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Fit. 3.7 Macro structure
of vertical section of
pure Al ingot intermi-
tted the  ultrasonic
irradiation before sodili-
fication is accomplished.
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Fig. 3.1 Electron micrographs
of solution-treated specimens.
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Fig. 3.2 Electron micrographs of aging-treated specimens.
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Fig. 3.3 Electron micrographs of aging-treated specimens.
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Fig. 3.8 Electron micrographs and selected area electron diffraction
pattern of precipitated phases in grain boundary for specimen aging-
treated 700° C for 50 h, after solution treated at 1,065°C for 0.5h,
water quenched.
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Fig. 3.4 Electron micrographs of
aging treated specimens after
solution-treated and 1,065°C for

0.5 h, water quenched.
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Fig. 3.7 Selected area electron Fig. 3.9 Electron micrographs of specimens after double
diffraction pattern of precipitate aging-treatments, 850°C {or 20h, air cooled, followed by
particles formed with in the 700°C for 20h, air cooled.

matrix grains, of Fig. 3.4 (b).
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Fig. 3.1 Macroscopic exami-
nation of secondary recrys-
tallization in the specimens,
annealed under different
atmospheres.
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Fig 3.3 Thermal striations and chemi-
cal etch pitts in secondary grain of
specimen A, annealed at 1,100°C for
5 hours in 5x 10-% Torr.
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Fig. 3.2 Thermal striations, chemical etch pitts and X-ray
lane pattern in secondary grain of specimen B, annealed at
1,100°C for 5 hours in 5x10-% Torr. rolling direction is up
and down in photograph.
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Fig 3.4 Comparison of surface condition of A and B specimens,

before annealing.
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Fig. 3.5 Thermal striation about
fast migrating boundary.
(specimen A ; annealed at 1,150%
C for 3 hours in 5x15-% Torr.)
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Fig. 3.6 Thermal striations when
the secondary recrystallization does
not develop (specimen A ; annealed
at 1,100°C for 5 hours in hydrogen
(a), 3x10~1 Torr. (b), and 1 x 10-!
Torr. (¢),)
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Outlook of Sagami Works

Sagami Works Sueo YAMAMORI

Setagaya factory used to be the only plant producing materials among a number of Mitsubishi electric manufactories. The

major portion of the equipment was moved to a new site in 1960, so that Sagami Works was brought to being and started its

production from October, 1962 as a full fledged member of the Company’s activities. The chief production is metal ware. Melting,

forging and rolling of alloy are going on there, particularly vacuum melting of semi-continuous process being worthy of mention.

This report gives the pictures of the factory about its location scale, area of the site, scope of production together with the equip-

ment of which the Company is proved as it great contribution to future development.

Abird’s-eye view of Sagami Works.
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Application of Ultrasonic Vibration to Ingot

Research Laboratory

Solidification.

Hiroshi JITSU « Takashi AGATSUMA

With an aim of applying ultrasonic energy to the consumable-electrode vacuum arc melting process, a prelinimary study has

been made on the effect of the ultrasonic treatment on casting of pure Al and Al-Cu alloys.

It has been found that the ultrasonic

vibration applied to the ingot brings about considerable refinement of the ingot structure and decreased inverse segregation of Cu

but no appreciable decrease of gas contents is available in the ingot.

Beyond a certain limit of the intensity of the ultrasonic

energy, the reduction of grain size ceases to proceed and tends to saturating. To obtain the most desirable ingot structure, con-

tinuous irradiation of ultrasonic vibration is necessary until the completion of solidification.

There is some difference in the

effect of the irradiation on the grain refinement with the variation of Cu percentage in Al-Cu alloys.
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Fig. 2.1 Schematic representation of experimental
apparatus for casting with ultrasonic vibration.
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Fig. 3.1 Typical
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Fig. 3.2 Macro-structure of
vertical section of pure Al
ingots. (x 1)

(a) : without ultrasound
(b), (¢), (d) and (e): with

ultrasound.
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Fig. 3.3 Relation between ultrasonic
vibrational intensity and grain refining
of pure Al ingot.
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Fig. 3.4 Composition of specimens represented
on the Al-Cu equilibrium diagram.
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Fig. 3.5 Macro-structure of vertical section of various Al-Cu alloy ingots.
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Fig. 3.6 Effect of ultrasonic irradiation on the grain
size of Al-Cu alloys with various composition.
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Fig. 3.7 Macro structure
of wvertical section of
pure Al ingot intermitted
the ultrasonic irradiation
before solidification is
accomplished.
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Fig. 3.8(b) Solidifing curves of pure Al ingot
at the position of A and B.
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Fig. 3.10 Effect of ultrasonic irradiation on the
Cu segregation in Al-Cu alloy.
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Shell Moulding Process Applied to Casting of Electric Motor Parts.

Kokoku Rayon Pulp Co.

Mitsubishi Electric Manufacturing Co., Nagoya Works

Toyama Works
Sigeo KURIHARA

This report deals with discussion on the shell moulding process applied to the casting of small motor parts and viewed from

technical and economical points. The materials used in the experiment cover Olivine Sand for the mold and lignin-phenolic resin

for the mold binding. Specimens prepared from these materials have been tested of their normal temperature characteristic and

high temperature characteristic together with the study on the casting surface and the accuracy of dimensions. The results have

proved that Lignin-Phenolic Resin newly developed is superior to any other binding materials with its excellent property and

economy.

Lok & A &

HHC BTSRRI R A S O LT v e F
BERHRA L0, X% 10 ERiThoTedd, LOMRHELHRINE
B, SFIEM S LOHIESA Loy DTS & IR
Thh, MIH - AR DR IR L CEL B
WCREE AN AT 5 £ L R 5 R

L2 Uie i hifi: 10 SEIE Loy A D EECRITL,
SHEREIN, Licdi-> THERTOMISIASORF 1/2 Lin
St =0 vz AW OBESHE L VS 2, B L
ABEBRC I A B L A OBV ERAEES RS L3l of. &
DI pzhE-w I IEORRTOME D L, ToRER S
DIERRPIRBIZT LA EETTIERAT, T OB L
BEFEROZTANRD LA LT ST

LB VB~ F OEMBICE szo—wuvy DI, *
DRSS B Z E2VEE LT oab4oy ORBFICEL, %R
TR Z BT Loy OHBAEREINIEE 7. b
bR Z O FEHERL, 2z/-wLv WL 5 ARk a s,
Dy0hIe DARER: Loy RBERETAC L. XL vohE-L Il HED
BETHOIHEBE LS A 2 LEBR LD L0 71 B X
O S EFIEM YT 5 2 Lo E IR FE G BT
LTE#EEERE LT vz0oz /-y REEEH & LT 4
YEUHOF B THENIRD LI CR OB OO LR D W T

B

¥

2. Ysz=mvozs -y

vzE-WF HEEREEANIRA - B0 WA % M, B
B OBiEChIUIIZ L A SBATTRETHS. LxLRAS o
Ab DR ETRE R D &4 OEH S LT BT 5z -1
BE S - 8 dFRLTWA. 0@ Yoz #lE, ouy—u
BIE FoLo BHE, REENE ouos-u 85 4s=zv B @b
ovu, WIREELY), Cys-FHEAYELTEIN, Zohhbi
ROBHFLHEIN TS, ChbiIkORDOER LK EM D,
WIN A TR BRECERCIIETOR B 2ET5 & 0 L 1
Ehs.

