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COVER EXPLANATION

The First All Japanese 60 kG Mitsubishi Super-Conductive Magnet 26 mm Diameter and 120 mm in Length.

It is hardly feasible to build a steel magnet in the old design producing strong magnetic field to the extent of
60kG. Illustrated herein is a super-conductive magnet delivered to the Electric Testing Laboratory in 1966 as the first
all Japanese product. Manufacture of the strand, composition of the coils as well as the cooling method are based on
the technique unique to Mitsubishi. The magnet is an epochal unit capable of producing steadily the magnetic field
of 60 kG in a space of 26 mm in diameter and 120 mm in length. In the back of the unit is a photograph taken with
a penetrating type electronic microscope of Ti-MoTa wire, illustrating a-Ti precipitation phase and transition networks,
which have a great bearing on the super-conductive characteristics. In producing the strand, much study has been
made on the adjustment of the precipitation, and transition. As a result technique of manufacturing super-conductive
wires and magnets of steady and good characteristics has been developed.
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Experimental Studies of New Superconducting Ti-Nb-Ta Alloy Wires

Central Research Laboratory Toranosuke KOMATA - Katsumi ISHIHARA  Yasuo HASHIMOTO

Superconducting magnets are indispensable for the study of MHD power generators and many other experiments requiring high
magnetic fields.

Superconducting materials and magnet systems have been studied for years in the Research Labpratory and new superconducting
Ti-Nb-Ta alloy wires have been successfully developed. The upper critical field of Ti-Nb-Ta alloy is about 125kG, which is the
highest of known alloy superconductors. The alloy also has higher transition temperature than Ti-Nb binary alloy, it being about
10°K. It has been found that appropriate heat-treatments lead the wire to have the highest critical current density, 1.3x105 Ajcm? at
50 kG in short sample tests due to the precipitation or clustering processes. Tests have been conducted on a magnet 30 mm in inner
diameter and 120 mm in coil length wound with the new alloy wire.

The field intencity of this magnet reaches 60 kG without instability and with relatively small current degradation.
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electron beam furnace.
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mm DFHC Lic, HELER TR E LTEBHIR 412 O LKA
EXEEE 25, HEABEOTMER oI L2TA5L, £
DIT LT %25, Ti-Nb-Ta gl FRIFEE A E L2 ¥ o/ <
Tabivtd, 999 %L LOMRINTIAAEETcH 2, bhbhi
o X5 AFHET, 3,000m OB RBICKD) Lk,

3. BERRoRHE

3.1 EBEESL LVEBRARE

IBHESROR b AN EME E LT, BBRE (To, HBRRS
(He) 3 L UBSER (o) 255523, 2S3o bl Lcrahd
DHER TN DB AT LHEE L\, ZO0HANED 5 b,
Te & He, REEROHE CEBHOBKIC L > TEE D, #l
BLNToRERHE V2T 2D, LeBoTTes XU Hy, O
BirE @ik d i, FEL&0MEHICO- TR 5 55
H5, bhbhiZT ok 5 AmEskc, Hxo#lfiko Ti-Nb-Ta
FEEFEMELED Te 2 E Lk,

To MBI 23R, Py S AR5 sy B2
BELTE—A84&K LcDb, B 0.25 mm OFHICIIT Lz,
Te OREEFBESRETT A - o BRI HRIEEHESIR RS
R, RFBESUREE T ERMEO S clER D 5 0T, JlE
DIV ICIKK Lice D7 9514280 b 1CIE, KFIHEEE A
Uos EERB LB h2 7-F AL 05142530+ 2R L,

B 3. 1 &kt e Te DR %R T HERZRO—FIcH B, Ti
Fwind 70at %<, Nb ¢ Ta O Fo 2 & 30 at % DHEE
TEIIDDTH 5, FREO LFETFHL D 0 R20 OME TR
—ET43THB, M3 1R+ L5, Nb% Ta cEHtLTW
&, Tek@BwiginL, Tabat % CiEfE 98K 2R3, Ta 2
S5at %% c 2%k Tk L, 10at %<i/ME%x & 5, Tal5at
8T Telkbfe7e UbThIC AT 25, 20%1E Ta OHINE &
BICEP L, Nb #&F %\ Ti-30 Ta ©ik#y 78K 1o %, Ti
B0at LYy BEISHED, fiKke TeoficitiE
EREFEOBEAPRD bh, Ta 2§5at WMWK T Te BREMEZ
R Edbho ke ’
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Ta 0 5 TT0 1520 2530
i 1 1 1
Nb3 20 T5 10T 5

0
(Ti70at%) at %
® 3.1 Ti-Nb-Ta Z@TEE SO, &
Te OBSR

Fig. 3.1 Variation of T¢ with composition of
Ti-Nb-Ta alloys.

£31 AWBEYE SO MFRS

Table 3.1 Critical fields of various kind of super-conductive

alloys.
‘LW e e W BB i %
Ti-25 Nb-§ Ta 125 AR S E oy FCHE
Ti-30 Nb 112 NAA= S F oy PCHE
Nb-33Zr 85 Xk vEm (2)
Nb-40Zr-10 Ti 100 X vsH (3)

Hpy 1% Anzedas b CESEZEINL, 42°K O 2iEdiflleEc
Kb, Lrd o CHEMERIEFEAER CRENEME R © 5
Hg, Tix 7% <, He, (upper risistive critical field) <# %, f#f L
7o RLzed%y b OFEEREF T 200 kG ©, fux Bk 15z BTdh 3,

P Ueddihid Ti-25 Nb-5Ta gz X8 Ti-30Nb f#cH 5,
WEFRERER 3. 1 R L, ok Nb-Zr B 4P LU
Nb-Zr-Ti FEg&® 0 He, DEZE»SFIALTHE L . &
3.1 RT X5k, Ti-Nb-TaHZE&L0D Hg, 1 125kG ©, B
THLN T v 25 &REEEMEOPF CREED He, 2815 C
ERHALICE N,

Co k5 Ti-Nb-Ta Bgy&id, BBRER LRSS
VENDE L, EEY oS HRICE LT3 C L b o,

3.2 BRARER

To s He, 55 & ORI X o TREENZ DKL, Io BE&R
AR ICBUR CRULESIN I & - T2 kT 5,

BEH 20% b FETH EREEWEEEK TR, N WG
He, ¥ CRBEGRABEEEATICRAL TRe B 2 & T 25,
He, 2 He, O CRBRANBICRALTE Y, BEMWY &%
BHROFILET ZEERIEL & 2, THEFEEEEEORESIE
T, PECRA L BEEEM L ¥ oREE A By 1k
HEND, AW OVRATIWRE, BEEEKOEMECCHER
E D LIEK Co L2 XN TYW L D¢, BELKNEHICHEDNT 5
MAEL, TORR, rot B="1Js tRD IR @ENER ()
BN d, —AERRGHEER I, R BROMAEERE LT,
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FimSIsB K5 ooy 11(Fy) 4, RACEEERENE~E
AXFES5e+2®, REEECETS By LDNH o-Loy NE
D ¥ X 5T 2HIEERIEAR L, Bt E biICHTCed
CE B, FHEAMTE a-Low b KRERD, Eulk®AE 0-L
Sy PP ICET B, C DL EOEHR CERER e TH Y,
By bRk EWEE Ip BAkLhb, ThbbEELRO Ie %
KELTBICE, BUELPNTLCE T, Eulk»iKEST LAY
By DEEPHEET I vEnwH T EThD,

3.2 1 #niBe H-loFtk

Ti-Nb-Ta ZEBELEGIHTHEEEOELTH Y, RFMT L
TFOPIETE, v LBMIMTAMATS 2530t Fll e UTHEM
Wk Ip BB CELAVC 2, FEO TENb ZRRELTT T
A ST R CH OO0 e thivbhid, IeDKEw Ti-
Nb-Ta g% 1825 7w, ZLE e Iy DREFRIC DWW THE L

SHESIC T v e SEHETEF s VAR L 7e Ti-25Nb-5Ta 54T,
CHPEE 0.25 mm OICHEINT Lic, Ie OHIER 427K <fT
e, BEOBH AN L CAHE OB R & Ui & & OERIE &R
Wic, WETHEAMEEL 2%y b A LT, UHCRET AL
EIN Lo Z3atilid A7Ey ki LARICEA tot Lice

3. 2 GZLENERE ¢ H-Io Bt oMR 2 n T ilEiERo—4Fl
<5 3, S oBULERRE 300, 400, 500 3 X tr 600°C T, fng#
PR 1hr ©5 3, K 3. 2 IKRT L 51, MTLcE 3 0R
$HE 999 %L EDBTFNIT 52 TwdiCbhrhb b, Io B3E
BT/ E . 400°C 35 X UF 500°C -CHMILEL L7230k To dinT L
e EIIE~NTES LAHMLTE D, 4000C CREELRL T
%, LR EERE THERY THEL, 300°0C e I 1D
F DRIMAETRE A, 7 600°C CRIMTLAEFOMEY Lo
THRsTnE T EPRBED LIS,

& 3. 3 G & H-Io Btk oM R R, SRR
400°C w1 mwv» L 30hr ©t5 3, L3 nbHLIERLS
o, Io AHMLIREE & gL T D, 30 hr 3ALEE L 73U &
50 kG ¢ 65 A (1.3 x 105A/cm?) w55 Ie B8 L7,

3. 41k Ta%2% %\ Ti-34 Nb oL E g & H-To 54
DERF R, BUAER 0.25 mm CHALBIRHER 1hr T5 2,

C OEE Y Ip 13 400°C CREIC Ao TE D, BAIRRE o DB
%k Ti-Nb-Ta R & LIEABOEMER LTS, /7% 600°C T
HUFE LT Ie 2 Ti-Nb-Ta FOBEE EET LAROREET
H5,

cok 5 Ti-Nb-Ta FigEussud, Ti-Nb ke FESEMNT L
FETREE I BB LRT, I 2K E T B 400°C #fE Ol
UL LAY TR bR N T LA bh o, SRR T EITHTH
FUESELHORE TS D, WCE L, PR OBHEMLR
i3, Iex K& T200KaT LABNTT 208 R1R0wbitd
5, CHBETEWICRELDTCEEAEHRET DD, Thbd, TO
BOBELS TR, HONERchA LT L 2o & 2
TREC, LEOERARY OB P IED C e R TE D, P
bivbilE, BEE03mm ¢ 05mm » Ti-Nb-Ta fiIc2>nT I¢
#ifllaE Ui 28, BHUHEE 025 mm DHOBE LT LA EED LR
W EEMRLTA D,

3.2.2 HALIBLIFHAR

Ti-Nb-Ta s L U¢ Ti-Nb Ro@BELEE, dhko & 5 iciil
BICY o Clo s LAH ETEC BB bMe ko7, ZOKNE
BEETT B i, T TRULT  HTH DBIA & E T HIREIICH~ e,
Fwnrespx Ti28Nb &4k k0 Ti-26 Nb 54T, BE 2
mm OFE X 0.1mm ¥ CEE Ui, MEHREEE, BLEhoO
Wb 2 Bl 3 % 7208 vt LT, 780°C ¢ Lhr f{A{LALBEL, 2
bic 500°C ¢ 1 hr 35 X UF 8 hr BULIE U 7e, T FERMEHRR L ZH
kb, SURHE(LSEUTRSECHIBIC Lic, FIESRICH K CaAIL
P TR —Dw MR E B L7

X 3. 5 KA L Ti-28 Nb &4 0% FEMEIERER
TtH 3, 780C OEIMCHEACHERLTE Y, WHEZRD L
N, BRI OFETH b.cc @ 8 FEZEHEMN QT HRIEER
D ook

[ 3. 6 (L% 500°C € Lhr LB L 7z Ti-28Nb 54
DEFRBEEBEETH D, 8 HEDRFICHAN LI 25D b
NBED, hORRCRIEMEEHFL TS,

3. 7 i Ti gHEAETE, Ti-26 Nb & &% if (LB,
500°C ¢ 8 hr #ALE L 73U OE TIMBIE R TH 5, SRR I K

80 1001~ 80
70~ 90 . 70
400C1hr 400C1hr
60~ 80t 50}
/i\ 50~ 2 701 50
w40 500T1hr ~ 60 = 40+
’ 3
30 501 301
20+ 401 —+—400°C30hr 20k
—x——400C 16hr
\\ﬂ_ ——— 4007 Shr
10- 500°C1he - = 300 ——400C Ihr 10 \
- X,
\x o 35 drawn \x as drawn
¢TI 203040 B0 2 ‘ : ’ — 0 L ‘ : ‘
1 0 10 20 30 40 50 10 20 30 40 50
H (kG) H (kG) H (kG)
E 3.2 Ti-25Nb-5Ta o I 3.3 Ti-25Nb-5Taggon I & ® 3.4 Ti-34 Nb g0 Ip & #LEE
BALEER E DBEIR AL R o BE{R R DR
Fig. 3.2 Effects of heat-treating tem- Fig. 3.3 Effects of heat-treating time Fig. 3.4 Effects of heat-treating tem-
perature on I of Ti-25 Nb- on I of Ti-25Nb-5Ta perature on Iy of Ti-34 Nb
5Ta wires. wires. wires.

Ti-Nb-Ta FFGELE LMD - MR - FIR - 1A
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R 3.5 780°C v lhr M LI L7 Ti-28 [ 3.6 780°C Cfi bl 500°C < 1 [ 3.7 780°C CHi#{rilEl#% 500°C < 8hr

Nb &4 OF#E THMGITH
(% 93,000)

luﬂMELkTP%NbAﬁoﬁ
AT SEEE (% 15,000)

HYLTE U7 Ti-26 Nb £40% E E
TSR (x15,000)

Fig. 3.5 Transmission electron-micrograph Fig. 3.6 Transmlssmn electron-micrograph Fig. 3.7 Trnasmission electron-micrograph

of solution heat-treated Ti-28 Nb
alloy for 1hr at 780°C.

E 3.8 780°C T {k{bALTE#% 500°C ¢ 8 hr #yLHn
L7 Ti-26 Nb &4 0% -Flullris
Fig. 3.8 Electron diffraction pattern of Ti-26 Nb alloy
heat-treated for 8 hrs at 500°C after solution
heat-treatment at 780°C.
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X 3.9 TiNb= iR
Fig. 3.9 Ti-Nb phase-diagram.

|

£ L7c o=Ti 78 B HHORFUCHTH L T3 D2FD b,

C TR LB FHRHSIEER R A O—PNCGRE v, HrHidE
7, 3. 8 DEFHEPFRICRENTwE X 51, h.c.p @ «Ti
HTH2 O tARIETHRINL T3, {3, 9% Ti-Nb ~ kg™
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of Ti-28 Nb alloy heat-treated
for 1 hr. at 500°C after solution
heat-treatment at 780°C.

of Ti-26 Nb alloy heat-treated for
8 hrs at 500°C after solution heat-
treatment at 780°C.

