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Fire Resistant Laminate “REDARTA " for Electrical Insulation

Jirc KOYAMA « Kenzo HASEGAWA

Itami Works

Westinghouse Research Report accounts for research on paper base fire-resistant laminate made from dicyandiamide modified

phenolic resin. However, this resin has so rigorous a reaction that cracks often grow up in laminating, making it very difficult to

manufacture the laminate. In contrast to this fire-resistant laminate “ REDARTA ” is such a new type modified phenolic resin

that it is very easy in laminating. This laminate has very excellent electrical and mechanical properties in addition to fire

resistance. It is also applicable to the place where fire resistance is not necessary, this having a wide scope of usage.
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Fig. 4.2 Change of volume resistivity by water absorption.
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Fig. 4.7 Effect of heat aging days on arcing resistance.
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Bonded Cores for Transformers (Part 2)

Research Laboratory Kimio ITO

Hidenori SHIMIZU

Itami Works

In manufacturing transformer cores, an attempt has been made for a long time to solidify silicon steel plates into one body

with bonding agent. Because of recent advancement in quality of the bonding agent and also improvement of surface condi-

tions and magnetic properties of the core material, the products thus made are being extensively applied to large apparatus.

This report describes the bonding agent, bonding method-the basic technic of bonded cores, their magnetic characteristics

and mechanical properties in reference to experimental results and practical experience on products. The first has been reported

in the No. 1.issue.

A new technique of bonding now solves many manufacturing problems, making it possible to produce reactors with air gaps,

radial cores, and split cores of large core type transformers facilitating shipment disassembled.
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Fig. 5.6 Locomotive transformer using
radial core.
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MELCOM EA-7402 All Transistorized Analog Computers
Kotars OTOBA - Koji SHIBATANI « Atsushi TADA

Electronics Works

Analog computers have been used in various fields of scientific and engineering study as general purpose computers,
simulators, or measuring instruments. Still more there arise strong desire of using them as on-line control elements of various
control systems recently. In this case, sturdiness for giving full play to their performance under adverse conditions and high
reliability together with small size and small power consumption are required. To meet these requirements all transistorized
analog computers have been now completed and their outline and design features are described herein. Using a unique
operational amplifier circuit which combines an all transistorized DC amplifier with a drift compensating amplifier using a
transistor chopper and AC pre-amplifier, they operate by a voltage analog system. FEach unit comprises so operational amplifiers

for general use, 16 potentiometers, 10 non-linear elements for general use and other components. For idtegrating condensers are

used specially developed low voltage, large capacitance polystyrene capacitors.

The allround operational accuracy of the

computers is well comparable with that of the electronic analog computer.
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Fig. 5.5 Bode diagram of the operational amplifier.
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Counting Circuit Using Cores and Transistors

Fumio HAMAOKA
Masayoshi SAKAO

Kamakura Works

Research Laboratory

Validity of a magnetic core used for the counting element for industrial purpose has been enhanced by the joint use with

transistors. *

Its versatility, however, has been restricted because of its circuits requiring the input voltage to have the amplitude in a small

range. This drawback can be overcome by either reducing the input circuit impedance or controlling the rate of flux change

with a transistor amplifier and by feed-back technique.

This paper discusses two types of new counting circuits suggested. The test results on these circuits are very satisfactory.

The maximum counting scale is available up to 100 pulses per stage at least. They also permit an arbitrary adjustment of the

counting scale.
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The Latest Special Deck Auxiliaries
Seiichi UDO

Nagasaki Works Hisashi KUMAMOTO - Takahiro TOMINAGA

In the latest shipping world there is a trend of automatizing vessels and also of increase in the building of large boots

assigned to special work. This has brought about a big demand of special deck auxiliaries in addition to cargo winches and wind-

lasses. Mitsubishi has delivered automatic towing winch and various trawl winches recently. The design of the former involves

numerous problems in the determination of performance to assure steady operation in rough seas.

It is desirable to have infor-

mation of actual experience for further improvement. The laiter has been greatly improved by the use of silicon rectifiers.
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3-Ton Differential Gear Cargo Winches
Yoshikatsu WADA - Hisashi KUMAMOTO - Y{ika SHINRYO - Tomoharu MOTOKI

The AC pole-changed winch played in the past the main role in AC electrification of deck machinery and seemed to be an

accomplished device.

cost.

But now it is strongly desired to produce a new type one which offers improved performances and reduced

To cope with this situation, a new type cargo winch making use of differential gear has been developed with a result of

increased safety and cut-down cost.

