4 nicts A) | RIRMES 2727 i wa(aanst A) | EERES 7T 27

50 40 64 —_ — 128 AB400  (175) 147

62.5 50 80 —_— — 160 AB 400  (175) 187

94 75 120 AB400  (125) 138 241 AB400  (250) 277
125 100 160 AB400  (175) 184 321 AB400  (350) 369
156 125 200 AB 400 (250) 230 401 AB 600 (600) 461
187.5 150 241 AB 400  (250) 277 481 AB 600 (600) 553
219 175 281 AB400  (350) 323 561 AB600  (600) 645
250 200 321 AB 400  (350) 369 642 AB800  (800) 738
281 225 361 AB4C0  (400) 495 722 ABS8O0  (800) 830
3125 250 401 AB600  (500) 461 802 — —
344 275 441 AB 600  (500) 507 882 — -
375 300 481 AB600  (500) 553 962 — —
406 325 521 AB 600 (600) 599 1042 — —
437.5 350 561 AB600  (600) 645 122 — -
469 375 601 AB 800  (800) 691 1202 - -
500 400 642 AB800  (800) 738 1284 — —_—
531 425 682 AB 800 (800) 784 1344 — —
562.5 450 722 AB800  (800) 830 1444 — —
594 475 762 AB 800  (800) 876 1524 — -
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1L KT—2 WO RIS PCEIt X h, (4u {EL7 A2 OFHARER L,
F—028=2 DR T A, RHEWRRERESARITS Do
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ATHETH D, BB HgE: - BN X VA ETE 2,

(4) EREIC X 2 BFRERTIEETH Y, TRRELRT ¥’
F LR, BT % P LR S X OB 2103 25, WIBER L
LBCERPITE, FHO BB - FMEHRAETTE 2,

(5) WHIEL B, TS L ADICHIR L2 AHETH 2o

5. & ¢ U

B, ABIEL ©BiscownT, ZOMUEREMN LA, fED
EC B BB ALICE bR B X5 I, Bl sT 5E
BEEHL A, BIEEHE, EEEATO BEIsHR Y, #HED
BTN - SR v b TETw3®, LaR-T, A
BIgL e Mited, chbiCinT 2 0ot X bicRKEED
DYV TH B, ¥k, PEREEBEHE LT Ju-s91L O/hEw
AB 200 JBORHFEF BF L T2,

f

% E XM

(1) AN, SRR (1 45)

(2) WHER, TR Lt LR TR
JEC-190 (If% 39)

(3) NEMA SG3, Low voltage power circuit breaker (1965)

(4) TIEC, publication No. 92 (1964)

(5) RS, AMEO EBYHIE - SRS 2168

YRR - Vol. 45 « No. 6 - 1971




UDC 621. 316. 57

SR SERER REL-WEFOERLO 2 3 ORES

ORI ANTE S NN S

A Few Discussions on Application of High-Speéd and
High-Sensibility Earth-Leakage Circuit Breakers

Fukuyama Works

Kiyoshi MATSUURA - Kiyomi YAMAMOTO - Yutaka NAKAYAMA

High-speed and high-sensibility earth-leakage circuit breakers of current operated type have come in the limelight as an ace of

electric shock preventing devices. From the viewpoint of the protection of lives, high reliability is a requisite of the device unparalled

by anything.

On the other hand a physiological phenomenon of humanbeing for electricity demands high sensibility to the extent of 30 mA with

the rated sensibility current of the earth-leakage circuit breaker.

Problems apt to encounter when the circuit breakers referred to are operated in the field in practice are made clear and discussed.
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£31 NVEREL « WE— 5=
Specification of type NV earth-leakage circuit breakers.

% % NV-1 NV-3 NV-5

7 #
JL—-LOKEE 30 30 50
# # E:o Bt 2 81 3 E=tiikE iy
& E 2 3 3
AC 110 AC 220 | AC 460 AC 220
5, 10,.15,| 5, 10, 15,
5,10, 15, 20, 30 | 5 ap 20,30 40, 50
mA 30 30 30
R 1 [E s " .
BEMHE ms 30 Blg 30 Lipy 50 BAPY
WEBRHEKX EHHVER piotalies i Bigiholasia
AC
. oV 1,500 — —
SEHL = AC
D0V — 2,500 2,500
i AC
160V - 2.500 -
4. B &

NV IZBHEL « BiisRROa» bl I Twd, Thb5,
1) e-plr-2, 2) ¥, 3) PEBIEENE 4) @WEd Ju-, 5)
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Teds o TEERE & CEK R D ERL T, (FI4 1%
FUHE 4 2), zOFMABTE, T 27y OfPERICEIS
T HEEE Yu— 55, BT 707 OXERE L« B 3 BRcEpE
PR RCBREIBLECH B, NV R oA +oRECED
NTE Y BEREERE R,