®-z, Nb26 7\ L 28at %ML CIZ a4Fe BHMIMIT T2 C &
PIREINTN S, ¥ B TERMEHERORKR, o MBI
DT Lr@Bo LI, & LTHGHFICIHL T2 C & 28
L& ot EEOBEIFUTHRIINT U % 0k LHTH

BHALALEIS LT3 7, M2 LSRZEL T Y, BT
PSS cIr LT R AR KRR T % € & dREEc» 2, L
LZo k5 aBETh, BHEHBRONRCHT 28U o T O
HAEE 72 BT B RR D o IED KEBEAFEE ) 2R LT3 C
RN AVTSHS 5,

4, BWEHE<S Xy FOEH

4.1 a4 ILFS55F—vay

HEEREY 0L CBWTEET S &, o Ie L 0 Z 200K
WERE CHBEENERRC 5, TP JLFds5F-vsy J:ﬂﬂf?ih
TYE3RRBTH 5T, WEE 2520 KT 2RI KNEARBEEL
> TW3O, B 5555w 33, TOEEEE %{K%ﬁ@ﬁﬁﬁ
BB 235u020+7 KIERTZ C ¢ BHLMICEN, FORHIEXE
BRI E AL Es T,

EARIRC S 2 NMEEEEEEE NS <L, RIETREEAKC
B3 Ey ke, BREABHI L LS LTS 0-Loy NERAK
KT Tnd e BRCGRRT, & THH 2530 OEIRGERA ¥
T, 0-LuY N1 Eu D TOBEWRLELEWIECERD Y,
WA RO L5 CBH L, BRENCHEAEE XS,
TND 25w020+07 LIFENIZRGETH Y, WINREBEEDIEC
HARBEET 2, 250020+0F KES BB PR o, &
HBP P T 220t OBERBHB T E T CRIEICR LA
o Ll 204wt BOLAEL AD L, BHFREAEIRY, -
SwoRurd K DREDBERHEINT, BEMCE Te % C L78
RERIPHET 5, COWPTCRRED S1-1 325884 L TR
BEHL, BEEHSREEC 2530 &R L, Ie X b
3% »CEERHE CE8EESBN D, —iRIC 25woaueu7 17,
THEED Eu LD NERECEBEERELABZC EAFHEING,
FTabb, Eu lbDIBKEL I OEWFHRE X 550028+07 @
BB B LS AD, LT 3Muidssd—vay b REL ABERA
ZhoTwnd, TOEKTE, EHEETO Ie DFHESEL F L
b Tk FEE LTI N TRB L BELANTH DS,

F05F-vav & 203wk BABThIE T2 B CHEE A Y, 40
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WO AR LIE LETH L aBBATEETE RV &S5 BB
BB X e, £ OBBEELL 31 HISOME D b5\ BT
Radh, BEHHMORMCHAYER T2, #955-va0 i
EHMATER TR S N,

REICH A B T 5 &, FRBERERT LTV 52, 2
Sy b DEHBIREYEY, 25wv020+07 I & B R % ph1L
THDICEFTH D, 552 OihRIE, RECBEERERE U
%, FIRERO MR BB Rt BELLNS, 53
T 95% b DEEGERT, MOPFCIEERMSE T, TEELL
HED 55wo2 OBBFIHF2EZ LT3 e A3EL b3,
PGP L A WEEN T, 55v0ased D T2 22 % b
bl T3,

ToX S5 AHEHET, WEEELY oS30 ICE 5T, WhiFsihx
WHIEE ZofcbF TH 228, WP T2 L BEEHOEMA AL
2D, 20%ot D 2AR-20702 BB 2D, Lo THOELRZ,
F555-vsu EDhhDVhb, EHAIND 9530t DKEXICK
STELRTRER bRV, —fIC/PE 2520t KFEA IR TWS
BT, B DE A1 20 20900 525 50 200y DD K %
XICE bbb,

H4. 1 ZEEYE 253w b D F955-vay KDWTHE L #5351
D—F% IR Lico M L7cBEESUE, 400°C ©5hr ZULIE Lk
Ti-25 Nb-Ta #i©, FEHORKK 0.25mm, FADEI X 352000
ThH3, 2L 1% 200 m OFTE R AFEHA LT Y, AE15.5mm,
43 mm, B 40mm DIEFIC/HEV 2520+ THB, TD 3
1L @ I it 50 A CRAERSUT 405G ©h o 7o 311 1T 13 1,600
m OFEER A HHA LTk Y, W 16mm, HE75Smm, X 70
mm DKEXTCH5, LI D Lo 1T 28 A CRAEWFIT 51.5kG
THoleo 2L 8,000m DFEELELFHH LTx b, HEE
30 mm, A% 110mm, £¥ 120 mm DANEAYIBEIE 2520t TH
B, DML D Ie X 18A ©60kG DREIBFRET B C LM TE
7zo

4. 1 epnT, a1 D Ie & FERo H-Io B ® Mg 35 &,
WHED Io DEG 111 BKRKEL BB CHE- THWT WS Z L b

801~

70

Shert sample

60~

50~

40 \

L (A)

30k & \
201 = RS

10~

0 10 20 30 450 50 60
H (kG)
E 4.1 Ti-25Nb-5Ta ggoiEgs H-Ip Ftk &
ITVFI57-vsu
Fig. 4.1 Coil degradations and short sample H-Iy
curve of Ti-25Nb-5Ta wire.

Ti-Nb-Ta REHESEUS GWMOTIE - MR - B - 17k

5, CORERPFL LB ZHFDGROBLILTH YL &
E oL BRESCADZBYE H3000407 DIEC BTERIML, Th
I L TEHHBIRER TG TH I EBREINTVBEHIDTH S5,
¥, 2l I, DI G2 0oXE xHARAL & ARICRERE DR
THREL > T 5, HEBREEGSHE LT 5 Slic dRUSIEHs
HY, 42K BT 2HOENIE, 50kG ORB R ETINT 2 & 245
BECHNT 29, BBERoERFEOMEC L > TRE 5 25,
99.99 % DHFICDWTHhNDNAHE LRI IEIFCORE ©H
o 7co SDHEAER RFWH O FEBL T2 EHE A Y, FAD
HECHIR L L LD CESBRHPET Bt 2, T 7957
~vay EZDFEER 2505020403 KH DB DT, 359020+07 B4
BLTLADZDDIC e BMEL R bAE VI S5 AbRE kD 8 &
DBRBERCERES T ThAv, LDXSKF I55-ua0 KDVT
, SHICBINCRREIZD ., bhvbho Ti-Nb-Ta §
X, BBV TY #555-va0 DR D A WIBELMC, +
DERICHET 2 T LR TEBHETHD,

M4 24, B4 Lk o Il oNBEE-C, HRINE26
mm, A% 120 mm CTHEAERHE 60 kG & v 5 MiEES 1 BoEE
oS4t & LTHSHBINCHA X Ll Ttd 5,

Rk, FO5F-vay RT3 LT, 8RR L
RO L TR T 2 HERD S, ThivwbW s aiEl
BT, SteklyO® it 2 0@ L4 % PEBMICE - Tw 5,
SEELEBRUE R L e 93%w b T, 95%w | OB Ie
%A THBMABEEREIEC LT, ha CHEHENTTL D
T, vH%w b OMEARETH Y, MHD BEH A ¥ OAE 252w
FICE LT3, BF D & 5 Rk, SREMOBTH® 20 5
I OF O ICIBTR R R HEA L A, ¥ 2 RS IO & BT R
ZEIVELETHAINTVE, LALZDX S ICKRERDHE I
T3k, fEEUEEL - 2EOERBEZ/PXRY, h
W 2szs bt DEER, 2%-277258 OETIEFICARF] & & b HHE
hhv, bbb SEERE{LBEY v KL T, Ehbn T
100 BIFREED TW B, OB Wi %o TEE
T3,

4.2 a4 AFSRER

T 25%y + DR L O E LT, F95F5-vau DIERK b
b—oud BERERENEE]AE DS, t-2od Bk, @EE o
Ske b RITET B, BOEIER ICEERE cHEESBEN R
57, BiEZEME b SR & BRER kA K LATIREKTCH- T,
25%w b OMBIRICIED LWHEEE b2 bF, KBS e, 20
L 30kG D EIERE T, 2530t AEEMBE Y E T
&Y, Lad-TThE LCEHE*REL T3 L nH il %22

E 4. 2 Ti-25Nb-5Ta % H\ e ZHBELE 2520
g - 6kG
AR+ 26 x120 L
Fig. 4.2 Mitsubishi super conducting magnet wound
' with Ti-25 Nb-5 Ta wire.
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Short sample

(A}

L

X 4 3 rppsEARE L Ti-28Nb oo H-I¢
ﬁﬁc‘: ITLFI55—vay
Fig. 4.3 Coil degradation and short sample H-Ip
curves in intermediate annealed Ti-28 Nb
wire.

BHicd 5, ERSILEHEPH O Nb-Ti @i ciEic
b, Nb-TiZRh, HEl2b Nb-Zr ZD 2530t T A172 B
PIMAATREERAT 2 cepcihnt—BIcEL b Thi,

blo—Zod BB PERRAREEH S, F955-va0 AL 0K
HiZ 55wozs+us KH 20T, FEEEOBEHLEEEGO®RAIK
EoT, CDX5ABARREHETLIBIR T EATE S, BLm<
7% ZRICHA L e REREICE, Cok 3 ATREMRE 2w
CERBYEARALDCETHD,

® 4. 31k, EHERBRLENRHDLvbhTwik, Nb-Ti

FEZRHA LT, A LU a1 OFE% JIE L B R E2 R,
R U 7 Eiilud, Ti-28Nb ¢, a1, OFREEME R HAS
ELT, WEORBERE iR AT LETA Y, RBICRRMLE Y
L7cbDTHB, CDL5HPMMEFTAS &, o Z S SAET
T B, Fu-mud BRCIERSREEER R R 3 C L B5REBI N
oo ¥4 SIRINTVR LS, RO RIETLTVS
B 2MLFI5F-vay OBEDFRICL AR AT D L b
3, bhvbhlx, COX52#0E% L Ti-NbEHwT, &
ZhPEE 13 mm, 4R 60 mm D oJxw + ZEMEL, 434G 0%
ABSEFRET S ¢ LT L,

¥, Ti-Nb-Ta ZEEEESEAHA L& 20%0 bk T, ro-Iu
5 BRLEBBHNREER E o 2 SHER AL AP o o

750

5. ¢ 3 U

24c¥ L AR L 2 Ti-Nb-Ta Z#BH o7 b Ik
P DWTRET L iR e b~ Bz BRT2E0FDeED
THD,

(1) Ti-Nb-Ta FEEERIHT LB OE LT, InikigE
LT htni,

(2) Nb2sat%w kv Tabat W&tr&4&n Telk, Tad &3
Zn Ti-80Nb &40 Te X b 'K &<, Z0fHI 98K ©H 5 %,
¥ 7 He, DEX 120kG Pl T, £ REEEME OB CRBERD
ExRTCEBHLBICE N,

(3) I Bk o TELSEL & D, 400°C CEREEHL
T3 & 50kG © 1.3x10A/cm? OEREELE LN,

(4) FI55-v=ay PEE 4 & <, AFNE 26 mm, FHIE
120 mm CHEAERESR 60 kG O AR 253w F OBUWEICEZI L
7o

Ti-Nb-Ta ZEELEMIL, EHICTINEHLELFED 252
wh FECH B2, S%D X LICHERED, Io OINE & b IKE
FHOFR ERE D, CoZ SHEHLLSTWBHEEHCLZwEEL
Twd, bbb, ZoOPECHL T2EmIC SN EEDb 7%,
7t HBUERT & b U BT SRR O BB AS A ic L K B 2 251
DRETH B, ("E 42-4-43)
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Properties of Flexible Doryl Varnish
Shunichird NISHIZAKI « Shahei ETO

Doryl varnish is new heat resistant varnish developed as class H electric insulating material. The name “Doryl” has been derived

from the combination of Diphenyl Oxide and aromatic Aryl group. Doryl varnish V-505 has been produced and in use by the Com-

pany. However, to meet the demand for the product having higher flexibility, Flexible Doryl varnish V-510 has been newly developed

as high temperature insulating material with improvements in the properties over the V-505. The new varnish is more flexible, having

higher bond strength, higher resistance for chemicals and solvent attack, and excellant dielectric properties. It has been revealed that

the new wvarnish has lower curing temperature and longer life but slightly lower thermal stability than the predecessor.

L % % & &

Eyn BHE & (& Westinghouse #ic X ) H o5z BRHEEE & L
THI5E X 1 %, WLWIRBESIECH D, Z0#AH “Doyl” &
Diphenyl Oxide » 5%t Aryl 3h b & o7 d DT, LT Jox
surrof s (- 04 ) RO eiEE Y 2 ¢
Ebb, BB ozzuAtr ElEE dvbhd, T ORI AIc
BT CR Fynozz V-505, Py BiEsME £ e LTEELS R,
¥ OBRRBHEA~ATHENTWS, CoMlE0RERREMD
Ehic, Mkt & QICHRinAC e, it 7uny WA
ERIC B BRI FOMEAT S TwE L e THB, L
L, Fynozz V=505 ¢H, B[R HE & L ORIYTRE AR T
HHHM, FOMUB/REL, B SHECZLWEERHoHLL, —
Wh oA L SHODD Funozz ORREEEHIWTWE, 25 H
I9C SLFLIL FYLo=2 V=510 & LTH L\Wi# o2 2T
OTEOMEICDONTIE~NS,

2. 7LEIFTALFUNL

—RIC BRI iE, BT st & bic, &l
I B ORE, RmTEMErERkE S M REBEOFE
OFETh A Y ZEHMR R D A5, AW R SR OSSO,
Thabb, e owf-, HERA ST L, BEIEE,
TS A E T o e VIR T A BB X UL T
Blhn ECBRT oI > TREENB LB I CHBNTRE,
COX5REZT»LTE L, L YL LEMCHFREY Y
DY DR, IHEE fyo- & LTHMT, ZLOWHFER fe- &L
T, RyTzF RyrRl A PRI TWE, Py ML c P
FhE fe— O—ET, BREO X 5K SozzuAtrul & aFuo ST
B L2 b HER b 5 T, BERIENE L & S ke s+ 5
b A FTHEAMCE w TT SR Tw 2 0, C OGS X
BYDEELLNE, '

Uas L, W AZSE R i & A, 2 O4UFELE, MEAD
FHiEx EICk - T, BIEOMMUR/NE L, TIE S HECT LiniEEs
Fup CRETLB20THE, 1L HEM 22 2 EDHFIC, D
BTHEDHURTERINLHELONTH, cOXSAFHFED

Szl Aty B PRI & O AR R AL, T

* ST

SHARRETB LI L, ¥, FORIERO PLE B oz,
IRFEL BE 0oz A Y EEALSD X5 Lad DR susuin il
oz TH B,

3. ZLEYTL FULT=XEE

3.1 7=z o—fRHER S B

SUFLSLEY LR V-510-50 0 —fitkik a5 3. 1 IR,

V-510-50 =2 OFREEFESS &AL OBIRER 3. LiRT X 5 I
2D, MIvFuLy & ERD S OWFERRIIC L - THRTE, &
B B BRI T E, W E L EMTHDE, o2
i, V-505 0k 5 ARl E G A, ooz O
WY V-505 A SR cRIMMEETH 5,

GBI F OV 13RO X 5 W BT, BLBERMRBTTL
REHLCER 2R Ttd s, W{boid. UHIh 5880
KE X ETED LY, —ayici 160~180°, 10~6 I i (kA3
DETH D, TR CRHLGME, BHE fyn V-505 @ 200°C % pn5
T B bRBE, SUFYILEYL V-D10 BIER ciifbs 5 T &
RKOEHFTH L, ThHDS, HkFHEe LTi, 160, 180, 220°C
THL L7z & % 0, LR » MO BERWHE GFikiEdl o
BHRH R 3. 2 IR Lo

¥ BRI 025 bR BH T A H L L T, Bek
Gy REESE e X b etz () — R (T) oBRE R e, Bl
SEERBUT RIS N R A 2B S0 raud- Bk Nz e
Q-1 RIET % b DT, FEME DML AR F —E R U ek
7L DOTH B, FHT B 0.16 mm DBIEE DL b, LT
Mg e b EOBBHC O W TRIEIRER A 23K %,

1 a;
= log 2
N AEEER 1 A @ B as ICREET B ¥ TORRBIAIK

# 3.1 SufFu3nfyrozz V-510-50 o
Table 3.1 Properties of flexible doryl varnish V-510-50.

b 2} i 1
B e} ] 2 5 5022
i# il bazy
i i 25°C 200~500 CP
b4 i 25°C 0.97~1.00
5 M OIE R W OBR 185°C 10 43 BLPY
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DAFEIE S & FEE OBR Fig. 3.2 Change of tan 5 during the 52 iR A 0Ze{l
Fig. 3.1 Relation between the viscosity curing of V-510 at 160°C, Fig. 3.3 The change of glass transition

and the solid content in flexible
doryl varnish V-510.
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Fig. 3.4 Thermogravimetric analysis of class H
resins (in air).

FERIEE 3. 3 R X 5 160°C 1K1 BRI A R & A
2R A2 EBA AOHEAUE JERECED, A OERIE
(%&b, HrTBESPRKLT AT LCwE 2 L3R F,

3.2 ZLdyFARY AOMEBEER

Tk DR I, BB OHMEOBB LB OME I L CiTR >
T EHBERTH LR, B L 2EREFELEHET 5 ik, #E
EMEOHZED—DE LTELLN TV,

—EFRIBHED b ki, ZBSACing LB O ER 2 EW L A
BMRUADIERIIR 3. 4 1R Lic, IR DI T, oY
J=u % FUL V-5805, Ryzzsioya-uv Hos2) @ f-2 gL
7eh3, V-510 @z EttdH b Py V-505 K455, La L.,
FFERE RVI2TL B vYo-0 X D INBERER DR {, SRk
HBTHELLERL TS, ¥/, 250°C %R ColpsiE » &
B.5IUR Lk, BRUVAKBT2HELE - RALERMEZ R L
Twd,

ISR B DORERD b H B &,

Fyn V=505, o y0-u>ouFu90 Fun V-510>Ry 125053~
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180°C, 220°C.

temperature with the curing
time of V-510 at 160°C.

F U (V-505)

PR

TUE Y TP Y (V510

AU ZATLevY 3y

20 (M7 5 R)
150 ‘ R ' 30
oo E R (W
B 3.5 HoszflgomsiEamd (250°C £254)
Fig. 3.5 Weight decrease curves of class H resins.
K32 suryInFfyrofE e e 5 v
Table 3.2 Bending flexibility of flexible Doryl.
e T ¥ F LR
\\‘ 3mm ¢ 4mm ¢ Smm ¢
FJ\\
s b
¥ 2y TLFEYTA L TUFLTA | it | ¥ fiid
7’“?55“"“')}1\{\ Vesg Vesio V-sos V-505
2 o) 0 X o)
4 o o o
8 0 e} o
10 O O x
15 ) o)
30 O O
50 O o
80 @] O
100 @) O
150 1) ')
300 o) o

1) 0)mm Al#, B 0.040~0.045mm. O : &%, X : GUFHA
2) HwEF 200°C
DIEDOTHEE D bbFT T & 2brd,
3.3 ZULFT7AFUABEOMENKE
SUFLIL YL ORI b #E, 3T D BB B cHE L %,
At 0.1mm @ przzos B oz ZBATLC, BEE 0.040~
0045 mm o % »-c, 160°C 10 [REfIMEAL#L 200°C T LT, &g
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BERD sufLL £T 180° MEICYF W 7o & ¥ D R RO F %
Bt FERIEI 2ICE LD,

V-510 i, W& 5B WT V-505 L b+ NnTwb, T,
BEOGIRED MY, R, MR by DEER3. 3K
& L7 V-510 & V=505 iT ¢ b_THURKE W,

3T EEM ooa KESRI N AR e S A TiEAL, 3
1L I OEEBEICSERTRELLWSEL AL DS, I1L
MR o Jll R E LT AY DAL e AW RE 9 1 (Tensile

£33 FuL BB OB KW MEED
Table 3.3 Mechanical strength of Doryl film.

| = - | svxrzarya ] oM oF oy o
‘ - i V510 V505

; Bl Y @ % kg/mm? } 7.1 63

K i v % 2.9

| % # % dynelom? 2.10%1010 2.02x1010

!