This differential gear winch, built with 1095 less weight, operates safely under the most

severe duty cycle, and will displace the conventional pole change unit with marked features.
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AS Brake

Nagasaki Works  YUkd SHINRYO

Recently eddy current brakes are widely applied to the crane and hoist control.

This is because that, by coupling a wound

rotor type induction motor directly to an eddy current brake, so as to combine their torque, stabilized torque at low speed is

maintained irrespective of the positive or negative of the torque. Under the circumstances, Mitsubishi has developed a standard

series of eddy current breakes with a trade name of AS Brakes. This paper covers the particulars of this new product together-

with the calculation method of eddy current in solid iron successfully introduced in our design.
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Fig. 2.3 Armature drum.
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Fig. 2. 4 AS brake assembly.
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(1) H.M. McConnel, Eddy-current phenomena in ferro-
magnetic materials, AIEE Tech. paper 54-146.

(2) Paul D. Agarwal, Eddy-current losses in solid and
Laminated iron, AIEE Tech. paper 59-12.
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Fig. 3.8 Temperature controller.
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Fig. 3.10 Circuit of proton resonance signal detector.
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A Small Sized Protective Gas Generator

Research Laboratory

Makoto SATO - Tokiharu OBATA

In the thermal treatment process of various materials, they are often affected by surrounding gases to lower their quality.

To prevent it inert atmosphere is sometimes formed around the work with protective gas. In this operation protective gas of

various components is used depending on the purpose.

to be used for non-oxidizing atmosphere.

The result is successful in obtaining anticipated performance.

Mitsubishi has developed for trial a small sized protective gas generator

This unit is to generate

inert gas of 10 nm3/h. its chief constituent being nitrogen produced by combustion and high temperature catalytic oxidation and

its oxygen content being below 0.3 %.

gas and easy handling stand out.

It has many features, of which low cost of produced gas compared with bomb nitrogen
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Fig. 3.5 Construction of combustion chamber.
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Fig. 2.2 Test circuit for the model with fixed contacts
and gas inlet loop.

Sy: HAMRA»F

Bi: {REs ~ B3

T I R

Ly: #Avdosry
ADYT I P

T FREEEMEE
e

2.3 WYY o+ KR ORI

Rig. 2.3 Test circuit for the plain break interrupter.

i 204, Ag-W HAHERTDH
%.

2. 313 o RV
BEoEREBKTHD. M-G 11¥
BOEREBETHY, Ly iX 1ud
gaua O Y KEW (25mH) vy
IMTH-T, FEAR o+ Wil S
DFEAR, REE o+ FifF B BIT
HE o+ Wigk Sy HIN B EIRAR
Db ERSICE AT, B BX
O S, B L, ERERD o+ K
TR e D, IO o BIREEA
i L, T2 THFpod IRTEE
F @@l S5 o Wil
W Ly, Co CHREINBIREIEDK
B BEIEDHENTED. &
HE—EOEREMRBE R Ch 52309, BEITEIL 100~120
A T, BrRFTEOBMEEE: T 77— ¥HHSIR3 TR E%
RTboThs. Lo G Ofi, BHAME, BEEe EXEE =+ B
ROBELEchsd. OG- HE or B Ol
24 R T X5 b 0T, WEERL AR L OKEODIC R
o-X AL, KK 20mm D 2to-2 AMELRD. BEIeR
h, 200 Ag-W Hp->EEEMRTHS. LIk 2 D o+ Wi
kb, BIEEED v+ WA oW T RN NER RO B S
D, WY o+ KrEic oW TR EEMESE £ TOBRE A
EHED 7—o OB, BEOTEZEMCEELL. WThoB
AR BPERTBHE 7—30 12 X 5T o= Fr—6 ~Ehh, Bk
REDEIEHIIRSRS (0~5Mc, 80dB) T, 3TMDORE 517
BIHECEE, BREEY I FLTREL-.