*EUTE FRE o AEEEYEET

Hivbhil oz - BEE X D dBEMEEZ2E S ok, [K3E
B AL OREPEEND WIzvAL Ay B avets ERL
7. Wozu ORI DWTIIIER 15 EEM L2 L OWIgE L %
Hokrnidbs oo, vizy Hkolik EohiSHt~o
i oM@ &0 b, ERTRARECOBBITEL Tt
ST

ZOEEEAE AL BRAH CIIRESL L vizy FIFOBE Y
BT b, B ozyu ORISR (bt b SHHIE &
T5) OFFA%EH 2~ E% EF T Y, BEkyst e 1508t
DILE IS CERMARED BRI EL .

yizu HESTREROWNBCRIELTSMEL LT

(a) vizv HEORGHEFIRT ke

(B) Wizy CEEGESTE S I TCIO5Fo Ritkd

PAT5HE
ERBBMR, 7unYdzy, 057N Szu ikE L L C () oFE:
PERINTE . bbb OBAIL uox1 FALS DB T
AT 3BRE (b) oFEaw A L.

21 Yrz=roH

(1) yJ-u Ok

Wizu BERIED Y, ETEOXMD LD Wizy D4 HE
FPLEE Y Te B 25, WJzo iRBEMEClou e, U 7ohe
DEEETH D, TOIERREE b ERIER I T LIV, B
HEIhie Yooy MR- U TR A - T 5.

T OFARRPREIAER CEL LT oo 3 bbb

ocH,
HO-{ $-C-C-C $X 0 drton % HO-¢ H-C-C-C-
0CH, ocH,

Ih7e-TkD, TO—FxRTLEH2IOZE {TH5.

(2) vizu OoHE

LECHEED yozy 1k AT s TR X b SRR S
ZFT WIzoavAY B, BB WIEED hles R & e o TR
T5H. TlohbRADOT L e 5.

(423) 9



HOHz(‘: 0OCHs OCH;
(e
CHOH
HOH. C“? OCH;,
e
HOHzCl: 0CH,
H(;,'——O
CHOH
H,CU OCH;
OH
2.1 yozu OREER
Fig. 2.1 Constitutional formula of Lignin.
H H
—x L] ) 1
{ >—C—C~R’+H2803 — - $-C—C—R' 4+ HO
= | =" ]
0=S=0 H
!
OH
)y T Y Y m AN
7 * /E{}f
H
— |
grir — ¢ \—C—~—C}~—R' + H,0
—/
0=5=0 H
I
01/2Ca

Y Xy ALT x YEEA ALY L

VR SN TE R R > B BB L DR T L DMUBIT A
CRDZEZHDTHS.

#l  «EES 30% (8 Yszu 306 %)
PH 1.3
yS=u iz OFT a0 F ORI RSB Dkt
iU e RES TR ‘é?? e Yook LCEE, B
b, Wi

YS=uAL D4y B+ EERES T~ Iz0Ab D4y

T/
H H

— | —x )
—{ \>\—C~CH2~CHQ»- +IX] N -C-CH,-CH,-
- "

SOH

SO,H[X]
& O FGEREEE A s C

YOzuAL DAy B ToAY B

IL T A NI T

Yoz S

Fig. 2.2 Flow-sheet (Manufacturing Lignin).

20—

B 2.2

10 (424)

Fhtay A, EE LT Ay SECL > CNEEER KR ETS
LD TH D, Z OWBYZ R UCEE, FEBLBREL &6
AR R BT IUTI s aD v Izu K L e . ZhUL 7
WhYE TS G L4 B Thh, 4 vove-uf A vow
OBBCHEMTESD. Tk IhIBEET TR TtH 5.

2.2 U= UoElEoRERE

Yooy BHIE OB Dz Lo boe LS P EIEELED Jota &
BrAYALTHD, T 9520 & 2/ ZMEGEL T ¥I
mu2x - 1B Tichb yJzu mﬁﬁgfa‘aé JxIuJ0Ry
O e fL e 2z D P LED

EhRELLNS.
OH
e 4 ik
NceceCc+ [ ] — & bl
ST NS N
OH l/\l
NS
on
2L O— DS LELLND. TSR
rh¢ CH,O + H+ —» +CH,0H
H H l H HH
_ [
e & L scnon — - LLE
N ams ’ < R
" o
NS AN
OH OH CH,0H
L h, BLKHAT
—<ﬂ\ ot o CNedd
w,/ 1 I I ¢ \__./ ! t ‘
// . // N
1 [ OH
N NN .
OH CH,* OH CH, |
N

DI x BHRILASEA T EHEES LS.
KERA O SARHRD & & < Huowtf ISy M HIFIEER
NSmy ThAHID, KRR EETTsb0eEx l?;/hZa-
Lignin~NH~ +4- *CH,OH > ngmnaP}I—CHQOH

COEMIC Db BEETRIEL

OH CH,OH OH CH,OH

PN /\ . N
| |+ *CH,OH — | Ed e r
NS NS NS

HO

5.

20 AFo-b AL, EFiold aFo-w L oz, YIZu &
O ARG Y, RA3DoZ L xfbsins.

FEOZE L 48z, 2z —LIAbLTLFEE D& R
b, PLhY CEEEA R, BUKEMT S BKETESA,
PR, LRI S F;lflﬁxw}ﬁm“b C ORI
BECKE I ER5E2 5.

2.3y utigols

P EOTE L > CTTER 192y, 2z/-bbvy O—RRRHER
W=D 2z -LLoy LHRER L, FOELIFRIEEYS

=Y HEEER - Vol. 37 - No. 3 - 1963






{5 Ty e o 1) + -]
WHEIb S U BTE -
ERE: A P B TE 15sec -

// °

-

o4& v [5sec -

a v 10sec

20 30 a0 50 [

7 ALEER (sec)

7

15sec
7

Vi
FAY

EBI Y ¢
N W 4 o

—

=

WO E (o)

2.7 w ALREER X ORI & E—-LAvo OBILR
Fig. 2.7 Effect of gelation time and flowability
on peel back.

I&HE 10 KECAT TN mi e L.

3. HELYoEEHHE

BRI PEE D wo F Loy THEE 1009 2z —wLoy BI O Y7
“uoz/—-Liy L DOEDOEREEORK ATt Tinbba
HE LTI Av 782 AL, vou WEz 4% & L
7.

FAME-2 O FEEE 29mm, FHE Slmm OO

R AR, BRI, BRIMEREED 3 HEHT
FhERES N, 3.2, 3.3 ERRL =

D35BT Loy OFRP No. @1k 100 % 22—y DB D
Thh, B No. ® 1T Vomurz/—vy RT. FOMOR
B No. @D @ G ® @ ® @D5BiICit AV s SP6L
F, SPI61F, S»ufLwy 7500-4, J-362, OD-U-123, 1fsqf
No. 4, No. 1 0&# Loy HMEFTAHATEER TN 5.

3.1 HEBAR

IR b vk L,150°C e st & £ 5 ALTC, 3

at1,150°C

0.34

0.2
[
& 01
- 0
—-01
—0.2r
—~0.3

1 2 3 4 5
% M (min)
® 3.1 £8ME (8 Resin O HK)
Fig. 3.1 Thermal expansion.
12 (426)

TlL AP oD —a TTn - T

HEER TS 1~2 FETEERRD t—2 2RL, 3~45
HICIUHL, 5 HIESICRUBREL TS, bbAA T DR
HRERL Autotolf ¥, Lov OFEIEEEIME I D TH
B, LinUicAHRORODMMIIEREZS D, s
ETHB.

R T LR DR Loy DA OB EZREHEC LI
WMOMEHRSHDHZ LB L. 2D 3 BT YFzuoz/~bLiy i,
BERER 0.17 %, TR 0.01 %6 T—F AswF 2vphE <
vzl D VY LEHOEO F AN LR DD LR,
Lichdo THE SRR OB & BIFCL2 S AsvFod
IR d DRI S.

3.2 BEMERN

EPPIE S Ao BEM 12 4, REHE 25 mm/min T 72
b oRFTTe T, R AR TEMNRATO Ditert SIS REER
AR L.