1) V=510 i 160°C 10 hr, V-505 it 250°C 10 hr Bi{E
M 0.12mmXx5.0 mm X70 mm
10 mm/min 503 % BB )

£ 3.4 Sutudn iy V-510 oEKmED
Table 3.4 Electrical properties of flexible Doryl V-510.

% “ %Fﬁfﬁﬁa%ﬁﬁ%ﬁi%ﬁ%‘ﬁ? mmkAL B E %
p(Q-cm) (kV/0.lmm)| tand(%) 3

® 1’ | 3.4xiole 19.3 0.42 2.78

gk, 100°C A, Th | 34xiott 8.9 0.59 2.70

B, 25°C Ah, 24h | 3.6x10H 10.4 0.59 2,47

I # 45 4k, 220°C, 100h 2.6%1015 15.5 1.55 228

1) 160°C, 10h L Lc B 2 » T3l

ZF 3.5 V-510%, 220°C 300 h fi@hds{b e DWE AR
Table 3.5 Water absorbing performance of V-510 after
deteriorated by being heated at 200°C for 300 h.

b: 2] # Kk &Y ok %Y
Tk B A7 #E4R p{Q-cm) 4.0x10t4 2.6 X104
AR M EE 22°C(kV/0.1 mm) 10.1 10.6
# 4F B A 120°C(kV/0.1 mm) 12.5 12.4
WOtk Mok tan 8 (%) 0.84 1.41
i S € 2.68 3.19

1) 18°C AkthiBif 24 h
2) 100°C #Akh 1 h
3y 160°C, 10h BEfL L7cBERE, 7o 3 = 9 A BEHcfi 3R

% 3.6 SuTuILRyL V-510 0 tan3, & DR, JEERHED
Table 3.6 Temperature and frequency characteristics of tan
5 & ¢ of flexible Doryi V-510.

\. 2 H tan & (%) 2

100c| Tke | 10ke|100ke] 1 Mc{100c| 1 ke |10 ke {100ke} | Mc
28 0.65 10.65 {0.62611.11 1.56 | 3.96 | 3.93| 3.89 | 3.98 | 3.99
48 0.56510.47 10.65710.725} 1.04 | 3.8 3.76 | 3.70 | 3.66 | 3.66
68 0.955 10.956 1 0.745 [ 0.814 | 1.06 { 3.83 | 3.81 | 3.76 | 3.71 | 3.68
90 2.35 1220 |1.64 {140 | 1,25} 4.06 ] 3.93| 3.85 | 3.78 | 3.87
104 4.02 13.19 [2.55 11.85 1.81 ] 4.37 { 417 { 4.02 § 3.86 ; 3.78
108 4.48 1342 13.15 [2.53 | 2,13} 4.68 | 4.26 | 4.06 | 3.95 | 3.79
130 4,71 1503 1488 [4.32 | 3.62 | 5.08 | 4.73 | 4.42 | 4,15 | 3.89
160 3.96 14.25 14.94 [556 535155 517 | 4.9 4.52 | 4.19

1) 160°C, 10h Bifk, BF 0.043 mm
EHESRCRANER (RERAR) KX b ¥E

SUEDSLFYLom2 O - PRI < TLEE

"

Shear Method) #5375, ZCCRBEEDOHET, RU1zf ER
(L0mm¢) &FNTHA 7k,
160°C Tt Lc 20, BEFEMEOE(LERE 3. 6 IR Lk,

3. 1Bk ~7c & 5 e 160°C CHIEH] TIE(L LT, —EDMCET
Bo ¥, BHILIC L BREERIEOZEIZE 3. 7 IR L, 220°C
n#L-c, BRI 50~100 Bl g Tl ) DIETFTAE LN D25, Bl
BOETFEADEL, S00mHETH 1okg T YDMERRIFL T
3. LaL, V-5054LERD 4 oo 250°C 1L 4 3 H{RIC & b,

V-510 0@ EiiE <, 3. 2Bl AE/ L~ L Tw5,
g 20f
= 160°C 1L
.
10 0 BT

DoERERACERA (0)

R 3.6 INZEALIC X B o1 BEREREL ORI
Fig. 3.6 Increment of coil bond strength (T. S method)

by curing.
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HuEAEERY (h)

B 3.7 200°C# 4 {bth oot PEng R
Fig. 3.7 Coil bond strength (ML wire) of V-510
after thermal aging at 200°C.

v Ya-v EX¢ 4 wV-505
CaOve % 7 K Y aV-510
i H i

B R R S R SR SRR |
1
T S TE ee Ry
H
T e S A ST

iB100°C,24h)

F7RYE
(100°C,Bh)

515 15 20
aq AEERE (k)
B 3.8 kst e (ML GE5EEER)
Fig. 3.8 Comparison between chemical and solvent
resistance (with bond strength of ML wire
cured by doryl and silicone varnish).

753



18- [
5
< o s
2161 S 4 6
- o
g > £ 3t 5-
T
w
Tgm— r 4
i 3k
120 510 160 léO O1 .1‘0 1I02 1‘03 1104 1'()5 IlO6 01 -1‘0 lloz 1'03 fO‘ 1|O5 fOG
B OE CC) A (c/s) Bk B (c/s)
B 3.9 kB A o R B 3.10 tand @ J§ B 4% B 3. 11 & B 3 5% 5 #

Fig. 3.9

Temperature dependency of
volume resistivity.

6‘

o~
T

tan & (%)
w

1
0 20 40 60 80 100 120 lé‘rO 160
B E (0
B 3. 12 tand o i JE B 35K 05

Fig. 3.12 Relation between tan 5 and temperature.

ot

05520 80 80 100 120 140 160
B OE (CC)
313 ¢ fid & B W%

Fig. 3.13 Relation between & and temperature.

Fun V-505 DIFRO—D %, WEAM:, HEMEOF Thtwn
LT ETHD, JLFVILIIL BT D Ch b DM &, 3 & Rk
T, HFE oo PIKGRECULBE L 72 Db D a1 RS (Ru-1= K &Y,
T.S. 8 OWRIC X - TR L7, B 3. 8, V-510 ©i%, 160°C 10h,
V-505, ©yg-- ¢t 250°C 10 h ifL U & O % HFESE & LTH
Wieo SLFVILRIL V-510 i Ry 505 iKbb ch T ic
FHHA, 2Ud—u EORKBELI N TwICEEbns,

3.4 JLEITAFYABIEOTRHNE

SUFyIn Fun V-510 o BIROEKIEEE I J1S kol L
oo WLEMR G ESINEE OB T 3. LHfieRLAR, W
LBIEDERE, #oK, Rk, gk (220°C 100 h) & & ogeffic
¥ 3 HE KM (ARIEAES o, IGEEEBEE, SHEM&KiER
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Fig. 3.10 Relation between tan & and
frequency.

Fig. 3.11 Relation between & and
frequency.

tand, (60 %1op) 3

e 60491 #FK3.4ICRLE, W
b R DR & LT oM T REFHOE A LT3,
F 7, 200°C 300 RIS L 2% & bic, EAULIED S
EHAMM U 7 & EDERWHE (b, B-D.V, tand, &) %% 3.5
IR Lice CRTCHEBILCSH LTT CRAER LR L, BHFicH!
LTIRMABZ eHbrsd,

P OREEEAR 3. 9 KFEL L, V-510 @ tan s, € DR
B, BBt 3. 610, ¥ tan - aEHR A 3. 10 «,
RPEEERER 3. 11 IK/RL, ¥7 tand ORERERR 3. 12
W, eDREEMSE 3. 13 KR &,

4, ZLFYFILFYLUZRDER

o X 5 ouFuIL Fonnzz V=510 i oy &R, M0
=2 & LTHwBEdic, V-305 o L EFRIC Hos2 25 #is2

K41 Svtodufyr-As2 2 EBHE
Table 4.1 Flexible Doryl glass covered double covered
copper wire.

I B FD-H-DGC
% mm 1.850~1.845

HoE A #
i mm 1.590~1.585
# # B F Y9 mm 0.125~0.130

o O mo®m 2 K

[ic 2] BV 1,200, 900, 830
b ER AN BE XSSV 600, 580, 540
210°C 6 W [ 0 24 12 8 ER BN 570, 570, 520

O 300
oS Rl (h)
B 4.1 vz fyr B-DGC o 250°C jnzds{tik
DB
Fig. 4.1 Dielectric strength of flexible doryl H-DGC
after heat aging at 250°C,

g ' 00
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HFEAL (H-DGC) oMLEH ozz L LTHWS L $TED, T
DO H-DGC otk 4. L itRT X542 bDTH s, £ H-DGC
% 250°C it mEh B b E e Db, M BAKRIBSERES E L
BORM4 1 Dk 5RERCES R,

T, vth DRl HEE LTHw3 &, 210 OF S AT,
BTHEM » 4 T Hosz & LTHRARMEM B 21053, 21h
Sef- RET B C LA TED,

¥/, TO0oZ2% A52002 KB, PitOAETS L, WE 5
A5 D, T ChABSEEE YD sLFuILFvozaooz 25 5
TEHRTES,

5.6 F v

LSRR E i su¥wIu Fywoza V-510 ofiggdfigkisl : L
TOEEIC O W Tk~ e,

INbETEDB L, JuFvILFILIza |,

(1) FRyn V=505 X hafe 5 JEilliErsd<hTnsd,

(2) Wi{E2sELL, V-505 k b Sk b cH 5,

(3) MWk Py V-505 k b 22w, Rfyizsy vii-u

SUEuSL P Yoz O - PHIR - T

KFEZ 5,

(4) THEARE, WL T hTw b,

(5) BSBORRRE, BEEEENRT TS,

(6) ozz t LTERM, REl 2l AR BT,

(7)) Bfif Lk DEAFT CHTWS,

(8) BIWHER, HHEXL 55 AEHL, B LT
nTwnd,

(9) flisic fyu V-505 X b HFICcH %,
EEDEER AL TR,

COLSATHOLNWHE L, et Erb, HZERS
BT I T L L, it e 32 HHEm~2 QBRI N,
ERMR L bR T, &%, BEto/NERRE, HHTR -2,
M, BRI AV RCREEIT R e-2,  EUTLWEEO(LETEM
RO A ECIR fiIF D C L2frE G,
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UDC 669. 35 725 : 541 : 669. 018 : 620, 17/.18
Cu-Be &&1cd&lr % Be EFEL S TIC Mg HmmDE
£ BEF-EE BB LY
Effect of Beryllium Content and Magnesium Addition on Cu-Be Alloys

Sagami Works Hiroshi JITSU - Takashi AGATSUMA - Kimio HASHIZUME

It has been revealed that such a small amount of Mg as 0.025 wt.— 9 added to 2 9§ Be—0.3 9§ Co—Cu commercial alloy suppre-
sses it grain boundary reaction and improves the mechanical strength. Studies have been proceeded on the effect of Mg on the sensiti-
vity of grain boundary reaction and age hardening and also on the mechanical and physical properties of the alloys containing Be ran-
ging from 1.7 to 2.4 wt. —95. The results show that the grain boundary reaction in aged alloys without Mg increases as Be increases,
culminating with 2.15 95 Be. With Mg added, however, the reaction is almost suppressed in spite of the increase of Be. The Mg added
alloys have higher values of the maximum hardness attainable by 20 to 80 in Vickers hardness number, being more insensitive to sof-

tening by over-aging than Mg free ones. Tensile and yield strength and particularly Kb values (spring limit) of aged alloys are

improved by Mg addition. Fatigue strength decreases when Be content exceeds 2.5 9§ and 8 phase begins appear, not affected by the

Mg addition.

Lo & & 2

BB YClE, 29%Be-0.39% Co-Cu g (Whw3 2554%) Ok
SRR IS 2 BicfitE o Mg im0 Eie gl c L & <,
0.025 wt—9§ > Mg DERINIC X » TIRITSERICHIFRRIGME] = L
BT rEHALRICL, EhEOMEL L THEOBRINVGEEE L <
IC A% A EIND C L 2REL &

—% Cu-Be &S ORRRIGRER L, Be &FRFRTCHE
> Th i DDk i > TR O A2 WRHILT MRS 5 C
EHFE®DINTWER, b UEARFE— & LEHED Mg
FHREMTBHRE—C X > THRRIG T2 C B TE D 2D
i, BetoBImc Bg - T AR oM LB fFcE 258 LRy,

FETRCDE 5 AFLAL, 17~24wt-9% OHifl-C Beft @
x5 5 2D Mg 2iIRINLABEIK2WT, Be &HRE
EBISTBUSTRAERY, R LR, B ERe L 7 ¥ e OBIRE L
b, Mg ZERINL 2 WS & HERET L 2RI THliE 7 %,

2. HHBLUERFZE

g e LCmloHEE M & 4 9% Be-Cu 854, AbLUWIKHAFH
@ 10 % Co-Cu & 20 9§ Mg-Cu &4 % fv, Be % 1.7, 20, 2.2,
25 wi-96 RN L 7 ATHEO S &2 hFhicDwT, Mg 2L %
Dk 01 wt-3IRMIL 72 D OF] 8 FEHORB H ML 22 Bl
BV EhiE, 2%0 Be #EL3&0HER, #0025 %0 Mg
BINTHoARAEONS CLBEHLATHEH, CORBTR
MR ZAERIC X 5 Mg O VIET &, MARIGHREEL 2T
weEEbhd Be FHRDSWESBEINTWICLEERLT,
0.1wt~9 @ Mg #ZML 2o T35 DEES Mo SEHF %
AR Lyt R L, REE ST AR oM B 150°C
R L2 Db, BELRT T CHERE1000C e L ¥ ichd
AL T, 22tx80 W x120I mm O3 BA, 2. 1 Ica
BEOLZESHTHE # 7R U 7o

g5 750°C ¢ 6 IR OB EMLEF R Y C LA BEHIZ B &
Ae, DUTaREEE &gt - SEANFEEIC DIRL T, ETER70 %

756 * HERWERT (T * aBlEeT

F21 A otEsIHE

Table 2.1 Chemical composition of specimens.

R i g

Alloy Chemical composition (wt.-%)

No. Be Co Fe si al Mg
n 1.78 0.27 0.03 0.02 0.06 -
12 1.96 0.27 0.04 0.03 0.13 e
13 2.15 0.26 0.03 0.03 0.08 —
14 2.40 0.26 0.04 0.04 0.05 —
2i 1.73 0.26 0.03 0.03 0.05 0.07
22 2.10 0.28 0.03 0.03 0.07 0.06
23 2.20 0.26 0.03 0.03 0.05 0.07
24 2.40 0.27 0.03 0.04 0.06 0.06

DORFFLEREEC LCHEOE mm 0EM % 1Bk, COEHMD—
e v TR LR & R, 3D 38 A S A© 780°C ©
1R OBRLEZE Y LAaDb, 21 %0&mT (1/2h
M) TP THoTHEE 047 mm OB &VE D, FBEENEZ LUK
Rt 2 R0 2 700 DRk & Lic, ORI O RRIE
FLE33xI04mm® (18 p) THotr, ThINLOEBIFT T
B2t T - BULBIF B C oAk, Be GHRDEWEE
TREEFCEHENAE LS FEL, 20kbdic Noo 24 oK<
135 ER B OERI I & 7% - 7o

AR ORI RIGREE R s L U s OERE, 480 S0y
& #1447 Hurlbert Counter # flnCgiEV ¢ B UFEHTcB A
o7ce BIRHET ASTM HE R+ H - CHRHBC L Ic 3K 08
TV, A% BRSUE KbHE) OflsER AR o- 402 R A% HEE %
FAwT B=3000t, 5=075mm ORYRTE T A\, 6 KDORL DOF
BB %R0 7o R BIT ERSEETE O R m il v fEr s Bl %
Fl~T S-N e R, #5ELH N=2x10" [)ic 35 1F 2 R
FUE Lo

3. EBRRERBLIUEER

3. 1 mEohRR iRt
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3.1 Bl omh R (BT 1R
Fig. 3.1 Effect of Be content and Mg addition on hardness of
Be-0.3 9§ Co-Cu alloys aged 1 hr after solution treated
at 780°C.
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3.2 BUBOREHE LRHE (350°C c&IRERHREED
Fig. 3.2 Effect of Be content and Mg addition on hardness of
Be-0.3 9§ Co-Cu alloys aged at 350°C after solution
treated at 780°C.

