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Mitsubishi “Diax’’ Large Electric Discharge Machine, Type DM 500-5 S.
Mlustrated is large elecric discharge machine unparalleled in the size ever built in this country with an oil pressure

servo mechanism for the control of the main shaft and low electrode consumption performance operating on a power

source of a semiconductor pulse circuit.
It has a higher productivity than the conventional profile milling machines used for the maunfacture of large dies

for press work, casting molds and various large sized metallic molds in the industries related automobile building.
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View and Prospect of Electrical Machining

University of Tokyo Hisao KURAFUJ

The most common practice to form materials into shapes as designed has been mechanical and thermal working.

However as the

industry advances, necessity has come in to handle very tough and hard materials, which are hard to work by the old methods. To

cope with the situation epochal working methods are brought into reality.

They are electric discharge machining and electro chemical

machining, being introduced about a decade ago. The former is extensively applied to building metallic dies. It has fair prospect and

will be developed to manufacture component parts of high precision and fine work.

the former, now mostly being used for building large dies.

machine parts which is most suitable application.

The latter is developed slightly behind time of

But it will not be long before it finds its way into the production of
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Present State and Future of Electric Discharge Machinin
and Electro Chemical Machining

Nagoya Works Nagao SAITO

Electric discharge machines and electro chemical machines have now secured positions in the general use machine tools and industrial

apparatus. Japan was once regarded as an advanced country as for electric discharge machining, but she has not made much progress

after that and is behind the foreign countries. Though the number of unit in use is fairly large, they are mostly old fashioned. This

is considered due to poor application of electronics to this engineering.

Mitsubishi, however, has developed the machines applied

electronics, showing marked increase of the grow rate of the units such as 6~10times that in the past. With the electro chemical

machines, an excellent field of producing turbine blades by the new method has been found to bring about rapid increase of application.

In a few years those machines may account for 10 9 of machine tools in Japan, for this has the relationship with the rationalization of

industry based on technological innovation.
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Machining Principle and Characteristics of Electric Discharge Machining

Nagoya Works Nagao SAITO - Kazuhiko KOBAYASHI

The principle of electric discharge machining has been taken up as a subject of description. First the theory of machining mecha-
nism now in general use and discharge circuits are introduced. Then, from the results of single discharges and continuous discharges
made with a transistor type discharge circuit, the relation between two types of discharges and their corelation of machining characteristics
and electrical conditions are obtained. Lastly, charts are formed to seek for the machining characteristics. The removal rate can be
caleulated from the removal of single discharge, and it is proportional to one and half square of discharge current when the duty factor
is definite. A copper electrode wear ratio decreases with the decrease of discharge current and with the increase of discharge duration.

Black film attached to the electrode surface in case of low wear seems to have an effect of protective action against the electrode

wear.
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Discharge current wave form.
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Gap voltage and discharge current wave forms.
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means of X~ray analyser.
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Copper electrode wear ratio as function of discharge current.
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Mechanical Construcion of DIAX
Electric Discharge Machines

Nagoya Works Norio SUGIE - Fuzio AOSHIMA - Yoshiro BAN

It has become a common practice to operate clectric discharge machines in the places of profile milling machines or conventional
milling machines. Emerging from the field of the old special machining, this technique is now feasible in versatile ways because of
recent utilization of semiconductors and development of low consumption power source. In consideration of the customers’ wide and
specific application, Mitsubishi is now successful in the arrangement of power sources and the machines in proper series. This permits
This article describes DIAX

appropriate combination of the related apparatus to suit best to the customers’ requirements of work.

electric discharge machines about their censtruction aud features together with explanation of series and special machines.

=% DIAX HEMIHEBROBELRR

BOEMTA R, SRS ET-ORA, EEREEEEORIE S BB & o— iR VR, 72 & 2 I,
&), MEROHBEMTORE,LRHL, &b\ 2512, HB 0w WL e ge, ARENICHET2 S EDFE L TROLSARDS,
X 2-lvdesy OB YIS OREBRILET oo DH 5, i, (1) FHEAMTZFAS 2w, Bk e BIMTHR O %
B DL 7 AR A M L, B, R b oA LFET L, i1, ohRiCHd AHEIEE (0.004~004 mm) KHEOLFERDD, X
VEREMARICE b L 7o liht, BIROMSHEPAIHEL K o 7o Db, TS, YRR %15 - 2 M SRR 2%

L% % #° & 2.

ASCik, =3 DIAX EMTHOBMROME & fRic > ¥ b b,
i, TFIUL, HHRESIC DT b IIICE~ 5 (2) WEOFHHER WHEbHTEE <, L bHD% L

THEDZ A BRLTHT 20T, R0 A1 F FBooMEE 25

F 2.1 Z 38R 4% DIAX {1 B — 5
List of Mitsubishi electric discharge machines DIAX.

<+ #H I DM-25 DM-250 DM-300 DM-500 ] DM-51 DM-201
BhhTthokz
(LW Hmm) 400 X250 X 150 600 X 400 X 250 700 3 500 X 350 800 X 600 X 450 400 X200 % 160 700350 X 200
T X v ke B
A 500 300X 200 750 X 430 X 320 900 X 550 X 420 1,200 %750 X 530 550 %220 % 200 850 X380 X250
(LXWXHmm)
5Tk KRZ
77 LHORE 2 300 %200 500 €300 400X 450 800X 600 320 155 500X 300
(LXWmm)
7~ I LB HES
7= I L ERERS 100 250 300 400 160 300
(mm)
+ AT & 5 P
g B 5 5wt 100 150 250 500 80 150
(mm)
~y FBBHER
1
(mm) (F3) 25 150 250 (200) 250
EWRY - F TR .
(mm) 75 (M) 150 150 300 200 (FEBh) 150
W 58 A% ~F 1k
ol mm{:ﬁ)ﬁ—hﬁ 90 ¢ (20 H 6) 160 ¢ 200 ¢ 400 Lx300 W S0 $(20 ¢ H 6) 100 ¢(20 ¢ H 6)
F—7akpiimme | MAX 350 455 600 700 380 450
mEcodH¥ (mm) MIN 150 155 200 400 180 90
PR e R ik 4
ot (mm) 700 800 900 900 700 900
BEOBKAKYE &
(ram) 1,795 2,000 2,300 2,800 1,500 2,180
T H WA AT BE O Ok
(Max k) 5 50 100 200 5 5
MWW R E H
& RT RER 75 250 400 1,500 120 250
# D
MT W AE S5 R A7) 3~ R AT Y a~ bR th\;FﬁhlﬂUlaﬁj ﬁ;%:“?.lilﬁéﬁ.l W7 AR AF7Y 2~ R
A P 3 7 4 A X FY) -7 s Az Ty a~ K7 s H 7 4 A X
G ke 500 1,500 2,200 4,500 400 1,800
KB X RIT
* B ERETT 1231




w02 wd 2 EDREILICH LT, HAEEL AT E AL A,

(3) HOEMIES, BEANLETR S BERE 0T, ik
DFERT7E L, LaAdHidRE Adhidabhn,

(4) gk oalh T, ZBERRE E) cffhbid
75, COMDFIKPILICK LT, EREIS BERD B,

(5)  INCHEOWEH, WHIEIR, NG A REr 5L 50
T, WIERES» DWMMICHER T, LadREchdhdab
A\,

(6) NI Ko T, Bl RITERA M o, £ 72 %
WL, AT eTeBESEr s Ligtoc, chbolhkir+
DEITRSCEETED L DI, AEERAYRAGCERTE
2L0OMRHEE L,

PLEDBEA—ME TSR & DR A L LTELLRE R, Zod
Th e CIKEEAAE, MR (1)~(3) T 2@ cdh. %
DREEE, WEINTHEOEGZHT2 Lvs THEETHAV, T

DR OREMLTE G, DM-25 B % v a—R S F O
EF O $-3 ARIC X » THEE N CE D, B AITRE,
NAEEEEHFFE v, DM-500 ik, HREEREEK 200 kg 25

FTHREAIMLATE 2, DM-500 JBi%, RFEOKEX L &
YICHTT 5 2ERER L LT bAERKTH S,
ARC (1)~ (6) HD X5 HFENTHEIZ, —BTIEsh e R

2. 1 DM-25 i T
Type DM-25 Electric discharge machine.

X 2.4 DM-
300 9% 7
piimet

Type DM-300

Electric discha-

rge machine,
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B 2.2 DM-250 Jg i In 4
Type DM-250 Electric disharge machine.

BAhorhdn, ZERENTHEE, Yoks 2l ioTw
B H i b — i 2 DM-250 JRic % & h gL, %7 DM-500
B2 T b IR~ 5,

F2. 11, BAENtHICE W CEWWEIEE LT v 2 ORI TCES 8
FOHFE—EHTH Y, 2. 1~2. 5y DM 25, 250, 201, 300 3
kv DM-500 o & BB <Hh 2,

2.1 ~y F&HETaSLESY

2. 6ic, DM-250 JED> ~uw F ¥B43 DRl % g

N K EEE, 354 O 25/ F HIICE - TR AvfL ic X b, TOH]
THPHAN DEEOMNFICEEE L LN TED,

HIE 2y T avvud RICH D, Exbuow F OF b id BEARE
EREFLTR Y, HESAR@EEEI L. @2 [l #-1 7Y
7 @RI b T2, pyvdvivd OONRE L, FEEid@z
FELOFLND LS5O, bTFhFLeiimnEhTtwid, B
LOBRIC Lo T, EWMORIY IE0RTEbRE. vYvd ETFOL
e G WKL, f=LFwva@28 0-Yod3ua0t K X - T, 2B FIL(E
Abuow i @) & AF LT3,

HEMTRO 280 KL O TEHE R, —BdERics <, L
BB T O A _ LT EI FHEE L Ad b, £fke LTTR
LTw<,

ICEEHIC L » THEA 22, H: BT iEiEs 1/100 mm & %

& 2. 3 DM-201 I n-ris
Type DM-210 Electric discharge machine.

® 2.5 DM-
500 9% J it
piime:]
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® 2. 10 DM-250 BRI CEER 21 +554
Pressure oil circuit diagram of type DM-250 electric
discharge machine.

T E 5, T S OFERIcE, DU Avd, 20-t21w
F, HEM AT, WREHIEEERE. Y-enudl, SRRSO EC L
BRSSP LTRSS b T3,

T AT IO ST, INCR OO, 5% 1
D VLA~ THHEL 3o INTICHE#E 52 5 HHE, |\ IER vi~- 0
PR AR5 C LIk DA TEATIRE TS 5, WNLHOE X
ICE - TRBEICHKEZ Lk Trhniaicd, IREhEZER
Ko THEBOYWREWHETED,

BRI TR T 2 IR, AT, 2 ‘EE%%%IH%MS‘@EH%%
B2, MELCRFHREOGIROK EFVE 3 AME el =
A KK g T (1408 82°C) 3 2k BE 45 vinot ik
HERL T3, TR LTHHIREDS, e 72 ok S esthd

PREMBENLPBETCH D, TDEDIC 20-tA vF, H—TAuvIl 5
MO ohTEY, WERHEER:HCESBBEBCRETE D,
20t 2 wF RAEALHOFEECHERNEINAEGS LI TR -
A, Y-shodlb BHERP D 21RE (AHL0ga 60°C) L kic
EFL S, BEWCINTEREY 2 L 5K 1va-00w2 LT
ni,

— i NIRRT 2 3 U C kS X L D LI SR R e A A <
BT, e METTT 288 bH5%, cOL5R
BEINTE 5 Moo G & SR TRE o e & bic k

FL, HELLRAOTIHEEZEEFcE SHOME AN, 2 5 &
5, U ALT XD WRED SEOME £ SN L,  HEmITE R
LY A=Ao0— TR PR T B,

R ¥ ¥, R 94— BOBEIEBS M AENLTED,
D tob EERCHICT] T C e Tk, WEHOE -
w3

2.3 fnTiERAfR

2. 9 iinruEmEls o d1vdsa ¢H 5, DM-250 90 84,
MNLHE o0 OEEXIW250L th b, v N 5 & A8
WKL > TAHBMENZMEZS DLBTHES D22 bl Ty

o BRI & 2 I8, Mo BECE, oSt bi
FELSBH, MM kP B L, Mk AR

EREET 5,

=28 DIAX NS, @i itat Sya-rx o 5
WEB AL, 20 Z8EE L 1 e g1 NI % © 58 H
Hb, AR DM-250 04 30 min tdH 3, MLES LD

1234

qug ~ito e, EFHEE 5 ~Eph, CcCTREANLE
U, 20 5hELE fud THELTABEZTLVERKE 5
el bi, TRENMLIE S ~%ED, Lo THILEHC 3
WA EREc s e D,

DIBEPA . dq7eo2 04 (FEEA) SEH L CEic Tk,
2ALATV AT D HEE DRI, AWEBRAIBOENE I X - CHBIT
5, R 2«batvavt BTHD b O L AT B kAR o
02 b ALK THY, Lhik ruab BEGE ¢l eTA
2 EFTIE T E B

2.4 HEERKCDOLT

2. 10 wliEdl g s1 9950 #RT

DM-250 B D&%, LW su2 R 5ERICHEY - T—H 2 s
W guo, 5 R MEEDL 200 L LTw 3, E fu3 X 28
'HJ: ol BEAL COHEO EFZEE, EBLEZ/MELL T

o R ICTRIEGIBI R IO, IL&MJ\F'“&CW FE NS
& AEU R BHRAICET L, BRSNS o 0 TR & b
TEHEPSH D 5LFTR, vivd & 9—3 FORMIKC AowtFzus

AT AT 280 L GBI OBEKETFZFLEL T3,

MEOIEENG 35 kgfem? R4HHEL LT3, EiEAEARMEE
-RREEHL Cn230T, CHOBRANL, Mo bFesLT
H, MOOEREIN->Tw2ORBRTH B, Lo -1 T
D JAI5u A3 I b, CHDREACKH L THEKE DAL,
EDORBDRZ TH D,

2.5 BEERKICONT

BVE 21 95 B F<T Ao F BIEZZRNCHE S S, il s3]
BETH D, Y-h ROMBEKRE o AIHEHIC, ¥ 2B nEEx
Y= JHE o IR ST B, $AaMAHEIELHEL X 5
ICHTEGEE £ OMILaEA, 2B L AR R ECh E ok &
B 42 5 k5 cEEhTn b,

3. DM-500 gEinTHic oL T

DM-500 fRFEIMTCES i, AR4E 1 A 583 L e REUECE oo o,
FAMRECHEL 2 L 51K, EHRERRKA 200kg RHMT Th%
BLAMLATESZ SOT, MEE L BEsic iz 3 o T
BiIcD~3,

(1) Aol #5

X 3. 1k, DM-500JE ~wF LB OME 7T,

W RT3 2314 XX OMMARICHEAIL L 2, 18 Jowo
R, ORECILS 3, AR 12D o5 -T BEERIL.
0-3 & @ 0=-Yudauaot THF &, RO 250 b5-2 B
W?mﬂbrw%ﬁ,gﬁﬂ%f@é

DT, J&bﬁmr}c% < m-%% DY Lm]%l[_/LZthb/ﬁ AHETH
Lo EDRDEMDOEEHEDOMEIL, 21wy OEVEZ DT oyod
Ab0-07 HDEROMECHEFE I FI &, »OoE OB REFE
FE ST ILTw 3, ThabbES B DIIcE, HEiH
W B bt Lol ifts T, MEHROH 21wF B TFHCT
% LR VEMAEEEL, BUNRERTTA S, LT 21 wF I
FTERUMIGERBEIEL, AR A 0wt Fzeofd KE > TEDE
FOMEERREFLOST 5,

(2) 5=3L. HFL o

KEBHOMILZ GG L LT 572D, PO 5K fERY
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N AL
Tff/d{-,f;ﬂn#_r“/

R 3.1 DM-500JBHEMNCBE0 A1 1 &8
Main shaft guide section of type DM-500 clectric discharge
machine,

Uy# Exbvoyf

1,000kg T B b H 0 5 5 DT, RBAAFD 251 F BICH, PEA
NLZABRERD, ZToL% o-s PEITSHEPEMAL D
73l OB &b TR S C LA TE D,

(3) ez Sy

KIER SR I B A I BN T LU, SN o oA
DEESEE S BIHEETH 5, TOEEEEL, DM-500ED
B SHBTIC A3 BN R 3, BOBOICHKEIEERIL.
RS & S FENFHREEE & DT OWIBEDFIRETH D
DM-500 JB DERERITABIE B & #l G2 2 BEHL <, m)m:l 153

CrRIEE D 0.2~03mm 2 nH LS kEL AT %, EXK
WENTOBEE,  c DX 5 RMTnEas Uk AL A R
DT v () WEFHCDF - TUMRBESTES B b, AT D
BEDMET L & 5 & QICER L TR AT RGN S hTwn s

F A NCHREAS 10 grjmin B 1 & B & HETA BB ISR D £ <
‘“'{'(C B3 2L LR v, chEFILT 20,
b o R Deu BERY, SEARCEIABRL, TN
«ﬂli: 'H‘Zv IsEEIhTnB,

(4) IR

FeAMIC SR & 280 b s, s HRikiY 1,500 ¢ 558
TRl 2ana 25 2 WA E T B, TR E, 24
BRR D LHT B 0T, REOBFEINIIHE 200 AICE bIC ¥~
hodlb %5 AL, A 40°C B i - e iicit.  AEwic
AR LR TR 0 & D

4 BEREEE

Wife JIS i, BGENCCE R E R HIE LT R\ w DT,
MeRER 4 1 ok 5 B e R L, Ehch- TR 8 &
BEFFHFh->Tw3, (F4 1EEESKO—T<cHs,) R4 1

i3

ik, DM-250 B o—flTd 5,

KHho-Tnd

[ConT

5. BRE, HHoRIMEIZOWLT

#5 1@, ZyHbEnEE BRoflghegcds, T
oK EE, NI BB/ DI, SR ERE &
Fiokb, BMAATEIEREHIEDEDL T LR TED,

6. FHHEMIMWCOLT

FRAFICHIEL 2L S, EERBIEEOMAEC X N
T, MEEINTOMERIC DML X5 & L Tw 3, lZI 6. 14, <
D AMD T DI L 2 4 hOKEEGE N T BDBED

1P BEENTLEE ORE - I - HE - K

T
e e s e
s

Ul@wmu

EHEH ﬁ 6/« EUEES
4,1 DM-250 s rA% i o 1 4
Example of straightness of spindle, type DM-250
electric discharge machine.

= 4 1 BOENCCEE ORI GRLBEHE) Ok
Selection of accuracy standards of electric discharge machines
now in use by the company.

B OE B WOE N EE|BEENES
el

M £k :rﬁ')ﬁ
ElEET 5.

FNERE=Y T N o
b/l({// -0

j
" 0.02
5HnET 5.
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FRAPL YO - Z2OFEAEIECELEDB LT
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5 1(a) HHME DL & H Bhor U7 WS FE RS, M 9-R R RERERLCE D, LS

Combination of standard machines. e . - : N
PRSI S H: NI H N IC PR A B TEB K S KR TH
[ P pethe | A T N I 5 gn <97 5t . o - n
\| B 4 | BEARK ! Wom oK k| WHEmHAX D, RSO 2250 BRI CH B,
— — DE-40 S LKA AT X T 2
O | DM 250-H DM-250 DE-24 H R TR AL T TR
O | DM 250-HS DM-250 | DE-24 H & DE-40S | 747 244 &
O | DM 250-1S DM-250 DE-150 S
koS %
DM 250-3 S DM-250 DE-300 S
DM 250-3 T DM-~250 DE-30 T
FF T RENLR
O | DM 250-9T DM-250 DE-%0 T
DM 300-H DM-300 DE-24 H 0 1 0 T B R
DM 300-HS DM-300 | DE-24 H & DE-40S | 7 X7 s {¢ &
O | DM 300-1§ DM-300 DE-150 S
O | DM300-3S-9 T | DM-300 DE-300 -9 T -
DM 300-5 S DM-300 DE-500 S
DM 300-5§S-9T | DM-300 DE-500 $-9 T
O | DM300-9 T DM-300 DE-50 T FF U RaSLR
DM §00-H DM-500 DE-24 H R L R
DM 500-HS DM-500 | DE-24 H & DE-40S | 7 ¥ 7 £ 4§ ¥
DM 500-1 S DM-500 DE-i50 S
DM 500-35-9 T | DM-500 DE-300 $-9 T
O | DM 500-5 S DM-500 DE-500 S H L R M 6.1 4% KENTE
O | DM 500-5S-9 T | DM-500 DE-§00 S-9 T Special type electric discharge machne.
O | DM 500-10 S DM-500 DE-1000 S
DM 500-9 T DM-500 DE-90T FI Y REAAR 7. {: 'j- -O;
fii
1. O, RRMHELERS, TN A ARENICEM L 0L A b i~ Rt L,
2. DD-300S-9T % k1f DE-500 S-9 T i, il L#{%ic DE-90 T & IRIEWED b et T ] /tﬁl JIc A g B R
Sy R EAALAABERHLTA S, =% DIAX GEIMMCE R A 2 iiGEk & b, ok s hkEs
3. DE-500S orifl: L#i#kit, DE-150S L ISITRMOEFRERLTW S,
” > B % DT DM-250 g% Efkicik~, DM-500 I % #giyic
£51(b) Fe#agb i A7, THAC & > TEZEHRINTCE O EBERIC K 3 5 B2 15
Name of type of special combination. LRUMESERTH B,
Basm | BWAK | w WA K | G * £ 3 x
DM-25 DM=25  eeermeeoeaaen o SR, BT KO = Ak
208 (7#7 24) Jedh. JHRM _ . nerr
DM-51 DM-51 12H ﬁ@%’ﬁi”’W ( 1 ) ﬂk}.l&s .{E‘.F': le:;“[ﬂ& Wm : :;;’;‘I{L‘II‘F&‘H(A*:E~ 36' No. 12,
DM-20! DM-201 DE-24 H MR TR (8 37)
D20t DM-201 DE-24 H TYGIRIIE EE
+TET A L DE-40S(TA72) | KImLh
DM-220 DM-201 DE-150 S HE A &
paeimMic|

% FEfA LRI O THBMARKBSEE L - TREAH EF 5,

1236 Y - Vol 41 .« No. 10 « 1967



e

4T

Nagoya Works

UDC 621. 9. 018. 5

v JANENIHOEREY Y—X
= K ER - A B - RRIGRER

Series of Diax Electric Discharge

Machines (EDM) Power Supply Units

Tard YOSHIDA - Yéichi KUJI - Kotaré OYA

Though electric power supply units for electric discharge machines have been used for the working on sintered alloys of extra

hardness, precise processing and complicated configuration of metallic products, there were problems posed by slow working speed and

high wear of electrodes. Under the circumstances, circuits of no electrode wear have been introduced together with the progress of

semiconductor pulsed power supply units befitting to them and old concepts have been changed so as to apply the new technique to

multitudious kinds of work. This article deals with semiconductor pulsed power supply units used for Mitsubishi Diax electric discharge

machines and also introduces to the Company’s power supplies set in series.
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Type DE-24 H power supply.
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Type DE-90 T power supply.