BB UU- iE, EREEROS LAV 3 MERK e BB E
BUE L7, MONICEE T 2 g H 5, MERADLOR,
EFECRFRHERIC X 2 TR ACKRABBORS | I35 - T,
FHF %5 MRECR LBIAMBREA U Tn 2, BEIFAELEM

BFAHN S &, BEEHROTREFCHEIN 3 HAIC XL 3
WEKABAOWE L EBLT, Ly1ou BACHREhD T &K
ATBERIC X B3WBIT1E O A5uz 250E L, AHA RS bk,
BRSSO 4h=Xs OFENREEIZIND - TRIEEHES 5 ([ 4. 3).

eRAI 3 BABEF RO TIRINIE 410248 @ F~t BIROES
ELTEHZ, Mwdarr 2EEXETLWT2HXTH 5,

HHERIIZEES 2 T, SH0MEL e THY, XD
550K L THEAC A - THIREL « a0 BiECiX EH
@&m R¥EC T3 (4. 4), EABE»DLOD Y- EES )
1A BOPEIC L Y EWEDOR L5 TR L TH S, BVEREIR,
Z%ﬁ%zﬁiz’%ﬁ LOESH Y1y2a O F-t ~ET 2 LT O REHT
e DEMEDS & CHETL, 50ms LIMICAS X5 RECEDTS
%0

FLEEOBARCBEEOBDORD X 5 2IFESED 5,
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4.1 WEL « B 2% O /K

Diagram of current operated earth leakage circuit breaker.

X 4. 2 VV%?L%@L%W?E@P\J
Interior photograph of type NV-3 earth- leakage
circuit breaker.

W3l f

FAHEID L BT

T
GRAREEID L 5B31H)—|
(EiaplL

4.3 #E®X oDk R R
Operating principle of earth-leakage circuit breaker
with release type magnet.
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(a) HHEFRERZLE: L 0w, KHER (SHERICST S
1483 X UF 246, BUEERICET 5 1N CbiREDECRR

Bh, BECHET S
(b) BREBOBEEBOFH, 4-v Lo 1LICX Zzﬁiﬁwﬁz’»
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3? 5.1 1 # H Bk ot 3 o B (100 Wx10)
Example of overflow current of tungsten-filament lamp.
U memmns
44 EWRIRE L v 8 O M K
Internal connection of solid state type earth-leakage
circuit breaker.
BeA R,
(2) kst ‘
(a) ZERRTER D K& WEEIERE L o 5o MYE RS W 10 ms/div
a pAtiag:c x eI , asDENVEDPTZZ e
f-, “Fajju. ’ &) ¢)<' an 20 5 2 FEsa0) Z?E‘-/\mum@fﬁ]
(b) EREED S O DWYERES, Example of rush current of transformer.
5. 4ot MRECRIER i i l
HHBWEIEOURTE L « Wisg O RiE, FABLSTRRO fild & Ey NFB
Y- DDA B XN L DICA B B L « MmO L I I I

B, —ARCHREERH: (RERE I3 2 Reiet), SRR,
TR, RENIRREEZET), B (AR R O B e A
L) THWERSRIAEIRE E 5 43, C oCiEaee LRI g

B, A b CICIRTE L+ IR O AE CIEIEE A IRk S N B 35
B DOWTHR 35,

5.1 BiEEH 5.3 #-z WIEMEER

TR L+ Wiz En Ml get: LTy 5 i, %7 Test cireuit of surge voltage.
FHEEE LT, 1) HEERO SBROBN, 2) EHEEO%A
Wi, 3) EISOREY RO MERER S X OTERE, 4) sHhE

B X BEERER, 5) ARG v BIER YO (A &
ERBIFoN B,

(1) HRERS L UCEEROWR, BEAEMR

B AR TR D 10~20 5D EFHE K DS WEHTH - T,
TR O BRI A2 ROBEEZHET 2. CcOBRLRK
DLSICELDNS, ThbEFRERBD —REBIIBRBETS
ME ABD LS KEBShTY 2 25, B L T 7uisuz
BELP TV, —~HFERERBOSHLCEBETEBEBERSS 30T
WO MARIC X o T, LT Folsuz 0% FREBTR & WHT
W LT, BEARREL% 4 LR RIGE Y ALz BEZ T
35, HEEIROMN & FHEBOEAE RE @5 1 5L U0H B 5.4 LB e “)‘—-J" BIE & DBR

Relation of switching surge voltage with load current.
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Oscillogram of earth fault current test on NV-3.
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Develobment and Analysis of System Interconnector

Mitsubishi Electric Corp., Central Research Laboratory
Mitsubishi Electric Corp., Head Office

Tokyo Electric Power Co.