No. 11-B : 1.78% Be (Mg free) No. 14-B : 2.40% Be (Mg free)

No. 23-B : 2.20% Be (Mg added)

No. 12-B : 1.96 % Be (Mg free)

No. 13-B : 2.15% Be (Mg free)

No. 21-B : 1.73% Be (Mg added)

No. 22-B : 2.10% Be (Mg added)

No. 24-B : 2.40% Be (Mg added)

3.3 FHoBMEEE (780°Cx Lhr itk
TLALE 2196 AEIFEIE—350°C % 2 hrs
gl TE AL % 300)

Fig. 3.3 Photomicrographs of the specimen
aged at 350°C for 2 hrs after solution-
treated at 780°C for 1 hr and cold-
rolled to 2195 (x300).

3.1 jcEx 0.6 mm OIEH % Bk (LA, 200~400°C D%
BT 1 REIBERE L B OREEHE R R L7, Be EHED
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3. 3 WiHRALATEY 21 DS OBTEEE R E T LD b, 350°C
C 2 IRH DRI & 35 T 7 o e BRI OBRIEIHIR 2 R L e B
~OAGHEFEHTHI D W B RRRIE (BB R L3 1, Mg

Alloy No.24 (24%Be)
o Whole piece
{load 10kg)
500
/;E - 7
o ’
D400 -
'g /
2 T /
~— | /
'?5 30 Hphase /
s ° /
~ /
@ y
=2 /
2 / “Matrix
2 200 z
= yd
| //
-
100

As S.T. As rolled As Aged
Conditions

3.4 FAFHEBKEY 3 matrix & g HOMEZL  3E
No. 24 (24 9 Be, Mg 7%/
Fig. 3.4 Change in microhardness of alloy No. 24 (2.4 9% Be,
Mg added) at various conditions.

No.14—B: 2..404]38 (Mg free)

No.24—B: 2.40%Be (Mg added)

3.5 BUBOBREIEIT (T80°Cx 1 hr FALLTE-21 %W
JESE—350°C x 2 hrs BEghRI{LALEE, X 700)

Fig. 3.5 Photomicrographs of specimen aged at 350°C for 2 hrs
after solution-treated at 780°C for 1 hr and cold-rolled
(x700) to 21 %.
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R T CRFHEONIN T 5 BT 250l e X < —~BLTw
2, ¥Fbic XA L 3 (110)8—line DB LML C B
bihdzenlthb, CCTlEEAMHE LTHHES (K3. 305
BBkt oB@&cd 500, EEEICH Boaty KHL T3
1o

20]
- A
AN

L /
ey 4 N
£ 15 vi <
5 r ,’I N
~ /

| 7 \\\
.5 W // \\\
5 L 5 N
g Mg free Vi
= 10 \\,
ES i
2 - /
i L 4
£ /
8 L [
£ L
3
=l =
o 5

a Mg added //

L 2 B S

I
ol i
18 20 22 24

Be content (wt%)
3. 6 BISRIGHAR : Be &HEA LU Mg MO BEGR
(780°C x 1 hr A {&/LALE —219% S MEZE~315°C x 2 hrs
[T LAILER)

Fig. 3.6 Effect of Be Content and Mg additon on the amount
of grain boundary reaction in the specimens aged at
350°C for 2 hrs after solution at 780°C for 1 hr and
cold rolled to 21 9%.
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Fig. 8.7 Relation between Be content and the amount of A~
phase in the specimens solution treated at 780°C x1 hr
and cold rolled to 21 9.
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Table 3.1 Mechanical and physical properties of specimens.