A i Q o)
° Nl_)x “‘T’»T’"f NP, o 3 Gi
\E) @ IE,.
SC.SCsNP8C.8C;
-YUULI00G

. 8¢, 8¢, sC,

NPs

=)
1,600

ACB,

550 - ; 800

B 4.13 DE-9OT # & &
Type DE-90 T power supply.

BENTHESE 22 TEP o, Cu-LF T3 C LI X - THHEH
DEREEMIET 2 C AT 5, CRIIERICHESABETH B,
BHAREM T 2 A LB O 5 3 8B 4—h- TR, EFO
FUE B E CEMA L TN CUEE R L B oz D B u-LF L
TR, SEECRIREAS & AU S & 7 5 o

y-uF OEEZ FHRAMENTE Y 2eflchcsc et &
WO v-LF FREZEA MR E HET 55, BEREAE AL
BREED 5 5, HIASHTH: 16 1wy. SWG §28 BAF LT v,
HESY Awt S, ST v, SMRTRTHBNICOEN 5T
WERERDBER, v-Lf B LR L IKFERIC 7-2 LA
b ok, RELEBKATHEOT, FLATRELTWE L X
REEOBEADZOCT 72 RébRTREL bR, HESK
T u-LlF TG, EREPIRS OREETH B,

(2) 7ust ONE, HR%EHTHE

FUE WO BRME S HER-Ha&lic s wOBRT ¥ 3 5
BT, FERRE 2 ~ 4m ORIETHRVET, BYBiad s, Lii
> TC7uss D% 2 ~4dm OMFTBHE 22 ¢ LKk hIER

EOBERIERC O AL TI LR TE S,
T b, y-Lt T35, 7uvst ONUE, HHE2E»THEL
Afsciickh w2505 nE8bL05,

6.t ¥ v

BEIMTOMTER, FEHFROHERIC &b v, EEOTVEE
BrAAwbh Tk BCE cEH L CE L, FRBENTOER
FLHAEM LI TWwE, §FTCRNCTEALLSIC, HEED dusy
FIE T L LB TEERR, BEINTCRE O % il |
TEC LA L, HEEALYEGTER L HEREMER O
BEWRREICES SR, BE 7o WECEZ YT, BEZM
TR B2 C ERBES TRV, Vo E 53K ALz BIFE R
THRTF AT, EEE 2197 BFC LV B 7-0 HECH
T3 e b, EED 1zur EBFTARWST L, HHCHEY
BYHDOMTEEZ R T C e BESTH D, BME 2107 BT 5
W RIEGHOBENTERER G RELCEAZINI L S5ICa 3 &

B,

R s T T N N T

1244

S s » Vol. 41 « No. 10 « 1967



M’?
L §
&

UDC 621. 9. 018. 5

MEMIOEENDIE B

FEFF IR E SRS - I AT

Application of Electrical Discharge Machining to Production

Nagoya Works Shinji ARAI - Fumitaka KATAYOSE

Susumu NAKAGAWA

Central Research Laboratory

Electric discharge machines, introduced to the production with their distinctive features being made use of, are broadening the

range of application as a means to promote the industrial rationalization.

Though various characteristics of the electric discharge

machining is effected numerous factors, it is feasible to bring about nearly constant results by making the factors constant. For instance,

the tolerance can be arranged within a few microns.

Application made available for the present covers making metallic dies for the

work of panching, extrusion, powder metallurgy and the like in the case of through holes machining and also making nozzle slit and

small hole in the same category.

With new developed power supplies having low electrode wear, it has become easy to make holes

with bottoms such as in machining plastic mold dies, forging dies and die casting dies.
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(4) HEdHoE (B rHuax)
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EINTONMTEME X beELcARD &, 1 KNERORE
SERCH T ZINTHEHERCGRET 2 2RNERE £ Tk, 20
2 RINBEERAIN TR R T 5 L v b 2EG L b, COEB
BIR%ERT 2 2. 1Dkd ks,

2 RIEER

(1) #InTHEEE < A G
(2) ERERAECA

(3) HEHE L

(4 ) F+wd

SR

2.1 JHTEINTLZOFEEENAE & hnoris ko BiR

The relation between results and factors in E. D. M.
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0.2mm Sy F R
E— DHDBE DI
T A G

ERIFREEE

——-%V«vavmu; 3 LIcigd 2.2 WECAL (Gu-2) DE
DB A () IS

Va=100V, C=100uF

{ !_ t\ IV TFUHEREDH
OBLOIRET A
) EREHE AT £
FTIR) LISSAnBEL A

V=100V, C=20nF

Cross section of crater. (single
discharge)

T, WINTINTLR

|
dd18.8g

—0 I

i . -
AT ILEI oI T

o ——— 0.0295 %5

0.030 S

0.625

0.020

0.015 ==

_-X”""_; -

0.012%0%

0.010

2T I5A (mm)

0.005

@

2.3 DE2UHERIC LS 2yrsua OHHM:
Repeat ability of tolerance in DE 24 H.
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B C ADTK D b oC, WEERER 2. 2 KR, &
DR C A, HEMRE LI BOF ofs~3H ko) RS hTR
BINLIC X SRR S D, 2. 1 Khd TR, W
TR EABENEELD EHRONIERT, $cbhLd
C BT 1 RVEETRE % —5E & I, BRINRE R sE—
ELARDLEHDLILD,

IMTRED—DTH B syrsu2 &V HIFC, 1 RWEHEERE
—EE LABEIC, COBREOCHREMND D HDOERY, DFIR
T

AR DE24H i (@ RBHINCER)

TG

(1) #Hnxdy  HRETLAEH SK-5) 6mmE

(2) Dgtk B2 3 Wi EMEm T, RN,
WiRcH T 5,

(3) ®Eferl EXRE

(4) & & TN T4, R 2. LCRTEH Y THD,

(5) InxTwg SEERMIERT IR v, g 2. 1 IR
ETTFREZEURHNTL %,

(6) # ® THEE -t EERE D R A, y-wkD B
K UERE Y O BG I X 5, B0, B4R AL ik 0.005
mm BIACH 5, (DM 201 Bt )

Pl Db MoxE s}, ARFHORIO 297502 ZHE
FB L2 3ICRTEREAY, £0002mm OAFENICENDS,
DE150S EHic 1) 5 oUrsu2 OFEM:E 42 7cwic, RO
Bk 55 7o

FEERGA

(1) #nTd ke 30 mm &

(2) InTIBk #wnTiic 9¢ OTREBIT TE L,

RRRETEINTA 9.55¢ &4 BN 9.99% ¢ @ 2 KL HEL, 37

£ 2.1 gursuz BRMESEBROINTEY

(DE 24 H 7E#)
Machining data of experiment for repeat ability in DE-24 H.

¥ om0 | % x W T
Bin T 4 # e &
® B M O® iz}
m T % # (No. 6) (No. 4)
= v F vy pF (No. 4) 1 (No. 3) 0.02
EP=v7Fvy  uF (No. 3) 0.2 (No. 3) 0.2
RAWMEE V 240 240
m T ® E V 80 80
HEKED £ 5 0 =
I T ¥ E ke/em? 0.7 0.7
m T ® M min 5 5

R 2.2 gyrsva BRESEBOINTELE
(DE 150 S E##)
Experimental conditions of repeat ability in tolerance.

! W m T # E T
Tz ;;4 v No. 8 No. 3
mox ® O® A 8 1.6
m =z 8 E V 40 80
MT Wt EH  keg/em? 0.25 0.3~0.4
o B 9min 30 sec 28 min 30 sec
m » b & pHmax 110~130 25~-30
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® 2. 4 DE150S iEE
Repeat ability of clearance on DE 150 S type electric
power supply.

YT

T

~—

E
=
5B

PES
7

BT

TTTTT

L EE

0.002 3 Lt ERS] I IR EEE
1 10 100
W53 (Hnas)

E 2.5 DE24H Eiic X 3 {0 InT R
Machining speed and electrode wear ratio to surface
roughnees with DE 24 H power supply.

IMTH T LT b BN TER % FOICAEE S U i
I73,

(3) TEREHE

(4) &
2. 2 WoRd,

(5) InxTHE SRR, WIERE 2. 2 1R,

(6) # DM 201 Jpishis

BLEDGAFTINT L7 10 D RIC2n T, ARFIHARD 2y7
Sv2 DFFERER 2. 4 10K, G, 0.00lmm HEED 12
0A-2 #HEH L7z, Thick 3 & £0.0035 ORZENICHED, 2D
D 54k 31000 EEHEE B,

PR~ e Z o0 %BT, 1 RWERL—E L ThE, T
fE (ZDE\/H 2U75vR) B—E L D e BHLPC RS DY T
HDEH, TNETNOBERBED L 5 IChnTEBCEET 22555
CLAEBETCHD, 2 1 ORTHRFPERENCHLALTY
QTEHBMBBECHD LELLNED, FO—20EFEEE - THHE
HThh, ZLOER PEALETH ), FCCiEENTONT
BHOWE L LTE ORIBEH BN,

FERWICHTEIN T 2 2B I 5 31 bk, BEERHE—IEE A

TS
DE 150 S WM LR, AINTEkER

HEEMTOLEFE~DIER « 7t « F35 - il

! 150
Cu-W .
X7
55'\\/3,\_
=2 [T N Bs-E/W]
£ 100
=5 A\ AT
0.2 P g —Cu e /W
Vi Bs-E =
0.2 - XY
' 7 e N \Y
0.1 L4 L
0.04 * CutE
0.04 ] 1 o
v 0.1 0.2 0.5 5 10 20 50 100
# (em?)
o/ in Cs=2ul Cp=02uF I, =7A
0.17
ol 150
0.14
e 0,13
= o1 —
2 ¥0.10 100
o
B v 0.09 W
& 0.8 E
'H =] 0.07 p =
2@ 0.06 Cii- B/E =]
0.05 50
0.04
0.03 R e -
0.02 Cu-E/W % =S
0.01 j ] % Ci
U002 05 1 7 5 10 20 50 100
BAEEH (on®
{x T Cs=0,02uF Cp=0.2uF I,=13A

&2 6 @ M & R
Effect of surface area in E. D. M.

i, WENTHEOIMTSREA: (1 KWER) o—>2% & Y Bz
bxe, ol RVNERZ—EL LABSK, ¥ORENTRKC
BT 3 e ERWICKRD 2 ODPEETH D, T OFDHEBRDHH
ZOEFRBT S,

(1) #mTsh e EErrpofahby

DM 201 B OINTA%E (Fd b & —InTE s X UHED O
T —ERREEEEIEER) 25, BRI THk & R O DRI &
5T, EDXSIETEAER 2. 5 ICRT, © OFEIAE 20
mm, PE7mm OHEEOEREHAT, FES LD INTHE LR
I L AR LINT LR TH 5,

AL T 28I, $8 20250 &4 (8~20%), &Mk

(25~40 %) AEMEIEEE D % QI T b, SRR I iR
PHEWET 3RO TR X &, Kili<d H 2 23EMERE T
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BEESEMIT3HACE, #l 209250 8855 VIEEE 305
25y G ROEBHE P ERIEEE A D 2\, FIERE T 30~300 %D
EEEE D5,

(2) InTwk

TR OIMCEEIC S XIS THE L LG T e g
ZEOBF3,

(a) InTmEH

M EREE v, E#% 01cm?~35cm? LZLX 4B
INTERRE, MRS RN EE 2. 6 R, oSS
i, FC avsvl BRTHIEHTEEE LS mRIC w3 2 R
PRk ) EBRBEERE L, FAMTEERDE %3, KEHRD
Be MTHOHRRES WL RO CNIHEERTAS, 20
7o DML, T, 4 ENTOoR0EOCDOnCREOHERN D
32, EDEET AZBEREL A-Tnd, CREEHIRL
WoTWnd,

(b) nTgEx

DE 150 S BEEHEEMENTEE A, lmmigcEx
16mm L 48 mm OFHRE2EFERE LT, NIELEEET LD
HFTIT L, INCREICHT 2 BiROR W 3 0BFEE Rd k., ¥
e LN E BT 2 i 3mm f§-¢ 16 mm B X O, &Lt 20
o—18¢ OMFEMCINLEF C %o, 209—18¢ OMHEEHED
B EICINER X D IR I L. REE 2. 7 R,
MITEERE 2. 3 wRd, BEU XS AMTEECd, MITHoBE
BRO XS b D, ITCREH & INTEE S R HAIBRIC 5 3 25,
INTHOPROBEA b D (3t—16) 1%, INTEEXHREL %5 &L
HEAENT 2, EERCILTNTEROS R Y CoFERE-,
1tx16 OEBFERICHS X 51, MIRAEHECITINT E 7
BRL LRSS, EhCIIIHEE 22850 D0 55, cokE
BredinTgEE 0mm kxt L ¢, BiEHER X 1Z 01mm BIFed
oo BEBHERWTRLETHY, HINTWEE SK-5) tb3,

2.2 B E

B A2 BB ICINTEEICEE T 5 508, AETRB

0P L
10 rb"‘r Ny *bg 10 o
£ X %\x‘ o Az
8 N mxis, gV ¢ 8k A
E -3 3tX 16 & E WA
£ e & £ /s
o 6 A xu 6F &
B &
H H
E 4 24k
2t 2+
1 1 ] ] 1 1 L
5 10 15 20 5 10 15

HoTESRY (min) HOLEERT (min)
B 2.7 InTEEX &nTkEOBEFE (DE150S TiF)

Relation between machining depth and woking time.

# 2.3 INITYEE OINTRICH T 2 BEOEBOINTEM:
(DE 150 S E &)
Work conditions of experiment about worked depth.

m T % SAAZEE ms WALRER]  ms FHNTEH A
9-3 (£9) 0.64 (#3) 0.54 24
8-3 (£8) 0.64 (3) 0.54 16
7-3 (7) 0.32 (%3) 0.54 3.6
6-3 (%6) 0.32 (43) 0.54 2.5
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TR (g/min)

o
i

T T T T

0.01

1 10 100
EH5e {iHma)

X 2. 8 FEEEREOIILHE LD b & OBIFR
Relation between machining speed and surface
roughness with various of electric source.

e, B 2.8 KAMHEROES b & — N LHEMRE RS AL
2 BREOMBIC X 5T, 1 KU TOEBMFELOBEMLAERC
fitg oh, BENMONMTCHAROR TR, 0Ok 5 REHEEE
TIMIT N, BB (e b A RHKRED b 1 ROFB M bR
T ONEDTHEHEC LS KEZ b DA, HEKER 2.9
$BH L5, BEEEFFTESLHKTILALADEOLT
AT, A0l L NIHEE LM b A, ko THEAD X
50, BREAEELTCHEBHEE s T EEIMTTILE kv
DOILOWTE, MRS ER Az B R @RS 5 e T
H5,

2.2 B &

2. 2.1 TiEHs

PR X 0 BRI, BEHO IO THNE LD LS R b DTY
IV IEARRI N TV, TERENLTOH &% LwiEd
R WERRORRF SRR &, EEAPORBERTICLY,
INITEEOMBEAHEE T2 C L BRI N, TOOBRACELT
&, ZOPITEICHRES NIclx DGR ERL TELWE-GE
TEMEREDH L, PTICEEME & LTEET < &4EE278T 5,

(1) HBEINT R

(a) =Eh (b) ERRIEFELL

(c¢) hnImeps (d) HEEDLE
KT 3HE,

(2) EEEe Lok

(a) ikt s AT (b) N K

(c) HEhRsRE (d) K& ofpR

LD TRTHRET 2 bR R0 <, ERREIRKO LM,
FEIN A kInTA, KON THREENTs, & EORHBMES
CIH L, EYAFECESRSEPI D,

R 2 4 CHBENNTERC X Ebh 3L owToE & %
B . C05 B 2025y, § 2udasy HEHC D= T RlifE2:
BDT,  HEEH R EOSmIcR/NBER (INTERED Yol B
BEDORX) 55 ff, 20 LD INBDOREETH 5,

£ 2. 5 LEMAKIMTCE DI BHEHC DV TR L,

2. 2.2 EiESUE

R ORI, —RICEBINT L3 v O-CHEBINTT 5 0555
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#= 2.4 HE/UNTCERI RS B AERE

Electrode materials used for through hole machining.
i
WEMTE (REkE ) fiOER MR BT B o i i ATk kg H iy f# £
e REAFoEcx LTEFCNTT 3 HE oINS, FEA SIVRLAE Fh Rmr ik £00~800 6.9
' S~ IR 20~30 % A5 | I L15~30% | BIEVRBE ez | TeFe ‘
[BrALCELAETXToME A LT | HASECHL, 30~ a4 vk
b il B b R w B8 550~600 8.3
FELCIT:3 10025 L K& 5
Zh, TR, MEomciRi T Ch ELiF FEHEmTICH
Brvrr7v EETi A L W N 21,000 14~15
Twd il bicHwoh
BEYIATVICHK HERMNTICH
Wrvrary | BBy IRAFvER-TRIT B 12 15,000 #14
wCRW SicHvbh 3
BIFTH 5 pm
7774 %r FMTRAL, NI E It H 4,000 1.6~2.0
Hedn
MBI ZAC, MAK %
Zn & % Hegny B B fif 6.9
weEd | ¥
. = o 42 L ICRI SR TRECINT 35 O THIN
A ag 7 kLo 19.3
MTicHvbh 3 i
£ 2.5 EMINITICEHX N2 B
Electrode materials used for cavity sinking.
R s ’B * " L
BT IcH 1 55 # " - 7 3 3 [
i B oR B BENT B A DO oy | Pk )T
e 2 -y R OMT
@ @ srom | e FEOML w ow
i) B W oL R ® tg.éf{,; 600~ 800
@ @ re | Fme 2P T @
!
B WILMMER LaThiEhesk | DK 6~18RLL, WAEME D Ro2EL OB M| WETLD
77774 % Rwdo (@« mifiiie KK, ¥ Ox 4,000
=0T, WL 2~3 v | e Lalehe UG I IR U B A
ATHDEH, L CBRAERETHS L VATBRD D DEEE K

DohdEaicl, #HiE B B EHLCRRET. 4,
BERMTLIC k> THEBY YT 2585055,

CTeR e QIR kA EINTEROMEY & b ByTid
WF5, ChiERE (Bhicd) 28 (BE) o LKL 4wF L
THEREICE L L 2CBALE DRI, BfkeTsHEC
SR, A2 WD K S5, BlRISEHELBR T ERINI L E, B
i, REAEBCEMBEOERIKE (, £ 0HRBHFHIIC
PRV OUHLET 2 HEASICHHE NS,

EHEIC LN A AR OMISIC D ), HEATEIELS &
& ICHEFNIC DRI, Bz 2B TR C LN TE D,
B2 9 I ZOHEIC X YWEOR IR T, ChiCkET, H4b
Nic 1-g, Jd, BEIC LY, BERED I 352550 & ETH
WAaVEY, BEAIFEEEOBSICIHBERIEe, HEERELS
MT 5k hiBfkibz T4 5,

BAELIBRIIRD O BT 2 72, %I HUEIE L ES
DERH DD, PHRIE A LR ECEEENETZ & e b
CHEZ DRI T I OCHEETHE, DACREZREE L, #
PEAEELED, WEHEORE, FEMICHE 1w & ZALEDLD
LD R D, ZHE, B YEH 2ot OBE L IEERE
THD, 7 Avt L bRIFFIELEE S L LEREDHLOT,

BRI D R B, AT o CRECH,

£ 2. 61 lmm QX %82 ADOFERRE & BERBELCON
TET. TO LTERE LTONEELPBER Liekhb, BELD

BENTOEE~DIEA - FF - F3F - Bl

(b}

S X il
VE & 7RI
AR (3, b, o
Example of electro-formed
copper electrodes for use
in E. D. M.

&/ 29

® 2. 10

Formal affect of electroforming.

BEHEDOERER

ECHEL, BEMCREDEESRE, Avorwd 23T AVWEmRE T 5,
CO XS CEHEC L 2EROUEREESFEE©, ~TEEE O
BABBOMECHAINE L LA, TOEECR TS 2L ANFE
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PELACEAS L, EERERC IR ERREES S
B LUHBMOT H L EhAR ECE—DE I CE ERT OF K n
CEBRETHD, coO—fle LTR2 10 IKcHirDER LlE
HCEBE L 2 BEOEEOBETCOWTR L, TDX S AEEKC
B, CERCEREESTZY, #HRE2EETo el HD
BECOMBEMLT S ENTED
BUETIARERIS O BN TS S N T k2 b, REIC
XoT, EX$ mm bt mm ORI e LTHEE D L
L, WEREFEET 2 L I HER LA R Tnd,
2.2.3 FMISELMTEMTERE
B 2. 51cH3 L5 CHEMTEORER, R e 4 kinro
MLHEOEIIEF K E V. Lo TINTRRTE E58IMLHD
INTEOKEIEIEMT e Y 20, AT, INTHE%C$h
{FHRTIES o, MTREZERT s FNA2TERTHD, C
D7 DI, FENLEN & 4 INTEmRO 2 ROEHEZHE L,
TEREOHE R EMTERL D SN T2 L TcdH s, i
MTEREORANOFN LA 2 EETELRADES KRS
k=CJe+HRX103—CF+$ ........................... (2A 1)
Cr : FEINITO gypsua (mm)
Hp: FMTomd b (eH )
Cr: H: EINTO 2yps5u2 (mm)
z OEDEEE moshh, TofiA Yk
HHEEMWY LA (mm)
coRic kb e, M2 11ieHhs L5 2=0 &35 LTI
b ORMEL Y EINTORD b X720, Soinny

el O H
i

(b} 1 T
B 2. 11 FEhna e ok

Rough machining and finishing.