Takashi HIRAYAMA
Jun-ichi BABA
~lkuo YAMADA -« Hiromichi KINOSHITA

Though operating the bulk electric power systems as a fully integrated one offers various scale merits, it involves the need of suffi-

cient countermeasures to suppress short circuit capacity and prevent an extensive blackout caused by cascade trip, thus cancelling the

features. To cope with it, a radical solution has been worked out that the system is split into several blocks of a moderate size and tied

one another with an AC type system interconnector having a special function. The concept has been embodied by the development of

a coupling transformer type system interconnector, a model of which has been built for trial and tested to prove its function. Also a

system analysis has been made on a model system with a digital computer to look into effects working on the system.
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4,400 5 kVA TH - retp KA ARD 10 95 (10075 kVA R-2) ©
ob-duz % b ORHRERMECHER L 2 HEici 2900 7 kVA
PR, BilREE O EENTIMSRERL T 5. &,
E4 2 2bWbakk5IC, HEERERD 1ot-4ua fi% 20 %6
Bl FO#ECHINL TS, ESRARIMRAREIE L A EZEEL &Y.

4.1.2 BEREE

Rk BRSO RIS LA IO T B RIRE TS 5 20

(1) L 500kV &M, XEM @4 1w F1) Kk
J 3 1 mEE, SHREREEL, 49100 BEERGE, 30 yrow MEELE
OO L HE B0 8E 0 2RI (LAREER GA 1 O HIIRS)
BIU

N RSP S A NV AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY
Tk s

EREERTHTE
— R

e
2R

s

S
I

P A A AVAVAVAVAVAN AV aVaVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVATATS
FHEE Vs
AFBE Ve
BISEIR2SER i
HAYAZER iscr

CB2% iz ~AAA S\ NANAAAANNANNNANNNAN VWY

B 3.7 B AR

Test result of short circuit current suppression.
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FUHETEEE .
CB1 EEII!L "‘W\!“"“"""“""""x.,m

A AFRE Uscr ; ks ]
sttt

et g
et e,

g
St

A T Jp—

BATEH25ER &

H A ) AZTHR iscr

T

CB2 R Lcnz e i"?rnm Pt \ \ / ’ ’
v \ ]
L By oISk IR /
RRBERE i R \ (SCR"OFF) | EEERCER
o ' SR CB1,CB2 ON
F‘i T ISR (SC”’R ON) ( . ! )
(SCR ON) SCR OFF

& 3.8 3k @A

FHBER

Test result of asynchronous interconnection.
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(A7ovz) (B7a vy 2) Sy 2 n 2 ey
3,00MW7,000MW 7,000MW  3,000MW SR Jowy REEIC BT B LR
. O S S O BIRR A N2 T BT ERTE, F ki
AR A2 A 2 1, X4=2009% (10075 kVA <-32)
L * ® . —T 200 5 kW © R X
(500KV) v 4 — D& E, 20077 TH HHlfRE T Xa
Ezwkm : Fi EZOOkm) : =509% D+ %150 F kW iIca 3. %
3iv— 3= b
(6E1%) (6E12) ATHRICE S FCOREY Xa 23/0
T T T T Gu~Gas L RCEYECRBT b o K.
! ! G Gt J 1,250MW -
) - # (2) Lal, BEGOSERED 1
(500 (500V ) 5 e
ggf)knég }ig?\r\qj A ?i ?228:;:: E—doa Xa BBEDCPMEL B L,
Exs'.) »*;:‘—E;,‘?‘\:Z‘%E (ZD r() cE 77 4k
5001\\7’ © JT 3 AT n i -1 s00kV Hi Jow 3 RFED IRy FHE B, CHE
R A e PN IR 0>~5z7EEg7b>fE‘FL R, FEOEE
RN e s B LIHAKE < 75 Bk & DB AR TT
(275kV) RN Lo AR D (k) ¢35
(50km ) . 3 ! i i | . ! . (50km) °
an— ) Iy ! . A Pl (4 — 1) A T D) AL Bar P
cr N N R R L L Gem (3) TIIEOIED £4 oar %
P FiT !#%é 173 KE LT BT L T2 ISERD 1o
MLz saLs ILenia Lz Aadla ALy NIV S .
AR APTAR Apleapl AAlesale Eosivn Xa RAECTBCE & A B
&6 00 06 Q6 DOWBETHICEL B
Gas G Gig WGAZ\ Gas Ca: Gas Gus ) - "
21 i2pm o 19mach il PEDC &hb, MFDISEEOR
1 EF }b Uﬁ L-machime moadade. OWer syste:
R POwer system BB DL LD BEBICH, Tot—du
50,000 2 Xa B XUHTEY £ 6x OfEE, HAEKCERT2H2FHEAC 2