£
&
i
£

With or Specimen | Be contents Tensile Yield Kb-Value Fatigue Young’s Elongation Vickers Specific
Condition . . . . Strength Stiength( , . Limit(® Modurus¢ o . Resistance!®
without Mg| Designation (wt.=%) (kg/mm?) (kg/mm?) (kg/mm?) (kg/mm®) (kg/mm?) (¢ Hardness() (1 Q~cm)
X 10+
11-A 1.78 58.5 56.7 48.8 - 1.21 15.1 188 9.13
12-A 1.96 64.1 61.1 50.9 — 1.25 16.3 188 10.22
Mg free
13-A 2.15 67.8 64.4 51.3 — 118 11.1 210 10.62
Cold-Rolled 14-A 2,40 75.1 8.7 52.0 — 1.20 5.7 224 10.84
Specimen
1/2 h) 21-A 1.73 56.8 53.6 45.7 e 1.2t 21.3 179 .17
22-A 2.10 62.5 57.9 43.6 — 1.16 20.3 207 10.38
Mg added
23~A 2.20 68.6 64.7 44.2 — 117 9.5 222 10.58
24-A 2.40 74.2 64.5 42.6 — 1.18 5.0 230 11.10
11-B 1.78 116.2 106.3 95.8 39 1.29 6.7 361 5.87
12-B 1.96 127.3 115.7 90.4 40 1.26 4.2 387 6.07
Mg free
13-B 2,15 130.5 115.0 91.8 36 1.31 4.0 390 617
Aged 14-B 2.40 136.5 123.5 95.3 35 1.32 2.5 403 6.41
Specimen
(350°C X 2hrs) 21-B 1.73 119.2 no.z7 128 38 1.27 5.4 377 6.01
22-B 2.10 135.9 125.5 140 40 1.26 2.6 400 6.29
Mg added
23-B 2.20 139.8 125.7 142 36 1.29 2.0 410 6.50
24-B 2.40 — - 126 35 1.31 — 420 6.85
(1) 0.2% Offset, (2) R=-1, N=2x107, (3) With bending of cantilever, (4) Load 10kg, (5) at 24°C,
3. 5 No. 14 ¢ 24 DR S LCEMBRECTRELZDD T,
PIEBIC SRR DR & 155 e I JAI > TRA B MRS BHTH 2. & ol
i - ! . — o
B bW bk 5ic, Mg kg Eavile No. 14) CRHAR P et s
-3 =D N
JEEBBIC a—a HFRCRAELTEY, -8 HFICEIEE A L P o S e B
s PPTRY RO -
DA, a—BERTE B8 HOWNBIKME - THRBELTWS, T V.5,
~J5 Mg %L st (No. 24) Cit a—a BFICET 5B 100 —— Mg added ]
~~~~~ Mg free

B EEEECHEE N TSR, a—8 HFTEE - Ml
HTnhn, TREDHER a—B8 Rl L a—8 RIFICH T B HFIK
R DB DA, B 5 wid MeifRinic X 3 RSP B O B
FELDL S L THEEABRBETH S,

B 3. 6, 3. 7 il Be S H & pIRRIRF AR X U 81 L

Tensile and yield stength (kg/mm®)

40k2" 20T,

@@ﬁ’-ﬁtlf’ 2% H}]E{EVC—;— 5% i, linear anaIySIS ¥k 7 Aol X ol Before aging &

HRER L, M3 6 CHbREX S, Mg kB EAVERICE TN o f

0 B RIRRIES R, Be oMM E & b ICHIK L T 2159 Be D Ho 2
1.8 20 2.2 24

TRKME 17 %BICELADD, 24 9% Be Cligc 11 1015,
—7% Mg %N L &4Tlk, Be BABAINT 5 i L8 - THIFR
RISFER O EMT 2 EAARD o032, TORE I EDEN
T, E&btmimmﬁéhfmékmiéeMg%ﬁi R Ed
<, %o Be % &R BONRRIGAMICR DT 2RRE, £
aLfBe£#y<&oer#ﬁbnﬁLbéa,ﬁﬁﬁﬁ@ﬁ
YARFEFEFCHS a—a BROHDIEEHHLTLHDTHS
L L LD, FC a—a BIFR-cHET AEHRE bR LT
VAR HFETILERD D,

B 3.7 ik BHAOER Be BlICBIEHMALTHKRT L2 R L
Twd, $RCO™Erb B HAOERE Mg RNk - THEI LAY
TERHLLTHD,

3.3 #BEpEEHE

3 3. 11c 780°C ¢ L okt s B ¥ c Lo, 21%
DO EINT. % 5 2 2o b EL O BERT, & b Utie 350°C T 2 IR L
Pr BB BRI B R Lz ¥ 2 Mg RO ET LA LT

a5 Cu-Be G R HUIC Be

Be content (wt%)

3.8 440 Be&ARLTRDKE, W, HMUEOHMRE
(780°C x 1 hr & AALULIE—21 9 A EIFEE—350°C
% 2 hrs Fgghii{LALEE)

Fig. 3.8 Relation between Be content and tensile strength, yield
strength at 0.2 9 offset and 9%-Elongation of the spe-
cimens aged at 350°C for 2 hrs after solution treated at
780°C for 1 hr and cold rolled to 21 23

wisikc, #£#3. 1% REC L o THM L 2R X 3. 8
~3. 10 kix L%,

Mg &% AVE&OREROSREY M ik, Be &HE
OEIMCEIERAILTHKT 2, Thbic Mg ##Ens 23 c e iC
FoT oo 10 ¥EERET 5,

bt @ A% [RFUENE, Mg %8 AvE&cs Tl Be &
B & T B IR T, BIE—EEE R, chick LT Mg
N LB dcl, Bemohm&a%mnzmﬁﬁ%g<&7
23, 229 Be TREMEER oD b 24 % Be THRIBICRADT 5.

Ao Mg et « oz « Bk - BT 759
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STERIEAME LTOERY Uy LiRAEE (Cu-BeCo) DELIE

BB SR = RI=RT

Heat Treatment of the Low Beryllium-Copper Alloys (Cu-BeCo)
for Spring Materials of High Electrical Conductivity

Sagami Works

Yozo NAKAJIMA « Mitsuyuki IMAIZUMI « Fumio FUJIWARA

The effect of chemical composition, heat treatment and reduction by cold rolling has been studied on low Be content Cu alloys of

Beryllco 10 alloy type to be applied to the spring material of high electrical conductivity.

The alloys containing Be Co more than 1.5 9 exhibit prominent age hardening and the solubility of Be Co at 1,000°C seems to be

15~2.29. But, insoluble Be Co particles are useful for refining the grain size and increase the elongation of the alloy, being also

effective in improving the age-hardening characteristics of the cold-rolled alloys. In the case of alloys having the composition equivalent

to that of Beryllco 10 alloy, the properties available are ; tensile strength 103 kg/mm?, elongation 7 %, Kb 90 kg/mm?® and electrical

conductivity 42 9§ (IACS).

L% & #» 2

BIEA W O T W B R « Yo FH - Auos §725 &4 (Be2 %,
Co0.2%) % Fo@Faetcld, £ 1 10k5 oA
FELTVBIChhbbbt, SEERSLLEL L IMEED D,
Vo I8 S {E Ay S &0t Be 0.5 9%, Co25 %¥xatrasit
Beryllco 10 £ & ki h, WaDLERIC X b B ERIES B,
L dEWERYET 5 whY s EREERERGSLLT B
3 WCIEFAERERM E L TERAEI R TE &,

CoELORER Bel WL, Col3¥UTogfiarehth
HICEn s Wi ZRoaécr, B X 2 8HRE o ¥
b ThERTHEH 0.2~089% Be ez t= bic Co- Ni.Cr
HER1~3%FEMNT 5L, BeiRMEABL R THEEIC K b B
WA O LA AR bR, L2 b iEkoMaenied b
TSR (40~60 96 TACS) #4L, EcMEiRTtd 8~25%
DHECHUZAL, MR THMTHDOR-REYORICH D,

EESROTIRE 2% D, 1930 E{ b3 b ICHEMF & LT
WE s CEABCY, FThte LToftEoRitime A 8k<,
¥ e ATHIUERED 2 X B B 2 I ATTE b BT s LT i
Vi,

L OHETE, EYBERLERRE b onb Y s EE

#£ 1.1 A& oEENEE & ERURERE O
Table 1.1 Comparison between mechanical ptoperties and
electrical conductivity of copper alloy spring

materials.
’ . EE - U KRERSE | 8 B =
& & & |B | gmm % kg/mm? | IACS %

e | 12 R 55~67 i & 40 Bl E
# B (65118) 5~8
BEH 72~-82 e & 57 Bk
V2RI | 48~62 Mk | 50k

&
¥ T8 % Sh) 10~15
BEH,| 70~8 | ULk | 47 E

e | B0 H | 105 BLE 3 M E —
=YY LFBEe 15~25
B 5 130 Bk i & | 8ukE

* JIS H 3702
#* JIS H 3732
wi J1S H 3801

* FEERYERT

i he LTERT3CHR T, COGLROWHENYH %
LICT B e, ETREHRRONTIHNY BeCo D HRRE{LEHTH 5
e % XFEPTC X VIEEL, T DRERS 5 Cu-BeCo 1705k
LTHREG&ROBEEBRE KD, CThbOaLROMER - Bkl
JiE » IRFJEIRRLE B S B X SR LB D INTE 7 & DEEGE R
Wi ORI « MTERD 5 TR E JETgEicD
WOBRE L, OSSR EREAE LTHEHT S L 2 OBIELHK
BEURHEENHS B E bIC L,

2. EBREHEITREEE

EHRHPEERRERFIC X VARSI THERL, HHBEHREE
o, ST B CREEE S mm KN Lk, F2. Lickch
LORMBOSHHESRTL, % biczD&2FR% Cu-BeCo F TR
L% 7 & %0 BeCo &ML OB L M Lico ¥ 7 Ihlei
B LTRED 10241 2nTd Hbhet TlE Lk,

P OIS 3 R ERF RO TORMBEETON 525,
PRI TEOBMIL I ZEFE L AKORE A2 LK B 5T, i
B OBMIE, AFHAAK L 5 (057/min) OREREHINEL
PCfTh 7o

TR tho-2 BEE R AL, #E1~5ke TllEL, 5IE
D RIS 055X 85 mm, EfFHE 4x 25 mm DORERAIC X
D, ErRREBE - FEEEBEE (RWECRD) kb, Bl
BERENZEEIC X D, & b CRESBIE I IS B Ol ic X Y &

F21l BB oDHE
Table 2.1 Analyzed values of samples.

i 28 @4 K BeCo {b &40 K

[ick=3 Be I Co Cu Be Co
BC 0.5 0.135 0.45 bal 0.065 0.43
BC 1.0 0.187 0.78 bal 0.133 0.87
BC 1.5 0.273 1.22 bal 0.200 1.30
BC 2.2 0.400 1.75 bal 0.292 1.91
BC 3 0.446 2.44 bal 0.399 2.60
BC 5 0.807 4.00 bal 0.665 4.34

10 & 0.58 2.49 bal 0.3%9% 2.60
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5 Fig. 5.1 Effects of solution Fig. 5.2 Effects of solution
: annealing temperature annealing temperature
950 IR on hardness of Cu- on the Kb value after
X ) & BeCo alloy. (annealing age hardening treat-
1 hr aging time 2 hrs). ment. (annealing time

1 hr, aging time 2hrs).
. HEDELPICTERDIC, ¥T CORRRONHROBIMIRIEIC
500000 B XIE TR HALEIE DRI O\ TRET L 7co
’ 5.1 mrubiE{bdFE
5. 1 1% BeCo £ 0.5 9~ 5 % DA MK DE 1T DT 700°C~
1,000°C ¥ e R IO T LR OEKILEF T &\,
DDA 450°C ¢ 2 W] DIFHLEE# 1T £ T Ui @D OREE 2 JI5E

B §2w Lo ZOME, WIFLOHIKOEE Y 700~800°C T

i

5
i

vuh—-2gEE (#

THRRAL L7 b O-Criifgic X s HIEOMINE A bivk » 23, 850
150 AN °C LI O D LEEAIL L7e b O T B AT X 3 TE 25 &
) LD, BERTELOERIE, A1 LT b D e 15 %Ll LD
100 A& TRE-TH D, BeCo i 1 9L Tl AR & Bbh 3
\ \ BETRLECHX 2 Lo L, Tl )ERECEERL Lk b DR
e\ SLTHERMEL {hd, LAL LSYLL EDg4 ik, 1,0000C %
X\? ¢ DG GRS LT 5 1% SRS OB RN 5 .
' 5.2 ([FhiF (Kb {#)
\ 1 BeCo B 1.5~ 5 DMK DL 2WT, HaxofllE# e AT
N W% 5T %o e 54O ERBREY v—4u2 BB RS (T
700G 160200 300 400 500 600 Y AR CHELASEEEZRE 5. 2 KLy Lk, £ ORRE
EviyiE () Wix 025k FEEOBRITS ), 15~ 5 %0+~ TOMKILDOWT
800°C B FEAALIR L CRAINRIE D k4 & & b 1 RS E A

(c¢) Cu 59 BeCo &%
4. 1 Cu-BeCo FROME—IAIR LR — R O BfR

(A LALED 1 EFE, IRAlAILEe 2 ) RINT 2, %7 BeCo 2.2 %Ll LD T 950°C LI EDRE T
Fig. 4.1 Hardness affected by solution temperature and EHRILEZ B Ch 2, BEeRE QAT 2ThabAa T

aging temperature.

RPRFHE R 63kg/mm? DI FOMBEEFH L TR Y, ZOEIEKS 1
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P e
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E5. 4 KE 3B h it BB LTE Y, ©5. 3 0EE
BERALICET 2 MU LUGER DV BE DETRESNONELC LS
b THDLEELLND,

DEIC N b OESRORE IR OB OLE(E L b,
E 5.5, 10&4% 900°C € 1 BEHE&EL L 0iE  —fH &
LT T 4M5. 6 (a)~(d)ici BeCof: 1.5~ 5 % n&4ic
DT 900°C 2 i AN Ltk 450°C ¢ 2 IR %13 ¥ ©
LichofEr F N ER L,

CNHLDOMFPHEE L CHELTHS &, 5 - BB X UGB
T YOMBRESNCE b 2 QKB AV, SESREIEIRES. 6
(a)~(d) mbbibd X5k, BeCo & 1.5~ 5 % nMp-cid, H
b ic BeCo BEARIINT 3 & & diCha {hs, FRRHCHBL
T\ 5 55 2 VA ERILEE 25 900°C <i%, 5.6 (a)nX 5 Be
Co I 1.5 97 o/ & el i s b, BeCoBoRine & biczD
BEHL, FRBRD LECKELS RS, THLE 2HDHENM,
BeCo B3 %L T TiXE 5. 6 (a)~(d) ok icg—c iyl T
wBH, 3%%CADLEHTFONMHE L UBRITE—-L 2D, &
5.6 (d) tAhohd X5/ RS 2EABSEICHTL, b
B E RERS &K E RIS & BIROEEST MICE - TREILHTTL,
koM e 25, COX S AEBTE, BEYEEICH Y &
ToBENED D,

X HicE 5. 7 icik BeCo 3 9§D & & ico\nT 1,000°C 2 bEEA N
L7z % 450°C-C 2 BEEIRE L 7c Ml %5R Lcss, C OO X 5 1K
A DEEAN Lic b O CRESSMBEELTwE L L, BBt/
ERE2EADRNBC &R EOELAD LIS AR, BN YD
HigkoZ bk b, FxE 5. 8 WRET X 5 iICBRgLL
TeRIETH, Wghic X 2B A MBS (kRS by,

B 5.7 @i (L,000°C) 2 bfe A Lz BeCo3 %5&a 4
DRt (450°C < 2 ke (% 500)
Fig. 5.7 Microstructures of Cu-1.59 BeCo alloy after
solution annealed at 1,000°C and aged at 450°C
for 2 hrs.

® 5.8 @y LciE (BeCo 1.59% 900°C 7 4%
A 600°C ¢ 2 BERIREEY) (% 500)
Fig. 5.8 Microstructure of over aged Cu-1.5 9§ BeCo
alloy. (solution annealed at 900°C and aged
at 600°C for 2 hrs).

6. INTHoFEFHE

6. 1 InTRE b4

RELFRICEWT BeCo £ 22 L OB 4TI, EHEEL EiC
ZRINL 7z BeCo A b2 e LTHEML TR, Co%k
EEO R F IO T 2 NI ORER L b5benic, Co&
SR/ICONWCTHEE(HE 0 % COGHELEY & 2WIIIRE L ©
EWELOLRTRG 1icLd L,

COBRICINETRTOERDESIC 2 WTIILES 20 %%
TRHINTE LR LS, 20 %Lk 80 96 % ClL g ® 5 ik
ICHEELERL, & 5iC 80 967 & 90 9 fHE Tz 7e UL ASZE L
{Ad. FRMTHELOESEZWTILOMEKE b AERARL, 0~
90 9 ¥ COBTWELEC X 5T & 0Nk Hy 90~100 <5 9,
BeCo BDOBEITIT & A ¥R VDT, REEDH BN THEL
oL & QKR 5L b DLEL LD,

DEC LN L OMTHALIEEE 25348 (2 % Be-Cu) & Jigf LT
BB L, RESROIMTEALREPOBRIICT T 25 40N L 1
BIC b_RTHhE DB ELnTHE e Pbhb, DL AR
SR THINTREAL A LD v fe i i 90 95 Lk D@ TEIEERE % 7
o THhHEHENZELZ v hL, ZRONENT*ELAEET
HoIChhrbbT, MTERGERC EPEATEOEDO—DTS
BT edbhb,

6. 2 INTH orFEhRE(LiEtE

[ 6. 2 ic BB SR L BeCo f 0.5~ 5 9§ D FAHR D
B&ICDOWT, B BT i 2 R TR RS AR 5 &
BDIC, 900°C 2 bWEAN L L DB/DELICD v TENEN 20 %
+40 9% + 80 YO R BPBITEE B LR o Db, 330°C~600°C ¥ ¢
DR TR B Z 1T o e fERE R Lo

THLDED bbhb X 5, BeCo0.5~5 % CORMRDOE
L TRBHRAEBENCEZNL v 2R 4 1 (a)~(c) DK 5
i 450°C~500°C (LD —g 25 vk, HE(LBARE
ML ECR-7cbDTHE, TRTCOFLTMTEDOHINE & dic
TE{L D -2 3% 400~450°C DIERPICBIL T 5,

200

(T E5ke)

By - AR A

01020 30 40 50 60 76 80 90700
I & (%)
B 6.1 Cu-BeCo EDINTAELiREE A&k
900°C 1)
Fig. 6.1 Work hardening characteristics of Cu-BeCo
alloys. (solution annealed at 900°C).
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Be-Co-Cu JE Ayyns S SrEREHER e LTRSS
BICHARK « BVILE » I 7 ¥ OFERES C D& SFROBMAEE -
BRI R L USEMEESIC s JIETREC DWW THEN R, ¢
MELTELDHTHEDE

(1) XpmErofsRic rhd, CodLRoEE ks bic
BeCo &BEMLSMDOPTHIC L 3 b D L iEEE R D,

(2) zo84eR% Cu-BeCo 5T0R & L BBEHREL KD S
&, 800°C ¢ 0.5 9, 900~950°C -ciX 1.5 %5 b, 1,030°C D
BICEWnWTiE L5%~22 3 Dlicd 5,

(3) zOELBOWGEILE, 0.5~ 5 % Dl © BeCo FRiNE:
LrdICRELRY, LI 15~5 % DUk TS AL £ &
WD F 7 BT RERWEEE Y 5 5 e O HR{bEH:t BeCoftic
Yo T h s, BeCo f3~5%DESTRIENEROE -
BAR DAY - RS A ¥ ORI T~ T 700~1,000°C i i
FEACIARALRE L & bICBAT 5,

z ekt L BeCo Bzt 1.5~22 D& & T, TS X UhIR
FUE PSRRI & & N g 345, 1,000°C o@ffkibic Xk b i
VAMETL, BIEDREBIET T2, wol@ dRDECHEEZ LD
FHEALE SR, TR OO Ty 450°C 3, ke
FINTEORINE & b ISR ) 400~450°C DfiflcH 5,

(4) ToOE&FOEEHBOEIAGEEDL BeCo fitii S i3 LK
T aHEMARAD 22, FIL LR EOBHERKE L, »wi
NOBEDEETHEFLRED L& &b CESEEE R T
B, %7, 400~500°C DFFEHILILcHL 400°C DlRggCRAIRER
P DG R L & b ICHET 5,

(5) AELBOWHHEILGOMEEEE CHL TR, BRLEARE
75D BeCo (LAMAL 3 ~ 5 BOHEDOE TR, 950~1,000°C
DR CHEEL LT b BRI ORER A2 <, 0020 mm BT OIER
IC/NE AR b DEeTHB, L L BeCo it LS LI C
13900~1,000°C @}g{z};{t‘{ﬂng%@ﬁm;}ﬁ& L, 0.040~0.300 mm
DKEXICE D,

(6) BeColf 1.5~ 3 % DE4& T, BERAELIECERET S
BeCo b Hh lelBy/h & { 1~ 22 LITFTH 5 A%, BeCo At 3%

* 7.1 \mEEEETRE LToREmEE
Table 7.1 Representative charcteristics as electrical
conductive leaf spring.

mr BrEvme| v wamem o w e
L & B | Hv | kgmm® | % | kg/mm? | % IACS
950°C ST
450°C AGE 221 86 8 51 42
1.5 %5 BeCo g o CR
$900° =40
T A0 O AGE 213 84 | 12 73 48
1,000°C ST
450°C AGE 274 102 n 79 36
§26 BeCo C ST=8 % CR
900 ° —»80
55400°C AGE @ 297 98 7 93 41
950°C ST
450°C AGE 286 96 13 71 44
10 alloy —
900°C ST—40 % CR
5400°C AGE 0 313 103 7 90 42
ST : kit CR : &minx AGE : M %)

4% AL BCo b BHLbNSHIRE—LA25, LrLE
HALEOINTRE LG X, W oAR0f 4 b FREDER
#L®HL, chioBeCopte L icMIMibk{EdETsC 2R,
B UAINTHEE BIFCH B, F iR oMb kST « iy e
IO TAMEE I B ¥ oI ba vy,

Wb cASePHERE LTHFT S & & 0 RIFARERRT
s L IS0 —HEE 7. LI L Lk, BE—-BICH
LTV BHIHS & RHOE 1. 11IC L L iSHE L kT3 &,
MEDOF NG I LILAD o R ROEMIC, BRI
PEE - DAEIREAAICLOEF AYyns § 25 FRITIENRE &
ERECH %R Y DR b0 2 v 3 RERR T, Eiliz Be 23, <yuo
LE2BERCHLRTWEED 30 KL TORNTRWL & %%
2 Hb¥ 5 tBe-Co-CulfF MG L E LT bl Eh Tk
WEHTHE EEbND,

(PR 42 -4 -4 ()

£ F X K

(1) FARLES : BARERFELEE 4, 103 (1940)

(2) Werner Hessenbruch : Zeitschrift fiir Metallkunde, 28,
320 (1936)

(3) #IL AAFE : HURKSHZEUFERTER 2 476 (1966)

(4) Otto Dahl : United States Patent 1,847,928 (1932)
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Table 3.1 Comparison of merits of case hardening process.

% ;] B o® ® | owm & B W woa B OB | sveTemgE | 7 b7 A4F
BaCO I}jacelco3 4 # v CH
EH B2 A [ 22C02 NaCN+| oo 7usiy CiHs SiC, KoCOs3 KCN, KCNO
*N2,COs Nl 7 5 v CiH
KCl?;E 410
w | B £ ~» % - BT B B % » % »
(53
BAMD 3 A b b= AR, EOBHEN B oY % w HmE T s 5 % - % “»
L BT % - % " % " p - % -
One cycle ORI B (4~ 7 FEM0) o (30 4y~ 3 W) Bia (1~ 2H) Hgman (1~ 3 1) B (1~ 3D
B & & B % iy 5 & £ P it
A oBofEon b R AR B R DIAIE A % B SR W0E RS2 TS b EBEA % W & e % HH & g
BEETH 5
i i1 850~950°C 750~900°C 850~1000°C 860~-880°C 530~570°C
il
M D8 —f | AR R —IC A DT BRI TR 1 b IR TR MEAB TR
e X B DM eBTET | EESHN LBRESSCLE | RETHD HOSA G LIS AT | SR LI AT
Ale oo o=
3 <53 REBLMERTECSHE | 5D E¥
rngs ey | BRATEELLIT TR Ve y FADT Y Fid 5 iy tay PRDAT YRR Tay PHOSTYFED
WD T Y F 5% K B 333 . e
Yl amowwm T LW EEmLFI L HHCH B TFEH LG HegpmtFa L
sy | VHTHIFRESLIETSS | LRI L) SOCHREFS LUBE | AWEFRCEECLVE | S RTERCL
T RHGELYTw Hxhp oI #xhs $gxhbd
Eg:
- " Wil T B AP L AL | BRI O%E ' Wl TH B AP E Lk
N WEleH BB HTH : i *
omoE R e H LB LT LN 73 R F 2L 3
FHEE R O o B TR -, PHES 8 O e B IR iR,
-, KB B I '“’ LI T A%, REDIY X
W m o | o AREEMADEDE | e g wmangc HE T BB B2 WIHEL | g o ic i mg
ALEF0 - ot .
55 »bH
2CO=C A COqg wrreerrrrrrrersmmireeciiineeenineinee ® NaCN +COy—NaNCO +CO--vvverrevresviesiinmnainiini ®
X Y RFEEHTHT 2. COPTHRFER DD TEMECES, 7% NaNCO 4+ C—sNaCN 4 CO wrverrrereremrininrsiniasesisnninnenns ®
B ICIH T2 bR~ - 8T 5, 4 NaNCO+2 0,2 NagCO34+2CO+4 N vorvevverneennen ®
THEEANT S L EMITLT 525, ABEELLAEN, T 4 NaNCO+4 COy—2 NagCO3+6 CO+4 N wevvevenenenns ()