Z DA, KEWR v EEOWEIE o+ B LR H o MR EE
BirRET 5w, R230EKD L, C, Cp Ly WIOF
Do iz, 300kV ¥ CRETESHREERERLREL,
IhE BIHEAKROEES R hH €, B35 50
% to MEEMZRDLER T -7

SFg iz D 7—o TFHE - 81 - Ha - S

NV S - O

2.4 WU o+ WA
Fig. 2.4 Plain break
interrupter.

22 RBHECL-HOEBOYUE

FiuL, B2 4R U o BB RET B 70 0
BT R Z FE 29 BY has (DYNAFAX-326 ; Beckman-
Whitley #:81) & X i1, JEpnc SFe 7—o OBEEHZWL
2Lt B BTc o T, Az D, BRAEEE WEERESS
IR ORPET &% b &2, £85I >0, 26,000 29/F
OBETHRF Uic. Eie, HBEROD SF stz No, A,
He, COyip & faic o T A—&HTREETo -0 Tk,
B INeE 20 &, BIFREEL OMIET B G337,
DY WA HEBNBE 29 TED AVA T o—LFu—6 FOD
Jovy FwEE, 0 Ava & IsvFuifa & LTHRWE.

2.3 HROHERFEE C VELEROBRYE

RATE o+ lfifR e B DETATHD o+ BETIER, <HEL
» BT X B 2 OB L THHTHRERS S . BRIME
WX DFER LA L 2 A TiRI0ab SFg 135 140 DR Tl
LT BERLD 2o RILGHE LOILEAD 140 BERERT 52
CNOIEAEAERAT X - TaH SFy KRS, M ZOFHK
SIEMIIEEE S 10-5~10-% s ORETHS. L L—Hd
BEFEDHFTInbhy, Ex LT SO, SF iU EnL >
RERTEASFCS T LT OMERY L L TOREE BB T 55
ERDBD. COBRESMERDDOS B, kL DELERICE
WTHBEREELDLAREEODL S SFy 13, |OIRPEDOHE
Mrrvet itk - TRERET A e2cE 5.0 ZoRAME
B0, B rrzy OBELHVEL md BEADOERTH
5. SEO—FEDERTL, B2 1 CRTEERFKEHE VT Sk
¥ oor BIAICEHEL TR Y, HRENENC D I bIAVEDERE
PVET AN, TRARBEHETHE L CMECHRECTER L. E
BC BT B BER S b OBE v AR 0.6~0.7kWs/
min-cc Th B, ZOEETIIANREE P OBMRIT+5
T SFe #2 OHLEEFE T DL,

3 EBRofR

31 T—ZoEEYR

7—0 OEEFERRTHHE, TTEBACHEER201, 7
—22vdoaun DEERTH BN, L T o+ HESMEE L CHE
B b0l KB v BEOBRFESAFCRT 220 Th 5.
SFy £ DMOKEHD 72 REBIZDOWTE, BABREE
2 1G5 E80 7—0 FOBKILED L Z vk skdiz Yoon K
BOOHIERBREE I N T B0, TEELI, T TRBEEh
T BD® L ik 2 H T, ERD 700+ WL L 5> TH
LIAEMELEDWE, L, FEORMEMHCE TS 7-0 DR
TERAD Z R BT AER X EREkD .

TREL, ZhEd < E TRESBICEY o+ IEh 2860
FHOZ L FEBEONECER LA ICRBT BHEROETH - T,
LRI SF 0B Al ot —RNRER £ 2 5 2 L
RO X 3 IR D BAS, —IE Z D% A2 BN, FHAEHEOBRIR
EAL BHEEHF L L CERL TR LU TO L 5%,

(a) BEER L EHORR

® 3.1 SF i b U A ETF 70 ORER L EJIDORM
FaRT. Honi SFe JUORMETI, ETE & b e BER
ERMLTWB2, SF T, BE—g0BMmc/N I WER R T

— I COs, Op 7 & DBZAVANK: A2 TRENC X ARERD
HIMERRPEC L 5 THY, BEHDOELPINI > THS-

(1037) 79






B2 DV ThRRELN T, WhODBREBIITH
BV L LIRERO/NEWEAEE O X hd TEVCEEERL
A E AR ERERMY A5 L, SF r—o KiE\ T M
W7o BREERY B 5 2 L2 D, £ RENR o030
3.6 (a) THBR, 0BG SRIRSOREIBLTH
B, BRERHEINT S & & bRBREBNOKEMES b O
FUREIAEAL, WiV ERSSC e B B 3.6 (b), (o)

i, 20 X5 IsB A OWEA R B R LTV A, Wwith
S EILAGRNC A LY S8, 12 TRE»H< 5
HRATHBL5CRA2%. —J, MOKEDH L LT Ny D%
& B 3.6 (@) » SF; oA L RA—KRE FA—mBE&EETED
hic 420056 #E 3.7 R, B 1308 RFC L D
HEANCABIIB~NL EALTE D, BEBRRYRT SFs 0
BERBAITHS.