Fhidabhvn, chid X4=509%, 6=90° 20 e T 5{HETS
->C, TOEMOBER 4. 4 CRT, &P 21ud HROBEICIT,
fob~sduz B#100 %L 1 (1005 kVA Rwz) & LEwn & RHED
WEERHEIN S, B4 5 EFERIPRORMER IS &L 'K Jo
wo RELO HEBOER % R TR TSRO —HITH B,

4.2 ERERBOBRZERE

500 LV SrE B O FRBERAR 4. LicTT e hTh 3,

057 07 0% 08 10 FRHEPRIZER 4. 1 DJERR D 50 S0 ile b DR 2 fila: < HnLiC
WERA v -7r A (PU) e e
- a,BO%M\{A/msJ v WIET 5 2 Aoy Wi e Lo THIE, SRR X U — O3
CIZII 4'1 2 g ﬁ‘f, 5‘ 5T &k 4 = 4.1 500kV RpkliR L A
alculated short ¢ircuit capacity. Specification of 500kV system interconnector.
/@B [N Fr ke IE 500kV
. e @ % oM B M 50 Hz
VLR R
@ Ko . WM W oW E R 750 MW GEEEH)
70y 2 REE
T B a5 8 B & 2,000 MW (15 5 [52#5)

3 58 5T A A A M

8,000 MVA BIF (28BA)

WA v -y

102 BT

WM oW E A

7.5 HERLA (2,000 MW 5ifi38E)

@ SIS B 1435
M43 3HAEFLRER 100 -
.-3-machine model power system. K =

(2) B 500KV ZEFEH (M 4 1 ICRT F2 2 SHimi )
YK B BRI AHOREMRD 1O THE L 7o FHE v £

DR, W OB AR IR XH 330 MW <3 ), & <8 7777
RIS DB & I R A A B 0.4 B0 5 B o e 7 %

4.1.3 FFRMHEAE &> w

RepRER LR IC & 3 SRR O EISIEORIRE 2. 2 i T~ =
P AT RUC D\ TR Lo M2 L7 T RHRE 4. 3 S :
ICRT 3R T TH D, L LTR—HD Fows ZHED L 0 30 60 0 120

FETINE 6.0 ()

FEEBIC =T, 3005 kW OBEGE LT Lk, sHEDOREE,
BohA#ERR TR0 s td o,

(1) M OIBRORBERERD (vf-dur X4 /P& iE

Fepkd R LR O ASE - L - F - U - KT

B 4. 4 BT OINERD fut-sdor & IREFTE] Y MO Rk

Optimum relation between

interconnector

impeadance and

maximum phase angle difference during intermittent assistance.
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BRYS & C R TEEI0HEW
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4.5 FERELEFR (E0 OB H) BHERR

Calculated frequency and power during asynchronous interconnection.
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Layout of 500kV system interconnector.
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FELEBICE VT b 50 IGEER AR ICT 5 C & & BYEERRC 2 BRREEH
E%AaLE L, ¥ 120 b EIC X 2 TSRO MB R EHICT 55D
THbB, Ak, FEEIUITCHMBRRE LTHEEI LA, H4.6
ICEERBE R T .

R S N

Rl R, EREROME & B RIC X 5 KIFEFRD
Bilkx Hee L, EXRELABENIFRERZ2HL Jowo kL b &,
B0 BHERHRT AL LTERINLDIDOTH 5, BlfE
¥ ORISR X N A EOETRIEREY, AEMCRRERICESICES A
XN EFERD 1of—4u2 &, FOZERAM L ovto-L T3, —
FEOWE Ao ~so2 WECH B, £ DOFRHE _LORIFE, FREF
PC X hHLMICEN T EA, BAES0LV JRREDH TR %
&, 275kV . 154KV i FOTFHOEERBIC b HERERER v
AL, LRoOEEE2ED I L IELLNLTH S, ik, HEH45
E12 ik, HREN BRAEEITIC 66 KV oiESZE s Rkl
ZEER, AMowh I5vb &2 LTHREIH, BEEHCGEERFTH
3. SHOHRER G IGO0 BRSNS s TR, REERAR
DB, BHGEROHAFE L IRAMCHEBIBRICS D, vazs #
WaET 3 [REHE b5, AHFRFRCH LV EZAOTEY
BT KN EE N b I SEBEROBIRK (CE  Z o
2#ET 5, '