fcbﬁﬁﬁi <L‘%)§{Kmi, W?;’ﬁl/i'}ﬂil:/u (g’;ﬂ) fﬁ;}%;@; (ﬂﬁb 3Fe+2 COﬁFesc_FCOZ ....................................... @
558EE R B, 3 T @ S o R TR ®
3.2 @iEBRE Ba (CN)3—BaCNy 4 Corvrrerrenrrenreriniariniieninnn ®
BT v7u b runsNaCN) #E/45 & L, Fhic Bacly, Ba(CN),+3 FenrBaCNy4FeyC cvvrererensrmemsnenieenens @

Nacl, Kel % & 0% NayCOs 72 ¥ OREEHE &R L7 KA S w
5T REE () LCita S EMBLEtH 5. C OFLILEHE
DEEXRFER & R CEERROHT LT Rbh, E2/EE
TREAERE T, SEO AsvE D% MpEiciES LT
w5, MRS OIEEHRETH Y, TNEREERFTH S,

WEBRIE TR L FRHCES TR b s 720 850°C LT D
SRR AT 5 ik 2 B % W (KRR EE(L liquid carbonitriding
(cyaniding) 2o TWwd, FHLEAE S HBER COR KRR
% liquid carburizing ¢\ TWw 3,

W R OB LT Metals Hand Book -¢id cyaniding O JF
e LC4x, liquid carburizing OFE 10 % L, b
CEHLTWw 3,

BiR%{t (cyaniding)

2NaCN +0g—2 NaNCO  covverrremrierncerienmeannnenn: )

4 NaNCO—NayCO3+3 NaCN+CO+2 N -oreoeererninnnns ®

2 CO—COg4C rrrrvrreremmuemminetienniencneen e ®

NaCN 4 COysNaNCO 4 CO-vevvvrrrrerareirrsiniraianennns ®
Witk (liquid carburizing)

2 NaCN > NagCNy 4 Crerrrrerereiesiraminiensaseisiesecsnes @

2 NaCN 4+ 0y—2 NaNCO «ecerreeemmmnenineniennieninns ®

HMOFEH LA « 457 - Erp

3.3 HRBRE

WA 30 4E T 5 7Auh H LA X, S BB - BTN
HEFHE T D, BEDRS L UBRECFEANLTEE TS D
LY ESR DAEBESTH B ), HUNpZELE ol h
Tw3, [{ 2 CEFRE 52 Joke, Jau R EORM AR 34 < H
wbh, CHEFEOHEG TERLESLTrLMEALE NI &Y
O w 5 BB, ZEHEL T carrier gas 2153, RIEEOLE
BEEBEE IR U CMEDE 42 2Nz, BEFb e SKHEAT S,

B A2 1%, ERCEE LW EFHCE L ca R L,
WAL LA RE R LBR T 5,

ZORIEE
2CO=[C]HCOy wrererrreeremimmercomamnimiiniiins @
CO4+Hy=[Cl+Hgy reereereereemreerecomsincrsnnnnns ®
CHy=[C]42Hy «wrereererermeriorimeommninnininnn ®
CoHg= [Cl4+CHyA Hy -erverreerecrsercsnimniniinnn, ®
CyHg=[Cl+CoHg+ Hyerreererereroemmiesnninnnaen, ®

kb, ThBIREE LT CO 2 UBRICEST 5,
Hy+CO3=CO +Hy,

CH,+C0O=2CO+2 Hyerrorerrereerrninenieaees ®
CH,y+Hag=CO+ 3 Hyereerrermreriereneneninncanens ®
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(b) SCr-21

1h 3h
(d) SNCM-21
5 9 Nital ¢ Ji§ £ (% 400)

Fig. 4.2 Microstructure of case of several kinds of steel pack carburized and quenched. Etched in 5 9% Nital. (x400)
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Table 4.3 Hardness of case.
MR
\\ S15CK SCr-21 SNC-21 SNCM-21 -
—
B EY
%~/ HRC | 16N | HRC | 15N | HRC | 1§N | HRC | 15N
SR ——
Th 62.6 92.6 62.4 92.1 60.3 91.3 63.1 92.4
o, 3h 65.6 92.7 64.3 91.8 62,9 1.3 64.6 92.4
1,000 S15CK SCr-21
800F -
3h 3h
600 -
400~ =
Q\
.R for -
S 200
4‘1 o { : I ! { ! H t H 1 ! ! 1
N
E 1,0001 SNC-21 3 SNCM-21
™ 800F -
~ 3h 3h
M g0k -
4001 L
200 =
0 1 L 1 1 H 1 1
0.2 04 06 08 1.0 1.2 1.4

GEADFTALLT + £33 + ek

I 1 ! 1 H i !
02 04 06 08 10 12 14

R o0 (mm)

4.3 WEkRREAN N EEAO 2D W
Fig. 4.3 Hardness gradients for several kinds of steel liquid
carburized and quenched.

T (Bwh—z hat 513) i, FHEC L ©, BERRE S OER LW
2%, SNCM-21 3Z b g, SNC-21 Algdikn, 4.4 hb,
Bl A-2574+ DR, HeC kb d 15N ofiiEfEic k < HD
Wz, E4. 4 Tk, SETLEORIMC L BRI DR 2 M
NEEDd ohtv,

4.3 2T riEEBER

X 4. 5 KEMEOME hat 2T%, AR 4. 6 IKRERMOH
WM R T, £ 4 51, BLED cwsdzl hay (HrC)
B LU 2-f=2qup0wo9zl hat (1BLN) #5R7,

CHoDEENDL, Juwry BKRROBECE, FHEE 13
LAY A-2FTA BEEE L AN EAbhB, FilClR~ A R
LRI D D I BIRD 2 BRICLET S &, BRREEERE
T &b Do THILBEIWPNE W, SEHEMOEES T HAEL
B\, HRELEREZOEIRE~0E SNCM-21 ©b b, Fi
INE VDR SNC-21 CtH 5, COHEDRROKER, HE H Ik
DHERC ETHHH, FEMICKE, LR 2 B8RS, B
HlLeTnT &, & IC8T0°C Ll LORECHILHEERT T &
BRETHD,

4.7 1 SPC1 %, 870°C v 154y, 304y, 604y, 120 433 k
U180 sy iRtz Ui & & ORTESMEHRE TS 2, windilp
Wt b OIFHIZERD bhv,

4.4 HXBh

X 4. 8 K AMOWIE hay 2Tk, TR 4 9 CH{LERER
ORGSR §, T4 6 1%, BHEED vzl 134
(HrC) B XU 0wl 2=R-oaw+l hay (IBN) %RT,
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(a) SI15CK

(e¢) SNC-21
4.6 JovroliABREANSIS N SHEM O EEE O B

3h

1h

(d)

(b)

SCr-21

SNCM-21
5 9§ Nital ¢ i £z ( x 400)

3h

Fig. 4.6 Microstructure of case of several kinds of steel liquid carburized in a salt bath containing no cyanide

180 min

= 47

BRIR I OFEE RS

120 min

vy LEREE AR 5T, HERRE e SPC-1 OEEE ORI,
5 95 picral TEf (x100)

and quenched. Etched in 5 9§ Nital. (x400)

30

min

15 min

Fig. 4.7 Microstructure of case of SPC-1, liquid carburized in a salt bath containing no cyanide, showing
effects of carburizing time. Etched in 5 9§ picral. (x100)
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Table 4.5 Hardness of case. Table 4.6 Hardness of case.
HoOH AN O
R — $15CK SCr-21 SNC-21 | SNCM-2i \\\\\ S15CK SCr-2t SNC-21 | SNCM-21
e . R
BEY R B EFR
\\7—» HRC; 15N | HRC | 15N | HRC | 16N | HRC | 15N w HRC | 15N | HRC | 15N | HRC | 15N { HRC | IsN
i) — WE BT
Th 502 | 92.1 | 560 | 91.8 | 533 | 917 | 585 | 920 1h 5731 927 | 57.3 | 927 | 547 | 922 | 59.8 | 921
3h 58.9 | 92.3 | 60.7 | 91.8 | 583 | 91.8 | 60.8 | 920 3h 63.6 | 927 | 64.1 | 926 | 620 1 92.0 | 64.1 | 920
Ses o E L « 53R - H 773
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(b) SCr-21

1h
(d) SNCM-21

B 4 11 25 bs5cF& 7 4 M8 0 %W o W6 eIl 5 9% Nital T g (x400)
Fig. 4.11 Microstructure of case of tufftrided steel. Etched in 5 9 Nital. (x400)
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T DD b, HEWER I XD aor51 F MBI, &b Y
YR Z ERbhDb,
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i, SECESECHTF3EIOEENEDLENRTVE, LKL,
DA, log BRETR > Trnhn,

CORRETH, 2D, o050 LERSRFARKRERT,

5.2 WETORE

%= 5. LIGRT X5 aBke L USHEOREE, 4 BOR~N A%
MO LB ZHEL, SHMONELEEMNE L, TOHMR TR
5. 1 tFd, %L, COHBEMEE, SMnCr20 ¢ v, #ALHE
ELEREEHMN 0.6mm TS X IFTHH L, K aobsF AL
Wx, 570°C 3h JLE-cH 5, wIhd, F-z i OEOFHLE,
95 SIEHERATH 5,

CDENL, arbs1F AR, OFEBEREDIDLEL, DT iz
2, fEend, MERREEEHNOFHRREL, vPv 2 EEh

FRE D TR ALALEL « S5 « HiFP
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Fig. 5.1 Distortion of bar produced by various case
hardening processes.
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Table 5.1 Changes of dimensions of toothed wheel by
various case hardening processes. Bifr ()
200}~
A B C D
U s & 50mm’ 18mm Smm
K R R 74103 9433 —27+111 —946.7.
R R OR 9+ 69 7461 —254 47 —546.7
150} VST UIERAR | ~1564 58 —7 4.1 —154 42| ~—12458
o~ AR R R 84+ 21 8443 (- —11£ 20 — 7432
: X 7 FT 4 F 6+ 16 7£2.1 |. 0t 14 — 3136
™
e
_‘_-(\
w1001 e ——
501 .
B
o b, IS5 WifEHOF VIR L, HREEA FIENEG T
Bob, CORDMEIRRORME, BAEA PEEmRRY Eo
' t 1 ! !
[ pr /R # Z L5 L o—F L v, BE{LALE % Goleeilit ML L <s
= & & 2 7 -
2 = v 2 Iy AR by,
& )74 3 R “ . PRI - >
¥ f FHERLALEEAf oM L <, BIML L EIYLOF R ICHE
5.2 AHBEALABCEI2HEOR T OLELL BLOoO®H 5, T LEFENTIE I & 41 % - CHBERRE -
Fig. 5.2 Changes in length of bar produced by variou SRR - TG - e PR BRICARN, EF - @07 - Sty
case hardening processes. I b TRHEICHIE LB, b X VBRI EET <& <)
NIRRT, HT BERRCLTwETERbRE, %5, bbIBHEN L TE B LALEEINE O—IBICD =TI L 225
. B YBECANEFEATH D,
6. & F T o
, (17 42~ 4 - 4 324$)
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e e e o e e e e s N P 8 o e o o e P e P

776 IR « Vol. 41 « No. 6 - 1967



1
”'9%‘

UDC 666, 266 : 771. 53

;S A = BRI/ A 1 i A8
B kOB B OB
Photochromic Glass

Jird HAYASHI - Masahiko HIRANO

Central Research Laboratory

Glass containing dispersed crystals of colloidal silver halide has coloring or darkening ability with the irradiation of the sun light
or ultraviolet rays and the color fades when the light is removed. This glass is named photochromic glass or phototropic glass. In the
photochromatic glass sensitized with silver halide, the rate of color change is larger than that of other glassy photochromic materials, but
the response of darkening and fading is very slow. To produce photochromic glass with better properties, the ability of glass having
rapid response and better factors has been studied on a hypothesis that addition of large ions into glass may accelerate electron move-
ments when silver halides are decomposed by the light and recombined by its removal. As a result, it has heen revealed that silica,

alumina and boron oxide have less effect, but amounts of halogen and silver, and conditions of heat treatment affect more on the photo-

chromism, and that glass produced by incorporating effective amounts of zirconium or thorium have faster response.

L % 2 & &

e woliy A EOTRE 140 BFRET S sz, Hth Dk
s SRR R D B, TRLD 11y BPET MR L,
FDd) #5352 BEBETIHED v-5Uttvay L LN, HDb
LoNTWD, v=3YEfuay X o TH T o e fEliidh i D 4ET
BT B2 BT 548 EOHEE b b B E Liwnag,
BT, AXH 2 EENERBHINTwIDwEET B &Y
R, KoBHE BB L, bEOFBERICH YE (GBH) X5
A fAsa RAEWEIR, THE Htoozeslisa GEEZER: #is2) &
X ATnD,

COFED fisz WK 2D D, —Dk tYDs » 1-0EDLTHY &
ETRBE LW, HHnE Y96 vuliv Tty BHESATRD Y
DCD,  ThRE A~ OFTFOETEZERE FIFH L 852 TH Y,
Z ORI, nofy LBEESRE S D A2 TH P, HiFEOt
Uns A ED 14y FED A52 1, IWEBESTLL, FEOWIR
By #D, BHF ORI, RSB HER B L W ZE AR
RRKENVWEWIRFEEZ D > T3,

AOFo ISR S fronzwoisa Kk 1T 225 MmIBE O B
BEOoFDXSCELLNTVD, Thbb, §] 14y & NDFufty
YEaATD 6971 B 52 ¥ H I BUASES T cRE T, 4
522 FwoR FIC ADF (L4RAS A2 DFRK 2 RkEDRE K O
KEE (1004 75 50 A) OREER® & % > THIHT B,

z ®» noFy LTSS ASEO N 5 T ORSEL, 28Uw0 %
R0 R AL, f32 & 201F BEOTEL Za~-b51IL1 I
a5, JREARLT B 200 F 1 Aoy EARRURIGL, %
& D noHy ALIBEFERIC R B 7 B LEGRD Asza b ¥oTL
%5, COZEBABEICE W TEREMEHCHA X LT 2 EREL
H & oK E RFEEAR, BT VL ADFy 2 fisa 0 X5
EBREAEDFCRERTIC L ALB 0T O EICFEL
TEY, BEOHMEOBETHFL TR L THS,

bivbRIE, nofy LBEEISEEDR thoozeofis2 OBUWEER BER
LT, K - it - iSRG - SLEIG R £ D hihoozAs I
D i DHHBERE L,

* HGLFSEET

2. BEEMBESREREAIIAI VI AR

Db, tY96 - 1089 BRED 140 2EHT S 217 D
FoOzwofisa EINEHE A A, ZEERERPEL, T 140
OBBL BT T\, ENESORHEINI A YORET b DR
Y, IS AL & d LMD K E LRI EE &
bo0zwofisA T & DB B,

2.1 ZEBREfcHT 3 —#HE

LSS R AR fho0zwo s DEGIBOEIROF 0 X 5
THBLEILLNLTND,

light on
[Ag Ch,, = nAg®+nCl°
Light ofT

Z DRIEFICIE W TERBEOINEEEDL, 52 882N TnD
SAFZ O « BHko TauF & EONMAT O EM T, S
APMETIKEARBE L DA TwDd, Thbb, HILMOBEE,
S A2V B 0 R oY, ¥, 8 ooqf BRI
b Yo7 T5 L EOETOREZOMS 2, RAROHWETTH
BrEXLNDE, COX5AEA»OETOESERES R §52 1
BTN, TEBEOIEEHERZIERL T LRTEDLLE
LB,

152 2 BFOBSORGAMEICT 5 ICE, 2o e d» 70 D
B4 LT, 2ubt0—0 2H o720 W 3570 T 5LMC A5z H
DI 14v DEEIPEE (polarizability) # K& +5 L L, BFD
BZoRGE RN LD SR VIF T B TEL ML D
2= ud BEROIKC LB L, KEER 14 OEH ) OB 140 1,
NEEE A4y DEDLYOWE 140 X Vb, B 140 OFIELDL
WHDEEL, BFE M1y BEACHEBMNKE 2ERHZz 2 LINT
w3,

CDXSRIDVKEALTHHER D> T rHHE M4y DIEA % &
FRABBHLE S 23554, BE 14v REBL, TOADET
~ORRAF P Y, BTOBHRESCAD THH 5, MiIC
NERYPE A1y DED D OEEE 14u RV E2T bHIAHHE * iy I
L Ao TWwB DT, BRAERN/ NS ) Z0ILIEEFHBEL
k535, BTVETIEE 4y »pbORBNFKRELRD,
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B R > TL B,

CDE S5 R, 2032094 B4 #52 X0 Auvs &4 52
DIES D, 9-5YE s B FCLICL vV S RER L YR CTE
5o T, Hto0zwsfisa K OMRRTEE L, BT OBENME %
AREE LR OIRERE R e T B C AT L bR D,

. R F &

HEOHECHERBLHE f52 ZE X 2mm cPEEL, 4
BRBMVEZAEE ~T hoDzwofis2 215, BULHESD f52 &
HEHEHECE D, BERIA L LV CEAEHADOICA S,
ARHC Y - TR, SENDOBEDER 20 il wREBaEa T2 3 0
vyH5,

BIRDZEE 5D DI 3. LIGRT X 5 AREBER A «» &,
AR J5wo51 ) Iu-51 2EAL, % 0EEnmE T
B Do b D oana ZWLTHE A2 KBH L, BaTHsu3 0
HEHFIA LR B CRT G L, ®3. 2 BHEN% 57 3
BRI (min), 375 MCEES® & D, BN IESETO RS
% 100 & U CHESI A ZHEER 4 kA7 LT B, 3. 3 1344 76,000
w22 DKRIGIEE WA 580 & By %o Btk % /3, #le
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Fig. 3.1 Measuring apparatus of transmittance.
uv. uwv.
on  off
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R
o 80F
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2 ! 1 1
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3.2 @b russ B v o0zwois2 (20°C X Imm) o
TR
(ERH HEST A OFE B F 100 & 3 2 %t Eimse)

Fig. 3.2 Change of transmittance on photochromic glass (at
20°C thickness 1 mm) added with thorium.
(relative transmittance : the transmittance befor ultra
violet exposure is 100)
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Fig. 3.3 Spectral transmittance curves of photochromic
glass before and after exposed to sunlight.
glass thickness : 2.4 mm
(sunlight : 76,000 lux for 3 mins)

Wb, TAIRER 343, Bkl AS2JELE 24mm, Znghulifrsy 14
ThH5,

4. HSXoFEE

4.1 MMEF (20 D

BEPEEI T2 A s 1ciE, Fb LICRT L 5% f9rg
FRIE H52 2 Lco mito0sda 30 H52 A A bE
B vUh-BEdo B 7zt ORICBE LA VBEY ST R,
PLET DREELTE L hitoozis #BLADOBNET B d i
KETDFENEDE, 7Lh) FELBEHRIY RO) &, Auss
*APODFaDs c ALwahs c 2Jxu06 EIEIC 14y BROS X BB
v BAUIIC 2512 8, ZBD 7Lzt OBE L ARFICKEEM.
REL D,

1y FEOPI Y DI, B 14y 2OEFDH 51O (screening
demand) 2385, ¥72, EH -« o0 A LD (04 TTEE f52 5
WCERINT BBAR 1, BREB LT EAKCHE, L0y LIESE
it 52 ICBAST 2T E LT, BIEE LA X 5 ki
KEZ A4y OHAC L VETOBERTESCL, BEHEL Y
FTH5CLxRbobDTHE, 7L EBELD RO) Kown
T, 14y PEBPECICh D db bF, BRNEE OET, Ve
M EORRE D T RFEMD L DIKAT B, THY94 & AY9A D
ZRBE LAY ftoozds KREER BT, Y5294 [ Hw KL
C & 5 IR OMMET, HBOMEL s B RT3
HTE D,

4.2 MWEF (20 2)

BRBEOHEAL, ik Auvs < I s - HE husa - EiL
BAELEDNTNOFRIC Y 5 THATRETH B35, L Ayns OB
e, OB TEE LT, B 7194 - 31K hUos 55
THb, BATHIERORNT vroozis CREAPEF 522,48
FR A BWHTEAL L S5 & b 1THOTCIEIC LU LIRS iR
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Table 4.1 Compositions of mother glass.
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Table 4.2 Results of chemical analysis of silver and chlorine.

Ag Cl
Foe & owtX 0.44 0.85
SR wtX 0.29 0.48
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Table 4.3 Presence of photochromism according to quantities
of sodium chloride and silver nitride.

NaClof(GB) | 2 1 2 0.5] 1 15] 3 4 6 2
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EW | EW | & &M

BABOXFS A | B8 | FW | B | EW | B9 1§ 2 14 il 14
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SR EElx | x| x| x| x 0o]Oo]0o|x]|oO

O:kbrminal

N EESYEEESY

£ 44 dronzeofisa O—HR
Table 4.4 Composition of photochromic glass.
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Fig. 4.1 Change of transmittance at various heat
treating temperatures.
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Properties of Mush Cathode

Takuya HATA - Junjiro KAl
Masayasu KOITABASHI « Kinjiro SANO

Central Research Laboratory

Various properties of the mush cathode, which are in successful use with Mitsubishi high power pulsed klystrons, have been studied.
It has been clearly shown that resistance to gas poisoning and ion bombardment on the mush cathode is much higher than that of the
conventional oxide cathode. The intensity of poisoning on the mush cathode by the gases is found in the following order : oxygen,
carbon dioxide and carbon monoxide. Oxygen at 10-8mm Hg poisons heavily the mush cathode, while carbon monoxide scarcely
affects the performance of the cathode at pressures below 10-8mm Hg. The evaporation rate of the cathode is about one tenths of that
of the conventional oxide ones, its evaporant consisting chiefly of metallic barium. The emission decay in applying a pulse voltage has
been measured. The decay depends only on pulse duty and is mostly related to anode contamination. The results manifest that the

mush cathode has many advantages over the conventional oxide cathode.
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Fig. 3.1 Apparatus for measuring the cathode poisoning.
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Table 3.1 Composition of gas in the tube when oxygen is led in.

BEEAR | 2 E O | K R h_p EEED

{(°C) {{(mmHg)| {min) H:0 CO [OF} CO: F Dt