0451
04
035k
Zo03k
~
N 025+
i
6-5-3 B-6-310-7-3 N
BhoT/vF = 02 |
AN
fEbhT 2-2-20084
N 0.15¢
E 0.15 o 01 k-
%010 >
5005
s 0.05
K 5-4-3 6-5-3'

Wb, BECOEDOMIOFNLAINTHD E, TN
DEH O EBPNLEICEDFFHWBEERLE AD

(1) HEE/CGEROSHE

BN LOBA I, TR & 4 EnTERO LD
EFE#EL5 L, B2 3ERLALSABSEBRAECTV,
Byazs, 005, 0.1, 015 0.2, 025mm &%8% C, Wl T
T EINTE LA, ITmEs, fhlds Thd a5 h i
BT BRBE TR /re M2 12 €2 DR RRT, COERRICH
A L7, DM24H BEHEK>WT, Fic 19¢ OFTROHN6
mm FEO#E (SK-5) % 20 ¢ QRIS M TI# % T4
LAEALIT LT oursuR, HdbH Sl AR R £ X
2. 7 IHRT,

£2.7ICRT 0Y7sua FLUED L EDMEN G, X (21 Dk
OiE% z=0 r LTHEL, chxR2. 12 CFBCERLTHD,
EEEEHIER L n—H TS

(2) ER7GEROEE

DM 220 JBO K MTEMC B 2 oyrs5ua OE#R 2. 13 i
Ft, T 6mm O (SK-5) 1k 19.6 mm D &5 L DI

g 2.6 lmm OEX %85 ) dOPTERY & TER B
Times and current density to product 1mm

thickness.
@ B WAEE Adme BEEENSET (0 - 59)
. 2 38+ 20
g an 8 9 .35
i
- 2 26+ 10
v T i 8 6430

F 2.7 DEUNFEEFIC LS syrsva HH b E (GHITEHR)
Tolerance and surface roughness on DE 24 H power supply.

7 y F 7YT IR sy

R EAd: Y E A J%TJ% iﬁﬁmrﬁ ) W W oA @ Eﬁb“if

No. # No. i»¥ No. L i A B
10 7 3 100/240 Bl mi | 0.199 | 0.247 —
8 6 3 100/240 @ | WyH | o.108 | o.118 -0}
6 5 3 100/240 W M| 0.084 | 0.094 42
5 4 3 100/240 wo| MEHY | 0.056 | 0.062 36
3 3 3 100/240 W | mitd | 0.024 | 0.036 14
2 2 2 100/240 B | Wi | 0.020 | 0.032 7
1 1 1 100,240 | mMEHY | 0.012 | 0.026 5

) WITAEOHFE (/v F® No. O KoWTRIE 2 §BHOC L,

% 2.8 DE2UHEEL o5 OMIE
Value of taps in DE 24 H power supply.

W/ v 7

W/ v F No.| 10 9

SERTEWENE (A) | 26 15 12 6.1 48 | 1.9 1.2 07§ 04} 0.2

EEES S T

i 1 1 1 1 1 ! 1
116 216 3646566676868610-6
L&
2. 13 DE150S jFfEic L 3

2973v (ADHD
Tolerance in DE 150 S.

B 2. 12 ST B
/N1 % (DE24H EiE)
Difference in dimensions between
rough machining electrode and
finishing electrode (DE 24 H).

1250

avF ¥+ No. 7 6 5 l 4 3 2 1
WomoE R (P € 15 2 ? 1 ooz 0.005 ;;JOZ
W=7y
HF 2Tt No. 3 2 """
n #  uF 0.2 0.02 0.01
T WA, H S 27 No, —Ea v Ty —AFla v F v yORC S 5 F

No. it LTRT,
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‘fwbwy

dY, 20090 OEHE @) FH CHEINTESETMILCRER
WEl 217042 (0.00lmm FEE) CEHHIL, 2Ursvr K%
DTHL, WLEERTHE LM ERVHEOWELCOWTIEFL
TH5b,

FeR2 91, BINL toFrud wF CHT 2ED b & OEFR
T WHECTRELTHE0E, o2& AL RT, BED 2y7s0
2 (Cp) LEHLE (Hr) kb, K@ DicfEo THMUEDOME R
H+2LtE2 1002 RS, %L, Thid6mmEEX DI
HLTMTHERE A e LTEHEL, =012 0% L 2% HA
L<H3, Z0ERELEE, MTHOMFD ruisyz CIIED 5
RYRLICHTELOT, BEMIGREI LT3, &2 9 DO
HE>TE R OFEMEPEWEL 225, FEINTEM & H LT ERED O

FHeEES £001mm B -chhid, AFRsEacd Erbhs,

ERARZINIT 2B CNIEEP R E B HREZ0T, I
THEHE RCHED 207502 DFHE LT kEERD 2, I
THERGE S BHEICER 2. 13 ERHTEHED syrsuz OEZIE
T8, NIEIA6mmBEONLTH, £2. 100EZEDE
FHHECEL P, MRS PRLIEFECNFHIIET 2 L E#

5 2.9 DEI150S HHEANT Jwr OFdH b
Roughness of each machined notch with DE150 S
power supply.

Wty v mop b F MHwex CI;”:;SR
Jiid woo Mm (CR)
0 " 200~300 © iso~200 | 045
9 150~200 100~130 0.45
8 110~130 60~100 0.39
7 70~85 25~ 40 0.18
6 65~70 20~35 0.16
5 w0 15~30 0.14
4 20~26 ) 8~15 0.14
3 25~34 11~20 0.11
2 13~20 10~13 0.09
| [ 5~10 4~8 0.07

3% 2. 10 DE150S EHOFIN T L5
Reduction margine of rough machining electrode of DE 150 S
power supply.

I """ e 1 E 20t A 1 |

| 1 | 2 | 3 4 5
i A B B

{ 10 071 | os8 | o0& 0.66 0.66 {
i 4 R i

i 9 0.51 ‘ 0.48 i 0.47 0.46 0.46 I
| 8 0.45 ’ 0.42 i 0.41 0.40 040 |
i 7 [ o2 | 02 0.19 0.19 1
L

10{30¢-% L)

/ {20¢~19.54}

-7 LY | ]
/ S0 TANE
M2207TP:

//8’3¢7L) DA Eismley a2
rwgnyy 77N
- S5 e, wTALeS v F
{14 L)
5{10¢- % L)
0.2 //

i !

04

(i)
o
13

T

s)TFTIVA

o] i0 15
b 25 {mm)
B 2. 14 s o oypsva iy %
(DE 150 S &)

Relation between tolerance and work depth.

BOEMTCOEEA~DIEH - 5 - Frd - Al

HD, MITEEED 2)7502 KT EHEEEBTR DL S &,
214 Dk5Ch%, MIESKLoTHDP L ETRAZERLLAADT
D 275U DI HETE2. QD EDERFETETNE v,

3.0 R #l

T« ORI CORRICSK 3 5 IR LIS A 2w Tk~ 5,

3.1 BEERMIT

EHBRE VI ORKEBTCLDTELZRD T LTV, DY
£, RO O EINTIR & RBIR v,

3.1.1 FrxkBomnT

WREN T HMAEYET 5 RO FCHFICH D, BEENMLD D
DEDEHFVEHD—DTHS,

(1) #Ego T SMchIcs, HENTEREHAL AN &
ICH U W ELIIC X B 412 DLEIB % § - 7 DL 5 2 B 25
AV, G SDINTID TE 3,

(2) H—TEED 207502 D FoF & 412 ZINLTES,

(3) FErOE R RE L LAnD T, BTk
T&5,

SLa BEOBWETIE Koz & BREF—-TBROINT L 25 DT,
Wi OVE D %G b CROBIBORVBES AT TR B,

(1) sfor 21ED, TORTEBCEE 412 ZMLT L, CD
BENGEINTCE, $odgkoLS 3 v RPSEEE 0T E B D,
PRSI TS X A DO THER I, PRI &R RN
2%, B bh sl clivy, —EiE1 —

(2) sfvF DIRIEH 5w EAED W Fhpic OB k% B
DT (B35 H B vidiEA 2R+ R Uikn i & oI, &
vF & FARICETEOMEI A ¥ OB T T 3 5, kBT fu
FEVEFT, DR furCOFEd 412 2T 5,

—EE 2 —

(3)  fog OB TR D i wiAicis, RO
MR RBRO—REBFHICT A2 LT #E L, 9 fur
& TUHERRA BCEMTCIWEL, oF K ZRER (for EREIBR
Ik -T 5’(’1’7\ FHRENTT 2 HECH 5, — [

Rad:, MEREOINIHZRICE~ 5,

’)JH'L{’?I €207 GG Sk

£-2 D 27-237 F LU 0-237 DS EEHK { 7o Dikint
Wc, 2 KX VIVEL oo 412 DFEHE, WA S (:;zaji
JB GTid0) ©, #for BB (SKD-11) ©h 5, I HEE
0.5mm JEDOFWFEHMK©H 5, for TN X - TiET R,
zivickt LT 0.016~0.02mm & 2973502 IC %45 X 5 ICHH
Tk o T A RBEb R, WEMEICHE, | sudary G4% M
wit, AARFEHCED DA LOKBDTBEORED-TED, HIC
0.5mm OFh LADD o eo BOH: LT aHunxa 1Kt 2 72, B
3. 1 iCllA L e iMoe R %L, B 3. 2K 23-237 © 20w}
W OB & & DT e BROBE*RT,

ICH 2 bsoz B op DM DB

IMTOEEIINTA L tALTH D, B 3. 3 CeEEH*RT,

ITEl 3 WEETENEEE (HEREOHD

B 3. 4 iR TK & = OWE e ORR 2 e T 5, EEHEtog
W, 0.lmm Tiie DT, EERONTCERRS fur B IET SO
HHEHcH 5. Lo THBERER L k. COBGOMEREO T
BE 3.5 kRT e Ehsd, ThbL, HBHNE LTHEN
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3.1 £-2f 0-537, 257~537 OEHE
BSWE

Sintered tungsten carbide progressive die for

motor core.

3.3 ptsvrar FIEEEA &R
Sintered tungsten carbide progressive
die for magnet core.

3.2 25207 KR L FHilk

Dil for stator core and used
electrode.

QA
B
| ¥ !
fe >
s 2
[ o
= L=14790 &
E%0.2mm

3. 4 IRRMEFOFEST OnTH3)

Dimension of hand of watch (Example 3).

T (38) & 2REAG
1, e 2
mz-f
Q\g\ @ ZhLER
s 08 I s L 175
R ZA A

“Pﬁ\’/77\:r/'\/\) TREAR (SKD11) %%(}E’;ﬁlfw;n(;v
Tig1 Ti#E2 Ti2

35 Mo E

Work process of dies and punches for hand of watch.
T X o T2HBhER L FICREIEDOBOIICED K5I LR
I35y RO ZHOBEERTH LEDE T RER: Lk, T
O 1 RE BT, for FULEHOTEM) WENTICL HIEL

(1), WU 1 KERT, 2KEE GF) 2nr+s (T8
2)e T2 clEbhd 2 REMT, F12 @IS Lol
T%LCHUER IR C L TES) iiENTE2schs, 0
BEBENTOMTEMSE, TR1I~3 b oA UEHEM
Wize

ITat R DM 201 {#hfieid + DE 24 H iR

SEEnTER  02A
v BE F avsoy 0.05 wF + 365 ausol

0.02 uF

FHNTEE 40V
CHLE LOMTEREREL 5 LT 5 &, 01lmm BOHHD for
HO I 2REMMFANICERP o7z, T3 1 K, HFITBOIN
THEE & oY7suR #RL, 3 2 KEEE foF BPLUS(2 D
TEEBE ClE S W EEF LR, MEEoBs, TR1~

3o oyrsua BENFNCy Co, Gy &35 8, fiuF & 412 D
D oYP5uRS ERD LS ICRB,

5=C,—Cs+C;4

Cy, Co, G XN TNINIEH® 22 CERETHIE, 8 2{ERIC

EWBCLBTE, 3=0L w5 C L hABETH D, Chd, G
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Tht (M x v 725 v )
D 2UCHEE (@)
C:imTaniesd=

B A

B 3.6 1z fvr B LURE nTkH3)
Machined die and punch (Example 3).

£ 3.1 InTH3 OINTRED LU oyrsoa
Machining time and tolerance in example 3.

e . Tme2 | T#S
it I i3 i) 4h ”3 h h 20 min o
BT @ X mm 2.3 4.0 4.0
7YV FFvA mm 0.02(Cy) 0.02(Cy) 0.02(Ca)

£ 3.2 HFEME for 412 O OnCHi3)

Dimensions of electrodes punch and die.

‘lti?i{tﬁr vooF 2 kKB E XS 4 =

0.10 0.06 0.06 0.095
+
¥ | B 0.48 0.44 0.44 0.47
(mm)
14.93 14,88 14.89 14.94

D—oODEFE EoTw5, COINTHDEE &, §=002mm
EhoTnd, @3 6K, BEE fuvFr BLU 412 277,

3.1 2 ¥ERYCR ERTE

MRS ERBR OB AL, B 3B~40mm ([Chie - T 5-1 23
HH, EHLEDCEICE (BINTE LT, 59tud S
TELEEOHE) RERENDL, TOLSAIMTICIZKD X 5 Ak
BEBETH B,

(1) InTge B O TN 28T 2 B8 > b, F
T, e EINTO 2 AOBREEE S 05 L, LEDEOFRMT IS
Ret®EZ 2L, BNERBLES OBRRETHE,

(2) 3FHRELANE UNTHEHEA, Hiem? YT) 0do
CowThE, BEIMTEHAWDE L, s-ABDEFLL D TLn, K
X AWERIC RS b, HINTHTORKAES “DE” H»bOIILIED
53 2 OHERA T AL A D, WEINT TR 52 PBERT
DCERBD, O OEEITHMNEFIRT S LB,
ETEAKR & WIE DR A2 DRECTHELRES . B Lo TH
Ve A FICEBdid 5 Lo e KER DD TRAECA, #HiNTH
DB ETOLANT20C, BETELIIEREARS, K&Exh
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>
ot

SKDI11 Hue50
3.7 R &R LLH
Work sample of molding die for powder metallurgy.

£ 3.3 BRASBIER O

Machining data for die of powder metallurgy.

P o wE o ITETULE )
, o g m WM T gemr
H
aom T 7-5-3 ! 2h  émin 0.3
& oo 3-3-2 5 1h 34min 0.8

WO b D TR LT 2 b CH 245, COBEWEZELT
SX50DBTBE, 5K BNERD,

MR

FENTIC IFFERE, e InTIC R 2udasy S EEE fv 7,
W 2ud250 FLLFR L5 LTrH &, BINT-oMBk 5%
LT b, 02T 0156 mm rugud T 3T, B
Wl e Lic, B3 7 Wik MTRonTHEmRT,

T e DM 24 H IBEHEH M L. INTCEH, TRk E
3. 3KRT, 2YPs0r  0.02mm ©H D, 3R Y THo o

3. L3 Yoy oiRHE

AR ZIBRORICH 2 DT, EHROMMERMEcHZ, Thic
HLTED L S BAHEA—RICDHT LD,

(1) 1AxDEfcl fHoXE IR IvBacd, HERz
DHEIMIC L T A2 clla be v 5, B iR E L-Cn
LOILEEAND &, IRV % S EREEE NS,

(2) HEHEHICE 200250 BED D W suda50 BHE 55
T LB WL, 2% nd ) cillabe sz e b 5,

(3) MgEEZHvscLbd 2,

(4) J52=1F BEEHCEC L DD 5,

BINTHRNC, BH000 fofy- RETCTMTT 52, 5w
RBEETVRE FIL LTl E, 2 bNMTHEZENE L TOn
TT3E L,

Fre—EHEhTTT L, &K s-3u 25~ 01 mm BEE)H L
THEMTE LCROE[EZ LTS, C 0 5—JL OBB % 4
it 4B D2 T AP ERA D HEIREINL TR B,

T

FERIC X 2T oW ©H 5 . FkKEEE 8mm iKxf L T4 E 30
mm OFEHxEEF A, B 3. 8 CR3 X5 IicHD LEFREAE
DY TEEBEE-TH 5, BDOFHD 15 mm % E{bEE = SEuE %
57 IwFud ICE-TC, A 0lmm 4 X8 TcOWS-cHEnT
TR oo HEDOIEE LI0mm ©H 5, INTEY:, INITERHEIEGSE

BrEMLOEPE~DIEH - T - FEF - )il

K34 vy MHLMOI T
Machining data for extrusion die of sash.

& m T | # E om T
EEL LR (No. 5) 1.3 (No. 3) 0.35
% | xavFvr aF (No. 4) 1 (No. 2) 0.005
® U wmavrey aF (No. 3) 0.2 (No. 2) 0.02
P fe e it 0.1 kgfem? 3| 20~40 cmHg
o B R min 41 14
g & o # jiA #

TE: () WY » v 58
s
< 07/
I\
‘< K 3.8 #wy FHL
D Jn-LHil

Extruding die for
sash.

0.2¢X 848
% —~0.2¢X 818
N

&

ggx__ | R S DO < S
=
i B 3.9 fb# oA inT
w7l G
Example of nozzle for
WHBESE  chemical fiber.
| :
: 0.25
B
i
0.15 :

| amaz=o.c05

® 3.10 T=B{kik oA O™
T shape nozzle for chemical
fiber.

3. 4R, BINTRAEIE, 559 Th o .

3. 1.4 et RADINRSBIT

T40v A ED SEEMEREIET S & 2ic Av bhd oA Ko
TTHH, BRADCHSHEEAOESIH 5,

Tl Ao

e 0.17 ¢ OFREE v AR AP LU GER B
ALlAv, BRI DE24HEC, BAKEL : 52K, Jvi
4 AED 3BpF L vwd koA NE R L, INITEHR & 20~30
mA TH o e, B 3. 9 IRTEBEES &OWINTHIIC 16D XRE D
5 Tch s, 1EDAOIMITHHER, 1423 Tdhork.
16 HORDFEENE, 0.195~0.21 ¢ OFFMICS - 7o IMTHEE I
0.6mm ¢H 5,

sz TeEm

3. 10 iRk THERO/NMRE DT 50CH 5 25, Baw RN
LTCR2 DRZEHcHEOT, 2KERE A D EEELRS,
ELCOBE fuF iAVDT, 3. 50TEl 3g»hs, 1R
BRI, 3. 11 Rd X5 Kh LR E - Lugifo 2 @hebid ¢
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# 3.5 Tomiedlh o2 OINTEM
Machining data for T shape nozzle.

2 W o B
ZEBHOMT | B TEWOMT

) ANDHIT

MTEH mA (No. 1) 60 {No. 1) 60 (No. 1) 60

bl
T BT g pF (No. 1) 0.002 {No. 1) 0.002 (No. 1)
% | %Pz v 5 v pF 1,000 1,000 1,000
# mTwE V 100 100 100
W o W 1h 5Imin Smin 45sec 3 min
EL0F5.
0.65
0 A
: %
4? = 2 1 5
oy Fldn Es
/i; i) in
/ 3
4
d 4
He—0.25 &
(a) & EEEOBL (b) »HENHT

3. 11 Tabill AL o 1 REm
Primary electrode for T shape nozzle.

2504

5044 ¥

250

3. 12 AT 2R os~8 DEEE
Slits for rotor of neutron spectro meter.
MLL7%, coBFIMEMmMEIITL &5 &35 2 REMONUE
I, R 2027y HRD Jowo 1~ 3D BbL L & 284 DL
#C, FIROBREMEY T, 2 KRERICEHFD 120 2L A,
HInThyd 1 mm BofKic 0.5mm ¥ CHEANMTLZDOT, 2K
TEAEIC X BN 0.5 mm ORI TH D, ILRIEHTHRAZENIC
B\n o 7o, MGtk X TR, %+ 3. 5 KRd,

3. 1.5 #B&inT

THl T 2RstoA-2 i 0-2 OEXEINT

3. 12 WRTIBRDOERINT 2T 4 5 b CH 55, FHINT
Tl S TWARTREAD T, WEIMTIIK k> TINITL &, $EE o-
2 28 TERCAEANEF AL, ERESbETo-2 &L
Twnied, WEINTK L > T—20 Jows Ik 0-2 I, BEINTT
X50T, L0 o-2 DREERPARCHEEIN . INTICHEH
L7 @ MD 201 BHCEMTECH 5, ERMITTHEINTIHE 5 %
CHEBR L AT NEINTAET L AL 22D TH 558, FNTHCT
REDT D LR CDHENAEEADT, BEflD bINTHEZHN
TED XS AEBSEE & o7, B 3. 13 KX ofiEERT, 3
IR audagy §4%5 80mm % 5 /L, MTHAD» L5 EE
DESWED, Tk 2 YAwb CHELETEME T 5, T
EHHFEA D > TR B DR, BEOLER A & - TINIAREEIC
Abhwvkiic, BELINTLTLES 2DOHMEcH 5, B
FHFEIT 2 BRICIRR I T B B DT, B 7-IL KFZETE An

1254

o H3.13 E
7ATY Tool electrode.

3. 14 wEhna4y
B & UL
DELfF

Setting in E. D. M.

3. 15 jpkid
Working view.

3. 16 o o-z
Machined rotor.

DT, FHEFEMRIC TUoounwoR CEE LTI L 7, BFEIIN T
X5 OFREEEMIc X DR L, iR 0.0l mm { Ly Difnig
D DOWFEIE T 5% & o

B 3. 14 ciEinTip & BEOBS O F 2R T, Bl fivgd &
2R-4 T, O Loy S 8 RE—EIINITT 5, MIRzEL
Bt o 140 mm F 0% DAL IR CfE S b 5 % & o o
3. 15 winreaoki®, 3. 16 kil % 0-2 ¥7FT. &
3.6 CNTEEERRT. AR 3. 17 CEEERThh b O
DEYIABRINE R . BEE D ARZ, IMITHEEL A>THEL
BLTREEAL—EDHETRELIN T 5, JIIHEEER LD
InTi, 46 R 15 4 CEhnTaEs 0.24 g/min), b DN,
41 15 30 43 RN TR 0.27 g/min) CH -7k, A% 0-3 OFFf
#x KR g2020 ©H 5,

INTHl 2 FRREERRAR E BER 2 A

FEHER D Ao, MRS IR A C O TERC b3 AT %2
{302 20E 50 p YEX % 50~100 n DD % » Zflic £1p OFEE
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e

CINLELZen e w5 ERTH D, CONMTICEBT & i IR
VuDBX3mm DHDTH5, WX 18-82suLa BT,
& 15¢, PE 136 oRgoRE T 5, JJﬂT@%%}%%% 3.7
IGRT, 1000 pF @ ousvy HETHE, #EDBIRITVFFIC

<k b, 100pF © gustoy HRclk U FHE oMy & J;n%ﬂzrlk &
EoTwd, MICEME 30mA BIE©H 2 o, fHEo DM 201
Tod-C I AR B BhRg D s i ML O RS B R e, 7edinic
Fibd a0, ERNERTEREDED BCANT, Thick
TAEF % 0.5mA uTéC L7z,

% 3.6 T 2R0bo4-2 il 08 D AY b IITTOWITEL:
Machining data for slit of neutron spectrometer rotor.

o oI oM oW KR E3 S r
#om o oH B
mooxm w W A

WAy razvid

(No. 4~No. 6) 1~2.5

a2 v F v o4 uF (No. 3~No. 4) 0.02~1

WH =2 vF v »F (No. 3) 0.2

m T k43 Wi 0.3 kg/cm?

oo BOH 87h 45 min

o4
(o)

B 317 ¥ A s>kin
Relation between electrod feed and machining time in
slit machining on rotor of neutron spectro-meter.