FAL DFEFFER No. @ OFRMEILFIR Lo LT
I3 300°C P EDBRIEETHIR—A D vy K&,
DT Eitoz Loy DABEL THRBEDOZ L ER &
T LG, EGRMELHhEEZETETLL 22 WFE-
Tub.

3.2 s TEE No. @ RHE Loy OHRMEE BH O
FoDICRITR Lich OC, 300°C LA FIEN i A% < #5855
WHO v1n FFEEHE L TRESBTHS.

R LER No. ® © Wozuuvy OFLEJIMEEHTR—&
D Loy OELE IR R U TR 7 5 SRR JE L, 500~600°C
DHFENIT UAEE 252 T, UdzoLvy WEHEL L L w
SHERDERH L K PR TR L - T 5B,

3.3 HEEWE

BINEERRED 72t &R LERSMENRR BT

%.
FORBREOREMITIRS. 3 0RE No. @ItR3Z 1< 3.8%
KIETHEDL BB, 71 AR BRT5 600°C (Lo %

70
R
N AP
N -
T e A
L 50
L6)) [ S— E
! al 110 7
7 2 |
[ 10~ g
Jéw:_;:r{’\\ {10 v é\'
= 30
AN
2
NEZS
P TR 20
R
\ AN .
3 \ N
% \ A &u 5 10
\ %
““z‘ \*\ e
. " T*\ g .

200 400 600 800

BE (°C)

3.2 BHBES

Fig. 3.2 High temperature compressive strength.

= e HE - Vol. 37 « No. 3 - 1963



Y
238
™
’l' \\ (8 e
f 4 O 3
',’ \\\ (&) wmrmen
I" | ===
i \ ) O
o '%\ -
AN - B
;7 Y @ —— =
O .
/,l\ 4% 5 @mmnmenen L0 Ji4
Y N
T s \
i qﬂ ) \ L —
AV 3 ' %
/ v -~
% ) 4
’ AR
3 i3
i/ \‘*}. % 1
~7X AN
: ¥
o\ ..,
SN
'% —

200 400 600 800

BE (°C)

SN2 ZAER) 12 min FEMRT 1//min

3.3 BMIINELTRE

Fig. 3.3 High temperature deformation.

BRIV 05% B EFCIIETLTED, vz AEHE
g4 BERER L BET voy BIND AT, BEERORRE -
DBETERET WA~ 375 Z LB RAERICE VW Z L 2R L T 5.

4, FIYEIHUF

DVE-WE HOBHWE LTIk 51 2L LTRSS T
7os, GOl AYevruf, svavtuf, ool ELEHSH
RN, 58k SRSSHR B TEROARCREIND X 3
Tig o7,

ZD3 BT AUEusu P MERNTEEINS 2D, (a) il s it
wreZ, (b) ToRLELTHD, (c) BRERR 71 B
HATRY, (BEWEERS 71 B X D /RS, (o) relfiEes L
TEEWERE, () ER 71 B XV RKTHD, EoHbnbb
IV R L TR D wobE-LF RIS AUty 7
BEREALTER.

41 FUEYHY Fo—RBiEE

(1) Absmsy

Aty R (husy i) DB S 7oL Forsterite (2MgO. Si0,)
ThHaHH, FTOENEMTICEEF S, mERaE,
BRI PIEED 3 h FipiE e A ETHSD. 0 5 bIRfED L O
Db BB S (044~0.66) Tikb e, HHMED IO T
BEREEDTIR Autoyof HEAL o LD LFAR 51 MgO
(41.20~47.00) SiO, (42.60~4881) AlLO; (0.48~1.31) Fe,O,
(8.76~9.18) Th 5.

(2) b &
AU DEEL 2.85~3.65 G o4 BOREXDE 209%
K&

(3) %

BV P BERE 1o5-Ju-h THEL DB Aq43L—2
2729—v T2t b DT, B 71 B X D AR S TW528,
22T B E DL LA TR Tw5.

(4) R &

BIW 2UEoUr T S ORIESTRIL 65 dwaa Ak 5% LT

BB ED vove-Lf Bl - EUTE s - JER

100 Awza 9~19 9, 150 swzn 35~4593, 200 twya 19~29

26, 270 dwpa 8~18 95, v 5 LA T CHIE R 110~130 Fps

HEEEL LT\ 5.

4.2 FUECHY FoSEESHE

(1) 2R

velE-LF DFHC T4 WEERALSEE L 1Cool 2 {EH
LeBE oS8R R, MiEED 0.9 % Ll e L5512 03 %
HFehh, Tolix 3:1 ©h3.

T DOZEMEER 03 9% DUT & v 38, NE —tu3sTweb
% vxbE-LF BCHEE LT, EHEEBRTNIT2E41, B8
B DTSRI E R TR T 2 1ob O MBI L T2+ 57 BUE
ThoD.

C DIFPIERR DI Te DI 14 BT B EASTRECh - T
FERMOECEHY TS, dvtorof REATEL BLAYTRR
TIHRETHL T vl b TBHZ LHTES.

(2) AEBERIVEER

FUEVYF OREEEL 74 BOThO 3IGT L, oA
ELRECOTHBEETOH N FRITFTL, » oAy 5
T 5. SUEREYD oaLE-V R ETOH N 1 1 D{EE
DFRC LR ETESOTI BB DA, Htoy f EHOBEE
TIL IR LA XL DEZRD BT A2 IMLOLED . FefE L
M OBES IR ORES M b b 2dib L, Lk
Ao B 10% T LA ZTOH N I E L {EIRS.

TSR & M D& AUty PR LT, LI 30 % 5T
WAREIZE AL 0T BB Lo b L Tus 5.

4.3 FUELH Y FORE

T BOBEE—RT Avd—Lovtulf LD 3—Fubgof OF
2 LYy IR OBERHT IR TH .

ZHZRL #UBotoF OBEN, I-Fobdu P O I HED
HRADGET T Avd-Lovru f OO 12 BETH 5.

FOHABE LT (a) FEWHED tyotorolf IRKEWER T
W\ O THRIERECER S < FWTw5, (b) Bhikmcs
AROFB S D, (¢) Lici-T @) X (b)) oMhmn b
WHETDREKRS DS, (d) WRTFREO U ANEGERE 2.
bihs.

ISR E L TR © 100°C DI CHei+5, @ 600°C i
BCER TSRS 5. METIEES 26% AL, B35 TR
RS 5095 FATA. R LEBORBERRE 70 %, o
KoExZ05% 15, ZORMEEBROR LIz HERTH
W ADE—Looso f RIS ABED 1—Fu 4o FIXTES.

by Yz AE~LFgEEDERF
valE-LF HEOERALHETE, $BEKRL FONE, ~
RIS TR A2 13T h O DI 2 35D T,
fboLd o ER (®5.1, 5.2, 5.3) #HRETHCLLED

-

D

6. & + v
DAETCHEED oz~ D5 BTCEE LT Y400y & Ayt
VP DWW TIR e, BTk Z L i B.
(1) o P83 RBRE L ydzuro ) — Lo 1185k
DuxVE-LF B E LT ERC 2, 7 oEFiEr 5.
(2) #yEoyof XHABREDD vzve-—LF FHE L TH
(427) 13



b1 ®=-ad35%wt
Fig. 5.1 Motor bracket.

B 5,2 z9ud-ni-
Fig. 5.2 Cylinder cover.

53
Fig. 5.3

N ET-a-TF5Tw b
Small motor bracket.

Weh D, S%BFOMINITEOELNC X o CRFTHTME -8
Kt
(3) pzlE-LF EITE D &I aatdoy Ik - T
FUF PR L T\ 5.
#edo DI A T o DBFYE & AEBERIFE AT 5 1Y - CRIA Ol
Mz 2vie, RTAERTE, “AKE, SRXREAM X
FREARRE /M2 c B RS S BEAR AV #BRaiE

IWTHAAL, I tvty BRAMASL bW dICEREY

oot B8, D 3BETHLRDd THEHROBEEDLT

 E X B

(1) =k W4, KE: /IHmE. VL No. 8 (1959).