2%10-? 0 0.5> 3.5 BT
1x10-8 3 0.5> 55 1.0 B &

750 1x10-8 1 12 0.5> 5.5 1.0 HRH X T
3x%10-8 3 0.5> 7.5 2.0 i ah
3x10-8 12 7.5 2.5 B 7
3x10-? 0 4.0 & T
1X10-8 3 5.5 1.0 L RE A

830 1x10-8 | 12 6.0 1.0 B X T
8x10-8 3 0.5 14.0 10.0 20 EBHE T
8x10-8 12 0.5 13.0 1.0 1.0 [T
5x10-9° 0 0.5> 5.0 B & hF
8x10-8 3 16.0 8.0 0.5 MW ERT

880 8x10-8 12 0.5 16.0 8.0 0.5 BiEhT
3%10-7 3 2 33.0 59.0 3.0 R Ak A&
3x10-7 12 2 33.0 56.0 30 BRIk AH
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Fig. 3.3 Decays of emission from the cathods at 780°C during
poisoning by various partial pressures of oxygen.
solid line : mush cathode dashed line : oxide cathode.
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Fig. 3.4 Decays of emission from the cathode at 880°C during
poisoning by various partial pressures of oxygen.
solid line : mush cathode dashed line : oxide cathode.
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Fig. 3.5 Recovery of emission from the cathode at 880°C after
oxygen poisoning.
solid line : mush cathode dashed line : oxide cathode.

101 (5X10"*mmHe)

(1 X10%~1:X107)
8X10® (2X107),

1.3X107 (2.5X107)

2X107 (3X1Q7)
27X107 {4x107)
35 X107 (5X107)

58 X107 {7X107)
6.5 X107 (8 x107)

Je (A/em®)
T

1.2X10° {15%10°)

0l 4 /LR 5 usi100pps
/ () HESEAERT

: 1 . ra !
50 100 500. 1,000

Va (V)
B 3. 6 KEEHESETFICET? 2uua BEiRo V-1 B (GiER
& =930°C)

=

Fig. 3.6 V-I characteristics of the mush cathode poisoned by
various partial pressures of oxygen. Cathode tempara-
ture : 930°C.
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Fig. 3.7 Decays of emission from the cathodes at 780°C during
poisoning by various partial pressures of carbon mo-
noxide,
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Fig. 3.8 Decays of emission from the cathodes at 780°C during
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Fig. 3.9 Poisoning of the mush cathode.
@) oxygen poisoning at 750°C (@) oxygen poisoning at 780°C
@ oxygen poisoning at 830°C () oxygen poisoning at 880°C
() oxygen poisoning at 930°C (¢ Carbon monoxide poison-
ing at 780°C (?) carbon dioxide poisoning at 780°C.
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Fig. 3.10 Oxygen partial pressure vs. saturated emission
from the mush cathode at 930°C.
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(a) slight poisoning. (b) heavy poisoning.
3. 11 [ 2 i X AWHHD vwvn THEHRD 129va0 &
Fig. 3.11 Emission images of the mush cathode during oxygen
poisoning.
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Table 3.2 Changes of composition in the tube due to cathode
temperature.
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Fig. 4.1 Emission decay under bombardment by argon ion.
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Table 4.1 Value of (log I,/I)/Idt.

B oM O N Wow o I (log Io/D/Idt (mA-! min-1)
“C) (VOLTS) T
750 50 2.1x10-3 4,4%x10~3
600 50 2.4x10-3 1.7x10-3
510 50 2.0x10-3 2.8x%10-3
510 50 1.5x10-3 2.4x10~3
510 100 5.6x10-3 1.2x10-2
510 150 1.4x10-2 2.5x10-2
510 200 3.1x10-2 3.5%10-2
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Fig. 4.2 Relation between discharge voltages and values of
(log I,/I)/Idt, the mush cathode at 510°C.
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Fig. 5.1 Changes of emission from the mush cathode with
duty ratio.
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Fig. 5.2 Waveform of pulsed emission from the mush cathode

pulse width : 100 us, pulse repetition rate : 100 pps

pulsed voltage : 100V, pulsed emission : 42 mA/cm?.
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Fig. 6.1 Evaporation characteristics of the mush cathode and
the oxide cathode at each life span.
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Fire Retardant Electrical Insulating Materials

Central Research Laboratory

Kimio ITO » Yoshikazu SAKAUE

Insulating materials made from synthetic resin for use with electric apparatus are mostly flammable and involve danger of fire
hazzard., This brings about the need of producing burning resistant resin. However, if used in different conditions, the same materials
have different behaviors, for instance, with different thickness or rize of board or under different intensity of igniting points. Relation-
ship of actual operating condition, such as the limit of spreading the flame and its speed, with materials have been studied. Experiments
have been also made on the effect of flame retarding agent added to the materials and changes of the properties by this addition. It

has been made known that in general practive the addition of the agent offers problems in arc resistance anti-tracking ability and single

use of halogen brings no result, but the difficulties have been settled by finding solutions.
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Fig. 2.1 Flammability test according to ASTM D 635.
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Fig. 2.2 Flame resistance test according to ASTM D 229
method II.
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Fig. 2.4 Combustion model of
plastic resin with metal.
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Fig. 2.3 Printed circuits
in computer in-
terior.
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Table 2.1 Flammability of plastic resin attached
on a metal surface.
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" g | e, | BEEEASRS | qprgon, [ g w
CO " (cal/lcm?sec) (mm ! (mm)
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Table 2.2 Synthetic resin with different flammability
and burning resistance.

ASTM D 229 Method II
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@ | T® e
1 HYyzxFaAD — 62 130 —
2 | = K F ¥ — 53 334 48
3|z # % o Fu a5 50 488 49
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S | K F 7124 10.0 61 375 35
6 | = K * o T 10,fETvFE 8 67 36 —~
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Fig. 2.5 Flammability of resins as a function of
various conditions.
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Fig. 2.6 Test specimens after flame resistance test,
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Fig. 4.1 Non inflammable buss bar insulators.
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Table 4.1 Fire resistant printed wiring board.
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Fig. 2.1 Schematic diagram of thermal degradation apparatus.
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Table 2.1 Utilizing polymer for barrier film.
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Table 2.3 Thermal degradation residue (I ). Vinyl polymers.

AN PR RO
FrO B AFAMER X A 2T 2 ) nEE 2 FAHE
A B c D E F G H
0.5 0.28 5.38 0.08 1.04 3.40 0.91 9.66 0.02
1 0.29 1.29 0.03 0.68 1.38 2.83 10.09 0.0
2 — — 0.05 1.82 _— — — 0.06
3 0.09 8.11 0,38 0.20 3.19 1.28 3.62 0.03
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ozt 1t o RS 4 4 7

A 2T 7Y R T I+ R ZarIvrTen F-A

AATZINBRAFAYE T v oH Zanivry7yein F-B

k22 # oo £ #
Table 2.2 Condition of thermal degradation.
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Fig. 2.2 Curve of thermal degradation temperature.
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Table. 2.4 Thermal degradation residue (I[). Other
vinyl polymers.

\\\ BB ¥ QO
T I ABE AT A Tury
Ryt I | mo| 74T
o B 2T |
oY
Bl 1 7 | K |PS-A | PS-B|PSC| # | F-A | F-B

0.5 0.14 1.05 0.20 3.12 2.98 1.54 10.21 0.40 0.01

1 0.09 0.40 0.20 1.82 1.35 1.60 — 0.52 —
2 0.09 — — e — — - 0.67 -
3 1.47 1.65 0.76 0.92 2.55 5.70 — 0.61 -
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RS, AREOSg BT 2B IELEZEEDA D B 5 5uh
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Table 3.1 Compounding ratio for ~ Table 3.2 Thermal degradation residue of new Table 3.3 Thermal degradation residue of new
new filming lacquer. filming lacquer. Blending effect (). filming lacquer. Blending effect (II).
witomE | Cc:H C:A Nms@gm c.H \w C:a
t:s - NP &
1:3 1:3 ”&1:5,:31;12;15;120:1 T:3 i bv:t 1 2:1 41 58:1 (2:1
A T:1 1:1
k% 2:1 2:1
LEN 5:1 BB | o947 02 | o04| 007] 0.07| 0N 0.02 | 069 | o1 o1 | 002
20 :1 20 : 1 %
£34 HFHo4 LI ISwh DT 0.500/- £ ot)
Table 3.4 Analysis of variance of residue (I[). New filming
lacquers.
b4 5 s. s. { d. f. ‘ m. s. ‘ Fo ‘ E (m. s.)
S o» M| 22193 12 0.185 0698 | o?+SmiaitN2 0.400-
#yE LI 6.8928 26 0.265 - o2
it 9.1121 38 — — - A
R35 $mkUEHOERER g 0%
Table 3.5 Iron and copper measurements in polymers, where = °
H* is similar polymer of F, which is foreign product. #
T ¥ % ppm 2
EN # MR e 0200
S #
10.6187 15 0.02
C 10.0299 0.88 0.65
9.6601 0.14 0.12 0.100-
H* 10.0268 1.7 0.07
1 16.0170 0.60 0.30
| P TV E—Tv
! B % (PPb)
B33 fgd oo R
°\ Fig. 3.3 Micro-quantitative analytical curve of ferrous iron.
500°
% | . 30% o :
3 el sttt | 500me [POTIEBRE D% vy o ZOHFER, | |29-dimethyl 1,10
- - 7w 2m¢ ST 0me | phenanthraline
s 200m¢ |5 70—k (XA v ) Epei (2o pmelA vy &)
. e iz o | AYTINTA= | s AVTRERLT I, g
{ Rk Rl F Y 2222 | 58 [ 20me ol
SR E (BE RISy ) 5 R (BER—IE b )
S : SR SOUU VU S ST S R
0 10 20 30 40 50 60 90 120 130140 A B 3.4 & o5& %EFIH
Fig. 3.4 Qnatitative ana1y51s of copper in polymers.
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Fig. 3.2 Qantitative analysis of all iron in polymers.
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Fig. 5.1 Gas-producing ratio of TV tubes using our new filming
lacquer F-C.
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Fig. 5.3 Gas- producing ratio of TV tubes using our new
filming lacquer F-D in comparison with conven-
tional lacquer.
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Fig. 5.2 Gas-producing ratio of TV tubes using our new filming
lacquer F-D.
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Fig. 5.4 Comparative scheme of life between Mitsubishi TV
tube using Diamond lacquers and those of other
companies.
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Plastics Insulation Spindles for Traction Motors

Kazuo AIKAWA + Sumio KOBAYASHI

Itami Works

Micalex made from natural mica and glass of low melting points is commonly used for constructing insulating spindles for brush

holders of traction motors. However, insulation performance required for the spindles is either that of class B or class F materials, and

it is not necessary to use micalex of class C insulation there. Then materials good for replacing the micalex have been looked for and

it has resulted in finding of diallylphthalete resin made by condensation of allyl alcohl and phtalic anhydride and reinforced with glass

chops. This material is favorably comparable to the micalex when used for constructing the insulating spindles. At present insulation

spindles using the new material are applied to type KM traction motors and well commented.
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Fig. 1.1 Plastics insulation spindles.
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Fig. 3.1 Insulation spindle.
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Table 2.1 General performances of mold goods made
from diallylphthalate resin.

B X & ® 8 &
HoEm oW H M Sy RS F T MID A By =
R L5k
B iy — 1,95~2.0 3.67
% * # % 0.08~0.09 <1.5 0.07
B O ® K e 2.0~3.0%10-5 8.7~13.7x10-9
5 # b H x| kg/mm?| 5.2~56 >2.45 6.5
E & % | kg/mm? | 15.0~18.4 >12.6 22.5
i [ % | kg/mm?® | 13.0~17.0 >8.4 12.3
WERWmE (e ¥~) | kg/mm? | >25.3 5.4
[ x (FVAn) [ HB!/see| 32.0~38.)
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Br7 sy sk \% >600
[isg 2 [ °C 155 250
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Fig. 4.1 Vibration test apparatus and test condition.
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TFig. 4.2 Impact test apparatus.
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Fig. 5.1 Time-temperature curve,
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Table 5.1 Heat cycle test results.
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Table 5.2 Impact breaking strength at low temperature.
e o AREIEER € P ~A Ay s APAE Y P
R kg e
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w ik
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1S #H
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Fig. 3.1 Sterilelamp radiation time and yellowing.
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Fig. 3.2 Sterilelamp radiation time and yellowing.
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Fig. 3.3 Effect of nitrocellulose in lacquer on yellowing.
. B & (/.t)
B B B 6.0 10 80 90 100 120 140150
1L0 120150
_"/" LAY
U520 EoT 2000 1400 1500 1400 1,200 1,000 800
H K )
3.4 B No. 2 o IR (FEBLTHURFTH)
Fig. 3.4 IR of specimen No. 2 (before and after
sterilelamp radiation).
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Fig. 3.5 Variation of optical density by sterilelamp radiation.
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Fig. 3.11 View of outdoor exposure in Consume Product
Research Laboratory.
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Fig. 3. 12 Outdoor exposure and yellowing.
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Fig. 3.13 Variation of gloss by outdoor exposure.
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Fig. 3.14 IR of specimen No. 2 (before and after outdoor
exposure)

3. 11 RS X 3 45 EONF AR ORBETRE L, M
DRIEEF (BRETTARY) B s bpa~ 30° o fHicEmd, 2ok
BRI Y & =T Th FIPERE L,

AR S RS R > T A2 b Dk NY gy - CAB oyt T
HY, FTHRIEEE T ARDRERTEIEE A EE AR b AD
o7 ZiOtD-2 O No. 2, T3 3h ABICEEN - &K - BT D
g, Uthil - BashiktE U, B3 12 oz,
B 3. 13 KHIRBOE{LE R Lz, No. 8, 14 [ZTIKI & DiHiEHE
BLLARWDT, I-F KL% EIh2H L RIREOEDRKE
v, CHETEAIOHEE - BaRLELDFIMMOEEZ EICLY
MBTELHDEEL D,

HEDOE L ORI ORERBR L H L No. 2 tH5, %
o PLFol BHER R L BE R ESHT EHELIREL RS,
3. 14 it No. 2 DENETZAZOIRA GBI 232 b R Less,
11 b (RESER & AR LEUE - BERIGAYE L > T3 T &)
W OEALA HRD b DL, Lo LIRS SR TIRE 054 1%
FEEClE R,

3.4 ERESECHTER

AT NY 9pay - CAB « 7oy & 20+ 25 BRI IC
BLTRAFTHZ, Fcy CABoup BEAICH LTI LA E
BELAD» o ko

BT oy —s—a- I X 54 - BHEE OAMBEREITT

RO ZE T - KA

F DRI 5R Les, BIEETO 1208 £ 725KH4 300 ma BIF 0
B 1t THEOTHTOMESEELLT L, =totro-2 %
oyt CRIERRIEA s OREBC o~ THEE IC B, MO EKH
L hoTnD, Hr¥f—siese Tk 3 [ B RR BT BRNR
IEEL R, O TiF— ERKH OIS & b ICVER L CRRLIK
AR, BIEOBILE R LT b, RERIEL HD 7uts R
O L R OREFRARC 0k EEL LN, £k ThLE
~ T AR OBE LD L, co3EBKE  TCP 2{#HH
L7e B orE 328 DOP X b b & WHEEREAL, COTEhb
TCP HFHD vy BHEARENEICE o THMLA D, Zhotro-2
DEMRERRELLD, H5 AR RET S b0 s L
LB,

4. BEICLBHE

BB LTRERYOEBEICY - TE L OEEREL
b b, ZRABCRBELLL ABORE LR ICET 805
WD, HENE SU-2 % EHONTE LT ENTC D 3850
EHGEE LT « fo-F B LU Jy-2 DAFIC L 2 EEHBT TR
5 7zo.

4.1 e

RSB 80°C oEiE £ 5 lIc Af, 350 REENE LTER -
HHREDIET2F~rk. CORBCEE4 1, 4 2 WRTL5IC )

807



(NBS

b

1

it
®
L ®
@
®
@ '
® )
=
X
;4'35
L4
x X ® an
350
4] t 1 t 1 ! 1 11
10 20 40 60 80 100 200 300
ho zhoes b (h)
B4 1 n#omr A oe A
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Deterioration of Lubricating Grease, and its Measurement

Central Research Laboratory

Ware Research Laboratory

Takashi IMAMURA - Junzo ENOMOTO
K&z6 SHIMAMOTO

There has been popular desire of late to extend the effective life span of grease to reduce the trouble of replenishment work. Stu-

dies have been made about the deterioration of lubricating grease and the measurement of its grade which has a great bearing to the

fulfilment of the desire.