£ F X W
(1) @Ak =EH, Fl: BHREOE REF(LICHT 3 Mokd
FRROBR, WIMEE OHM 57-4, 81 (FE45)
(2) Frli, #29: BEREEOMK, BEXiaka: 560, 75
(¥4 45)
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UDC 621. 311. 161 : 621. 316

RRET BAEEREIT 66kV 35EREE

Sk B RAEA T L e
M HE LB AR R KT R
BoA = =E OB A

= B OE

66 kV System Interconnector Installed
in Suruga Substation of Tokyo Electric Power Co.

Kenzd SUZUKI « Soziré ARAI « Takashi HIRAYAMA
Hisao MUKAE - I[kuo YAMADA - Hiromichi KINOSHITA
Shézé TSUKAMOTO - Yoshikazu MIURA
Mitsubishi Electric Corp., Kobe Works Shigeo NISHINA

Tokyo Electric Power Co.
Mitsubishi Electric Corp., Head Office
Mitsubishi Electric Corp., ltami Works

Tokyo Electric Power Co. and Mitsubishi Electric Corp. have been making the cooperative development of a System Intercomnector

with the object of reliable supply of electric power due to the suppression of short-circuit current and the prevention of large-scale black-

out. Success has been now made in working out the 66 kV interconnector, as a first step to 500 kV installations, set up in Suruga sub-

station in December, 1970. The apparatus is called a coupling transformer type System Interconnector and consists of two coupling

transformers, No. 1 and No. 2, a regulating transformer and thyristor switches, being capable of making intermittent assistance of power

during asynchronous interconnection.  As a result of factory and field tests, it has been confirmed that the apparatus satisfies such

functional requirements as free power exchange in normal conditions, suppression of short-circuit current and asynchronous interconnec-

tion. The apparatus is expected further to undergo long-time field operating tests.

L £ A » &

BRI LT 5 M I OISR R T M IE M D Jowr KHHEIL
T, T b ORIZRZEZRESER b DA OMRIEIC X - THli% T
reicxb,

(1) (BT DM

(2) AW X UERO NG HEOF]

(3) KHRRBOREEN

(4) K&EHR 1-o 1 OB CEFENERR

(5) THEBAI R OB EHEIRE
BED 25— A b BRFEL DD, EHAROWN, ERGEERS
DR, BRI X 5 KEEDBSIL A &R ICHE 5 HED gk
M3z lriELZLNTVE, COREIICD &%, WEEHE) L

H1.1 66kViE A LA ERABRBERER

66 kV coupling transformer type system intérconnector.

ZEERBI R RO D X 5 ikl o LA - ST
T - 7ok, TRCOEAEE BN L i A 20 FE SR s iR 24 %
AR L %o

(1) BRERFEFOCEN 2 MECHBE ¢ 5, (HREERLD

(2) SRR R BGER % IR I 3 5. (BRyiiSaLE
e TR BN

(3) TEHBAIATLE L & ¥ ICREIEASEE I 2K 55
(BRRUCIBRED, CORBEIMMERTC L : FICEC i
il 3. USIBIMHEED

(4) FHEMcEPE-Fnz2dUmMERRTEL A & &gk, MR
DIEZEAREL L e FLDd, BT OWCHERNE % 5. (FY
DR OIEFEIMER RS

(5)  FEFEMHHER IR D SR EE L TR D 2Yw3
JBEBRPE o b BIC, MW AAECRIB I RS LT
WIBICHIRT B, (FHBELD

TO X5 BT b ORAERIER T, BT 500k V i
TR E AT S RFBERT D X LT3R, THEEOERAS
M &L LTHHENTHB0T, COEFLoF—KE LT,
A4 4EE XY 66KV A mBR iR Em + %2 - SEL,
B4 - BEHBA C R TR - 2O b RE B AL EI ICE
L, BUISSEREERZHA LA B1. 1 caERs R,

2 % & % &t

2.1 [EgHR

REAOSHMMEEE 2. 1 IWRT . BRI, —REIL < B
CB1l, ML+ Wi#g CB2 AL TV A0 T, ELFEEE2E
B—80, TR SR, SREED (of-Fvz BIRIEH
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L §E BCB1(GCB)
15 o}