3. 7 JeniERB IE FEE RO A OTHTER

Small size slit.

s

i
[E]
it
R
X5
2y FraEE (pF) 1,000 100
MITESZ {om) 0.13 0.17
T 0.118 0.021
LEAEE () 50 50
I TEEE Smin 14sec 6min 42sec

BEMT.OEE~DIER « 33 - JraF - Hll

3.2 EfMwRomT

IREHEREOMBIIC X - T, BEfRONTRIFKICESICR > %,

3.21 FS5RFy2E~-LFEONT

352FwoE-LF BIE, BEARTERD 525y WENEREND
X5CA-TETYDDT, BRI TRINTITE RWERO XD
IHECEREN D, XTI R OEH b DICEEAD DD
DH L, BRE I52FerE-LF BT IR L3 niE
hEADBDOT, BEINT VXN EBEREE ., BT 5 D
NI & 2 HEPFEIC oW TRESIN TSNl ¥5LT %iﬁmﬂlu.
RAMGE R & C A RIS 3 BE53 5 v, BT #4¥8y
b T, B ZIEREICYL dt HbEOMT % nﬂgfffl/\ <
FEkhi e b, 77 LB b Ofr A BT
HlvbN D,

ML yzwb A wFe~L K B

U2y P2 wFhA- O =L F B% 2 KDL Fv TN L @<
B D, AL DM 22098 ©, BTN S Hcd s, R
3. 8 gtk & T &, [ 3. 18 )WL R &R 7

IMTH 2 ~A7Tsen FHHD -1 F B

NFIDwy DHFRD T-LF BAEER 2 A4l > Ity s, <D
B FTFHMOLE YT & QIKFEE I M5 c b 2 BERE i,
B TR, FIBRA—K & & e A7 IS0y $3H & TRk D
BT -7, 7, HEEFR S 19 wRTiliET AT, rmﬁifﬁx
L 417000 MR IEHE & LIS L, SR, M bhnT
2ADEMTITLT %, DFIC, L& 0IFR tvd CTBOFINT
*F 5, Lhdobici bNTHERE, EEOINTRICED S,
WEMEESERICE Y 0T, IBS LEREhc E Do, B Jo
vy OEC ETEOMNER &ht, THEOL ENTE L,

FhLTROGLEL D, WENLTRLI LTS ifﬂm?%
X, COERSBONMTARERIC DA, IMTHEE THEE X
INTF 2k, BOSHLEFEY B> ) FbEs f:mcdz,ggfa‘g
%3, COIMLOMLEMEEIMTHREZER 3. 21, INLHERE R
3. 19 R T WENTHR, SFET DRI Selfvd T 505808

HDH, COVEECEES. 20 KRT XL, eI D, ds i
L, Ao B E%i-TifAabILE, sulud KnBEARMIE 1 Wbk
D T IRRERE T - 7o

INTH 3 KBEL B AvFL

T, RHEHINR

% 3.8 YzuhafwFhf-s-IF RO PITEM:
(DE 150 S i)
Machining data for plastic molding die of cover of limit switch.

#oom T # ok T
CmTeszivr | No. 9 No. 2
%ok om No. & -
T W A 26~28 2
R ! 2h 30 min 2h 30 min

3. 18 YyzwbafwsrhA-g-I
¢ m

Plastic molding die for cover

of limit switch.
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R 3.9 ~AP—J500 i =0 1 BoOIMTA:
(DE150S i)
Machining data for plastic molding die of hair brush.

N Y T S

4

S GEN B S RN )i ol A T o LI T BT

W1ty ¥+ v | No.8 No. 7 No. 2 No. 8 No. 7 No. 2

% u: # ®M! No.é No. 6 No. 6 No. 6 No. & No. 6

o W A 18 7 1.8 18 7 1.8

MI®EE min| 0~6.8 | 6.8~7.1 | 7.1~7.4 | 0~11.8 |11.8~121]12.1~12.4

it 0§ 8 min 120 30 70 190 30 70

3 WY 40 4y

4 1] 50 4>

T omE R R

3.19 AP~-Jswy
Wi =~ K
gl

Plastic molding die

for hair brush.

3. 20 HEIMTHED w5 NT
Finishing after E. D. M.

R 3.10 AKBEU»0O nFLE-LF BN 44k
(DE 150 S #iE)
Machining data for plastic molding die of knob.

R oom T woom x B W o=
JJHI-L*;i‘ I Zs No. 7 No 4 ) No. 3
ok oo No. é No. 6 No. &
WA A 6 3.5 2.5
MIE E min 0~2.1 2.1~2.4 2.1~2.4
WM min 18 25 5
BHED b X 8~10 pH max

B 3.21 A#EUC+0 pvFLE-LF

Plastic molding die for knob.

I32FwoE-L F BT, 3. 21 WRTAE T« H AvfL OB
DE5ic, IHOBICEREOE~BIKORE DTS 2 & 25V,
TD L5 2HECHEEMERERRE A2 &, BKD AsvF D4
ZVILAETELDTAEN IV, COMTOMT LSl IT IR
%% 3. 10 KR,

3.2.2 #4ARME

SANAN B DT h F5aF0r T & BRGC, NI OHHEA
DREL, e COBETRMEEORHANERE I 5 0 C, WE
M A hTtw s,

Tl &H) oqvdenak B

B 2 togy OmH oqv WO drazr BonTHicH 3,
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£ 311 HHDoS hArBOYNTEp: (DE150S L)
Machining data for die of cylieder head cover.

FWT 1 RMT 2 () 7E) f kT
BT oo SKD-11
w o' oo ® 73774 b 2] i -
WLty 7 4 v . No. 10 No. 7 No. 5~No. 1
¥® 9 WX mm 5 5 6
1 I A - 1] 55 min 2h 5min th 45min
it (%:Klgfcr’gi) it 4h  45min
wEE S b X 8~10 pH max

EO A 1 V£ R PO 1 D o 6 T )
D) I RNTRE )
D THUAOKEBMOER (£ 7774 )

3.22 &FE oqudtnar W
Die casting die for cylinder head cover.

IR ELDDEOT, BRI E L XS 25 L iInT RS E
<D0, ERIMLBOFH L ICH Y ORI 5, BT
Rl XY Iy, #9 Vs ififs 4, S o e 4 L TRE,
AEIC o Feo ERTHIIT, G bipmoriEitl o241
HED, E—TBROINLE 6 B L, MITEM, TN %
#3114, INTEEFR 3. 22 )KiRT,

3.2.3 fmuR

AT — AR Z G UL, F A EBTE S A ¥
b Zvov, A—BROROEH b EL 2 d, BUOTERIES
LB nEDTHIR, FULBMEOFOIFCLED XS K LTHED
PHEEETHDL, COX ) RBA TOEELTH 2T
MG L, Bilke T2 HERIEHTHH, HICHEEELET T
Bz 7z & B EEPR T 20T, ERTERHCALAVE RS
REDBDHDL, TREEL SR, BMEE LD 25— ®Ekdk-
LTHE L, SMcllEl oqzvd UTED 2 RIET 5 HEn AL
TH5,

FA—shko (e EnTio~iE) @Bk, SEcajcBsoh
25, HINTHEm: L TR E 8 X @ 00BRcT 5 BERD
B, CORDDOINTHEE LTH, ROHFESEHTH 5,

(1) BB gmgr vk turud $HWS, BEEAED
wFud NEEFFIC DT, J52590 BHE® B - TRET 2. 1
wivd BRESOTHEFRIBETSH 2,

(2) Abwv 2312 ZfwT, HLINTHERY s28- L LT
M, BrED hwa— &Y b RERED dwa— FHATHINITT5 &,
FiORHIENTE 5,

DLED X5 ic THOMMNT, A ENTEREE VLG E TR O
TREDEL & 0BFEINTARGETH D, £DH% b4
AEEY 110 BoEETHETNE L v, FINCERL [FH
BOLEMTERZBELCHCIO S S, $/k, K& AR
DYWEIC I, 24887253 DIRIHEFETE O INTIERE O (2.0~30 gfmin)
KIBBGEINTEEA AT & o TL B,

ITH R s

BG5S BEEEETIED, 21z0d & TwFud BFFho &
YDOEH e NTHBEZEFHINT A TR, TDEE|MED
wF B ENMTCERZ To %, EEv4 LS (COINTERER

O w P
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il

e

A FMTEHE (o 5 v VBICTEIE)
FR Gy 1ok

® 3. 23 Fuou EEN
Forging die for knuckle.

3. 24 Szo7ud0w 1 BRER
Forging die for connecting rod.

“wwﬁy

B 3. 25 Rdnr-s Hdm
Forging die for pedalarm.

3.26 Fud-y-o R
Forging die for underarm.

= B 3027 f5200F EIE
Molding die for glass cup.

3. 28 UM D Inop] (Eek
HifH)

Engraving sample with electrode

made by electro forming.

312 AR WSS O T4
(DE500S +90 T i)
Machining data for forging die of car parts.

M % B w324 3.2 | 3.2

P T S

B s Py s ;:i?‘/ 7//7'-—,!\

HE IS S i k| 4

BT 4 M 8 | SKD-TI SKD-11 SKD-11
SRR 1 h 10min { 1h 30 min 30 min 2h 15min

oL - -
JRLSE 160 A 115 A 95 A 160 A
I 5h 5h 4h 30 min 7h

T e —
TR 14 A 135 A 8 A 14 A

[Jrsi | 1h 30 min 3h 2h 30 min 5h

[EE oy e -
i ichs o 2A 2A 2.5 A 2.5 A

M4 FF B M | 7h 40min | Sh 30min | 7h 30min | 14h 15min

e B b X #1 8~10 pHmax

i) iU

HEMTL O tEEE~DIER] < FEdk « - il

10 Zp80E), 2 ¥ B L LINERC & ) 2T PR (b
F2,53. 23~3. 26 KT L 28Ty & EiEE R L, 3. 12
T b DIITTARE: & INTCHSR % R 3, (AN, DES00 S+
90T chHd

3.2.4 H5REH

Fhe L B fisz2 IBICE, B E LC#iskd 5w ik, a5y
v bh b, BRI SIF R —TRICERE LT 5 C &5
HSRENB DT, FERREEOTH LOHESBETH o, Tk
THUADR U &BRLTETDH 5, BRI EGEEIN T OB
ICX - T, &RIBWERIERICE G IC - T H52 BTBEICRIBIRD
KBS BRI O L, BEEY ) 0 & AR TR 5D
BEEHOR ) HTHL, B Ac 1 ROEEC, M
I LU BN % 3 2 50 E v THE G & AKSFR O L2
BBk, MECRCELA LTS 2D, #DALEENRGL
HERATFEHAEINT L AR E R bR WD, INLTEHEFEEL &
5o XoC, 2w3 D&MD X 5 IS KT _LICEEEE I G
7 b RS, 2v3 DEICA D AR, BRI
F3CE2DRAESCHEMNLEDTTE L T, M EINCER %
T EHHE LTHTH b,

M As2007 ST

ICgetk, INTEESIESE 3. 13 1, ICEEREE 3. 27 wRd
B, #% -0 ML Ladb0% 1 ARZGHEIL w3

3.2. 5 #EEVMT

B BN D 2 1T S A IEGEIN L Blv %
2EELLNRD,

(1) LY B HIB <5 &, D LA2AE O TR
IEE D C T DA, COBE, WHRICHEEREY c AT
BEEM AT A X, BB NTCIRT b A4 < & A, BOEINICHE
e ARCh, IR SRR S,

(2) B ABREY ) OEEMA L, & QICHEEIC & - Citili
AL, MBS R b e BT E D,

(3) BUBEE o5 BE oW Xv, BRI,
W DT, FREREW.

Ml g B (K- 5)

17 (M) —H 58— EEE Bl o i T, Irr LA
PlcHs, 1ARDEHT, 5MHEINTLTARR iz 2 &R
CEEOHBME 55 C e A TED, ML TR L
CFY5 e H 5 (DM 220 BEE R ), B 3. 28 litiiE
N

3. 2.6 AREEER

IS AT A T T L, 5% 1000 o B 5 E i+ 5 &
FNCIBED L FNEHIHBCTL 0T, BT o085 H5,

v

& ROF A D

% 3. 13 P30 30RO LA (DE 1508 i)
Machining data for of glass cup.

LRom o $m I 1ET O |
'w}}[’f:l';"u’v F o4 / 7 No. 8 No. 6 “ No. 3=>No. 1
WoT oW oW A | 6 s 321.2
9 B ¥ mm 0~9.5 9.5~9.7 9.7~9.75
7/ | ] 2h 30 min 30 min ’7 20 min
o R A Rl ) 3h QO_J;in -

B g oH R

®ow H R &)
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COFAVERE, BWICT Y L AGEMTERY & > Th &, i
BINILIC Y- TiTA5 LHMTHD, DL S AFHEY 1 KOTEHE
T, BERBETSC & A, 15~20Rsr ai B, MFEEIR
DE150S EiETH 5,

327 FLaLEYE

EVENEEL O PSSO LR LIS b B, $EE r5-vuu & EOKIE
Db\ IS RBH LTS, MTHOFEERLF L
WOT, WENTEAHCTNTLEL 5 ERELTWE, KIEDOH
BB DT, BRI UCERCEKEALDORLBETH B,
PR E L, T3 2202 &b Imx2m oY
WAECED b o, BEE LTREBEMNITHEE 25~50 g/min D 4 D
PEREIND, BREAER (TR -OEFIE 2E 2 T) DAY
bbb, REEIC K DEERD 2 ik J57-1 EREREHT0MR L
Vo,

4. WISERTRETSIC 1T 2 MEMIH O ERRR

71{?’?”[114%@563% Lngk, TNER, EchdrELLRLTHY
» BIBWEO T THC i e v 244 D i e BtV ERR IC 5 1 B
JJHI{%OD{EEHW\(E* HD &, WEINLOWAWLEISHEE L

éﬁx@%mtéa%xé

DM 201 5% % i2F0 39 42 10 FICERE L Coll, $34EME & A
EEAMAHLTWE2, FORBENTOREZRML T3, #
i, FWH’" AR7b0A=2 I ED 0—2 D 29wk JIL, FNE
KRBT OIL, WROMT, BHERRTBH 21 L, Wi s ¥
BHD, WINTHoEOHHELYE 4. 1 I, #inTHoHg
Mo ER 4. 2 1T, BEHEBHCD W ToMstb®z, 4150
9, PH130 9%, Mavdzyry 4109, 2uda5u6% EhoTE
b, DMk 2uzL, BVIFY, FRu RXLEHLCRD,

LA LA T2 &, FidbX 10~12 uHuax %
B2 JwF BEMTHED 30 % & —F L\,

AT LA % B P 3

gl AR BT (0.1 ¢)

2mm B0 25002 HB (SVS-27) i, 0.l¢ DR&%HIF B b
THDo L L7RD 100 fEDFEMEEH 2R 4. 1 1R, Bk
I sudzsy @EF VR, HBESERETICEBEEDY Neini

=41 ghnmihoiBikic &2 itk io 2%
(,Iasmfmauon by figure of work.
mox B % i It %%
R w0
A N i T 25
B JL (€79 3] 15
—: 2] e - 10

F 4 2 PWnTHEEC X B INTeEs 0 45

Classification by work piece material.

& B % i 24 # (%)
e - - _
4 # 4
7 & R AN 14
i Eia e 15
k4 D iy 27

) Fofuikcl, 2v A7y, ZyEr, TAIFF v, aser, TRILEERD

[

a
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KEECI L, U35 & ELRMIMB L CBED ¥ 5 ¢ L35
THd, INTEMRE, DE24H BEHES 1-1-1 tH 3,

ILH 2 BHEREIC D 2 220 F ORSBY GRRINT)

#NTEE, B4 2 CRTHEo b 0T, HENT K L 5 T
0.3¢ D% 2.6 mm DY ICHY T, BRENDOENZEL X5 1
T 5. HRRAR 4 2 IORTEEED tud K X > TR LT T 5,
HINTHOFRHL B v, DE 24 H IEE O 3-1-2 o G
TL, 6~THTIMLTE R,

T3 kSR TR

Nk, SKD-1 ¢ gwoyoi C A 60 e ARLEE L 72
bDTH B, BHRRM 200250 &2 HHL, for LARECE
% BOBRT I ciET 5 o #nc o<l L Uit ok +&
4. 3 1Ry, DE24H Hifio 3-2-1 oL, 1k 30 2
TITEET L, CHDEED gY75uR (X 0.02mm ¢H - 7z,

[t 7 I R e |

4. 4~4. 6 DHEFEHTIC DT, T4 3 ICORTIMLEM B &
VINTHERA T H 5 %o

TS 2y T

#44% 26 mm, PBYEL 3 mm D 45 ik, 2w b §§ L3mm gy 5.6
mm ¢ 54 2wt DIILETAR - e WINTHPEBEE N ALY T4

Wk BRGE 01259 (v RF V)
wmrHm  SUS27 vy vy
B By 2.0 mm

Pl E 0114 (T)
0.16 ¢ ()

b/ ol R 162 min

x‘r ?Tﬁ 100
| 0.1¢ )
5 p— Lo
T 120¢ f

Gz |

B4l pMERiRdG oIy
Work sample of small diameter hole (0.1 ¢).

(HhI¥)

\ o ME SR

mwz

H 4 2 BEREA~O/NMES T

Small hole on the side of capillary.
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60"
®) me Ol

B 4.3 3F 34k % T W

Punching die for parts of semi-conductor.

b+—90 ¢ —

A4 & gl b TBE
Punching die for metal gasket.

49,9022
ii L‘ 42.06 @z
[os] F
) fast D L
g - s
L ni =t
i

46.8
;% () mSdE 1.2t
- (2 #& 1 SpCl

4.5 mouf K W
Punching die for shield plate.

BT 3 eHOEINDT, EOWMHIC 6 mm OB % 1o
=N ST UCHIBR Le. WNZEAR AR, DICC# OB C o
FEM 4 7ICORT, BEEKC 1.2 mm O % v, 44 7-5-3

TITCREHR] © ] 30 Cd - 7z,
ITH Foov IRSEERTEA 41

IR DI % 2 D % ZHH L 2z, MU 25700
28 (SVS-27) ©» %, audfoy &R, WOIEm A/ E LCTf
FEEEDITVHEMTIEAVES LTI Lk, L3YAFE T 5
20 % -0 %, BN CHEBRCHEL A L T A, B UG
FHEEE SERI TSR TER C EAHPAL 2. INTEE: 1-1-1
CINTHEE 034 mm T3 2 iy TR 50 43 % 3L 72, MITH
10 RDFEFZ —FCRH L 2B HAL k. 2D L 204 LED

é rO é (Ct,!f/:@) 2 ,U-Hmax {35 2 7‘Cc

B DURE~DIEH] « 5891 + Jrgs - ol

334

100 (52 R E)

4.6 MIE 4z1F+wT HEY

Punching die for metal cap.

(W)

Chpdkng

4.7 MHz vy ., b
Work sample of slit.

£ 4 3 KBNS

Machining data for punching dies.

&4 Eitd B & 4.4 B 4.5 E 4.6

1':?; - 43 A ﬁ}lzj]lb‘/ '}~ v o— o VM h MG A 2% 4y —/
B L H | SKD-1 BA# SKS-3 #AH SKD-11 A
wom oM oH Ea) i 3 Hryrizvad
m T & 5-3-3 5-4-3 5-3-3
WTE X mm 10 15 2.5

W T M | 7h 20min 6h 6h*
HH5E M max 10 15 10

7IT I 0.03 0.04 0.035

FEETF BT AL

506 ¥ T

AT, BRI R AT 2 A nEAHE, &
MOISHAFI 2R~ 7, CTIVECOBBINTEIC ¢ 5, #EDEE
T OWEINTHED, GBI FTITICHMATEI LT IO
MELTwBIRETH D, AXh, TORALBTFOREHBORA L
DB E BN, EROX AT EELTVS,

% EF X B

(1) 750k - ¥H%EmR. 29, 10 (1 38)
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EEFRERRENTICEITPEROKREIEE

Hr FIRS - g 8- 5 et

Surface Structure of Electrode in Electrical
Discharge Machining of No Electrode Wear

Nagoya Works

Toshio TANAKA - Tsuyoshi KATO - Fumitaka KATAYOSE

In electrical-discharge machining on the no electrode wear circuit, one of the reasons of being none or neglibly small wear of the

electrode seems to be ascribed to black coating produced on the electrode surfaces.

In this connection, the chemical composition and structure of the black coating produced on the electrode surfaces has been examined

with a microscope, a spectroscope, an X-ray microanalyzer and an X-ray powder camera.

As a result, it has been revealed that the black

coating produced in E. D. M. of soft magnetic iron consists of fine powdery graphite produced by thermal cracking of kerosene, a-Fe

(martensite) transfered from the work in the form of white, point-shaped deposits and a small quantity of y-Fe (retained austenite).

L% 2 & &

R FEHGERIMC 35\ CRERDIRIFFEA 2 h o3l & LT,
Vafii - IR~ - fiiors X CREmRFERE IC AT 5 Ba ko
OBEL LN, ThODOERN S EANLT, EIRESER T
ZLEDbDIL TS, ChbD2EHD 55, BalficonTi,
Z O, WEEEPCNETCHEENLTCAEWDT, DML
CREAZINTER BB &L, ZZ0E 28T (& & L
REEWIERENSL BEKEICOWT, ZOMEE L UCRiEY, &
HHMY RS X eroorrsey B X XK 145
X YR~

2. MIEBHIUIMIHRZE

WENTE: LT, =38 DIAX DM-220 2w, 2o
HWERRM R 2. 1IR3 D, MIFEEICD W T, 3k (1) ok
RENTWBEDT, TTCREET 5, IIEMEE LT85
v, ST # e & 7 2 EEFECEN RSB 5 . N

3. WMTHhOIELE

% 3. 1 ICHITHO R & (LE 473 FC-15 15 LT pua
—on IR Lo 3 ¥, SUYB-2 & ko8 SK-5 fihiin ¥ L
TILICHE U e,

F31 Wiy o Ko

Chemical composition of work materials.