(2) HAFERS: HEH

(3) E&: AREETEY
m—mTererererererm R R L s T ARG EERE - Eesrae e e e e e et

& A H M F A LB B & A P
37-10-17 /J\/“*Bw[' T RRMGEE | ol o FMIBU R /NI R N
37-10-18 sﬂﬁl am il TiElE &l v AORERA KIS — BF 92 Bt
37-10-18 ST E BB A& Az WEIC XD bsuuzra HE v—f HER KB — (i
37-10-18 HEh= SATEHE RO B BB N
37-10-18 ETIU E BRI A AL B ETEFERT o G N B w7
37-10-19 YRR A DoFL—2 WEBRET & foo BOBEDN K& — WF 98 Pt
37-10-20 HZEmR B AEFRE TR E B4 (11) Z g {h - HI3 wEogE B
B % 3% il - =
37-10-23 HRERE S AG-2 THILA B OB 3] el ?E BooWw
37-10-24 TRk e S el D2 RETRIA & BT DTG NI T I &t
37-10-24~31 +Lilﬁé S e RETEAN 2 afws BB BB B
37-10-24~26] I B8 o 12 C C SRl 7 & 7 22 z #t:
37-10-25 A AT 2 TR D2k BETAI & BRI /ISR Tk M x®H
37-10-26 bR GG I EZE R 2| Rl DL R & BER OIS N U N
37-10-26 HRFER B A B s iR R D BRI S A Bl NS S £
37-10-26 | EARFER F BSERE B D IR DT g B
37-10-26~27) AR BaRradaRa BN & Al woOom
37-10-27 BRE2 -3zt & EHFE vro by HIEERS AR E= I
37-10-27 R EJSE-4 HRES £ W
37-10-28 {esfaxfl AEPERT ST X B B 4T DR D T S dR AR B %R BT
37-10-28 b2 A52xzLy c UPzy, 3-F FEKOBRREECD | FEEE— Wt 5% Pr
W I3
37-10-29 PP L2 M A X R E A T MR 2 woom
37-10-30  |iPEe BIEEFIR D < D 3B U BN 113U MR wr 9% B
37-10-30 dﬂlﬁ I SRR NI BRI DR BoOEZ &
37-11-1 OR EAES Job Shop s} 2 JRERMEC A2 &Mz | M 3 5% &
D
14 (428) =R I - Vol, 37 « No. 3. 1963



UDC. 620. 187 : 669. 018

WEAELAN IO/ XOEFHEYENFHS

rnsE AT 1B =0 dE B =S

Observations of Heat-Resistant Alloys,
Melcoloy-X, with Electron Microscope

Research Laboratory Morihisa TAKEUCHI - Y6z6 NAKAJIMA - Keizo KITAKAZE

Structural studies have been made on the precipitation process of nickel-base, heat-resistant alloys. Melcoloy-X, heat treated

at various temperatures and length of time, including a solution treatment, a primary aging treatment and a double aging treatment

with an electron microscope, electron diffraction and X-ray diffraction methods. The results of experiments have revealed that the

secondary pecipitated phases in the matrix and grain boundaries are of intermetallic compounds such as Ni (Al, Ti) type, and

also that there is distinct correlation between the aging time, temperature and growth of Niz(Al, Ti) phases. Discussion on

relationship between the precipitation process and variation of the hardness of alloys during the aging is also touched on as well.
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Fig. 3.1 Electron micrographs of solution-treated specimens.
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Fig. 3.4 Electron micrographs of aging treated specimens
after solution-treated and 1,065°C for 0.5h, water quenched.
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Fig. 3.5 Electron micrographs of aging-treated specimens
after solution treated at 1,150°C for 4 h, water quenched.
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Fig. 3.6 Electron micrographs of aging-treated spec:1mens
after solution-treated at 1,150°C for 4 h, water quenched.
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Fig. 3.8 Electron micrographs and selected area electron
diffraction pattern of precipitated phases in grain
boundary for specimen aging-treated 700°C for 50h,
after solution treated at 1,065°C for 0.5 h, water quenched.
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Fig. 3.9 Electron micrographs of specimens after double

aging-treatments, 850°C for 20 h, air cooled, followed by
700°C for 20 h, air cooled.
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Trial Manufacture of Double-Oriented Silicon Steel

Hideo NOGUCHI

Research Laboratory

(Effect of Annealing Atmosphere)

- Yozo NAKAJIMA - Kunihiro HASEGAWA - Shigeyoshi MITA

Effect of annealing atmosphere has been studied on (100) [0013 secondary recrystallization in cold-rolled commercial silicon

steel of 0.05mm thick. As a result, vacuum of about 10~3~10~2 Torr. has been found excellent as annealing atmosphere to develop

(100) 0017 secondary recrystallization texture so as to obtain double oriented silicon steel.

means of rather simple evacuating system. This may help put the above process to industrial practice.

Vacuum to this extent is available by

The availability of double

oriented silicon steel is a great contribution to the manufacture of electric machinery.
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Fig. 3.1 Macroscopic examination of secondary recrystal-

lization in the specimens, annealed under different atmos-
pheres.

2 Ttk v RARORIE IBSRAL~KOER) - B0 - g - BE)I - ZH

3x10~* Torr. drgs Lt 5x10-% Torr. HpiEED 200 HEEA
AT ZORTREBEIR (100) HASTETER TEHD BT L
DI RIB L5 X 5 BT BD.

5x10-% Torr A17C 2 RS OFE TIC LB M EITER A ©
i L100°C s BE R 5 B, 1,150°C DHA1EH 2 B <TH
sl BB B iioh kbR mEyLE 2 L, 1,100°C
DEFEF) 6 BfH], 1150°C DBE&# 3 Th otn-

MEGRE L150°C LlEciL, KFEhHBiz 3x107* Torr.
DHEZERTH - Th, ERMOIMAC L D& SETeefAlbL
foo LU ZDHEDRERHEITIL, Bo & & L BRART
b bhinds s

2 REFFGGRDNES Z A HEE ORI, TORSE Wk B
T LT ERD S e, KBHZEF A TARL BT 3X
107% Torr. DEZEF T2 RFEERAET LD E3bAT, T
76 &b 5x10-3~3x 102 Torr. DHFMZEIr D LELZ LN B,

7rks 1,200°C Ll £ @R com#d 5\ ik 10 KEfbl Lz s &
SRFEHOMENL 2~3 DR OWTER L DR TH B, &
Iid 5 \WILRFH O INEC X b & b NI E b
D LN 5 e

33 MEEAGBLVEFEER

MBI X D AT A EREORKNG, HMEOSRE 4
W EEERERRSADHD L EN TS, Tbb, RRb B IL
IRALARD RGBT D IFADENZ, FEREEEc X b, =E 12
W B B B REN R ET A BER S5 .
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) gd]

(¢)
A SRR

A BE0 7y = [

B 3.2 Mt Bk o8 gk, CEERERL O v =@

e X % 2 RESREOEZE (5x10-3 Torr. # 1,100°C, 5h i
Bk, AR LT HRCER) ‘

Fig. 3.2 Thermal striations, chemical etch pitts and X-ray lane

pattern in secondary grain of specimen B, annealed at 1,100°C
for 5 hours in 5x 10~* Torr. rolling direction is up and down in
photograph.
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(a) (b)
LR (L Rt

B 3.3 R A BTS2 KHEDBERRR IO Al
(6%x10-? Torr. ep 1,100°C, 5h pn#k)
Fig. 3.3 Thermal striations and chemical etch pitts in secondary
grain of specimen A, annealed at 1,100°C for 5 hours in 5x 10-3
Torr.