]O 0]
03 [ -y 040
) ] \;' A A\_‘M 2 { 5
oo 2] ! Igg
=2 I o, BO00/5h &
VWV IV TJE et AW
BRVTIOVT 6KV /110V
%% ™ot
i
R
D>
2.1 =iEFEH Circuit diagram.
_szaz =RATH L = N &
@ T l[><]l1 T ~
% i1% )
Ei< 0, i 5% EHEREE i 5% Ea< s
. p—— 154k VEHE . e
{ ; F2 3 ## % GERH D
: (tot—4uz 1 100 MVA R-2)
%j 5%<Z‘E I E%j &j 5@(;(% JEs %E) Applied power system during asynchronous interconnection.
T\2 v s g T\2nv s N _
’ 0 ZIEIE 0(0=0) D & E1C 41922(SCR) % AL T, R DIIE
6KV At ey WY 30 COE EBRERO (ot—son THARERLS, 2
I EDR& W {ob—gu2 % X1, Xo & LG, 18I X+ X Th b b ER
[ ] Do HHZEA 0 S AE { A D BREE 6 IWEHE L 2D L (0=0u), H1Y

H 2.2 % #: % (3 W
(fvE-4duz & 100 MVA R-2)
Applied power system during synchronous interconnection.

® 2.1 JoR{lEg
Basic specifications.
» # & )25 6 kV
B - R S - 50Hz
" v ~  r
{@i n R B W E 350 kV
mMAMER BYE 140 kV (it
oW O OB % R 4O0MVA Gl 8E)
B AL ®F R JOMVA (15 5[8)
WoE i M oA R 800MVA BT (28LRA)
W% W ¥ H LT (70 MV A liEE:)
JEFIIN MR O R 25 Bk 14
2 iv4 i BR 1%y 7 HiRR

BEEELZOR L ) 1vE-dur X1 KH Ln, REECHERLET
WA FE L e & ¥ icik c OEERBEZE LT, 1ub-duz X ic X

o THPEROMmBZ M 2, FSEERLERERBAEN P
DOHEE K E JIETTayd 2L B C 2L kY, EREEmNN
DT T 2. WEE En RHSEER L 202 0AM b

EifnEig, RCHFHICERREIHSFELE L & T ilk, #eFR

i b PR ~NRAREL B C A58, CHISBEC RS LS
RRECHEXERD LbDONBEDOT, LeWizmCB1l, CB2 #FkL
TIHERZ T 2, c oL ¥ EREE 1vE-duz RIEEETERL B,
2 BOMRE (vb-5ur & 725 o EMHIC X » CEFRAREIC FH
BNz & CARScHERERREL 235, cok 2 EAR

812

22(SCR) #HML T, MG DGEEEIET 5, UTERRICHET 21
CISEER X D232, SRR s 5 BRI X - T3k
FED B ETE L, REED 21073 HBE 47 PEEE 415 M
Tickd e (4f<4fs), WRLHEO L ECL Btz CB1,CB2
ERALCHERL, FROBBREBICERT S,

2.2 EEMIH

66 KV 453k REmE [ 2. 2 [CRH SRS e LT AT 3
BDELTHRI LTS, 154kV/66 LV ZEHTD 66KV fl 521
Lo Wigna Bl L, 66LV Rgk®HERA & ZEHM : K EL T,
Z O SHERERIC X 0 #RT 5, BEONAMEE K21
IR FEOEBARILERERT 0 MVA, REISERIL 15
SEMTTOMVA ©H %, SEaEEROIMG FRFELD o
Tk, 66kV FROmE OB ATHATE 2,500 MVA LUT, Z¥E
B BOOMVA LIF & s c B4tk L,

2.3 FEAEEGT

2.3.1 AYE-FURDREE

(1) HE1oE-Fuzr ;

R OERAR KT S IR D, EEOWR 1uE-4uz % 33
Q (100MVA R—2 T 75 %) CHEE Lo 2. 3 DFHE»LE
HUSOBAERAERIE 2190 MVA, HEE:ESE 626 MVA k7%
D, EEPEETLENENL 5500 A LITciflshs,