S ¢ | s [ oMa | P | s | Fe

SUYB2 | 0.006 1 020 | om { 0004 | o011 | W

; SK-5 : 0.84 | 0.8 i 040 | 0012 | 0007 | B

| FCos 3.34 ! 264 | 053 | 0067 | 0044 |

[Taos=votige ] — | 006 i - | - — | o4
4. B &ER

4. 1 FEPIAGIERIC X D HE
SK-5 Z#nadn & LB o R M ISR X b

-l & LT,

CE=ZE MM R L e, MENTLOLH2% 2. 1 WRT,

CRy
Bt CRiyw @ %4 URE
CR: N SRy 1 ¥ VIV HLF~F

]| R i C  IEREovFvy

i C R. j Liy~e, VTR

: x o D Riys o
L: SR, SR 0O
= 3

T R D 2
= E W ' N -

E ?Lg ! W N3 ]
T o

B 2.1 i n Tl
Circuit of electrical discharge machining.
F21 HENITOSLEHE
Conditions of electrical discharge machining.

Setting . &R ROE Tpt T Tr -

o |MTEZ | v 8 e i #

9 FT | 25~30 | 40~45 900 | 500

7 L 10 40~45 300 | 300

3% BRI 1.5~230 8 ‘ Lelridrnd

i
*F2OOERE TR AW

1260

3=

TR X OB CH RO RMESIEEYR 4. 1 wnd, £,
MCGet: No. 7 ¢InC L2580, SERgINTIC 3 5 % i K
H OSSR M 4. 2 1CRT, chbORM b, EHEHEEE,
BT SRS L7 & b B Bt SO D 7 (Fuzzms il
SO, ZOENRD E D) L BOAMMRONED» LR C
LREBHELLTH S, + LT, COEMERDEDETNT O
TEHNo. 9) KAZBEYKES R, T/, TORBEL AL,
DOF, ThODOMNEYMAEMEFICHLTEDL SKdFE LT
BhEHD W, WO 200 MilE M~k K4 3 EHnITy e
LCSUYB-2 & X U puzzos 4w Hv, £hEh No. 9 D5k
TN L 72 A OEIEEEIH TH 5, HOME s kT &
A ERWEERRERIC o () ReEG L TR D, oML R
OBk D 753 5 DT B,

4.2 TROEKFIC LB AEHOER OHRET

DEFI, ThboDBROEHEOMK A S DI,
55 BTG R TR 5 7o

SRR, DFRART LI TH D,

a. ZEEEERSTH OnTER)

b. ##E A4 No. 6

o MITERE (inTd SUYD-2)

4. &4 iRt
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Fe
‘@
E
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t
 wWr
C
o L = L 1
No9 No7 No3
I %

4.7 L&A fAERcr I TRE
Effect of electrical discharge machining condition on
amount of deposit.

FeKe{ 1)

T ]
/—\l‘\f‘ Acc voltage 10kV
[ g’ '\ f. Sample current 0.1uA -~
[ I X-ray FeKe  CKa
/ L LI Crystal LiF  PhSD
I”\ I"\ U' ‘ ’ Detector KrExa FPC
i 1 i X-ray 2up
,’ v ’\ I I‘ U Sample speed  24x/min 7
/ \U./ Il | i Chart speed 20mm/min
! V! |
/ f ~
A S TR
I i )
Fe \' [ Fe
’ |
H 30 2
NN A / !
C\ L ARAVAY C
B 4 8 THEEH LOMGEEOET S0-391207 751

X250, #eREDHT
Electron probe microanalysis of the hlack coating on the
electrode surface. Distribution of Fe and C.

7 TFeKa(V)

H
AlKe (1)

FeK’a( V)

FeKa(V;

I\

) N‘
ol b A A t« Ad b
' R

FcKa‘( m)

FeKA/(IV)

——

|
A
. N\'I‘N‘%WVMHA)& ‘/V \;‘,\{J ;

55° 50° 45° 40° 35° 30

® 4.9 SUYB-2 oproic, HEEERICE UeRf, XA
RSO B DM, A, SN

E. P. M. A. point analysis of white, point-shaped deposit

produced on the electrode surface in electrical discharge

machining of SUYB-2,

4.3 BRBRECHEETSETROER

10 x50 mm OFEHREEHIC K LT, 3 HREINTHOINT4M: & 475
oMY, T SK-5 0B owiRTt e, M4 70
L5ehs, MEREsh RELIC, FNTIERES AL, gt
HRF L ONEEIE I 31~2/1 BECTERILTHOBERE R, &K
MCIRBOB S B\,

4.4 X4 o07F54HICEDHH

FFHINTH % SK-5 & L, No. 9 0TI LA AR
LOWT 2aF+zvd KXY, $hF X UPRBOSHEZHR HEELH
4. 8 WiRT, T F+—b hb, & WHRES XU LADRL
WMORET 5 e A FHRIND, WHHREC DT, HH 554
I & 7 B E O M X MG L » THTERE LT 528, SK-
S LDL0BLUDREEERL, TOKEY2ERIK(LL & Fey
COWTHEZ BT D .d, WEINTHw 5} 5 FeC 02
WEEbZ\-E, gis X URLHIC OV Tl BICEINT A Bz,
BRELbDh, FACERINAIOITHE C LRTER L,

O R L D BELT 2 A®, DFIC, BITERIT LAY
BHATH 7\ SUYB-2 B LU 7lazo9s HISIC D TORE 238 &
Hehd, LT, K4 3(a) BLU(b) IR LSRN
WMREDL S ZHNE S - TR 20 2T~ 3 A, IEEE20k
V, DURER 015 uA, s B2 F+—bAE-F 20mm/min, fHEE
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Cu Ke (II)] 44

7
\ Silia Ty Cu Ke N)"Ww

i Jal IV‘MW

iy v WS

i
PR 1 }
|
1 H 1 ] ] L L /) I i H L i i 1 i H 1
60° 55° 50° 45° 40° 35° 30° 25°
Rl 4. 10 zuzzos e OTORC, EMFEmICE U
fh, EARFIFEHO E.P. M. A SO%7
E. P. M. A. point analysis ot white, point-shaped deposit
produced on the electrode surface in electrical discharge
machining of virgin aluminum ingot.
Alged 1 AKe(T)
FeKa{H) !
FeKe(lll)
|
v i ! \n d R
36" 3 3 3?|° 5! 50° 94?3' 52° 50 4F°
1
G C
i M :
[ o l".uv! 1k li”& VashAuA s
7 S 4
3T 27 577 55° 53 32 oT 577 55 53
B 4 11 EEMGHS e 5 OfEE X oo E. P M. A,

Rt
E. P. M. A. point analysis of carbon and oxygen in
white deposit.
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Nagoya Aircraft Works, Mitsubishi Heavy [ndustries

UDC 621. 9. 018. 5

Rk B E

Application of Electro-Chemical Machines

Hiroshi SUETSUGU

For the component parts of small gas turbines developed in the Nagoya Aircraft works, Mitsubishi Heavy Industries are used a

good number of heat resistant alloys which are hard to cut. This poses many problems in the machining technique and working man-

hours. Paying the attention to the electro chemical machining under the circumstances, Mitsubishi Heavy Industries asked the Nagoya

Works of Mitsubishi Electric Corporation for technical cooperation to carry out numerous tests. As a result, fair prospects of practicability
was held out. Then, in Oct. 1964 Mitsubishi electro chemical machines, DIASINKER type MC-20V were introduced to the plant and

now all kinds of turbine parts including turbine wheels and also oil pressure apparatus components are machined by the new technique.

L % 2 # &

ZEE TATEMZEERTIC B v LN S2a-tuTy
vy OEEICE, BHMEOBCREE SHERZ L fibh w3 ®
T, TR EIN T LA L ORIERE B 5 2o © O % fe
T, FEINTHEZBRE L c#ER BfnTEcEE L, &
AN D SEBRE C B o 7o ZZERB A 1 B EWVERTIC Bling
WhE - L, EM38EL ALEENACbY, #EARY
Y L £ OMR a—ty WHOBINTE LU sALY o BIBR
IMLICERLD BB LD ADT, IEH 39 410 A = RBE
fFEITHEM C-20V % —ifog LCMA Lk, BISE, a—ty B
R LD EFT 5 Has-Cy WA b i mM R Eo i 10 i
FERALTwD, BTINTERAAZE~2,

2. B £

BFENTEEEAS, 2450 TC, 2ol a-ty BRI T
W ET D EFBSICEMINEZERA LT E .

K OFER

(1) HHEERERL, BB AINLHE CRINTATRED 5 ik
IR AR

(2) YEITEBRICHEE 5, WEEOEEINTScr TR
i 7

(3) BEMANICROTFAZE LT WIS

(4) InT#%E & b 5

(5) HHFERMOmED, &I AY HD

B EDONMIIC EbDTHEYAMILEETH 3 v 5 &R,
TER L 720

BIFINLICE T 5 5%OBEE LTl,

(1) ERINTORERIE NI RHROBELTAS C Lo
(2) HEMHNTIC X3 INTRE2M XS, EAREOWA* i
HBCEEERELDLNS,

3. EHEEN
3.1 MBHRY—EC T O A~ E REORMNT
-ty BWHEEBE 3. S5 RTOEL, Al a2k 7R BAH
B b—&Kc ] b HBkic A - Tnd, BoinTe, &8kt bwn

1264 * SHETHRKHLA S BIZEIIEDT

Yo douy ICTINTLHE, T cHmEEHFE, ERL T,
Las LB i O TR G &5 5 5 &, HIH hos— {Z240
WO, ZL OIS A TED, NLEHETH 5 .
Z 07Dt ETECS M b 5 Tl

7 ¢ CTIHYERS R & LT, oI E X Udt BT fE
MTEEAL, KERTHERE 2. MTEECoOWTE, B
H UHIBROBIFR D b BTG AZ LN § TOINTIC R HEER R
BHoeDT, bTFrotLFLAZRLTED, BT HORE
BADTRCTL 5 T3, BIFINTIC & 5 2~y BT R IC
i, RO 2HRAMEL bW eds, TINLORSE, ERABHKORS
&, 2 RN RAY, BRI AR O vk ¥ O
BHNC X 9 (L)AL EFAL T 5,

(1) % sty BEORFEHAICHETE 55K

(2) EfzEECEASHCETEEHR

HR () k2HBaTy, HEHRERsoOmMAlcR -8 B LU
NUNAEHD S, 2LECSHLTHLLTYS (F 3. 3), 2-
Eo LR BRI 5-A 2w Th Y, RiChUhiidb s,
M 3. 4 iR &5 R ERHEREE A L o

{5 M 3.1 HEmmETHE (1)

Feed direction of electrode (1).

_f_

S [} m32 mmemrsm 2)
Feed direction of electrode (2).

{f‘ {% B 33 a-tviE
7 i ..

FEEGC L5 BTG F § Mac.hmmg method of

A b L & 2R b turbine wheel.

hT BIAT 5
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3. 15 BRI
Explanation of electrode.

Bl 3.16 f-rJiL-+
Port plate.

R 3. 17 & ki
Electrode for port plate.

3.4 HERYIEA- I L — KR ZE OINT

B 3. 16 Ry f—bSu—t &, LBT-cilE L < 2/ 0iE
B s 316kgjem?)  Exbu JBHFE v O TH B, HH#E80
mm JE X 8 mm DR D b D IC 2 FiEEy 4 mm o [ak e BE 2
FRIMLT 2 OLHERE 1o 2l X 5Tk ds, FHROBHIE
B zulzw B, FIARELURIRKREL thah
olce ¥R ZMOREFFTFOMILL Tk, NI LMK X
o oo WERREEET « e E ORI A TER O L R A E T
BECH o Fedd, BOENIEREHAT S C L Xk b i< &7, lifR
BNZARD Roos-A B E X OERIRIROBIESZE L, 7
WtEB560 3282 L oTwb, @EHCEEEED SO 3 filkc
DERBHTH D,

3.5 IR CUAF 4R F+—Y X0 1 LR
LHTRERE 108y © AR 21TA2 T3, $5 1osy
D f=Ati— D VEE K FoexF--2 040 OEEEEIRGE % O L,
M2 BT RERHEI N TV S, F25+-003 RFEES E
O FTBIRD 7z b, IR BV CIRVBE PRI D 0L U T
< DFREEVEELYET 2HAP D Y, BHHES B 2 BT
B K& Do 7o FBMEINTTRA MR, WEA & SHHEL .

E 3. 18 F«x3+-zsA01L
Discharge nozzle.

B 3. 19 2254320
Electrode of discharge
nozzle,

B 3.20 W
Electrode of discharge nozzle.

4 & 3 v

VUL, i LU S PG B 2 Bl ~ e 3, Sl feno
R RIACES 2 TICRE L cVEdE e, &% 34 %3 0B kK
TNTPLDDLIERB LT b, TDBICE G T LTTFR
DESHFICDE, EHICHHER O IR #INE 5 C LB
HorELL,

Thbb,

(1) EMHER S — g & 6 2 RO PR s & Ut

(2) #EINTHOHEICHE L B o88E

(3) WEMEOEIIA 5 Sl

(4) #vEcitiERc®, Lo bl 2 fEN ' 4T 5k
DIFH

(8) ZWITEAkERRICH 32 i i, i b Hl ok

(6) #INTHo EE5rE

(7) EMINCEZ B L 2B %at
RYETHD, nEEMHNTHRMNES X RO M A XiconT
1%, EBOVEE-CEE LA o IcHis szarn bl <, 3
FHHLE OB R X 5 T B,

e A A I e I i o e o o e B e P i P s
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MG X - TINTHERERE LR A 3 18-8 25uL2 fHlicow
T, MITGEH A ST ICEFANT 2T 2 2 25X Rl ¢
ERTELDTEDRERA IS,

2.1 BEEHoMTISHE

MR Holehy & < U S 3 5B D i ds b SRR SR % S5RTF,
ERCEMINTRT R - CTEOMTENE, & < CHITHIE & oTE
HoI RN, T OREEFRERE L,

KERCHE L e Oy 2R 2. 1 ICRT, EhoREL
FHUTHER L 2 fbrkis bR 2 RE L, JIS-G 1211 It X 3 2 &%
BT CTRBOIW T A o 2l %2R Lic, Ad ChbobEg
ENENFHEDOGER T LA A TA -2 b DT, TO5 Ldai
HEDPEA, GER LA 21T R\, PihE LI & DIk ® T A » %o

2. 1.1 sSBRdkft

HBRIHAERE T H v, %) CTROERESED D & o
TRV, INTEREHE L,

A USRS, M (ohZEEEE 24.5 mm, (A% 6 mum)

)\\\M NJIM\\ '\\\& J& J}\V

22 BuHmee SKD-1 L3 0L

1660 Hpne: SK-3

14.0ut max SKS-3

A 6 cm?
!L!WH{Q . 20 wt%NacI /fklﬁﬂ;‘l (b 1.4), Fi 10 Umln 87uHna S45C EL i L
i 30~40°C

JNTZEERE - 0.6 mm/min
2. 1.2 EEER
K2 LR LARAHEICH LT XA ZhEEX 2mm oL #

WWW ot g N

G ptHmex SKD-61 J210 % L

+ 2.1 SERIAW Ty g

Work material used for experiment.

- S f C t Si Mn Ni Cr : Mo W \% A o e e Ppet T TN~
~ ~ ‘ X 1000
SKD-1 0.40 | 0.60 12.00 L wio 3.2uHnes SNC-2 $ELE L
D 212 BT BT ~15.00 xio .
SK-3 1. 0.35 0.50
08 T |
SKS-3 035 1 0.50 0.50 0s0 | RN e e
0.94 BF L ~1.20 100 100 Wgu-,ww».\t ., NIA‘)\
B — B . % 1,000
S45C 0.15 0.40 ax SUS23 Bz L
0.44 2040 | —0.85 L ~x%10 3.9uHnax SUS23 Bt
SKD-61 | .39 |0.80 10.50 450 11.00 0.80
: ~1.20 | BIF ~5.50 | ~1.50 ~1.20 5
SCM-2 0.15 0.60 0.90 0.15 MW% W
0.2 1" 5.35 | ~0.08 1,20 | ~0.35 T W
X 1,000
sSUS 23 0.75 1.00 12.00 ) SSCM-2 Hu gL
0.29 BT B 1800 L.;qo 404 Hnas 5 (21
SNC-2 0.15 1035 1250 0.0
c 027 | "l0.35 | ~0.65 | ~3.00 | ~1.00

2.2 FHHEICHT BINTER L 50 OEFRIER
Working current for various materials and
apparent current efficiency.

o MWW%W\WR

<1.600

4 N
%10 65uHuex  SK-3

HAE - i B D
x MET | mEE I (mm/min) i
cm- X
o7 M SR U [BUAT Unn| U i
SKD-1 | # & ¥ L 130 21.7 0.60 0.47 128
k¥ oL 140 23.4 0.60 0.51 118
SK-3
WA, WEL 185 30.9 0.60 0.67 90
- - S 145 24.2 0.60 0.53 13
. SKS-3
PeA. BEREL 180 30.0 0.60 0.65 92
ok 2 L 160 26.7 0.60 0.58 103 ;
S45C ; 4.8uHne:  S45C
BEA, BEREL 175 29.2 0.60 0.64 94 L~ %10 s
SKD-61 {4 7t % L 160 26,7 0.60 0.58 103
SCM-2 !4t & ¥ L 160 26.7 0.60 0.58 103
........ S— < . - » g 2l b G e
SUS23 |4 & F L 160 26.7 0.60 0.58 103 21 j.]”—[:m%bé &'ﬂﬂﬁ;ﬂ[@anﬂ}k
- i i : | Surface roughness and photomicrograph
SNC-2 [¥ % % L 165 27.5 0.60 0.60 100 | of worked materials.

1268 T - Vol. 41+ No. 10 - 1967



s

R

i, 20 & ZDNNTHERE E L 7. iﬂﬂ?ﬁ%i LRI 800 A,
BoNEREZ A, HRERE +05% ORI g OB FERE <fF v,
HERERE A B & 3, C o U Nkt &% L ik
o Fe 75, SEERCBAMTEREKC X - <, BHANHNT 25T
WL AR L D3Rk, ORI & SZEIC X 3 I O M
D KB R OERGR L ED, EHBECHT I N ofi%
R22KFTEDE,

60-K I

PSR I Um:-—zv- g cm/min -+ eereees 2.1)
rziw K:Fe pBEZ{r¥ g/A s
d : Fe ok g/cm?
I ICiEw A
A cm?
B O = SR DML 10 o6 (2.

eyl MRS
RKICHDLND X 5 ICH2T OGN 1009 % Kig<hnd 244
BHASITEN AT 2 C EBRLN D, & e RBRCE 2 IR
D B T MR SHEOBEMEHS R e<® 2. 1 icRT,
HoTRAMIHICET ZHNOFH M E BEEACHELZDOTH
%,

WCED 5 E 3 XVLED X 5 ICE L e 2 DEFAIE L,
REEAREOMFRCHEEL, ch2IidCh3 2 28X
UR2. 3DX51Ch3, it LETh- 2MEClINTHE » &
T, BT ORFEO L L L b REFHRICKH L, fEEIHIc
L CRELS D, CORRILEEAR T LA TR - 24TEHO
WINTIC T 2L & X & 50 OEHEER* RESH R
B e LT, ROFEBXZEL T EATE I,

MIFH X R—9.620,C+15.6 uHpux co-eeevrrereeee (2.3)
B DR  a=144L, CH116 9§ wreerrrvereens (2. 4)
ek L C=ﬁ%?$i [EE T =0.3%
WABER L 217 % o edtic 2w, HEaE LI~

HHEY i%ﬂéﬂﬁ(ﬂ‘éhfd\é N
100% LIFE A2, LaLzoBs
PECIERD bR 5 o

2.1.3 £ &

ez & LM IC b »TRBEGHRDE WETENS ¥ 5217 DHEHIANER
BHRL, WTED L XPFKEL A ZFERICOWTRD X 5 IKEE
LCTHiz,

B DRBE-FHERE LAETF AL E, BEAY Fel ¥
7k (Fe, CrymCn % ¥ o0 <AL T 3. ER#EMICDw
TREALHIE FesC 2 e a b, ToRE—%IC 1 9% OREIEEE
e & ghd & 2 iIci BRI 159% o Fe,C & LTHESTE®, ©

» Fe;C ZEFREMTREHRLAVE 2 b3 DT, ) Iﬁﬂ@[’?
Fg AR O Fe A 2 € & ick 5T FeC iprskmic

ML, #5255 b0 Tz iih 2o <z 3 &%i
2OBEETH D,

LT OELCHESE, BREH O THREY
2EZDES R D,

Fe 1009 054 DA HE:

60 « Kire
00 By, 5
drey

D, 2T OERAERIETLT
BREGARE OMREHE D

BERIET

Upey=

TEMIC O REE & et - BTE - AR - 3R

zzcFe & FesC s

7e7E L
L 7228 o THH T OFEGAEE

zetFesk

—
"
<
—
2
=
~

o L ; L
01 53 i 25
13 75 73 30
TFe;C4
22 RESAERE:NITE D b

Relation between carbon content and surface roughness.

130F /

Bemg Lt

0.1 0.3

290
L 1
15 45 75 15 30

Fe,CaHE (%)

B 2. 3 REEHREE 2T OWEHLE
Relation between carbon content and apparent
current efficiency.