(a) (b)
#E A ME B
3.4 A BIU B FF 0BG ORMIRED HEL
FFig. 3.4 Comparison of surface condition of A and B specimens,
before annealing.

E 3.5 SEeBHLo>oHhs
BT < DR R
(BB A 5x10-% Torr. h
1,150°C, 3h k)

Fig. 3.5 Thermal striation a-
bout fast migrating boundary.
(specimen A ; annealed at
1,150°C for 3 hours in 5x

10-3 Torr.)

(a) sk3h (b) 3x10*Torr.

3.6 2 KIFESmREL
WS AR T OB G
(&8 A; 1,100°C, 5h £.5
AR INER)

Fig. 3.6 Thermal striations
when the secondary re-
crystallization does not de-
velop (specimen A ; annealed
at 1,100°C for 5 hours in
hydrogen(a), 3x10-* Torr

(¢) 1x10-! Torr. i (b), and 1x10-! Torr.(c).)
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Fig. 3.7 An example of magnetic torque curve.
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Fig. 3.8 An example of DC magnetizing curve,
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18% Ni-Fe & P& # # © & & fu 22

Sagami Works

BRI R o

Annealing Treatment of 78% Ni-Fe
Magnetic Materials

Tadatoshi OGURA - Kenichi INOUE

Mitsubishi Electric Manufactures as soft magnetic materials Permalloy A that is 789 Ni-Fe alloy, Permalloy B that is 459%

Ni-Fe alloy and Permalloy C that is 78% Ni-Fe added with special elements; in addition, the company has 50% Ni-Fe alloy

among the production as Hiperloy A of at random grain and Hiperloy O of grain oriented. Of these products 789% Ni-Fe alloy

has features of high flux density at a low magnetic field, large maximum permeability, and also small coercive force and is used

for highly sensitive relays and magnetic shields. When this alloy cools after annealed in hydrogen, its magnetic properties deter-

iorates because of Niy Fe super lattice being formed. This phenomenon must be prevented to make use of this alloy by giving

rapid quenching on the way of cooling. This report accounts for the experimental result of the changing state in magnetic pro-

perties through the rapid quenching on 789 Ni~Fe alloy.
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£ 2.1 @wgemiilEsoR (B %)

i T W OFF Mn Ni-8i~-Mn Ni-Mg
1V — 0.2 -
2V — 0.5 -
3V 0.2 - 0.25

£ 2.2 S$HMOLFEANE GE6: %)

B R Ni Mn Si Co Cu Al | Mg Fe

!

i}
1V 79.28 0.09 0.0t 0.11 0.15 $ 0.00% 0.005 bal
2V 79.47 0.24 0.04 0.04 0.005 } 0.008 0.005 "
3

79.26 0.07 0.005 0.03 0.006 0.007 0.005 "

i v

2,1 1V o#sE oo 2on M
Fig. 2.1 Mactrostructure of head side of 1V ingot.

™ 2 2 2V DOf ijm 1!1@ o0 M
Fig. 2.2 Mactrostructure of head side of 2V ingot.

2.3 3V oG ilo voo M
Fig. 2.3 Mactrostructure of head side of 3V Ingot.

Fig. 2.4 Billet of 1V.
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2,5 2V D tuwt
Fig. 2.5 Billet of 2V.

2.6 3V D Erwt
Fig. 2.6 Billet of 3V.
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Him BREEHESE bR DREOHE) (Oe)

Bo.s s 0.3 Oe KW ZHEHEY (G)
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Hs ATERE 5,000 G iKh b0 ™E (Oe)
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He REFIL 5000 G 2 HREEL TR 2 RES (Oe)

3, ERERHLUEE
3.1 REMERBRELCKITIHTARE
FEET AV B D BB O LR O GIFE R D EFD X S I
sdte. BLZEchCYEM L, #55 LcEM Ui X h i 40
mm, AR 56 mm, EA 3.5mm O yus UL CREGUS R
Ko BHLEIIT LD LB THS. ZORBrERKEDRT 12
00°C 5 Wl {1 gEsi & £T7e » T 600°C X Y IRESA VR PO

HETLHETHEE 3.2 @J, HRELIE. bl oy
B 30mm F T, MEEEE LR tust 2BUEIL, ERED Ju

5 BEREoL Y, CoEEMETA kaz3 3 DfEMRE L.

I BRIk 1,200°C 5 D $EHIE 4T 7 - T 600°C 2
BHBETCASTHLEI 4O I DEC oW E
FAIEIERE X D #RE 0.35 mm DIHIC L s O O RS> ke
BHEEILDLEYTHS. Shbbil FRFEEEM &7 5 A
DY tAz DD CHBEDEEDOLORRWERTRIN
T 5. FeREELE L7 h DD R EIEC- O IEINIT £z

£ 3.1 #HL 0¥ ¥ OEMRKKERTE

e Hiytry Bo. B H Hce
E R we | e | (08 | (6 | @& | (00 BT Qe

1V 4580 0.85 1290 8710 1.6 2280 0.175
2V 4750 0.75 675 9500 1.2 3140 0.420
3V 1810 1.55 261 8110 3.2 1740 0.650

£ 32§D IKRIEHIEE OISV SN

(1,200°Cx5h, 600°C @yHIEAS)

e 3 Hite Bo. B H He
wF | re | om0 | & @G O PO 0

1V 6600 18100 ; 0.090 | 4090 10810 | 0.430 | 2430 0.055

2V 8500 24200 | 0.090 | 5730 11070 | 0.240 | 2980 0.055
3V 7700 22200 | 0.185 6090 10480 | 0.230 | 3330 0.081

% 3.3 \BENIDSOFE T OEMRRL R

Hpa | Bo.s Bio Hio Ipp @) He

ol Bm | 0e) | (G) | (G) | (Oe) (Oe)
1V-3 3680 0,900 531 8790 1.55 2930 0.500
2V-4~2 4410 0.900 604 9170 1.20 2990 0.480
3V-3 3170 1.700 531 2060 1.70 2250 0.460

=B - Vol. 37 « No. 3 - 1963



& 3.4 Bh LIRS RO ERM S

(1,200°CX5h, 600°C &S

wae m o Be. B H He
BoE | owe | ome | e | B @S| B B §f)
1V-3 2500 12300 0.200 3610 11040 0,448 2450 0.096
2V -4~2 4400 11600 0.250 3490 11020 0.447 2380 0.093
3V-3 2500 13500 0.130 3570 11060 0,491 2130 0.070

%= 3.5 AMHEED % OERESHE (RE 0.35mm)
. Hpe Bo.z Bio Hio He
BOE | m | ke |53 | (& | @) | 00 B g
V-2 195 20.0 896 28.5 3310 10.90
2V-~2-1 202 22.5 970 25.0 3290 9.60
2V-2 175 24.0 779 30.0 3290 11.50

E mTHREZwFay 70

® 3.6 SBREC X oSO

(1,200°Cx5h M#AHAGEE CHHRAR)

AR Hiw | He | Bos | Biro Br H;

oA eey | ROl B 06y | (0e) | (G) | (G) | (G) | (Oe)
V-2 1200 6900 | 18100 | 0.04 0.045 4510 | 10980 2620 | 0.359
3V-2 6900 | 21400 | 0.125 | 0.054 5340 | 10980 3280 | 0.268
1V-2 1000 2600 7900 | 0.50 0.073 2290 | 10880 1420 | 0.690
3V-2 4400 | 22100 | 0.15 0.062 5510 | 11040 3090 | 0.253
V-2 800 2500 6700 | 0.50 0.083 1620 | 1075C 1300 | 0.821
3V-2 4300 | 14210 | 0.25 0.079 4060 | 11030 2350 | 0.406
1V-2 600 8700 | 22900 | 0.10 0,042 5310 | 11110 2590 | 0.264
3V-2 6900 | 25300 | 0.15 0.049 5860 1 11110 2770 | 0.220
V-2 400 2500 8900 { 0.50 0.077 1860 | 10970 1500 | 0,581
3V-2 2500 | 10430 | 0.40 0.088 2800 | 11040 2240 | 0.491
V-2 200 2500 8080 | 0.50 0.055 2100 | 10970 1620 1 0.660
3V-2 2400 | 10130 | 0.40 0,083 2850 | 10980 2270 | 0.523

EBHDTHS.