(2) RAJORER 1vE-5u2

JEERHER ORISR HRR 2. 3 DLk 3 KELTRE,, LDk
& B o OISEE N,
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E | A———
Tgﬁ;}:m———‘
"0 10 20 30 P 50 &0 70 ) p
EEBEEH PIMW) : )
2.4 HRIEEEES P L WiREE S 0 & OBIR Hie it
Angular difference 8 vs. power P passing SL ) meR
T
Z—'E-IE—Q—--sin B==Pygin §-eccevvvrrrenriiniinin 2.1 N CB1{GCB) N
1+ Zot+ x4 @% -+ &
e L, iR AT VERES STy
(e
___ EE PT.
[ [
Zy+xo+Ty P o
: e I
EFELEIND, TTT, T4 REGOISEBOBRERD (L-4y S ES R
ATHY,  RREROBEEMTH L, (0=0—0) ¥ FHHIEE E L
i, XY Z "gokv e — 7~y i
;1 Oar P, 3.1 HEREX
P—ZTL’_/; Pysin Gde—‘:z;(l——cos Bar) oveereenes (2.2) Layout diagram.
LB, TIC, b REYDINBEOIYY HTh 2, A TR 3.1 TR
X 4=870 (100 MVA R—3 <200 %) TH 3, Specification of main machines.
R - . . N T R pe—— y
I DISED AT S Par 133 (2.1) 1050 T 0=0y & 3¢ I Bl ke Sl s Nl A RREEL
CECXIVELNG, oW ® E —:-g: 66:4:\0/531\(’V 66:4:\0/58]\;’V 66:4:\0/581\-:’V 3,00V
2.3. 2 REFHIBEA WTMRARE & | 228kV | 61.0kV 6kV 1 5os0v
S ST ) SR U e e o b A . ¥ 3,050V 3,050 V 768/ 3V ’
70 MW JBBIRFIC STz AR 8 W & L, F %10 1ot -
B . § . wom W —& 350 A 0 3.5A 0
~4u2 & L00MVAX-2 C#b5% ¢33 BEHTHE, D Gl %0 Z® | 1,750A 0 1,75 A
oo, SNSRI Pa=25 MW % £ 7 & 3 ICTRIIER O R aEIE AR
207 FEWEE CTHEERE Exn 223 (M 2. 4), Ey, OfEZHE Bk ¥ | 7,000 A 0 70 A 0
. 1 T e () o w 2EL K 1000 £ ,000 A
TBIE 66/5/ 3KV A2 T 1.0 % (413556 06° (CHHH) & LT3, (2BAT) all Ikl N B
Rk S T —& 416 A 416 A 424 | 15400 A
3 RS (120 st 2,080 A 8,320 A 2,080 A '
o EEE £ v Em K vz (—ERICT) 3.00 82.90 - -
AL OISR ARER 1 B, 28, IEER, A & 5& & 5:1 201 500:1 -
2 L= Wigh, ¥1928 WEB LW 2a1050F THB, #z Lo Wise # X i 49t 26t 181 3.2t%3

2. 1 i CHIRC L7 Lo Wigs CB 1 i H L, MaEmrs2 s
— KRR ST %0 A TR B— Az JEHIE O 70-SFL-350
T 12 Leligrt FlnTwnd, 2a1o5yF BREEL «MigE CB2 ic
AT 2R L« Wizt (6-DHM-301) A X &ML TEh, Z95F
B Iz FEE Tl Ik Y A G, BEEEREE 3. 1
WCRT o BRI RCSHETHE, Y1Uxz EEIZ 1ES%
=20 Fa-ton KL, 3HD Fa-tow A bFKING,
3. 1R E g X 5 il - {7 - BREER e H»T—D20 BN
Fa-ton KL Tn3, FEEBOARETE 3. 1 R,

3.1 TESE
3.1 HBEEESRL1E (K3 2)

BHH=ZHEMABSENGREERTH Y, —IK, ZROEM
E5: 1, qub—sdvr EEEMA LA T 3.0Q (100 MVAR—z ©
699%) & Lk, TOEIX2. 3. 1 HCHE L AEBOEE (o 5—3
VA DE33Q XD EREE R->TVEE, THEZRRNCHES:
END 5-JL BD (vE—4dur KX % (utf—Fuz OB EERL
e THB, COLEEREEEOLERL BA ) FHIcH LCE

3.2 WAKERLS
Coupling transformer No. 1.

HURTE ) BRI 66 KV SRl RIERE - $40K « e - Ul 50 - (LR - KT - AR S - 2R 813
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3.5 #qyzz OEEBERERK

Circuit diagram of thyrister unit.

3.3 EEEER2F
Coupling transformer No. 2.

T b

3.4 41yza fa-ton (SHED)
Thyrister cubicle.

FlcA->Tr Y, BRZRMSER XT38, Rt mid i
OIEMIBERIC D W Tk —IRETER 7,000 A GEsEZH: 800 MVA T
L) et U b B o o B 5 X 5 i L.