60 « Kretre,0) | J
d (Fe+Te,C)

% 2D H T OETLFELE T
(1+15C)

UFe+Fe,0)=

KFe+res0) = Kre) *

e e

d(ForTesqy= (1—15C) « d(rey+15Cd (Fe,)
C: REREFE @Bl

U(Fe+Tes() (1-'-15C) d([e)
Uy T dwey—15C{d roy— dresr}

EEATE L

U(I‘e TFesC) x1

x 100

 Fe,C )
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d(rey="7.86 gfemd, d(pe,0y=7.30 g/em?® TH B I b

TR
_7.86+117.90 . C
__mxmo 0F venrrreeren 2.5)

EnY, REREHEOEKE RS, CoOXERCERNICKD 2D
2 OEHIRON 2 4) L GRTE, M2 3ol o k
Sy, SR L b it Fe-C B 4TH % S45C & SK-3 &
BOTHOINERE & i X  —F+ 3, ARESod Cr % |
BUOHBHC T, KOThoRER 43uh-A1 (Fe, Cr)m ; l A/
Cn 2IBIRT 3 O, FesC Db & {7 Lie b3 Chinld OB L

BT D C LR TERCD, REEHREICHHL THhnd OEH) N I
LEMMLT VB C L BEETH Y, corerbifirs Litcey \
U 24D Fe,C ¥ 713 (Fe, CromCn ki, Hilcs L T
OB LTI ADRD L EL THRITEEAAVE WL 23 |

MTES b ECDnTH, FeC 5+ 5 & comi+% 4 5

&5 FMHD Fe M 2 0 FeyC AR5 & LCINT R R L,
INEFIE LCHIRECAGD B LAY, 55 wiEiigtie L '
€3 & RDYIC T IR LT CAICE B +0E7—smy 2T, @ &
RROVFCLDFRCAEZ 2ELLND, Lk TRELSHRD i
ZCEENTED b X AWT 5 T L HE L bR, FABEAKD 2.4 % W ik
¥ L OB T —IICHE A 2 Loy ok b S S BB X 0B 7 Outline dimensions of electrode.
DI, MTESLEREPIAZEZLOND,

Pl LOFERS b {0 EMMLICE W TR, BEEEROL % »
B0 (C<04%) T, & CLOKDTEREDOEHREOS Y D
Y TeH wax BT 0D 6%, 100% it nBHA< onT
TEDZDC, MIMRIFNICRIFTH Y, FAREEHEDS Y
DU, WMABRL AT R ThLEMINTEMEAT3 L ick
B2 LHIITAS XV Y AFATD L 20D & WL ¢
EBRTEDENL D,

o
<o

Lot

2.2 188 25 LRPOEEMT X 25 188zsuL2flo i
BTH IC — i B ARSI D W CEIINT #7575 - 7 55 OUITE Worked surfaces in 18-8 stainless steel.

b &7 YOINTEHEDE R Ky, ChERShoORESHERE D
BIRCRTC T ¥, L L 18-8 27002 $RIC I\ T IO
HICERD b A MIc—5¢ 3, TR RN T RGBS, &< _
ICENREOMBICER S, ITAMEORUHIC X D Kk & R is Mw“ﬂ*dk-tw“@fW{Mﬁ@MWwwx
BT CEBDholee % T T CCRIMTEHANTIEE (& L L Bt
TILHD & %) KRR T8 i~ 7 ERERS, X5 T

1ptH ez

mer

O EEZHT 5 C L b BFANTHZB 25 & LT, BIEE A A ﬁx«"‘;fiﬁi‘,ﬁglﬁls ERY mw, i M
LU R v—4 2T B © & BIEH IR Th B ¢ & Al TPV AR S
TP DIOT, CORBRICOTHET 3, Losi0 i
2. 2.1 EEkoR kB mMIisE 2.6 18825 L2 40 ITHD b &
BHA DB H TN L LT LS, WITTS b & Ry Surface roughness in 18-8 stainless steel.
REFTMLLEHOHORT & LT, BIMGRIE & RHEE IS b & MR : 12V
HEOKENC L2 B0 LOMERD 2 C LRTERDT, Lol EHIE + 15~60 Ajeme
THRUELTROL S C—E e U, BIMEGEE & TR 2k s ¢ TR AR & T DI LI X o TR OO DYIES
TINLTHEHD b X R ED X 5 ICED B 5% PH~THhi, S CRbDERE 2 510, FANTEH L X AE2. 6 i
TG, i
R B 2. 4 1OR T, IICERY 20 cm? (1) 850 : 2020 1 aH max BT OWIROD 2EIH & 75 5
BAD X 5 IR 3, I A OFER O TE e (2) JufFm « FhoLiiic (1) ORI ED b, = O b E
DFHENEETETHE Lo 10 pH yax BLEOTER I & % 5o
T © 15wt 95 NaCl Ay (JLiE 1.10) (3) B - QR 4 U B IITAAED 5 BIEHERIE O RS
Hii 501/min #UE (A1) 15~45°C DUEICITR Lie & BICHED, D bX (TS~
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13CrA 7> 1 AH

18-8XF > Lo 2%

210 a-EoJdr-FmTp
Working examples of turbine blade.

DOYEHA 6l CfF b5 LA, Fe ofsiis Sflicfih b h
T3 e#ELbNLE,

Tl v—4 DERINC X - TEFHEAIAL S5 FRIKDOw T [,
et o 252 MERPATREEE LR olE T, chick
=T Fe D 2 OFHAMIEE R,  3TOELATRAbNE 2w &
LTV D, G b G AP TR R X b 18-8 25
L2 BONTHE IS T 5 MEERE £ B O ur—o. T % 8
ZL, AL aiERz2ETn3,D

T DT v-4 TRINC X 28R 18-8 25uLa SRICiR b, st
i, Zwrwoos Mk ER curl OFERICR—RICHTIRED, &
—EudL—-F % EERa R R Ak B A R OB I AL <
fTabid X5 A7 BE, KERRREZHTCRnE, @210
K CDFHE T Lic a—EuiL—F Oo—RERT, BIFALEEHD
b & ICERBR OBERBE DI I T CRTw 5 2w, BNk OH:
LREeEALEFAbFICEOF MG E LTI T3,

3. BEE£2EHEMT

DEE-TIHIBHIE immﬁﬁmL%déwiﬂdleJMm B7R N

BERTET T E AEDTEDIEES R

3.1 %%mﬁutﬁaal

BEIIEEN 2 FICKRZHML T ORI DL, HLEEST 2y
Jazun-AF (BT WC &5EF) % Faun-A1F (BIF TiC & 329)
7 EDFRALHBRERSL T, ThE AL BEIER & LTHERERIE L
Teb DTy, WA VI L ASSHEMEGEEL A D DT
CELBIN & 2R OWE, fED M, 5] Sz & LK CRHIFE
NTnZ, L LIFFHIi< © HRe70~80) 4 3wk b ok
BONLCCRINTATEECH Y, drbevf LA X 30080, ENEOIE
HLCRHEMTA L OFRCLITFLRbULTWERKTH 3,
K3 1 CUTOEBRICHAABEESOMF L ERY K7, =
HLRUED d1rFaz0b FHROLICARNIC LT 0EAL, 205
B A PFaceh GTi30 & 1fa01 G 8 LR <R 4 £ i
ENTRVBEIDTH B,

3.2 ERBECLB NI
RPNCBAESRESOMLICHERL T 3 EREEY v, Eil
WO EZER 5 Z &1 X D BIEA S ONLOR AEEE % M0 T H
Teo EDFEREK 3. 20 X5 ne v~4 BEROEIRE S T E
BRI X > THIMTOTR LB T & dbh sk,

FEG, B SHESEER R, EAREE 16V

TR POAEA, 4% 10 mm, P& 4 mm

BARAETTR ¢+ 51/min

1272

X3l ZHcH w2z BES S

Sintered tungsten carbide used for experlment

o o s D -
3 it : P A N R
WC | TiC+Tac| Co |®
FAvFz=o b STIOS | 51 43 6 8.5 ;’%%’fﬂ};‘]‘{:’f
FAvFz=y} STIIOT| 63 28 s | 07 S ST
. _ i WG, sk
XA xF 2=y b UTid0 79 6 15 13.6 BN
| . .. . ) SHLm, o
KAxFr=v 1 HTIZ | 92 2 6 | es | FHEH
KAvFr=y b GTi0 | 84 0 16 | 1ay | HEL BEIFA
) KL, vv Y v
4% 5 v 4 G8 | 78~25 o o2~25 | 132 | HEL VY

£ 3.2 BRI X BIMIHE
Machining speed on DC.

HW@ WOH R e e | m T |
NaOH(g)‘NaCI (&) #(ce) EW) I(A)Y 1 J(Alem?®) F{(mm/min)

5 15 100 15 20 30 0.1 | R e

10 15 ) 100 15 25 39 0.1 [JI‘;*J’“MC

15 15 100 11/, 50 77 0.3 B3t W

20 15 100 14 50 77 0.3 ok R

BT - HTi 20

LA L OB ETCRRO M TIUENZERERDEEEBLLN
5,

(1) BESEOMKATE 5 & BIMEOMK 22 2 hd o
T,

(2) EMWETIEE OB NaOH #1:{k & L <, Hkw
EEHERTELL B,

Pl DT HEB O, LBIEE SOEME BRI L <k o
I HIcELTHh,

(a) WC A ¥ oBEMRBEiRCE ~T WC 3 WO, (i
b auda7y) OX5 AW ERY, Knt NaOH &[T 3 &
#E4BLEFHD NaOH 2 0B L T3 DTl A VDR,

(b)) TEE®RERO X 5 AWiEmicdh i, BiE R ch
Twnb & ¥ BRI & e WO; & EEALA & Wikig-© NaOH
KX bEN5DT, EREZHM L THTH& K<t NaOH it
BHHELATI D TEAE WD,

(¢) NaCl oAKEHEP < HZTRERE FHv, #HINTEEZEEC
BiEeRE T2k -T WC i3 WO; A EiCEE S 1, FIRFIC
Co g Fe tFBBCANT 2, SOLCBIREAZEGHICEMRC X Y
NaOH ##: U, #F NaOH # v 7eigd e A LINLER% 275
DTN,

PlEDOEECIES ELITIGENS X 5 ICROZ2DOHICDNT
EEE TR -7,

(1) eppsmic X 3ot EfEE - NaOH +NaCl Ay

(2) #%EC & 5INIh, AL « NaCl kG

3.3 FEEHRAXICELDMITREER

3. 3.1 EEREEH L OERERMS

FERRIC IR & INTHEE OBIEE 2 R 3. 1 1ioRnd, BiE &
BT EHER & LTHBHTE S X 5 ic, BHEROiEHEHR
XU A2 B OEBIEHARIRE L B 5 TS, EERIRD & 3
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S
F

4
B 3.1 o3& E
Schematic illustration of machining apparatus.
“
] 0.5}k
) EI
Z E 04 N T T g0
E NG
~~ /ya"
2 03f o
1 e
% oo /.7 o8
H #
(=3 7/
=o0Rf
0 N ! ' i y ! ) | 1
0 2 4 6 8 10

NaOH IO (%6)

R 3.2 Ui X T (1)
NaOH 7k & I
Working characteristics by half wave rectification method (1).
Relation between NaOH content and working speed.

0.6
2
E 04}
e
” wo |
) A 02
} &
0 . . . . ; 1
0 2 4 6 8 10
M BAEEH (em?)
R 3.3 REERFRIC D ZINTREY: (2) ICHERLE In TR

Working characteristics by half wave rectification method (2).
Relation between working area and working speed.

% 3.3 PpaEdiyic L a IR
Machining result by half wave rectifying method.

e s e | s wooT M
o m FNSLE W e ! : m T om
ENV) I Alem?) mm/min g/min ig,’lOOA-min
[ oomo
{03 5 180 126 61 126 ) XRDBD
STi 0 0.70 2 e
P10 5 1 1 53 | 1 | KRB
STil0T 0 12 0.5 117 073 Fm
. 5 ; ‘ | AROD B
UTi 40 20 84 0.33 | 1.0l o8 | LR
| HTi20 5 120 84 0.28 | 0.93 072 | FEERE
§ GT; 30 5 120 84 0.3 | 1.09 0.91 IR
P ERET
Gs 120 g4 035 | 1.2 098 | PELEL |

TERE ¢ AR, NI B 14 mm, WEE 6mm, S 1.4 cm?

TEMFIIT OINTIRER & I - §IF - 7505 - 255

HYTehd,
MRS ZOREETRE - 6V, 12V {1
AR ¢+ 1,300 A

FEHIE 3. 1 0FEx flv, Tieogffooaiisdl &

Ty BT A D 018 & 1 B HEEE O ML SR 72,
S Selh, R ¢ POAE, SME12mm, PIEE 6 mm, [EY
0.85 cm?
BomTay  HTi20, G8 (& 3. 1 &)
I 2008 feiAcc NaOH % 1~109 MR L 7=
Fift 5Ymin, R 30~35°C
FRETEE 1 6V (AR

3.3.2 Z=RER

P NaOH e X - <2+ 5 X 974K 3. 2
RF o

HMicapi s X 51 HTi20 oifarid, NaOH % 4 26 BLEZEN
LTh 2R ERMTHERS T I RML AT xR bR, G8
OEE 1t HaOH 282 ~ 3 % Tl KO IITBERE b, TOM
Bt 3. 2 BoEEE (1) O~ X 5 KEREER iz
He X 0 ik, NaOH pidrfi ¢ b [ URREE O D JASBUE Chi LT
mbNBTEERLTV S,

WIT T DI L7 NaCl 2095, NaOH 3 9% okigi% i
W, 3 LR LAGEEBE O WO LR, #£3. 3Kk
Tt X5 HTi20, G8 & [AiEAIN TR 8%k,

ILEIC DTk STi o 25 & UTi40 @ytiR &5 o 7077 iETHE &
573, HTI20, GTi30 ©id, 5 2 kot b o &fl, 42 G8
TR RGCADEWEE RS, Th bk HTi20 o4 NaOH
O E 10% FC Ll b EEEEEELNDA, CTRERTIS
ic NaOH Q@RI O U Tl s ORI D W T bR A k1 %
BoNBEMNPH D EELDND,

WICE CHEABE S <, INTERIORIIC S LT TS &
DES5wKZEb3ht HTi20, GBILDw TR THhk, TOMRE
3. 3R,

BlCHb 3 X 3ICEL bOMEIKDWT S B 2 BIEINLER
Rt LIRS L, DwiREINTTcE R Ad CEAEDLL
Nizco MTHOEFHETMEINTEROK 4 30 EIMLTRD
BRI I b A (8) th ORML AL LB L 51Kk d, Deic
REESACEE LCEEREE R Y, NEAEER RS, T
CEE, BHoORMINCIEI LT WO, & ¥ ORRREM i DM RS
Wz 2y b by, NaOH OWEER—ETH5%H, E
FIRECcERL AL D TH DB LELK,

Pl ofEEA D, COMTIFRIEEREHC BT E Bl b 1k
BEGESTERD 27, BEGEOMNEE 2 NEE A
L EBEBEOMIKDE I R AbA TR YD, T EN 535
WpR—E CHABLTEIBRERCT, GARAMRINTE L LT
BERWTRREVZ 5,

3.4 FTHAKICLDMITEER

BHIOE > & LT 60 cfs Dagmiz Fve, MARHE 12V <™
iR, GEAOLOEMR ML TES CLE2EDA, LiL
TR e LCUANE T Flvik & C AMBAIERICK R ¢, Ii&ic
HLCTERTHZ~ 3 BECABOEMEE LA, Thidsdm
% - B 700 IEERMI A R & 2 225 Y, ORICTETEN
TEEELbND, Lied-> CRIREHEZRD T 3 53L LTRD

1273



TORELI LIS,

(1) ZEFimm s ~ A% LR iz & 2 3 & 2 Wi, Bl
ERBEEDTERMEIDSDLEL AL LT D LITFEH A7
HeHT ),

(2) i

PLEDFER & Bt S &, IROZH AM 72 HR I 5 2B
S OIEEELE 75 & OO K BT TR 2 T ok,

3.4 1 ZHAATRIRICE T3 TEMBOBBES®

FERCHRE 3. 1 ICR LANTRER % v, EREEOZESH A7
221007 2T,  HERERCK U O MR 2 o kv - &
Ara [gRET C 8 Ick - T, A BEFRIICS 3 2 LB EEHIC
WD LS5 IC LT,

BHbrE e LTSRN RETDH B b #4 bRLD DT,
J5291b &, CHIVEBEMNICE DD E LTRFBHIT 55211
TELTALBHEE A J5o-1t BEML, BEEMRE LKL
Tro

WL OERE DB D A K RIS f~fe—z IC L 55D & L,
FHs e ¥ A VRAHE %) RS, £ OERRE L,
JEBGEME, B - J5051 b, W 50211

EENEEME IUABHO 45T
Wl A 12 mm, 5% 6 mm, i 0.85 cm?
TfHE - 2096 NaCl AW, Fiks 10 Umnin, jEEF 30~
35°C
Wenoidy c HTi20

JHER T [ 3. 4 WWRT . ¥ J57-10 BT Hv, Arrz %
P 0.2Q, 030 @k & OIIET L BB 2R 3. 5 i,

INTHEREENL RO LS Knwi B,

(1) InTsE i AMr2 EHiofisns 02~030 o & ¥, WHEE
P LA P2 2 ~ 3 50 & S IcRAERE LB,

(2) EMEERTFH LA LS 72882 K& T2 E W
DL, HHEHMICE J5921b OBRBRL DAV, 6155710 b1
FEEDhnhi—ch, ElECHBREREREED, ©
NN TEICEIZE LCBbNECAREDFERE A-TIFE L

SR T J5921F BT R R LT3 HA%EICEEEL, %
TR D AT I5001 b HFAHEET 5 20T, CIAKER %
T3 HY, TOBEKTITEZE LB,

ISR IR D ARV As, J5050 b ICEE~B 2 Z s, L
2L 950210 D & 5 REmORMNEEE AL, WEN, £k
IO A S COMTHRICEAFZEEME L wi 5, 0K
HHEREEIC R b A WG RS CEREIC L A v,

KT J5271F BRC S A TRAOMITHEE T B btk A7
PiE 020 o4ft, #£3. 1 IR LAl »wonTik 2 #~
Thic, HREIF 3. 40k 5, Fofficx Lty HTi20 @
LR & FREONTHEE %18 bh, FREEER SRR o fli
WCiZ e A EBIR RS RT3 ~5 % THh - %, TR WTRY
S R ORIRTE 238 by, PR TR B T U e R o e
EHEIOHEZ D F VRO bk,

3.4.2 ZTRAATRFR BT MITEEoHE

RITIC B\ ORI fR 0.85 cm? 1€ 0 va TZEF A7z HL D4R
ST, TOCPLHER R L 2 B AN T A E D X 5 e
b BT HE,

FEE Gy, IR ¢ 5021 b
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0.4[— A0~

03f ¢

(g /min}

o2k =

Bl

AT Q)

B 3.4 ZEHAEIC X BINTRHE (1) Afya #5502 I
Working characteristics by alternate current method (1).
Relation between bias resistance and working speed.

AT AGER 0.2

I /1.=2.9

3.5 ZHEAHRIC BT 2 WNEEER Y
Wave forms of gap voltage and current in alternate
current method.

A7 AR 0.3Q

F 34 FTHEHFNIKCE BT R
Machining speed by AC method.

Fizd s ed s ) N o /4 m T ¥ i‘ggg%@

& M ENV) “wmE T E 7 kB
A.C. %}(A%S ! F?C(A% mm/minl g/min |g/100 Avmint (%)
STi03 9 52 20 0.80 0.60 0.92 2.0
STiloT 9 52 20 0.65 0.58 0.89 2.0
UTi40 9 50 18 0.30 0.34 0.55 3.4
HTi20 9 52 20 0.30 0.38 0.59 3.0
GTi30 9 52 20 0.30 0.37 0.57 2.5
G8 9 50 18 0.30 0.32 0.52 2.8

3 Fe Tk L.7g/100 A - min

EESHE - AT, AR 6 mm, mEHL, 2, 4, 6, 8,

10 cm?
BIAHE - 2098 NaCl ARHE, 7kt 20 l/min, R 30~
35°C

W4« GTi30

IR 3. 6 DL S TRDT EhBbdoiz,
(1) TR 2om? 2 Ri%IC LTENLF OB &Nk
PIRARE B Ay EHUEATE L, COEEINTERERE &
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( & {0
B 3.6 zEiARIC K HINCEHE (2)
IITCEHL & I (20 D
Worling characteristics by alternate current method (2).
Relation between working area and working speed (1).

X4 RIS

0.6

E 04
E
B

5oz

0

HTEW (a®)

B 3.7 Zesiistic X aMchE (3)
IR E IrCEE (2D 2)
Working characteristics by alternate current method (3).
Relation between working area and working speed (2).

HIEENE L A BEEE DD, demP Bl TRy LA A7y &b
RWIEERZEH TIRARDOMLHEZFOoN D X5k d,

(2) JINLEER 4dem?® BB, AMrRERE AN LI
MR L, TOIERA ML Tw ERE/NTTERL A S,
T EDONLEICEE b A ED LIS EECEE L TE D,
CNBHARME D > TV B ADEHE Lo Wi LTI cER AL,
THLE, WA R & % B AT 5 BRRE LD % Sea IRk
TEZRWIZD T, ZEH A 72 FREINMLEFE D/ E i 0% L5
L EICHCH B E VLB,

(3) ERREELA THRCcS VBRI AL ST, ¥
Ze dem?® Ll Bk Ay EBLC bR AR L, At 3~5 % &
W o7,

WA NP2 F 21T W SERATH TN & s O BIHR A 51
OB EEIC DR TRDOTH K,

KGR, EREAE - S50 1b

sl TS, W6 mm, gL, 2, 4, 6, 8,
10, 12 cm?
R « 2096 NaCl ApHE, #ift 20 Yfmin
s 30~35°C
Nt : GTi30, HTi20, G8 o 3%k

SRR 3.7 Ok 5 ¢, SAHERICS DO D B AN
BITCERORMINCBELRA L TKE L AD, INThOBEFYE
FCITTLAI L TR E { 2 5, AP RN SEOEE, T

T O T & Rk - B - 2 - 35

3.8 t-p¥ath #HHE
View of beaker test device.