3.2 AHAEAHL LBHE ORTHFYE

i I FEAE ib&)o%mmkbtw&zmvfﬁLK‘
FUDIEE, [l L OBEHIB D HITEIC X o TRESAF D AAL
ERERINV =5 11 e Al é?uLMN B THEHRIRFERI
1,200°C T 5 WfINEEE, KRSAVCRPTHHAETES zﬂ'tc
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BL TR -7 CORBORSHEIR 3.6 R LS, ZOfE
IEFIZIE L, Ni-Fe 4019 S HicifiE S hic g o
RO & 5% D big. Tk L000°C 2 bEm L ThE
HFEAND o T X TEH LD TS 3% £, Nig-Fe D4
SRS CE I o ich D THD.

3.3 Z=EHBAL B omSEHE

fE kR 1,050, 1,100, 1,200°C C% 5 T -
THBF®% L, 700, 600, 500°C FCFFC, ZOREND
ERFIHEE Lic. Z0BE 1,050°C CHESI L 7o b © ORLGEFHE
[EER 37 woRd. L100°C CEEL Ao DXk 3.8, 1,200°C T
PESI L7 d D1TR 3 ORGSR TH D, Z ORR b R
R 1L,100°C b ok d Iv. ENi-Fe & &3 1,
200°C i Lied D, 2z ->THEL e o314k 1,200°C
C 5 W E_EAGRBEM B 600°C 2 & Z2 S s L e O DB
SEEC, ®3,24% 1,100°C T 5 B4 kSRS 600°C Ha
LAESHESG Lich 0 DBEEEEH TH 5. EHiREL 600°C
PlEeipv E AR F2 e & i 2 SRR MU TH 5.
3.4 —ERNEOHE

FELIE &\~ 5 OB R KR O—ERE T B

I - THbEDEFHBEFT CFS L, SbOEEBR .S
UYInER L T 600°C L) O EIRE CIREEL, 2B T23D0THA.
COBREBIERTFRHTHS.

F+§ 1,050°C ¢ 5 Bt R BESI L eI L, &R ke 0t 600°C
WAL, TREBRESHRCEE LIz D, 600°C T 0.5 FfH

789§ Ni~Fe BRIt OBESIILEE - /A - F E

R 37 EJPEHHLRBAORSEE 1)
(fh LRI 1,050°C X 5h I AR TS 1)

Asimg Hpm | He | Bos | Bioe Br Hs
=y ?~ o
B gy | B0 L BR 0e) | (D) (G) | (G) | (G) | (Oe)
V-2 700 2600 8010 | 0.5 0.09 1480 | 10560 1710 1 0.66
3V-2 8200 | 35400 | 0,175 | 0.07%9 7620 | 10410 3690 | 0.147
1V-2 400 2600 9080 | 0.5 0.084 1930 | 10560 2080 | 0.58
3V-2 4100 | 52400 § 0.1 0.061 7650 | 10440 4090 | 0.098
1V-2 500 2600 6710 | 0.75 0.126 545 | 10560 1020 | 0.75
3V-2 4400 | 15380 | 0.40 0,11 3380 | 10640 2740 | 0.34
® 3.8 TEEHBHLESOMEEE (2)
(H:_EAEEE 1,100°C X5 h IS A i 8 T2 Sl 1)
s B B L “ Hin He Bo.s Bio Br Hs
°C) o 2 1 (Qe) | (0e)| (G) | (G) | (&) | (Oe)
V-2 700 8900 | 34500 ; 0.08 0.054 6900 | 10810 3610 1 0.154
3V-2 7300 | 36500 | 0,125 | 0.076 7380 | 10540 4130 | 0.137
V-2 500 2600 7300 { 0.02 0.085 2200 | 10540 2000 | 0.5%0
3V-2 6500 | 36570 | 0.15 0.065 7430 | 10670 3750 | 0.128
1V-2 500 2600 8220 | 0.50 0,086 1230 | 10610 1240 | 0.64
3V-2 4100 | 14900 | 0.40 0.160 3970 | 10690 2990 | 0.32
£ 3.9 ZELPAHLCE A0S (3)

(f Lok Zeian 1,200°C X 5h s SUAIE S CR i 4 1))
e paRaitizhig Hp Hc | Bo.a Bio Br Hs

. - ]
BB T | M Ee 100 | (0| (G) | (G) | (G) | (Oe)
V-2 700 2600 7900 0.5 0.84 2080 | 10590 1760 | 0.670
3V-2 4100 5 10330 0.3 0.095 3100 | 10340 2550 i 0,510
V-2 600 2600 10170 0.3 0,043 3650 | 10690 2340 | 0.440
3V-2 4100 | 12270 0.3 0.091 3480 | 10620 2630 | 0.410
V-2 500 4500 | 13400 0.3 0.072 4010 | 10430 2290 | 0.3%0
| 3V-2 4100 | 13600 0.3 0.093 1 40%0 | 10410 2720 | 0.3450

3.2 1,100°Cx5h k3%
FEAL (% 100)
Fig. 3.1 Microstructure when Fig. 3.2 Microstructure when

B 3.1 1,200°Cx5h ks
BB 600°C TZ2d LBk
MM (x100)

hydrogen annealed 1,100°C
x5h and followed by air
cooling at 600°C. (x100)

hydrogen annealed 1,200°C
x5h and followed by air
cooling at 600°C. (x100)
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= 310 ZEBABT X 3RS (600°C T g
(H: LoAZeHeat 1,050°C X 5h iz 600°C c2uf i)

S GreFIRE I Heo | He | Bo.z | Bio Br Hs
GO gm) | M0 | M 1 (0e) | (0e) | (G) | (G) | (G) | (Qe)
1W-2 0 2600 | 9080 | 0.5 | 0.084 | 1930 | 10560 | 2080 | 0.680
3V-2 4100 | 52400 | 0.1 0.061 | 7650 | 10440 | 4090 | 0.098
V-2 05 4100 | 9120 | 0.5 0.071 | 8000 | 10590 | 1920 | 0.57
V-2 - 10300 | 42240 | 0.125 | 0.070 | 8010 | 10640 | 3760 | 0.123
V-2 1o 2400 | 8080 | 0.50 | 0.088 | 1650 | 10580 | 1720 | 0.640
V-2 : 4100 | 42650 | 0.125 | 0.069 | 7800 | 10640 | 3880 | 0.116
V-2 10 2400 | 8080 | 0.5 0.082 | 2250 | 10650 | 1870 | 0.64
3V-2 ' 4100 | 48400 | 0.1 0.073 | 7770 | 10620 | 3850 | 0.121
F] 31 EBE X DRESEME (650°C T4ER)

(fk LokSHESE 1,050°CxSh %k 650°C &K aH)

@ R PRIFRE Ko " Hpn | He | Bous | Bio Br Hs
(IRg 1) T 1 (Qe)  (Oe) ! (G) | (G) | (G) | (Oe)

V-2 0 4100 | 9100 | 0.4 | 0.076 | 2710 10560 | 2070 | 0.590
3V-2 4100 | 48200 | 0.125 | 0.062 | 8040 | 10640 | 3920 | 0.104
V-2 05 2400 | 7800 | 0.75 | 0.090 | 1410 | 10560 | 1760 | 0.650
3V-2 : 8200 | 40330 | 0.125 | 0.078 | 7900 | 10640 | 3560 | 0.139
V-2 10 2400 | 8140 | 0.50 | 0.078 | 2040 | 10610 | 1760 | 0.650
3V-2 . 4100 | 41130 | 0.15 | 0.074 | 8000 | 10640 | 3690 | 0.127
V-2 3.0 2500 | 7780 | 0.50 | 0.084 | 1790 | 10560 | 1770 | 0.660
3V-2 : 4100 | 38320 | 0.125] 0.074 | 7900 | 10640 | 3690 | 0,129