3.1.2 #EZEER25 (M3 3)

B AZHMA B SR ETBEERE TR, TIRDOBRIZ 20 «
1, fot—duz EEERID b AT 8290 (100 MVA R-x ¢ 190 %)
THD, COFFERREFLO X S5, HWRE—K, ke bIChk
EN TV B OCEBICITERATIL A Vo JERUHHTRR I BRIEE
(CEIINE 105 WEER B3R 6=180° D & ikl 2B=2X = kV
EARDH, TOLEEETER2 BEO—KEHICIE 610V OEFE
BEMENS. ¥, B OGEROEMIEAE 416 A (1
SyEhEREER 140 A) #E L TWEN, C nmﬁ%ﬁa 0=60° D & %
DEFCHEET 5,

3.1. 3 HELEESR

EBY SN A B S ASTESER ¢, DIRRAIEE 66k, i
BBETEV CtH B, 2EL4BHCHR I TED, BEML 2~
YosERL, FREBRNG Y -Y WL Ao Twh, avd Y MRD ¥
aw73 THAFRIC & © TR S (open Y #E) OEETTHE
LT3, HHEEREEEESRLSOTRMT IOV CHEoT
— B BT T6x5=380V (66// T kVA-2T10%) i
%o HRMEEREE SR PREAR L ZERM~E 5 FEEEE L

8l4

|
) R
OST -t B~

® 3.6 #1yzz O 7-4 HEK

Configulation of thyrister switch.

TP rFEbTeE, P ayd it oBRETROLEY THS,
P>25MW ok & 2w firid 3]
—25 MW <P<255 MW D& & w7 i T2 ]
P<—25MW e % aud (i 1]
27 W T2 ) © & &R IBETERE 2 o RAAEE Eh, T
BEZO &R D,
3.2 A4 URSEE (X3.4)
3.2, 1 :ERHER
EAFEESFESGND 109 (Fa-ton) 3 B»bRIKENT
w3, 1#ELOEEBHEEEE 3. 5 ICRT. 7L, 1-U BRE
BB L4122 ML VBRI TWE, v TRERER 2o7vY
L EBRERLE A DIKY, B A0 MOEBOWK &, ML VBT
LTR 34— BEDOT LY L VB EEERT 5. $TUR2ED
EEREEE R 3. 6 KREN B & 5 ICFE 41y2s FT 500 A-50 2
BF - FHCESE Lk 17-4 2UBFNCERE LB e R o T
Bo CTO7—4HEEIEE 3. 6 IK/REND K 5 ICHED FEREE B
D tiAva EEE B o T3, BIERESHZ Y1U2s O EER
A SERKE $1Y2a OMHFEET S & UL IR FEH &
p/hE R, BEROEAMEIEL Y RAEFWER (sur 50 T
Bt Eh, HMAERRFCEFEIN LS K EhTwE, &
7o, 7I-FUTotL BT bNEE LOREIC X 5 EEE yToaua D
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(a)

AFH % hA- LCEBIEE BIFCR > Tns, @EEOREK
EAREED 4 b IS L & F-r ERTHER L TE D, X,

EFBERE L Y1022 % LD 4~ HRE-CRRB AL L TR 5,

3.2.2 H#4YRFEBOEE

A )22 FE 15 & ICBIVIE $a-Eon IKBBIL TR 5
3. 7 (a) BEEBMOMKE R T o Fa-Lou IEFMIC #1922 2
Apo BT 2 B, FoA7 4 NS S HARIIE TR B 2290 FD
FHIMCHEREHAO 2uFoy 2535%0 bh, COWMTLE 2850 DY
U282 DERERICEHT b Isus WP PRI T b, $a
—Eon JHHC I LM & S 2 HEF T 5 F— » 2ERS & i
i, 2oFvY, EHE DD At azwr EFRIBELEEMSEE ST
w3 (J3.7 (b))o F—t 120+ DEGHEIEE 7~ 25 & LR
BINAZHEEREZLT5HDTH 5,

TR B 2 b ORIEZIEER, Tz HIEE
$B -t 7ol BRI T E B, BETBE SRR &
e 1*-9Mté<9/b 1Twb TECHBRL D2 2B ICFTRS T &

BTE S, HHHE Y1uza Fa-ton OMEICEE 2N <THD, ©
m_»l & 3.7 (e)icRd,
4. Hl B & B

HERHE O Ao MER 4. 1R T . REEOREICHE U Tl

EY il leﬁHI Aau Bt 2B 225 b TH B, *
D IR PR E KM 2 L+ Bigs (CBL), ZRMIEZRL « W

## (CB2), #1922 (SCR) 3 L UFHELERD 2v7 HHEZTH 5,
THIHZEEE D W0 & 7 5 BRI BRI LUF O B2 b E W Tn5,
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Test result of short circuit current suppression.
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Test result of phase angle difference compensation.
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