L 20% NaClsol J

W HE VBEINDL C e (BT 3~02 TH ok,
3. 4.3 BEELOTEREHBE

Bl - ORI & »© NaCl ks g & L C3emElix 74
5% BB WL NaCl & NaOH oI ic L ERERIC X
o THEHELOTEMAHATES T L RTEDTELS, TCTE
~h52 b I X YRS SRS XUk & 2 HECEMICE
DRGEEEL, FRNCTRICSEET S A2 2iigh L T TR e
T EICkY), EHIERECBT 2 BE LD Th,

(1) HEBEfe L UHE

TR ORBIA 4 & EROKEL BT 5 20 KE 3. 8 R T
X 51T 209 NaCl A %7z L7 E—n HICIBRES £ % SR <iy
5T23 L, —HICRBSEBRERTC, chb% 10 mm ORRE
b o T, WERKE 75~10V oEFEELEINL,. 25
~3A DWHETL %o

A DR~ O EE I T 21wF B E O AL, BINTED
Ttk & (B, BRI BB & 5 Lin, ¥ Fe Nk % Bk
BIUIRE Lt 20FRENICET B3E A2 iR ty i
B, BROPEF Aok, RBEILHCE HTi20 2/ L 7%,
(2) SR

(a) WHELFBERCLLSE

HEHR OO & & D BTG R 3 3 O 25 3
e o THEEL, ChBETIEET S LBROB T 2. B
WGEIE 75V, W 258, sk 10 mm O4efcH 1 ol
+ 2 % TOWEIEE 45min TH ok, CTHEED WL TORR
B LEOLE WO, 2 XBITEY, ¥7 NaOH AFHRICA
NDEESCTERT 2T e hh WO, Th 2 oL TRIEEBRN
v, A BBEOEAEBER»bIESED 2 2FET D,

(b) BEES&XEERCLAEHE

(a) KB~ TES S ICHT A H 5 BERE L 2cREECl
HAEEL, BHEELSTEECT S &, Bl ig oo
ARIA B L S AR AT_EL, O AR OENTL FR5 L5
MHEELTW E, BEgLoMIEZ W) o a b, REMER ¢
-h DECBEAOWESE LThEs, BEoBSERERcllb
Fhhhb A2 BREL TS, ChEHFERLECEERLLD L
FIRBEH LT3 038R E N5,

(b) NaOH ABHCE L &

(a)ic TR LRI <8l &% 51 & £, BlIcfE
L7 NaOH5 % ABWHICET L, —~EdbnEicZEal, ol
BE20MBEOBICED D, COBEEBRE Cih BRICHER
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B 3.9 TRGEOBIESEERIE
View of surface conditions in worked sintered
tungsten carbide alloy.

% 3.5 E AR DN R

Analysis result of formed gasses.

I R R WC-i—Co—)(—IDng)I t%‘-é( DHEP I A WC-{—C()—>(—E]§J1 &%é’ DURH A
Ha 21.60 §9.40
N2 1.25 9.20
Cco 37.70 1.00
Oq 0.12 0.15
CO: 39.50 0.35

& it 100,17 100.10

Thb,

Bl EnBilie &£ OMKIEYRE 3. 9 1KR T, No. 113Gt
& o CTHEEDBAER L7k, No. 2 ik i NaOH Ay
IR LT—@n s gst Lok, No. 3 ik NaOH g
TR & W AT ICE 5 kg, No. 413 No. 1 oiagss
DR F K5 L, A0S X CHUE AT ICER » 7o b % R 3,

(e) EERK Az SPriEER

BlLEDOEERRICE ~ GBS &% [BEE & VBRI L 254 s
BERE, FE L A2 2L, BERMWNET R cilifrE
3.5 WWRY . B 72 B & F AT Az, —BLHES X UG A
2ABRELTWBC L, BRE A5 L EEIE LA ERAE 2 TH
BT ERbhoik,

(3) £ &

Bl LR b e £ 0BMIILIc s g 5 iHEH 2 £ T2
DY B IR B,

(a) WEGLRBEE %o & E, BoHo aALt i NaCl
DL CAET B 140 EEIULEMCRIG L, i Auh &
LCEHT 3,

Co+2Clm—2e-CoCly ++errrerrrenairenirernunnn (3.1)
FIRE IC AR Ll KBS 14y WEKEA S5 4 bR TR 41
DEEFTRELEL
2 0H-—2e—H,0 +[0]
chp WC % TiC & RIS L CH i & i L, et —medt
BRI E e RS 52 & LOalT 5. (Bl -BIRRIS)

WC+4,[O] WO +1/,CO+1/,COpe - vrennireianinnnn (3.2)
TiC+3Y/5[O1 > TiOy+ 1/eCO+1/5C 050 creeeremurivaenn. (3.3)

—FRERRRC I ADEIFIC X - T A2 BFKET 5,
2H*42e—Hy e (3. 4)

(b)  C DRAECHRED KR X BTS2 L % 5 &, (Bl
FBIC T RF AL NaOH % i 10
2Na*+H,0+2e-2 NaOH + H,
THAERER LY & RS L CABYED audaso fE v—4 & LTy
ICEIRT 5,
WO;+2 NaOH—>NagWO, + HyO veevververrvenens (3.5)
TiO; DRELD W TEE L E—h72at #4550 TiC o&HED

1276

i NN . I
j‘l‘;l!l‘}- ! .fljnfr,

He0 ZTH H0H™ H O™ H*+0H "

NaCl Z2Na* +Cl1™ NaCl == Na*+C1™

C - o=z c

&y (I
]

N T TN
3.10 WM & & o 4 M 55 B
Schematic illustration of mechanism in electrolytic

dissolution of sintered tungsten carbide alloy.

£ STiO; Lo T, BMUIEDHE LD L BHaS % &
RT3 &, BRAPICHEO 0 P ROPBEE T ET 5, Citid5l
i Ti0, FAISTE A KD L7 iig e XAt h, Lo
TiO EREEHER CAHT L CAERL 70 & > CHRHIT 2 b D &3
L bitb,
TiO+2 HgO—Ti(OH)  --reereevvremmanaaaae (3.6)

L L, (2) OEEFHRCE~Z & 5 IKals b B SR OKE 2
PFEELT, TOHENCE o T HmRRIE I LT 5 0258
HOWTED, Ladts TR O Xsma &R e k¥
% NaOH ic & 2{L%/EH . EE» bRAT 5kFE A2 Ik
IR & OREIFAIC L > THADLN L LEZ ZORTHD
foths,

—HBRRIC 350 5 IR, BHRE 7 o T 2RI J - Cil
0, J50x1h WlEE LS G RIESR 4y OGEC k- T
Fh2 BT,

B O e N ] A 3.7
IR ICARDEIFIC X - T U e SO EMORE L KIS L
THREE A2 & & o TR LIRS 295,
2 OH-—2 e—~H,0+[0]
C +2[0]-CO,
BHREZ Y OERTHIGAR, M

Ll EoBHE 0BRSSz w3 eE3. 100 X5k 5,
i BB S OBERLIC D\ CREARE HORBI©, EEORY

B v—4 IR IC 51 5 KIS, Reinhart & OiBHE £ OREKUL

FEREXWALEHSD, AL S a2iRAIhTnE,

% B R TR Y Fv, NaCl & NaOH RSB & b
IR 2B EE, BBk > Tk Uk WO, & ¥kl
o0 MICERE R o NaOH & RIS L CE T 5,

PlLEDEREIbHEL2A L 5, BilE20EMEHTw-Fhic
LTd TR OBRRIL Y, OBy OEL F ikipEo 2
B DVEFIC X » TfTab s t v i b,

3. 4.4 IFEHRARNE

BT TR~ 7e & 5 I A OSBRI K D J50%1h B HE &

L CBHE &% BHNTT 3855, Jso-1h TWE2SBRHE 2 52 ¥

1oL FIICHE SN A BRRRE & A ¥ EERDERHC e T, 4t

MEN B EKEICIPI L CAE J2 LIEFE 12 296k 2,
2NaCl+2 HyO-2 NaOH + Cly+ Hy  veeveverrrernenn (3.10)
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?f”ﬂ

g

gy
3.11 ¥
Schematic illustration of Cl; gas absorbing apparatus.
C DR GRRHEFALFEINIC 2255 OFUNCHES tEL LN Db,
SEAECY T S A2 DRI CHL BT S
224 I A .
QU;?._WM— 56500 7 x60  (J/min) eeeeeeeeeeeees (3.11)

cee M4 n BT

~ A A I sl
§ THHLDEEINAT S
Qo= 0.696 % 10-21 (l/min) ........................ (3.12)

C O A2 TR w2 H D, AR LT ED DT
CH DD CH b DT THEL WP A T2 5 LD 5, 4
oA THCRE 3. 11IGRT X 3 KL% 5 ek 2564k
Hz R L <, NaOH ez v cickh, @1t
A BFEAICHEE H2 RN E 4 T\n %, NaOH #ugics] 35 Cla g
2 DGR RIS,

2 NaOH + Cly=»NaCl+ NaClO+ HyO (Brifg) »oveeeee (3.13)
Thd bR iz # RT3 kgl NaOH O3k 5
&

80
Waaon= meg =357TVa, ()

Vo, « #3 2 ot )
NaOH o fifikigi % v 5 &35 &, @R 100, LLHEE 213
TP B H b T A FITKE ORI
E VMOH:'DL.E%BTSZ X Vi, =335V, (CC)wrrremmervenn (3.14)

Vo AR TER 300 Ao, 1 [ 8 mEMZEE) L TR & L
% LI #2 ORTEAERZ 1,000], chESFELICRING 2 ICREER
NaOH o fafl/kKiEH oM 3.351 k%2 3,

C DINEEREIC & 2% A0 S2 A X DEL %
B, B 3. 11 sl auo i NaOH EofiATE Al & v
B OBRNICH T 213 2 ORIk 40p - pm,  FEENTH
5p . pm FHE LA, 2u0 pic NaOH i # iz L, cofic
P A2 BT e 2 HERPK Ao p - pm, KEREHTHIZE
AMEBDHLNAD 5k, COTLHLER 2 FEOMEIT LT
& NaOH i« X 2 INIEE#H/T 2 ¢ & TRERLKfRTE, &
P HEICEL T EAHLME RS K,

3. 4.5 TEROMIFE~0RFED

Ll B~ e SRR A X CEBRIGEES @t ML L 28&, &
W DRIE DM A ICC Y, € b BB E L o

“%é RO b, ThHLBEMRDOERABEH L v E &L, J50»1F

R I L Ch A ) QR /RTS, ToINT LTl &
BEREALMEELRLS RS CERBb ot £ T TTDETE,

EMEIC O I IREE & T - AR - 7EE - 3T

1.5F 30

MIEE

(g/min)
o
T

S
= 20
§:
g o5 B 1ok
2 WA
ob ol ! . L ! I L }

0 20 30 40 50 60
TREAE (C)

3. 12 e & A mis (4) TEMRIEE D58k
Working characteristics by alternating current method (4),
Influence of electrolyte temperature.

TIRIEOME, € & CRIFERIE & AT~ OERIIFI AN T
CEDX S CHEr B ITT I~

(1) SEMERE ORpE

WRCRBES 252 H 3BT LT & - 2l Hw, T
SLOSEERGR ORI L D5 B~ e,

SRk, Wil S50, SR 17 mm, PR 6 mm, T 2 cm?
oy - GTi30
HEHE - 2095 NaCl Ak (AR O I T & e igmie
Lpar 2wt 95) 7t 20 I/min
Atra 50 0Q (GERITH)

SRR ZE 3. 121GR T, M bWl b2 X 5 IR &
IR IRRIC R B A SR b b,  30°C LU CRIE O LH- 1T
LR U -COrr s A L, SEREFELL 3 BiCEP 3 5,
30°C Ll ik ¥ b b BIT—EDEIEN . T ORI
& EOEMINTE 5T 30°C L_kiciiR # k- CHENT 2 HED B
% eI L 7,

(2) b aAw b BN o8
B CIAE L RIS 2RO B LTn 3 EEX, HILWE
ARG & LcHadk 2/ s ZIERNZ <9 &, TR &0
L 5D B hEIHRT I,

RS, Wl 55011, SHE 17 mm, P9 6 mm, FRE2cm’
o4y « GTi30
JEAEIAG - 20% NaCl /kiEHE, iR 35°C
FiHE 20 I/min
Aq7P2 3B 0 0 Q (GE&30H)

SEEMHEAE 3. 13, 3. 14 1Rd, 3. 13 134k aAut O
I 5 U 72 B8 O INLHUE & TS 2R L 72 b 0T, I
ERBE—ETH DA, EENEL RN L & A LT
20 0.59 ik 3 LI ESEAIc 0 %5iICh o 7o X 3. 14 {34k
AL RIFEMLAWES &, 05% RNl 2 & & 0L & E i E
DHBHERTIDOTH 5,

(3) & %

#AL AL DIFRINC X Y 552-1+ EROMHEH Bl € & 2HH
BHkokscEZLbLRD,

BRI A 2T DBE T, RSB C Il < L5
CHEIRAIE & % 225 31o) BICREKOEM» T b, Biks
B Az, EiED b IEASE £2 BIET 5 O & FARICHBERN <
OH- DTBIC K » TREMOMHEL LT, ChAEBORE & K
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BARERER (RHEL) (%)

A

0 01 02 03 o4 05
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M 3. 13 zziialic X 2 TR (5) Hafk oAb RinoghR

Working characteristics by alternating current method (5 )

Influence of added CoCl, in electrolyte.

T | E E M|

% k2o pRINO BE Lo eI HENMO B A

#H o BRKOROBE T SR OrOHE

3. 14 @A X B RS & T
Surface condition of clectrode and sintered tungsten
carbide alloy by alternating current method.

U THEE Az 2GR LERMEORA L & 3,
C+2[0]-CO,

ICHESHE AR AR U7 oAb 17y ASEIREFICER 2Lt & L THF
HL,

CotT 42200 cevrnroreiracrrarinincersronersnns (3.15)
RCEBABEICE 5 & & B L 2B AL B 2 Uk
1Ay & BERILEMICE G LTI 5,

Co+2Cl-—2e—-CoCly +eerveremnemennnnnnnn (3.16)
COLXSICERERCEC 20RSRE 1AL O & BENAET T,
OH- #E L CHREMOME2 L L 2 2w OELRER, F~<TC
DRIGCHEN, 50710 BREOMEFEEE 5 e AL RB EELD
TERTED,

HERREA~O SR AL O e X UTEHIE, BIEHSE A T
Bk B0 t-hsat EREIC XD, Hib AL 2RI L 2 B
THEYE R PR L CREMOMEZBEL, EEABEL - kL 20
FHEME DT LCTERD B LR TE 7,

n¥, BB L 1 ALt OFINET TR, b il
BRELEETAMILCEHEL & - BB YA HBS I BH 5
M, UZeddo THILE g (FeCly) ik (CuCly) Zr o X5
ICERR TR 140 2BET 2 BHE A bR, BEAFACX
SRFIREBPELRE LELLNE,

3. 4.6 MIEAME L ORESRX & 0Lk

Bl RIGR~ 72 a2 =i & % 181 E ¢ RN v <nT
2T RoeflRR 3. 15 1C, ¥7NTERORED b T 0—F%HE
3. 16 wik+,

REBEE OB T ICER b —imicdiffl LT w3 BT &
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Frx—v vy rHETRMT GTi0
MCIRE 10V, IITTER 380 A

AEAmT HTi20
MILWE 10V, INER 420 A

WTHEE 1.8 g/min BRTTEIE 1.7 g/min
ITEFE 30 min T 20 min

AL GTis0

WITRE 0V, MTEH 450 A
Mg 2.0 g/min

TR 40 min

WM TFRINT STil0T
MIFTE 10V, MILEH 360A
g 1.9 g/min
Mg 15 min

B 3. 15 zZAR s 3l
Working example of sintered tungsten carbide alloy
in alternating current method.

e e e v

¥ - 7.
3. 00H maz

STil0T

f e e e Sy Y, et
4.7 pd pex
HTiZ0 “
!
Ml\,-ﬂ\ e
X500 GTi30 VAL 0 s

x25
M 3. 16 ZFHANICHET ZIMTHD b X
Surface roughness of worked sintered tungsten
carbide alloy in alternating current method.
Lol L CREBINTOREZ EL D5 L RD L S Itk 2,

B B

(1) INCEEEEAK & o BUETTIR & LT\ 5 BRI & S
LT 0.5~1.0 g/Amin OTHEEAEB LN 5,

(2) ~A7=23u0 BEUERV, BRI ¥ - 2 KRN ICTT
bW B e DBWEER 2, WENTICETE T LW IITEEwH2
LNEEICIH 5 NP-0502 BEDEBZTNEE L L EAv,

(3) RFAiLbm, #inTiHhoE NTEEORB#ELITE A
Y2 AL AL 215 pH max, OITED L E 2B LN S,

E B
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(1) IR 2T, ITHE ABEAEOMR EoiTics) 3
O & AR GBSO 3 2 IR OFEDIAR D (2U7502)
B HEATER OB & </l 0.1~04 mm FRETH 5,

(2) HEROBERT 32 L, J5221r # T 5 7o 05K
CEg<, iR LMoL iR A bh v, TEER o
9 TR TER D, EABROESC, WM DR
PZULEOHBLEFRBELL S HNTHS,

PED XS BBEAL CONTHNGBRTE GBI 0%,
el d12 2 &) OFIMLCEIER AN AR ETH Y, Fih
FCHMICHED TR O 7 1 WWBIGG D 2 T E b 5 e fEAS
OO DI b IFFICEROD I MLABETH D L i b,

4 = F T

AESLCRN WA BT RO L SR B,

(1) EMINCORD AR iTHE < 2 REH, TAH,

R 2 T i 2 33, BEA 3 LM cliiTm S b & & &
T DEFRIRIGREER B E el tavarr EHROBEE L T
HEzoh, ChODEFROZWEERD L EIELL, 2rTD
WHAERERINT 2 € L2 ®, bR COFEREIMNLHCET
L tAvall DFFECE 2D TH D C L R EBRFR LRI L 0 #HE
Lo

(2) 18-8B z5uLR MDINTICE VT, REARDLDEIRET
ML LS E T 5 niEmomEby, W v-4 OIImc & H 5
gihhbc® 3 e 3E, FEOE LN 2 BE DK P OO
HiZs 2McfF b 3 & & 2 TiA® e,

(3) BSE AL LEsH R < NaOH &L 7% »
EIMERFTF bR WA, HEITRIC & D Ak B OHHHE <IN
LT[R E LA T & i, T oiEic X 5185 e OInT R % i
DA LeidRE, WKDORIETD o e TEEHEEE & T ORI &
WINFIOFHIC LY, Jsoz1r EmC W RO cE LT L
FTE D0 T it & B~ e,

Bl ko X 5 ClInTR R T L, 3 L B oRES 5 »
BHLWEEAAOEAIC L D, NIk e Eh T etk oW
I OB ARG IR TR0 D, HWIFRIE L A FHRo
I Z R L TR oFE A S oBHliic & - Tk

AN O TRE & TR - AUE - 755 - 1EA

ENDHDLEFEE LTV,
(18 42-7-21 524

# # X B
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Electro-Chemical Machines
Norio SUGIE - Fujio AOSHIMA -« Kunihiko SATO

Mechanical Construction of “Diasinker”

Nagoya Works

It is nearly ten years since the first electro-chemical machine was made public in our country. Its epochal machining method has
been drawing attention of the circles as well as the electric discharge machine. ~Within the country, the number of machines in actual
service has reached above thirty units, being still on the increase more and more. The electro-chemical machine operates on an entirely
different principle of conventional machinery. It is, so to speak, combination of mechanical, electrical and chemical apparatus with
unigue features unparalleled by any other machine tools. The article deals with the construction and specific features of *“Diasinker”

’

electro-chemical machines.
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E. C.M. “Diasinker” type MC-20 V.
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E. C. M. “Diasinker” type MC-50V.
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Flow chart of electrolyte and gas of E.C. M.

“Diasinker” MC-20 V.
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Series of Diasinker Electro-chemical
Machine Power Supply Units

Taro YOSHIDA - Yéichi KUJI - Kétaro OYA

Present marvellous development of electro-chemical machines owe greatly to the advent of silicon rectifiers of large power use and

to the progress of control engineering derived from the application of saturable reactors, thyristors and transistors.

for use with Mitsubishi electro-chemical machines now in production are rated 2,000 A, 5000 A and 10,000 A maximum.

Power supply units

The working

current is controlled at the AC side with saturable reactors excited by a thyristor circuit. The construction of saturable reactor is very

rugged and there is no danger of causing the excessive short circuit current because of its characteristics: This makes the most suitable

power supply to the electro-chemical machine. There are two types of power supply characteristics for electro-chemical machine ; con-

stant current and constant voltage ones.
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Characteristics of Diasinker electrical source.
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Change of electrode area.
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Silicon rectifier type SR-200 H and its
characteristics.
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Constant voltage-constant speed feeding system. (2,000 source)
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Machining Technique of Electro Chemical Machines

Nagoya Works  Kazushige KOIKE

Clasifying the difference between the electrode shape and machined hole, this study has been made on the changes of over cut for

the machined depth through calculations and experiments in a few typical shape. Based on the result, analysis has been tried on the

machining shapes of terraced hole, and the phonomena of expansion on bottom have been looked into. Furthermore, with the intention

of indicating the accuracy of electro-chemical machining, repeated machining accuracy has been investigated in the side and depth

direction to find it to be within 0.05mm in relatively simple shaped work.

Mention has been also made on practical examples of electro chemical machining on turbine blades, extrusion dies, forging dies and

machining parts.
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b DT, HILOHE L D@L - RN - NI T
WA, T J)}JIL,L./\V RS 3 < b#yﬁiﬁlk %o
3.1.1 mpTEst
T OEBCH NS & ik & ER T
DY B5THB,
HERBTE « drpooh MC-20 VB
B4« SKD-11
KEBIBD IR A

e L &

KO INCH A

U 330 A 1800 A
HRRET L 4V 14V
i B 16 kg/em? 16 kg/cm?
. Vi o 50 }/min 50 1/min
% DT 2.73 mm/min 2.42 mm/min
- v/ 0.113 0.113
MR - 80°C 30.5°C
ARIESIE () © 1115 1115

:IE)J“:Lﬁ a3 j’é}) ‘?:,ﬂ 1y ?OD&LD{%é
BURBHTA © dpoon MC-20 VB
I TR« SKD-11

MNEREH DI KEFR DI

IHESE - 330 A 1550 A
FEIETEFE 14V Ry
(3 S 16 kg/cm? 14 kg/cm?
wmoo e 50 1fmin 50 1/min
ML - 2.73 mm/min 2.61 mm/min
\AR 0.113 0112
BAEEE © 30°C 30°C
EIGE (E) + 1115 1.115

dﬁ COMTEEAR, (1) ekl 2 BEEOEHERY & g 25—5EK
BB LR DOT, FITE S EMEOHIBICES L 52
HME S L UBER—ECED, ¥ VI oE —FRhRE X 5

BRI O I T - il

=31 B AR I o P B R R

Experimental results for terraced hole machining.