£ 3,12 ZEANERC X SRS (600°C CZEE)
(HE LA EBEE 1,700°CxSh gk 600°C cZpaH)

g o R 4o | Hém | He | Bos | Bio | Br | Hs

) ° ™ 1 (0e) | (Oe) ! (G) | (G) | (G) | (0e)
1Ww-2 0 2600 7300 | 0.02 8.085 2200 | 10540 2000 ; 0.590
3V-2 6500 | 35670 | 0.15 0.065 7430 | 10670 3750 . 0.128
V-2 0.5 4500 8980 | 0.75 0.082 2510 | 10610 2000 | 0.60
3V-2 " 8900 | 50200 | 0.10 0.052 7590 { 10710 4120 | 0.096
1V-2 1.0 4400 9100 | 0.4 0.083 2670 | 10580 2080 | 0.56
3V-2 * 6500 | 40000 | 0.125 | 0.073 7620 | 10640 3720 | 0.125
V-2 3.0 4500 9150 | 0.4 0.083 2670 | 10580 2080 | 0.56
V-2 : 4400 | 34220 | 0.15 0.083 7350 | 10480 3670 | 0.147

# 3,13 TEAMINC I HREGHEE (650°C TLEE)
(fk_EAFEESE 1,100°CX5h ik 650°C -2 dA#l)

W oE {R{SREIE L # Hywn | He | Bows | Biro Br Hs
G ° ® 1 (0e) | (Oe): (G) | (G) | (G) | (Ce)
V-2 0 2500 ¢ 7840 ¢ 0,5 0.090 1580 | 10600 1850 | 0.66
3V-2 4500 . 44800 | 0,125 ! 0.064 7840 | 10710 | 3840 | 0.11
V-2 05 2500 : 080 | 0.5 0.075 2050 | 10540 1900 | 0.63
V-2 - 8300 | 50000 | 0.1 0.060 | 8140 | 10920 { 3840 { 0.10
V-2 1.0 2400 | 8080 | 0.5 0.060 . 2550 | 10560 1640 | 0.65
V-2 . 6600 | 45000 | G.1 0.062 | 7700 | 10680 3840 1 0.11
V-2 3.0 4100 8640 { 0.5 0.077 2390 : 10610 | 2080 | 0.595
3V-2 : 8200 | 46700 | 0,125 | 0.062 | 7950 ; 10700 | 3690 | 0.114

OIS BRI IR AT e 5 7o b O ORETHE

W% | B 55 fho " Hpw He Bo.s Bio Br Hs
L] " (Oe)| (Oe) | (G) | (G) | (G)[(Qe)
JIS #1145 | >10000 | >100000 -0.03 >10000
B 2 #5% | > 8000 | > 50000 <0.05 >10000
2V-2-1 1.0 68400 203000 ; 0.02 § 0.014 | 8340 10850 | 4180 | 0.027
" 2.0 25600 123600 | 0.04 0.018 | 8420 10820 | 3920 | 0.041
4 4.0 47900 199500 | 0.02 [ 0.013 | 9040 11420 | 4060 | 0.025

DHMEFOLERPE s T {HIETE /O T, FROTFLIT
LA YHSHEEREL DI L LA T2 00 INERE
& LS U eSS A kAT 5. 600°C X b En
THZ LI X o CHRBE TR O HLSTED. 25T 50
DRENRSHHDHIEECRIERICIED DL EbRS. ThbD
B MSERENE D25 M3 402 8Y THD.
LRLOFER A b &1, g R ORI S A & 1T 1,100°C
T 5 Ol BRI E 77 » TH L& L, 650°C i insk
LT, 2, 4 MEfoBsa 1T - T bEBRRGRE TS &
£ 3 M WRUBMEESEE b, C ORSUEEEELRRD
A ZAREEE RS (JIS H 4534) I HR2 LT AN LV Btk osE 5
nBHZ & DdehA. L100°C T 5 o L HoKGESERI & T7n - T
b AFE L 650°C It EINAA L T 2 BEHRIR L T BRI HI %
118 - 7o b DOFHEMB A RTLEII DI L { TH 5.
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Fig. 3.3 Magnetic characteristics when annealed in H,

1,100°Cx5h and cooled in farnace, followed by
re-heating and special cooling.
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.1 0.5 1.0
HOH H{(Oe)

3.4 1,J00°Cx5h JKRFEBEHIEYT & L 500°C 5 X 0% 650°C
THIMBERERSE 1T 7 5 7o b O ORELIE th#7
Fig. 3.4 Hysteresis curves when annealed in H, 1,100°C
x5h and furnace cooled, followed by re-heating at
500°C or 600°C and special cooling.

3.5 1,100°Cx5h jksggesn
C BRIFEL 650°C TR
BRI AT - 1o % O O HAH
G (x100)
=i Fig. 3.5 Microstructure when
: annealed in H, 1,100°Cx5h
and cooled in furnace follow-
ed by re-heating at 650°C
and special cooling. (x100)
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78% Ni-Fe 44115 3 THEOBM L TR L W - X
BB T it FIKGRBEMI R O ®rHiC 36U T, NisFe AT
DR EFTACHIET 2 Z LR EERZ & ThE. ZDkdD
CHAIDITH S Sl LT B TR O L OhE oW TERM s
S 7o, KRS AR CREFICERE L T 5K+ OB
FE T NFell &5 LTh Z0EREMIETE R 7. KGE
Tk 1,100°C ot FkEEEESIENT 650°C T LIEE < BRI L T
FERRAB YT b OIREOR AR T LN TELD
% Ni-Fe @& G © BB —BC AT o B Wi kEh o
I gt e, 78% Ni-Fe @A O NisFe OLILTH »7cd DT
»5.

T £ XM

(1) H.D. Arnold, G.W. Elmen: J. Franklin Inst. Permal-
loy, an alloy of remarkable magnetic properties, 195,
621-—32.

(2) Bozth: Ferromagnetisms, p. 114.
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Fig. 4.1 Schematic representation of
differential thermal analysis curves.
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Fig. 4.3 The microstructire of Fig. 4.4 The microstructure of
the brittle alloy the ductile alloy.
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Fig. 4.2 The effect of additional elements
and heat treatments on the hardness of
alloys.
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Fig. 4.5 The fractured surface of the brittle alloy.
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Fig. 4.6 Work hardening curves of Fe-Co-alloys.
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Studies of Heat-Resistant and High Strength Alloys

Research Laboratory

Hiroshi JITSU » Shoji ADACHI

With each of such copper alloys as low beryllium bronz having an addition of various metalic compounds, Cu-Be-Zr, Cu-

Ti and Cu-Zr, studies have been made on age hardening, mechanical properties at the room and elevated temperature, and

conductivity. The age hardening ability of low beryllium bronze containing 19%Be is remarkably noticed by composite addition

of Ni and Al; especially so it is when their atomic ratio is one to three, good spring property at elevated temperature resulting

in, too.