It is the best to combine all methods such as I. R.—spectra and electronic microphotograph to carry out the measurement, because the

mechanism of deterioration involves many factors. Measurement by sinking thickening agent in the solvent without resorting to very

costly apparatus is considered very handy. This method has relation with the cutting of the thickening agent, oil separation and capilla-

ry force and can be claimed as one of effective means to observe the deterioration of grease.

L. £ x # %

SY-2 RISEHICA T AEER O 5.0 B FIERIESE,
BAkic Lc b 0T, 2o XEEYr, BFHEEEL % Ok
DHTEROREEC L > ThA VHELRMICER, £BAT AL 519
FCE - 72 S0-2 C1, P IKE W CHET AR RS T X -
T, BT ~HEEEOHREES LIATA sty 2L,
RICHEEARGEHE 29 LIV CORTA 2t BEEL, BEhD
BoTAGABHERER LTV, COL5RKLTTCELMENA
T ARMERIEMP TRV b E, HEROBRKEDL D, Z
P O—MMRAWEHIC Y - TR AL & D ¥ %, KESREE
T X D W ERERACEFENTwED, Dk 5 & Jy-2 14
1Lids T3 &, Jy-2 MICHEE 2 CBbrg i L, Elh b
WEL72 D, to Wi X VAT ABMEOEIWR s C b, HE &S
NERHWCHEESROE T2 c 245, LALIDL S A%k
STERAE O T IERSY: GRE « BethiRig « #80) - [BlRsEeE -
SHAVRARY) PHEBEOMEE KE¥FXiCk hHLBEIAEA
D, ZNIC LB > THEMDEDL-TL B, Bhb Jy-2 DigmE
TS 2 IC X BRI RS 2 R [ - T oL BB T A S
DORb o EBFE LA, ChETTHAS C LR EofT
NARECH D, L L F29 K « i - AF - K - KA Lo
REFRY, FAUEE 232 M« 3898 252 b - BFEMEIR ¥ %
{8 - CTEAALAREE - 3 520 IO - FenhoZeH - THFER E H5
BEDIE T DIREAE & 7% 2 JU-2 OREEZE LR TN T, HLOBELH
D, FRNERETECLCL - THB L EOHEMEHET L LH
TEZ, 2T TChbRREHILOFREEYERT 2 Hiw-cllix D F:
T oYz BHLEED L b ICE R FECHLBEEM S 5 &
LT, BHICH #10 ok e, TOUBEZRZCccX
> THBELHEL, {EROFRMNRIL 232 1L 2 FHRBITH
ALY HBHRE L .

2. Y-k

2.1 BMBIUEMECLZSE
Ligid A sy-24A, NaRGA J)-28B, FEGTA Jy-2C D3

810 * HRFZERT ** BHSUTIERT

o 3)-2 1K2nT, fiu BFEHAE (ASTM D-942-50) o3k
T, BEEHOKT LHE: OBROMEREZ KD 2 L LdKYH
LRI D JY—2 IOV THRMEIL 230 b » BFEEEHE » 529
BEEHREL, fo Hichkiahd & EBbha Eik iz % A2o09r5
504 O C—o HiffitLd b, FOFMERE LTRD %,

ChikdtATA -2 THEA, BIE2. 1, 2.2 hiods
ZDBYHECHEEORT, ThabbEbIh, ZTheohT s
20 ERARELSRD, Jy-2 OFEMESAE LT D B R b,
M2 4, 2. 5 OFMMEIEE D LR 29 BT 2 AT A BB
ML ENTALBEFRDD L, I AT A JY-2C LDOwTi
X 2. 6 DFEHESERD bR SO s B L v, FEFIC
BowiiEcigbah, Lrd2n AL S RBEB TR 2 P4
BEN T ORF2. 2hbbihd,

Bl ED#RD b 51 -2 12 O RO CRRIGE 5 23, #e
ZERHOMEIC L - T, EMOME - 2EY &2 L, #+
29 Hld E LM, MoMEL, Ju-2 BECHEMEOER
+3 T LERBHEHI N,

2.2 #H+ECEcEd%(t

THO Li A A JU-2 28T, #ES0mm, §§8mm oD
D Yus T T AHH DEERE &, & OEMEIC Ju-2 22 TH1T
kg OFFE % 50 T 2WHELEE L, SERHBO Jy-2 K2w»T, 7K
NI 2R0 b« BFERE A > CRE LA, THEE RN
W 282 1 KR LI R b ds - 225, FREEERD LIE Jy-2
LEoTEIZDN, WIRO J3y-21C S AT AHEO LN, Mo
EBR b,

21 A LEBRKH
Table 2.1 Every samples and length of time.

S L IR #om i AR B i

LiF i} A Na i iJ A FAEG A :

7y - = h 7Y - h 7y - h
A-1 0 B-1 0 C-1 0
A-2 200 B-2 50 C-2 50
A-3 300 B-3 100 c-3 100
A4 400 B-4 250 C-4 200
A-5 600 B-5 400 c-5 300
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Fig. 2.4 Microphotograph of

Li-soap grease (5,000 magnification).
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Microphotograph of Na-soap grease (5,000 magnification).
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Fig. 2.6 Microphotograph of non-soap grease (5,000 magnification).
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Fig. 2.7 Microphotograph of aging grease by mechanical working (5,000 magnification). Fig. 2.8 Aging apparatus of greases.
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Fig. 3.1 IR-spectra of aging and no-aging Li-soap greases. Fig. 3.2 Measurement of rate of absorption log Ip/[.
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Fig. 3.3 Aging apparatus of greases.
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Table 3.1 Relation between IR-spectra and acid value
of aging and no-aging samples.
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Fig. 4.1 An illustration of aging measurement by
sedimentation grade.
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Fig. 4.4 Sedimentation grade of aging greases of every kind.
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Fig. 4.3 Relation between sedimentation hours and sedimentation grade.
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All Silicon Solid-State DC-DC Converterless
400 Mc/FM, 1 W Mobile Radio Telephone Equipment

Communication Equipment Works

Toru OKUMURA - Hiroshi KATSURAGAWA -+ Koji KUGA

Mitsubishi has been producing in quantities various kinds of all transistorized radio telephone equipment. The Company now has

developed all silicon solid state DC-DC converterless units, type FM~103 D, 1 W with output ranging from 3354 to 470 Mec. Im-

provement of temperature characteristics and elevation of reliability are notable features of new products. As the DC-DC converter is

dispénsed with, a power supply section is simplied markedly and the volume of the set is reduced to almost to a half, i. e., 55 mm high,

155 mm wide and 195 mm deep. Decrease of component parts also contributes to the dependability. This paper describes the advan-

tages of silicon semiconductor and other details of type FM-103 D units, which are now in the course of being produced in quantities.
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Fig. 3.1 Equipment capabilities for CW power.
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* 3.1 FM-17D Jpfmipbfic sty 2 G
Table 3.1 Electric power source of type FM-17D
radio communication equipment.
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Constant Current Control Panels for Electrochemical Service
Zennosuke SANO - Saburo TAKEUCHI

Itami Works

Silicon rectifiers are now in use for a high current low voltage DC power supply in electro-chemistryespecially in electrolytic indus-
try. But from the standpoint of production control or of characteristics of electrolysis constant current control is deemed necessary.  Silicon
rectifiers have rectifying ability but not controlling one. This makes it neccessary to use regulating devices such as on-load tap changers,
induction voltage regulators or saturable reactors for the accomplishment of constant current control.

Constant current control panels have made technical progress. Recently provided with semiconductor elements so as to be solid state

have been completed with many features and operating successfully. The article gives brief description on Mitsubishi current control

system, problems in manufacture, components for control and control circuits.

1. ¥ & B &

BRALE TR, L CHEMTECET 3 KENERER: LTy
Yoo BOREEBE I N D X 510k o TRSK, oo BB L #E
OB EZ T, SAOEMAEREEOREZ YD51E LK
% o e ARSI AE LoFor-2 Wk > T b,

EMAEMERECR, EBERHEPERI D25, v)ou BRE
?H@ﬁﬁmd%éﬁ,ﬁﬁéﬁﬁ%%ﬂOﬁ%vfwaﬁ?Ol
S ICHEFEUKICHIERENZH/ LT Ay, Lo THIHE
o 7 MR, T & A FEFIREETR - ﬁ%&Eﬁh%'ﬂﬁﬁU
FobL AR EFRGR L CERRMEEZT A > Twd,

[P EEE ORISR & & b ic, IEZEE b 8L CEINNESE
FRETW3EHD, ¢ CICHOEMAEGEROEFRMEEX Lk~
%kl bic, FORPIREE N T AR A R T 5 kR
FIC X B0y FLEERGIEBROME L HN L TCTBE L LW
tEZ D,

2. BREHESGR

2.1 HEFXoEE

ENbE, ERALEOIARTUT b D o-57 OB O Lk har
2 TwdbDOTHY, ZOLEERIEXR T ADLEMROEMKL L
TELIND b, AER, WEEHL C 2 LRET 5 LTE
FEREREAERL A>T b,

BB AT, ROBEFWXEE 2, TAbLEMEE GE
VORWE) E ik, X @D oXikhd,

E,=E,+ IR+ E;; «orreeeereneneroeniieniiiononns 2.1
L, E, : DIFEE (B0 BREMCHET < b OCRER—
FETHNE—ETH5,)
IR : HfMOBESEIC X 2 HEERT

E;, - Bk 0 3 RV A £ ORFIIERICIT B o
e OMTELE (B « R - BROTEHZ FIc ko

TEDbS.)
—~7%, BREBHOER: L CERIEBELSE) -8 vo OlE AL
IC X 2 WIHFEELETH DY b s 25, —ARICENEE E 3+ 5
SIFEEOHAKE e OBRE DL, BREEEE A XOEHED

822 * GFHRYERT

BEERIFRCRTLT v,

Y7, TEEE - vo () TR Y SERIC ks TREH
Bahd, cok5HHME» LEEEH D5 EEHORH L,
ERAESBIE E TN D, 210 BHFTICEFIEEENR L7
B,  SEPLERLASMC AR EERAEES - SR EEAEES - FIRR vy
otu + B CAFERSEES 2 A EBIC £ 5 A L CERIE % 7
KoTwd,

g2 1k FEOEEREHXORKEZTE-bDTH 5,
RIEFE S RNOREIC D > TR, FEEEOSLM - 775 « AWE
< SEIERSFARONES, « TOR 3 2 B - A ¥ 2 A
CEE 2T Ay, BYRENAFRERETRETH D,

2.2 HH(cHTDIERBIEGR

B s » ), LERE TR LR E R RREO M
RUHTTFTIC04FERS Kk %, T2 LIOR LAKREOF L
AL, ZEIVELCTED, wF BED L 5 B/ERO S DI
LT, o« KERBEINCE W TR —R IC ARTRE FESs a8 & ik
e e ol g RS BHE N TE L,

BifE, Mtoidisle LTk, 2. 1 0k 5 cARRE

®21l BEEFME A LR

Table 2.1 Comparison list of voltage regulating system.

moml L B EIR B e gl® 8y
REssm ma sy we ol B

Bl mew o] p | x| x| 4| om

5

FOHLE L o N I - BT N

ToBE Mmoo x| B | x| B

r oA

HE | A B |y ey 4 N i I 8
BOA A owowm | OEE X 1 i ) 4 B

B TR 2 o %
R L I B B R B A
B S o ]

i ol Tieex k| B x| x| B
TR T2 b RS
BUNTERESE | o o N ]
R A T I N B

g A%

ST - Vol. 41+ No. 6 - 1967




P

R 2.2 ZERG
(A

Fig. 2.2 Constant

current control

B2 1 B 8 B
Fig. 2.1 Skeleton diagram of rectiformer panel.
for electrochemical service.
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Exposure Meter “MERIC”

Osamu TANAKA « Kazuo HORIE - Hiroshi IKEDA

An exposure meter “MERIC” employing ionization chambers and having the exposure rate ranging from 1,000 R/min. to 100,000

R/min. of X-ray and gamma-ray has been developed.

For the measurement of the exposure rate of high-intensity pulsed radiation generated by the electron linac and the betatron, the

indications of conventional chambers do not give linear behavior, while MERIC provides better linearity for it. This has resuited from

fundamental improvements on the ionization chamber and the input circuit.

MERIC js available as a radiation monitor in the fields of such a variety as prevention of germination and sterilization of grain or

other foods ; medical treatment, sterilization of medical appliances and production of chemicals.
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Fig. 3.3 Comparison between the indications of MERIC
probe ND-9005 (without the input capacitor)
and RADCON probe 607 versus pulse length
of the ORC linac. Energy 8 MeV, repitition rate
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Fig. 3.4 Comparison between indications of MERIC pancake
chamber ND-9010 with the input capacitor and that
without the input capacitor versus the repitition rate
of the LAS-M linac. Energy 5MeV, pulse length
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Fig. 3.5 Indication of MERIC ND-9010 prode versus peak
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Fig. 3.7 Linearity of indication of MERIC probe IND-9006
for the variation of repetition rate of the LAS-M
linac. Energy 5MeV, pulse length 1.7 usec.
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the pulse length of the ORC linac under most

severe condition ; repetition rate 13 pps which is

possible for the accelerator. Energy 8 MeV.
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Indication of exposure rate by the radiation damage
of silicon diede (R/min)
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Fig. 4.1 Calibration of exposure rate of MERIC probe
ND-9007 by the measurement of the radiation
damage of silicon diode.
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Table 5.1 Type of probes, ranges of sensitivity and energy
and accuracy of MERIC.

SENSITIVITY ENERGY ACCU-

PROBE TYPE RANGES RANGES RACY
R/min keV %
ND-9011 1 3 10 R/hr 40-400 5
9012 0.1 0.3 1 40-400 5
9013 1 3 10 40-400 5
9014 10 30 100 40-400 5
9015 100 300 1,000 40-400 5
ND-9001 1 3 10 R/hr 400~1,300 5
9002 0.1 0.3 1 400-1,300 5
9003 1 3 10 400-1,300 5
9004 10 30 100 400~1,300 5
9005 100 300 1,000 400-1,300 5
9006 1,000 3,000 10,000 400-1,300 10
9007 10,000 30,000 100.000 400-1,300 15
9009% 3,000 9.000 30,000 400~1,300 10
9010%* 3,000 9.000 30,000 400-1,300 10

* Pancake type, single chamber
** Pancake type, double chamber
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(1) M- : T=2EEESE) 39, No. 11, 1388 (n% 40)

(2) J. Furuta, E. Hiraoka and S. Okamoto : Annual Report
of the Radiation Center of Osaka Prefecture, 4, 73(1963)

(3) O. Tanaka and H. Tkeda : Mitsubishi Denki Laboratory
Reports, 7, No. 3, 4, 233 (1966)

(4) N, B - TEXEBDTHER) 29, No. 3, 325 (17 40)

(5) R : MeAEE] 35, No. 2, 95 (% 40)
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Fig. 3.1 Apparatus for Si epitaxial growth.
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Mitsubishi Vacuum Switches

Takeo OKADA - Shin-ich AOKI - Kiyoshi MATSUYAMA

Toshimoto OKURA

The concept of opening and closing electrodes in vacuum was originated some forty years ago. But it took a considerable time to

materialize the idea. Success in manufacturing vacuum switches owes greatly to the progress of technique in building large power tubes

and in producing semi-conductors, which accompanies the establishment of metal refinement of high purity and the development of highly

sensitive leak detectors.

Now vacuum switches are regarded as new and hopeful switching elements for use with high voltage contactors and power circuit

breakers. They are developed and produced by leading manufactures in the world. Mitsubishi has taken lead in the production, placing

on the market the devices of distinguished quality. The article describes the principle, outlines and features of the Company’s vacuum

switches and their operation.
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Fig. 3.1 Mitsubishi vacuum switches.
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£ 3. 1(a) ZHERZE 21wy Lo HiREHEH
Table 3.1(a) Interruption ratings of Mitsubishi vacuum

£ 3. 1(b) ZEHZ 2 vzauroz HERK
Table 3.1(b) Ratings of Mitsubishi vacuum switch

switches. for use with contactors.
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Fig. 4.1 Characteristics of interrupting current vs. recovery
voltage.
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Fig. 4.2 Oscillogram of interrupting test of 8.65LkV 15.5kArms
(220 MVA) for type 6-VKG-15 vacuum interrupter
breaker.
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(a) (b)
4.3 =% 6-VKG-156 BHZ2 L + i D
Fig. 4.3 Mitsubishi vacuum interrupter breaker.

B 4. 3(c) HEZEL-WRLEHLE WY I 1905 BLEHR
Fig. 4.3(c) Type WV metal-clad switchgear with vacuum
interrupter breakers.

(a) (b)
B 4. 4 ZZEHEZE qua03 OHBIEHE

Fig. 4.4 Mitsubishi vacuum contactor.
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Fig. 4.5 Characteristics of the breakdown voltage (1).
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Fig. 4.6 Characteristics of the breakdown voltage (2).
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Fig. 4.7 Variations of the breakdown voltages, contact erosion,
and contact resistance with interruting times.
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Fig. 4.8 Dependence on interrupting current with the
interrupting times in life test.
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Fig. 4.9 Variation of gas pressure of vacuum switches on
the shelf.
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Table 4.1 Results of vibration tests on vacuum switch unit.
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Fig. 4.10 Chart of gas analysis in vacuum switch with
omegatron mass spectrum meter.
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Fig. 5.1 Mounting of the vacuum switch.
d=contact stroke, h=distance between envelope of vac.
switch and frame, w=wiping distance.
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Fig. 5.2 Opening force vs. opening stroke of bellows in
vacuum switches.
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