3.6 (a), (c) OBFOBWUBEHORMBEILETRDTHD L
38 DXiwies. HEORHH 3.7 O N, 0BEAHK 3.8
PSR TR L TH B, SFy 7—0 O Np it K LT
BB KEWZ LERLTWA.

BB, o+ WIATREIR A O MEER O FEELE BRI O
T, SFg & Ny DRI - THRD LTEDEN X HHTIL»
&9 95, SFy OBEIL o+ BBARMEC ST ERDO L 5
RBHBEHRLS RO OID RSN D 5B, Ny OBERILE
BEAR (rrrv) #EALLTHL L, BEERE S FRINE
BANT LA EFDBRIRGT, F3.7 0% 5 IsEIHkEORED
LEREER R LT oy BRI+ 2 RE~BET 5. ED
10kg/cm3, FEEESEE 15 mm OES2oWT, ZORR r.rorv

300 300 .
150 v 150 v
— —~
> &
C10us | ( 10us 410

300

150 L ® 3,6 SF, oBAMLED
o P

0.5 o  Fig. 3.6 Records of near
1.0 current zero of SFg arc.

10
SFe-a--- ®3.6 (a)
300 sFp-33.6()
: 150 1 Ny weevee X3.7
7= 0 -
10us 0.5 i
| 1.0
3.7 Ny OFEKALEOT
HIAZ

Fig. 3.7 Record of near
current zero of N, arc.

3.8 IREMEI -
Fig. 3.8 Arc resistance
vs time.

SFg iz 3D 7—o TS - 8 - B - S66

g 5 REERs AT #Th SFo: 10kg/em?,
g w /Y TRt AR Nz : 10kg/cm? HEMBHE::
2 4. ° 15mm, Ag-W 5

e : . PEER L amse SP,
£ &, SFe ] At eE @ uasmn b
L3 TRy oy RThos « BHRINT 3
T | BEGRsRhLA wmE RS

P RN L jg N
X107 o 5 @

Vs \\ h B 39 SF & Ny ©
SF, 1 N i ’%' BER r.r.r.v

n 2 ' Fig. 3.9 rrr.v wvs
ﬁi; 0 L 1 Y,  current interrupting
9 0 100 200 3007400 500 <  limit of SF; and N.

v v PRSI (A)

& oot WEHROBMRE SFe & Ny it o TR TEE3 9D L5
Kie k. Figdob, ur BTRER ERHEE ORI DWT i
BT %L SFg 133w Ny © 110~180 iz, SF; OBakr
BEERD N s REMSETHIZELThis Ny © 80~
150 f5 ¢ %.

3.3 ¥ ERRHE TS OND SF 7~

E s

BT & 512 SFg 7—0 CRDLRAFETHED VS
BRI —RBHEOEM vy MR Y THEDLH B L DL KE
TN L5 Th B, FHMCHET D L KB DR
BHHB. ok 2 ¥ 3.6 OBHBMPTHIC R T, £ OHKMH
HEEELHFERM O 3 DI IR B LT D, o o+
MR RA DIV S BT R 5 T B, X HIC SRR IR
RO—PRIBHRAERIEY R THEAMT 2 B4 BRI 3.
B 3.10 (@), (b) X2 D& 5 WHED 420556 O—FITH - T,
FEEEOERBERS ORPEAR 3.6 DBEITL HbRTEVE
BEHTENI W 0TH 5. E¥E3.10 (a) T, BAML
TB L ZHLEDER, BEBEY B & 131+ REEC X
S TRENZFRMD L 5 ILELZ BB b 2D 5T, BAN
RCEMRBLCINERAEEL, SO or B 7~2 Tk
RO L DeWEHThHD. B 3.10 (b) TERFHE
WMxhza—FD 72 REWEHTH S5 hd2d b BEREL
DORARE L, 72 FD 130F FHTE B 5HKR & AHELT
WA,

® 3.6 (b), (c) DBED LT, FIRIEEED & L e {BH
BRSHEIML TOWEBERI D & 2 OBERRER MO
v+ WIER TR ONZ MM s NEFC L 2E S A
EREBROUHTHHH, Z 0BG, BiREHZLEL LT 05
A P EDER v DR T Tw5. Tihb 0.5A BE
DT OBRERORE ST B\ TRG SF; 7—0 D& b
BRIcHERAERIIES RS,