Heat resistance of Cu~Be alloy is also improved with Zr added. High strength of Cu-Ti alloys remain at high tem-

perature of 400°C. Cold-worked Cu-~Zr alloys have both high conductivity and high resistance to softening, while their strength is

insensible to the notch effect.
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Fig. 2.1 Age-hardening curves of various
Cu-19%Be-3% AxBy alloys.
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Fig. 3.1 Effect of aging time on the hardness.
400

b

v 300} /,/({\)—-1A6Be~ 0.57r
2 \——Cu—16Be--0.3Co

o Cu—1.6Be

! <

2 200 \\\

-~ \\

% 100} AN

o =

100 200 300 400 500 600
A E R E (°C)
3.2 #Aff Cu-Be & OEIRMEE

Fig. 3.2 Hardness of various Cu-Be alloys at high temperature.
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Ti Ti Cr
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2 u] 572 5.26 0.54
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U & b, 400~500°C e Ehisibilligo Usrb 5. & 4.2
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4,2 BEHLLUEROERYEHE

2 OGS AEOMTIE ¥ hicz il BIvehth
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DML & BICK e, BT X 5 TEHICEH < nb. I
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S¥, B4 18 IO 2 ey L Co-5%Ti &
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0 62 30 88 9
30 73 1 93 4
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70 11 2 124 3
0 54 al 91 3
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& & 50 93 2 16 4
70 9 2 125 2
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Fig. 4.1 Tensile properties of Cu-5%7Ti alloys
at elevated temperature.

Ju

A
(g\) ax o s

(¥) o

0 100 200 300 400 800 600

BERE (C)

4.2 Cu-5YTH-05%Cx 4 DEIRTIE b HIAHER
Fig. 4.2 Tensile properties of Cu-5%Ti~0.5%Cr
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Fig. 5.1 Aging curves of various Cu-Zr alloys
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Melcoloy - X

Sagami Works Toshio KATSUTA - Jun ITO

Melcoloy-X is used for heat-resistant structural alloy because of its excellent strength at elevated temperature. Aside from the

above application it is extensively used for spring material of electron tubes. When employed as spring material, Melcoloy-X

undergoes different processes from those for structural material.

Worked in a cold state, it is formed into a shape as it is and

given precipitation hardening without solution treatment. Then relation workability and spring performance for various cold

reduction rate must be experiment and the optimum aging temperature for these conditions is to be sought for.

This report

describes studies on the optimum treating condition by using plates of various different cold reduction rates and measuring charac-

teristics with changes of aging treatment temperature. The results reveal that the optimum aging temperature ranging from 700

to 750°C is made available through the change of cold reduction rate from 5 to 909%.
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Fig. 1.1 Spring properties of Melcoloy-X
in elevated temperature.
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Fig. 3.1 Semicontinuous vacuum induction furnace.
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vs temperature.

(455) 41




B 4.2 909% T (x500) 4.3 50% InT. (x500) 4,4 30% hnL (x500)
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Fig. 5.1 Aging curve Vickers hardness vs temperature.
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Fig. 5.2 Tensile data of Melcoloy-X sheet tensile
strength, yield strength and elongation vs draft.
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Rapid Absorptiometry of Small Amount of Iron in Non-ferrous
Metals by MIBK Extraction Rhodan Salt Method.

sagami Works  Shigenobu SUZUKI + Fumio MATSUI

Rhodan salt is historical reagent used for quantitative microanalysis of iron. But effect of coexistent element necessitates

complicated preliminary treatment for the separation of iron from other element in case of nonferrous alloys. MIBK extraction

rthodan salt method reported herein is a newly established one as follows. After decomposing the reagent with mineral acid,

adjust hydrochloric acid concentration to 7~8 normality. Extract and separate the iron (5~60 ug) by MIBK method, wash it

with hydroclaulic acid, dilute it to a definite quantity by MIBK, directly develop color of iron in solvent with Rhodan salt, and

measure absorption coefficient so as to effect quantitative analysis.

alloys to be quantitatively analyzed in seventeen minutes.

This method enables a small amount of iron in nonferrous
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Fig. 4.1 Effect of HCl concentration on the extraction
of Fe*3 with 10ml of MIBK.
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Distribution of Segmental Mobilities in Network Polymers

Research Laboratory

Kyoichi SHIBAYAMA

All solid polymers are present in three dimensional network structure because their molecular chains aggregate with various

junctions. It is probable that the macroscopic properties of polymers are dependent on the first order structure of molecular

chain through the nature of the network structure even where no regularity exists in the mode of the aggregation and the system

is completely armorphous. To characterize the network structure, a new concept of the distribution of segmental mobilities along

the molecular chains is found to be valid so as to apprehend systematically the volume effect of network density and some features

of viscoelasticity.
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Molding Compound
Shigeru SEKIGUCHI

ltami Works

Phenol resin has been used in general from old times for the molding material of heat curing applied to electric apparatus.

On the other hand, at a part where heat-resistant ability is not of prime importance, urea resin is appreciated of its case in coloring

and low cost, coming in great demand rapidly. This has brought forth sharp rise in the production of urea resin molding material.

Nevertheless, in case heat-resistance, steadiness in dimensions and mechanical strength are demanded the urea resin can hardly

meet the requirements.
now come in use.

(Premix) as one of alkyd resin group.

Then, for molding materials of better performance, melamine resin, epoxide resin and alkyd resin have

This article describes the property, productive process, and molding method of polyester molding material
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Glass Mat Reinforced Polyester Resin Laminate

Research Laboratory
itami Works

Motoyoshi OTA
Jirc KOYAMA

Glass mat reinforced polyester resin laminate has been used for structural material. But with the progress in the study of

polyester resin, new application has been found to develop a new market. This has brought about reduction in cost. EFurthermore,

substantial consideration on the combination with fillers has helped the lamninate to display unique property as electric insulation.

Improved strength and flame resistivity of newly developed laminate assure the safety of apparatus. The applicatiory is insulation

of circuit breakers, and distribution and transmission equipments. Bright future is promised for this material.
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Adhesive Agents for Electrical Products

Kimio 1ITO

Research Laboratory

Description has been made on the study of adhesive agents for use with electrical products about their suitability in the points

of adhesive phenomena, bonding properties and application.

The report was started with theoritical explanation of adhesive phe-

nomena which involve many complicated factors. It is, then, followed by the test results, in view of the usefullness to comprehend

the bonding properties in the application to electrical products, concerning the relation between the adherent and the adhesive,

curing condition, kinds of the agent, compounding ratio and the bonding strength. Deterioration of bonding strength by radiation

damage is also accounted to the extent of 30~509%. The applications of the adhesive agents playing part to the electrical product

cover bonded cores, adhesive coils, printed circuit hoards, conductive adhesives and other special uses.
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Rubber Materials for Electrical Products

Kimio ITO
Yoshio MANO

Research Laboratory

Sagami Works

There are many kinds of rubber elastomers, and those used for electrical products are only a part of them.

Their properties,

though the compounding method has a great bearing, show very different values depending on the kind of rubber, even with the

identical compounding. This report deals with the mechanical strength, hardness, boundabilities, electrical characteristics, aging

and oil resistance of rubber in reference to the changes in properties.

A description has also been made herein on the applications

of rubber such as packing, gasket, vibration isolator, component parts of transformers, traction motors, escalators and extraordinary

use of rubber magnet, Diatape, Van-de-Graaff belt.
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GROUP H M L T H M L T H M L T H M L T
NO NO NO NO NO NO NO NO DAYS DAYS DAYS DAYS NO NO NO NO
1 4 3 7 4 1 5 44 .040 123 0 4 4 8
2 2 19 29 50 2 19 35 56 165 .130 263 214 2 1.4 47 6.2
3 1 1 i 9 10 47 5.244 4,735 0 A 8.8 8.9
4 2 2 4 0 13 7 2.0
5 1 4 26 41 2 10 19 kll NEA 129 7 21 0 1.3 2.1 3.5
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7 1 14 25 i 12 23 161 325 247 .0 1.4 3.2 4.6
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? 1 1 5.462 5.462 0 9 0 9
3 74 103 180 4 Al 105 180 .138 229 638 A 2 8.6 23.2 32.0
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Technology in Progress: Solid-State Acoustic Flowmeter
(Westinghouse Engineer, Vol. 22, No. 4-5, July~Sept,
1962, P.128)
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