(3. 1) BB TEIARERLR LcBER OfER, +OoRESH
EP DBV TZOBNENR LAY B 7—2304d0202 O
VEHEER TH-T, 05A L EOERBRCEITS 7—0 @ L2k
AR L TCIEATER SO TH B L Bbhs. BRI 3.6

i v 600 ~\ ¢ 200
1300 A y 1100 v
Py} 0 0

3.10 SFy CRoWARHEREROF)
Fig. 3.10 Records of special transients of SFq arc.

ZORELRERE

'(1039) 81










CRRDESNALE. Woriiul, 5 TOBERETRMES
BBRLEZEY > T B2 0B Ih 5. SFy OB THRFMED,
fek 2

SFg + e — SFg~

SFs~ + SFgt — 2SF,
WRERS L5 o KECIZ R bhio - 2 BEESES 2R L,
CMAZERIERR O TN BEEF LT 52 L2 ER
LT3, 20 2 BEFEAESL SFs 0B FAHERS L BECHE
VoW TED, ZORPERNCHEOLMNTT 1D, EELILE
BRI R VT SFy A2 s 2 5@ AN 140 OTRRE
DWCHAIEER B T8 o fc. W0 ZoEREALMC I ofe 2
ik,

(1) SFy ST DEFMFL 0.1~05eV BEED/N 12050~
OBFIH LT 0 HEAFVNERC £, Thlito 1%
LEUAL DETFFAFIC BRTH 350 fFiegElTnwdo e,
BIT,

(2) TFFe 14y b33 3B EWEREEC LA LT
KLTHH®, SFer 140 105+ % EBHMTERD 1513
L1~13 {5 Thd k.

Y TH-T, B4 K, SHEA 14y b2 AR

BEET 140f OBFRERT.

Lot (1) ofERns, B0 2 BEFEHEA L 4, ET
RIEDOEHDHTEL 7L o FHO Z EFORRIC V- TAakT
BMTadorELLRD. BTREL 2 BEEGG OB,
EATIZ (4.2) DA FERIERTAREL T DEEL
DL ENTE, BRI ER D@ ZERL T 5.
() DFERLE HHAHBHNESEDHED LD TH B, KT
COEMAYESE Y CIEET D 2 L AHES LTI, BTHE
EEREAER IR D ERM A

RESCEERATIZ einh, N SF

Uketio TRAS et 00

REROERENCEERERT 3 o

BHLVS KBRS WRTED sk

I5Cha. o 10T st
SFy o 7—2 OBIESDSL

gt 10" 10t 107
BFTALE (V)

4.1 SFe b 140 OF
TAT AR

SE BTN O EHE AT
DL SREMTEDN, WE
ABI AL DENVEZAHTYE,
BEERIHINT 5 ik %, Trks
230 Ny 7p ¥ OBH Sk & T
BLIZFIETOEDOLDTHSD.
Z ORI BED L Al taiATIo 2
Tewdd, S RO LAiLI SFe DERAHERTHS.
7tiot SFg 7—0 KR TILERF R HOEFFEL, 22 7ch D
ANETE LAY F TILL O TR E N, ThAEET S BT
BOULT TR I HIWA L ADNEIET 50X ThH D, BFRE
$ 278 D BT LOWTRFAF OGRS Bbh 5 B NERFIHEA~
AR BT LT b0 & B d. SFy 7—2 O EEDHR
PMEDGHED T & KL TRREE LR L, Lad2ERici T
LIEFCPICEDTHB I LI EO L 5 CHHINLS THA
525 FHEO o Bil% & OEBRNBIERC O TR BSSHED
HER L R OBE ST R NEL T3

Fig. 4.1 Electron attach-
ment cross sections of
negative ions in SFg vs
electron energy.

5 ¢ ¥+ O

SFs O3 Ch-MiERAX T 5b0E L BEL LT, #
ik SFg A2 i LU A A2 72 O L A CERFRLHFOT
EM DO\ T OREFRIE R 1775\, SFe 2 234 eRMRE X b Dk
B RO IR B\ DO RE DB FH ST & DT
HB RPN IR BONAERnEREILTO LK Y
Th 5.

(1) o BFIRE/RMBBENE, TbbAEEEEARY S
S THFIUE, SF ik N, o 11~180 {Ecit 5.

(2) Wwhdb r—o OERL SFs TiRoRfke B D,
FTEIER 7oy LIADOER vAL Th, NESOEMRMBEI LY
ST ¢ 3 Sin D ER R L, Bfic— oD cEIM, &
FEEHEAHATH Lk TtElw

(3) /NEF L CORRZEIIERmINE L 03 BEOH
ThBH, h, BECETRETD SF 5Fieshd 3 EEx
BT oLEEE 2BEEESICL > THETES.

(4) Yoon KbHDOEERFER L EEDOKERIL, WEHEOH
B P REBCANL LI FALTND L2 5.

FHRECO L AT, HL EFTHILRERD 7—0 DRt
CELTOZLRLT, EBEO o+ BERCBIT 5 X 5 1&EoR
%477 5 IcBE& ORI, & 1o tot FISHREROEEY S
FCEOTHLR SO S, Kigticrs, TRECER O
el O—EEERD L C SFy OREREXEFH LI DOTHS.

T AR B L OBy R BB v 5 2 bR,
Browne Jr f#i-l-, Yoon [E/r ¥ Westinghouse # D& AT
FRLEG. TS ORB LGRS 2 HRc X TIRRT,
BRI, SRl I N KRB SR, HES TR OER
R E IR e B TEIE 2 i KR A RETTh B

(HF 87-6-8 Zft)

% F XM

(1) K.H. Yoon & H.E. Spindle; Trans. AIEE 78 Pt IIL
1634 (1959)

(2) W.M. Leeds, T.E. Browne Jr & A.P. Strom; T. AIEE
Pt III 75 1357 (1956)

(3) # -0 AR - KA ZZEEE 34 No. 8, 47 (17 35)

(4) #-gHE; Eaesk 80, 1832 (H 35)

(5) - 5H8E; Tk 81, 440 (FE 36)

(6) FHiE; BFEE 79, 571 (E34)

(7) fFiE; =ZEEHE 34 No. 10, 109 (fF 34)

(8) - U BA; =B 35 No. 5,31 (7 36)

(9) #-7x; BWFsE 82 714 (lR3N

10) @ - \EL - ®E; B 37 E, BRMEALR, 514

(A1) t53E - e - IBS L EESHT No. 14 21 (A 35-1)

(12) E. Lindbolm; Applied mass spectrometry p. 191. (1953)

(13) M.H. Bloom & Others; J of Aero/space Sci p. 821
(1960)

(14) F.H. Field and J.L. Franklin, “Electron Impact
Phenomena and the Properties of Gaseous Ions” Acade-

mic Press Inc. Publishers, New York 1957.
(15) e - KA BEEE 82 745 (3D

N A P P AN P S T P N PN N I P AN NN PN PN

84 (1042)

=T - Vol. 36 - No. 8 - 1962



UDC 621.311.1:621. 3.026 : 518. 4

BNBRDT1+ VP FILHED—F &

An Advanced Digital Technique for Power Flow Calculation

Research Laboratory

Junichi BABA - Toshihiro SHIBATAKI

The most basic study in the analysis of the electric power system problem is the calculation of power flow, which is essential

in the determination of specifications of power control apparatuses such as series capacitor and phase shifting transformer. It is

also necessary to determine the initial conditions of the system in the transient stability study. This report deals with a new

digital technique for power flow calculations. Its fundamental principles are as follows.

(i) In power systems, power P flowing between two points is mainly determined by the phase difference of these two points.

(ii) Reactive power @ flowing between two points is mainly determined by the potential difference of these two points.

Based on this principles, it is to obtain the solution by finding phase difference from P and voltage distribution from Q. By

using this principle, the calculation of a system with n-nodes is redused to solve two sets of simultaneous linear equations of

order-n, which is much simpler than solving equations of order 2n by the conventional method.
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The Properties of Spring Materials of Copper Alloys

Research Laboratory [Morihisa TAKEUCHI

Setagaya Works Shinnosuke YABUKI

The study dealt with herein aims at finding the heat-treatment temperature suitable for various rates of cold reduction to

improve the spring properties of phosphor-bronz sheets, german-silver sheets and beryllium-copper sheets.

In the experiments

measurement has been made on such mechanical properties as tensile strength, yield strength, elastic limit, elongation, hardness

and critical spring values.

critical spring value is the most sensitive to the change of the structures.

been proceeded further on the spring performance.

spring material after the best heat treatment in some details.

As a result of extensive investigation, it has been revealed that of the mechanical properties, the

Based on this finding as a principal factor, study has

The article also covers a report on the high-temperature properties of the
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Fig. 4.9 Electron micrograph of beryllium copper
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Fig. 4.10 Hardness of various spring materials at high temperature.
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