62 mm
W ok W E Tk ol ) 1 s 3
O O de 18.38 18.38 18.38
mMTRE d 19.43 20.35 19.50
mxT RE & 20.33 20.31 19.40
(do~d)}2 0.52 0.98 0.56
(do-d’)i2 0.97 0.96 0.51

CINCARAZ RO D TH D,

3.1.2 RS

LIFHONIEC > THT bhARDEEZ R 3. 21

midklvfﬁﬂ FTENENIE L e TOMERR T R
3. 1 ORT, vl b B TERRF V- Ao BN ik T iR A
DRERSLLS A (EEET04mm) BELNZR, WEINTHES
FUZENTECR ORI bARA LN A 5 o EAGEINT
Hc OMEE Y F BN THEO L bAREE L L, ZHEINTHE
CORFERET EREENLEO R bAThRNETHEEHELLLR
T E D DD T

3.2 3K OBOMEF

WM B TEIRIC S { b RO 2 FIRA KD X 5 &
Zy DL bHEF IR L Thic, T b b ARBEI M
CE R D LRI ESOME CREIRICEN S b o T v ik
W, TORMEETF EZ 2. SHCRELARELC X2 2.7) 20
Kz B TEDL, CHICHL TRESAML I B2 &, /b
B CREMICIEN A IND b {2 ICEMR Sl TN 5 )
TEMED LB TR TOHACE W T—ETH B | LESRE
WY o XswkY, %O & EAEREm IS0 5 FIER O
E¥RK0AX Q1) k> THHL AT EA DAV, TD X 5
KRB ITRIB O/ & B & & CR/DEBOREMT E@E K &L
BED D, BEHCALbIBELI0THE, L THE
I RIS 5 L BRMEICENE D d > T b ), 5 bhik
HUEWL, OREEMT EEERNTECLS L b EFL
{hd, FAZHEINLHETRRER L /MER L X~ CINLF 5D
T, MECEAPICIIORER LT, S bHEAETR R, &L
TEOREMT & BN THEDOLL bATRRWL ZHEEHLL
RLDTH L, CCTTOERCET ZHBEINLEDRL brGE
BIRRIICH I L TH B,

(1) KESFOINTHIMm BT ORImEHE G &

TR O Q. i

Q,=50 (l/min)

FeriAZE A2 @ 30°C, 1KERCHT AR Qr iz X (2.2)

b

Qp=2.55 (l/min)
ERED B0 MR p RE 2. 3 (a) O LD
p=892 (Q - cm)
EREicET 2EHEETE g @A 1. 1) kb
g=00127 (cm)
EBOAEIREOEZX b=01lcm tHzanb, (2.7 XY
~g—=4.1
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F£3.2 FEMELWMEME LK

Comparison between calculated and measured value.

Bz mm

Wil oo Y OEm Ik U ok

FA <A O = (A A R T /o v gt (51 ! W

5@2;(1“ 0.50 0.52 0.91 0.98 i

do—d’

s 0.91 0.97 0.91 0.96 1
¢=0.052 (cm)

(2 ) ”)Cmﬂ@}JﬂI[’ﬂﬁ‘“fﬂ"‘@ﬁlﬁf’dH &
5:50 (1/min)
FEEAR $2 @ 30°C, 17 kgjem? I 35 1F 2 Rtk Qu 113(2- 2)
Xb
Qp=0.445 (1/min)
RO AT OES e B 2. 3 (a) o LY
p=8.054 (Q . cm)
Emc T s BEETE g kX @D Xb
g=0.014 (cm)
IMIEEE 2=25cm TH B b
X=z/g=179
2. 8E#MI L X=1T19 DL ¥, Y=65L%0
y=gY=0.091 (cm)
Bl EBIRREVIC KD 2 EEIN TR I B 15 5 KR EFR O NG /i &
HE Lo E L, FBRICX-sTRDLHEHEL 2 ES 21
Rl7co RIFMELEIE L Ak Y BIFA—BHBR LN,

4, BELNIEEY

BIFFNTICE & FR—INTEETHE L OMTE2TFES L, 2D
MERDOEICBE~FEDE L2 ERRE b5, BT LD
CHEUNTK X2FEOR LD RER ENEETHE D, LK
R BT 2 TR O TR & F v TR L o

4.1 fiEFEcHET 38R MTEE

—ADRE MR 27.9mm DEFEERE T 48 [{HOR%E B
T, 2OXEBCEFEFBOELOEF L bk, R4 1 D
FECINTL 72 4B FOEHFERT o
4.1. 1 MIRHHLUCTEORE
COEFBRINLOERICH ZNLEGERRO L B ) TH D

HABRES © d1Poon MC20V 3

W TipE : SKD-12 AR (HRc-60)

mTEa: L0S0A

WA ERE: 13V

W [E : 17kg/cm?

ik # : 601/min

Ji 3 EE 3.1 mm/min

1T g X+ 36mm

ERAGERE © 47~59°C

T A (h®|) « 1120

P B E 4 48

MTENAROWBERIE 4 2 IGRT XS5 CBHOE R D AR
(LEid» o 3ImmFo L z3), fde (Romko L 5}, HA (F
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B4 1 &L THHEEZEER
Experiment of repeated machining accuracy.

b

or—.
1

i
T
] !

-7

]
©
T
11

2Dy FiF. Fs
(d)
M42 #ELNEFEEEZROMENE
Measurement position of repeated machining accuracy
experiment.

A "‘Fﬁ“\! jaly
A fre Cx-r' == L)«v——‘l
VR VI e | N e [
N I e [ By |
D, D
)

Wb 3mm Lok C3) KEwTEENGHE 3 MiF&ollEs
filoike Lo TIHEDORICD & I8 HOMEHE%E 2.
4.1, 2 EEER
CORBMICET BFHEOR LD &I ErbF50 IRT LIEH 4 1R
FHELTVEDT, FDEDOBDICDOWTEEE =, SRtk
LU 2005 mm FHWERR & L2 BAOARRE e 2R, COX
BReprNFhoYFEE LY £005mm ) ko~FEEr o/
EERLEERDM A~tut FETEHEZRTHIOT, TLLOERE
4.1 BIUH4 3CRT, COMERIZTHENEEHOD LiILE
TEMINT KRS DEFBROMTE L e, £ ONHEOW
tO%HiQ%mmeAQ?ce#fgéa
4.2 FESARICHT IFELMLTHE
B P% 80 mm DOFEHENTEEMEE T, FE—I1geH¢ 20 [l
Tkh TRV, BFENTOES HECH T 285K UINTEE 2 Ko 7,
C DFEBICE OIS OFE R HEETIC Yz vbatesr ZHLY
o, —EOES TINLEEL X TEONLEE ZHEL 7.
4.2, 1 InTHE#H
COEBRICHAZMTEFEIRD LY TH B,
BIRBEEA © drPoon MC20V R
WinTHHE : S45C
T« LO00A
BRI ERE: 3.0~34V
Vg E @ 13~14.5kg/cm?
i £ : 40 min
I L 0.44 mm/min
g X : 2.5 mm
EARRERE © 2.5 mm
T (JLEE) « 1104
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Experimentel result of repeated machining accuracy.

F 41 BRI e 38ELINTEY

Repeatad machining accuracy of over cut.

O I ! o | % B
z o &
mm
Ay 28.33
A As 28.34
As 28.32
: B 28.34
2l Be 28.32
Bs 28.32
C 28.36 1.86 0.73
i Cq 28.41 1.66 0.14
Cs 28.37 2,04 1.57
Dy 28.36 2.04 1.56
ES D: 28.39 1,83 0.63
Ds 28.38 1,69 0.35
E, 28,37 2.16 2.23
i) E. 28.39 1.83 0.64
E; 28.36 2.43 4.33
F; 28.37 2.12 1.87
a] Fa 28.38 1.80 0.74
T3 28.36 2,30 3.02

4.2 B hmowd aELIINTEYE

Repeated machining accuracy of gap distance.

ks #H O E|# MK E # #] deo%M
E ST
! A v /min kg/cm? °C mm
.
1 1,000 33 42 13 39 0
2 1,000 33 42 13 39 +0.01
3 1,000 33 42 13 39 +0.04
4 1,000 3.3 42 13.2 0 +0.035
5 1,000 3.3 42 13.5 42 4-0.045
6 1,000 3.4 38 13.5 4 +0.01
7 1,000 3.3 39 13.5 43 +0.05
8 1,000 3.2 39 13.5 42 +0.055
9 1,000 3.2 36 14 42 +0.09
10 1,000 3.2 34 14 42 +0.02
11 1,000 3.2 a7 14 42 +0.05
12 1,000 31 36 14 4 ~0.01
13 1,000 3. 36 14 43 +0.005
14 1,000 3.1 35 14.5 43 +0.01
15 1,000 3.2 36 14 43 9.00
16 1,000 3.0 33 14.5 44 0.00
) 17 1,000 3.2 a7 14 43 0.00
j} 18 1,000 33 38 14 42 ~0.01
e 19 1,000 3.4 a8 14 42 +0.005
20 1,000 3.3 a8 142 42 ~0.005

BRI OHNTEA -

il

92 B Im gk 20
4.2. 2 EBRER
ERE AR 4. 210RT, R4 2CEFEE L EEE Nol
DR DI % ST LTI EE D b2 E ERL A DT
FEBEITEX O b D, —FBEEC YO EFT, TORR
P BTN TEES D B0 &k £005mm Ttdh 5 C &
Pbino fro T B ORIETBICH T3 < 9 IE LI OfsR
rabeTEINE, BN CE—TEkoNIT RS < DKL
7B, EOMHTE TS Z0EDE b2 % ik £0.05mm ©d
BEEILLND,

5. EEMIOEREG

TR ECIRERINONITRE Z bic e A ST E e 25,
CCCREMNTAREC D LS KT, E0 XS BIITHE
EOd EIEHENTCREBEEMAC L > TRT .

51 #—-Er7L—FomnT

a-PudL—F &, —C 25uLR 8 - HEE A E O X 5 ICHHIE
REC, TEEESLOM L HEAE e bR T, Ledto THEE
DX Sk b 9542 TIIT L T 2 O CRITTAER 2T 10l
CREETE - REG R EOIiAE LM B L, S-EuIL-F
DHEEICLFVLND X5 k- TEAD, cn%”ﬁrﬁk&ﬂ
%ﬁ##7,%%®%ﬁ#%w M 2 RIEEEBG TP LR
CEME D D

CﬂKﬂLTﬁMMIH9~&ﬂrF@MIKELk%E%ﬁ%
LfaCwnd, TORENEDOEDTDH L

(1) 23uL2 8 - B A & okl-cb, BARINTCEE OBHI
PLCBHR R S RBINIT 2T LR TE D,

(2) ?Efﬁ'fHJnIﬁ@i’:j@“{ﬁﬁrﬁﬁ;@&k&w@f, a-Fudl—F Dk
5 ICAIBIR O TR $Z < T4 5 BRI R R b,

(3) ARLTEAEKOFNLC DT TN RV, 2- tuiu
—F BFUADENTCHNS T RIEE L w5 0T, fEHEic—3E
R OFNAER S <, IIIEERE b T v,

DX 5 ICEMINTE 2~CoTu—F OUICIRFICHEL, D5
BCAHAnbRE5EL T3

5 1.1 #—Er7L-—F

B 5. 1icsFT a-todu—F BEEM% 2 5cA b= CRECI L L
eh DT, EDOYTHRBERIRDEEY TH 5D,

SRS d1Pouh MC-20V
Bt - SUS-22

in TE o 1,900A
WmEEE: TV

0T EER : 20 min

CD L 5% a-tuIL-F ONTEEZES. 2iRT. TabbE
5.2 KBV, (2) 2OFEMZAL~RD, (d) Ju-F O¥BE
LEE O 2IERICINT S 5, (¢) o—2 BIEAZERL, LTI
LTE Y23, (d) 2EEDINTIC X > T 24D Ju—F H5EK
EN3, COBSEMEERRsLEFCHL TR, BIFRHE
HAROHHINTEICES AN 2B CcE D, 22D
TEEIC X DN E e 2—Po3L—F OINTHER +005mm (FE#
Mo DRLINTHEE) <db, BFINToE 0BT
250 THB. ABESE 2 @&, H Ky ~EH L 2 2SO BRI
B S MC20V CCAEIN TV S a-tudL-F 2R T
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DT, AFEFOFR D LITRINI X IR OBLE EEL T D ©
THD
5.1.2 §—Erks—i
A-Lulia—l OWPLER ECDOW CHEERT ) BN K b o
TEMEINTTAR I X 2 SERIVESEH) o ST L B E T D,
5.1.3 #—E>F4RZ

B 5. 4 & 2-Lui«20 BT 5 JL-F 2R ORALHRFORLY ©

MEEFRT DT, iubE 0 LBEE AV C—o—2IT 35,

COMELEMERD LB TH D
WMWY - d1Poon MC20V
WNTHAEL . SEH-5
I E . 1,200 A
WMEmE: 10V
IR : 14 min

AN I AR,

51 a~tovdL~F
Turbine blades.

B S R

7-72 771

(c) )

M52 ga-EuJu—-FomIk
Machining method for turbine blades.

®53 a-tviu-F
Turbine blades.

1296

T OHUFICH W CEHALIC b 2-CusAL, JALYDS % KR4 L O
SN T RIGHET s el cE B,
5.2 #{HLS A RoT
L d42 OVEC b EMINTHAEM Eh, CONFHONIE
MHRKESEWOILES L LT, F5. 5 @dBEMINTCN G L
12 DGR E 52t ML 2b DT, CONTELGFIRDEEY T
H25,
A%« dqPron MC20V
BNkt - SKD-11
I o ;a, ¥t 910A
MREERE: 8V
IR 66min
COWTA 3 B EREIEE 5. 6 ICR4, AL B~ &
ETRFEE D21 2 v e v —BEIc % 0.4 mm (ff]-¢ 0.2 mm) -C, %
OREEFIC X 5~EOE L& +£005mm ¢HB L B b h
3, WFMTCRCOL S ANTIBK OB b DICDWCiE, M
TGRS X UIITRIER & X OEHROVED CHLICK E <
A ERT L, BEOTEMEIIAEERE S, & biczoiy
HREL & DTG S BB B 70, PERRTRIIEIC B2 72 b IR
EHHETEL Tn i,
bitbE C O L 412 2 INTT 2B EMNLIC X - T
Vi b TR BTG L7, TERRIIE % A B IC Las b 35 © & s
TED LSICR- T B5. 7 REMINTCHIZ L 7ATH L 812

54 a-EuvFa122
Turbine disk,

55 fHLHBLITR

Extrusion die.

7 (b) ML F3E
B 56 #fl LHLARONMIEIE

Machining accuracy of extrusion die. -
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BRO—IBER R T, CHIC fvd— FWO (T &2 Y, BFEEHAE
DT Y FhEIL 4 AlEflRc 2 0CcHhH L, ABE—TTHME
IMTCRERDOMENRESR A OT, —RKOERCHE GO
TAMEEE 2D, E—IBROMLAREZ < BRED 2 EINTHIC
WAL 0 5HEERLE L hs, ®5. 5DHIHL 12 Tl 5 1L,
LoInTAasiE, FEROUIEINLE < 6-<THEMINLDOE 5 »HF
e AhdzBHEDLNEZ,

5.3 BEFoiNT

BOEBT ZRTTICBEE AT E LA b 02 % <, TR
TGN Bk A D A L&imﬁﬁé EnE—o0H
BRDOBP ORI AOMITEEE, B LUNWBERMAZ AL TwD
DT, 2. 3~2. b EUCHR~ A IR O 2 & b, SR
BT D A-Anot RBBHFICIVEARD, ——,i4\iéj~%tﬁ o
OxFeE LT~ 7o L G LI T v 2 b, R
DIBIEX TR ->Twnb,

L 7 LIl e B o b d L <, B
EY OB A BVET 5 A X He bR KA ko k. E
5. BRI & BOEINT E R OFH L TIILE I 72 2305 cud0w
Fosmy (o) &, SEMRINCEER (B % X UEGEn T miEr
(F) & %At%. O 320700700 F EEROWEMNLE X UHGE
DD WLERERKD E B D TH D,

(1) EMComTas:

fHHESRRAS © g1 toon MC-50V
BTk SKD-11
WL W s 2750 A
MMM E: 95V
IR - 9 min
(2) BoEhnom gy
WHBRIA © 41 7wpa DM-220

WM M Cu
3 I 53 4

DN CE R

B.7 4 L M L 242 @ % &7 m

Electrode machining for extrusion die.

M58 2vow F#EW

Forging die for connecting die.

TEMEINL O T -+ Pl

A LT
5. 9 i D 320510500 F BEETIDEMIN T O~ R %
AU, BENLCEENTARDY LA 2 L < £fkic 0.5 mm
RAATINLL 72D TH 5, FHPICEE 1T 2 EE 3 SR~ 3 &
IE e OERRT O, OB AED LA R lE
B I DEZD 01~09mm ¢ -7, chX D DX AREE
BN B 2 EMINCOREBFC X 2o b0 % i3 £04
mm -TH3 T &b f. BRBBHEEENCONLERIL C OB
TORY LA THIEFEED s~y IITLHE < b_THorcE
BoTwnd, ELICHEATE bsovza &b 1928 % Hv TRk
HEEDIFF D M T AR & e, BRI E& O
IR 1 R CRah L s cTcd s X5 ), SO
TERICE L WREAR b,
5 4 E&MMT
5. 10 i Rwr228F OB LERST S DT, COWH D =
FARMARDE CHREMMTCINLL 2D CTH S, T X5 ITHL
o Zedec, YIS RSP ETR B L <X, RN &
bOTHIEM TR TH S, CO Rwo228T MO TLEMERD
EpYThi,
[HHERRE © drPoon MC-20V
WA 2 SKD-12
IILHE R : 600A
fo W % . 85V
N R ] - 18 min
i T ONLOEGE 2 ET 5 Fe o, FEMEICentEd
Fo Moo 22NT DEBIMD WD HLIER b flZ RO L, 5. 11 ¢
G AW L AL C AR 1 DX 5otk CHLED C O
£5 tg-}Bzwf@?Efﬁ"’:}Jn COMECEE L, [ UHBEEETic B 5 <D
BUMENE I £005mm <H H, F2—2D R BT %l
MMKIQﬁﬂvaO%baﬂiQWomnf%okg

15 xIH max

U.Y
—0.4-

bR O | B - i
Machining accuracy of connectmg rod forging die.

M59 avow [ #
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£51 Koo2a2AT0MNTHE
Machining accuracy of box spanner.

MW mm
~Z F A b
€z A B c D E
S e
1 32.60 32.50 32.60 32.55 32.55
2 32.65 32.65 22.56 32.55 32.55
3 32.50 32,55 37.50 32.50 32.50
4 32.55 32.60 32.55 32.55 32.55
510 w222 AT D &ML
& " AT O HS 5 32.60 32.60 32,00 32.55 32.55
Part machining for box spanner.
6 32.55 32.60 32.50 32.50 32.50
. 7 32.60 32.55 32,55 32.50 32.55
8 32.65 32.60 32.60 32.60 32,55
9 32.65 32.60 32.60 32.60 32.60
A 10 32.60 32,55 32.65 32.55 32.60
172
n 32.60 32.65 32.65 32.55 32.60
12 32.55 32.60 32.60 32.50 32.55

LIS w2l THETHS S,
5. 11 ®woz2 AT H &I O M 6K
Measurement position of box spanner part machining. £ E X @

(1) R, 7% Sk« SEEREER 39, 1123 (13 40)

6. & F T
(2) piH, 0% ot OWE WL IR 37, 1,007
Bl EEMNILIC D v T 2 OINTHERE S ¥ O & 5 RZEHH o (4 38)

NTHWEhET, SOEBERSDEHAL, X bICHEBCERNT (3) M, HiE ToF RS (E40-11)

OMIIEER ENEED LD TH B h e FERPIC L - THRIL . (4) §iIHE : FEMEINTOMICES OIS (LR
CNLDOT & LBFNTE—RCE b S 1T ¥ NAEE C faER (I 39— 12)

HEOTRAEL, BFNCORT 2 EEE TICREERL. Ll v (5) 750k il : FHESES AL SELR SR

TCEF R, 2R D B b e o TR LIS A (6) 750, il @ FEESEA 42 ERITK AT
TEBCLPbh ok FAMEINTS, FEROGHIMLAL LY (7) ‘irEagsd

PFALC BMMLOEN 0KiEs LT b BICCE
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MELCOM-1600 #~_L—F 1 ¥ YR T4

Kamakura Works

B EY R OR

MELCOM-1600 Operating System
Hiroaki DEGUCHI - Takashi SAKAMOTO

The operationg system for the electronic computer MELCOM-1600 has been designed for real time application.

This operating

system has such a function that real time processing and batch processing are carried out individually or in parallel by means of elect-

ronic computers with random access memory.

Accordingly, it processes the requests of on line which occure at random and yet with a

parity order, simultaneously making batch processing by utilizing it off time.

The operating system includes translators such as SIAS assembler, FORTRAN compiler, COBOL compiler, SORT program, and

it is equally applicable to batched job and the real time application, scientific calculation and business data processing.

ILoo® 2 & &

MELCOM-1600 #RL -7 v25s6 (BUF OS Lug#d2) i1,
MELCOM-1600 D7 o iIcHifi L vobhry 9256 TH B, MEL-
COM-1600 1% Avs1v Uyrafs FICHE S N AT TE b b,
YPLEAL DERER IR N~Foz7 K2 Wit MELCOM-1530 &
FolMUTHB, UpLaqs FOBEEL LT, 4u51u 1/O,
€), Jogol, HIDRAL, 256EW AROWMK K56, 219, 217 5
+3L DO EhEF o, Twndb,

Vb0 DRATH KDWT REEEEA TR ch B T L, P IV
SudL 7OER AT AVIvh B vRFL THD LS 2 Hhb, 2OV
bHz7 OERE MELCOM-1530 & A & { B o T B2, %
D J0d56 BFER 7otvds, duATs &b ic MELCOM-1530 ¢ v
~270456 DERET av 54001 TH B,

AusTv UTLaqs W, —BICEMT 2 90K X - CEHEE I
FRT AR EA L, LARL,TOS KEWTHEAT 2 v25a
C eI, REERBEOMIN, HikkA £ Modify AT 2bh 3,

1600 2254 HBAVL D50 dus1y UrLa(s WHICHEA = h
TW3H, A~Fozr, OS &b KERANDMA vass IC k- TH
TR B, BUTF 1600 OS BS#E 235y DEERE DTN IC D =T
kT 5,

2. FNL—F 4P YRFLORKRES

2.1 FARUL=F 4 vd LRF LOWEE

1600 OS & sv4s 7otz €Y (X Fs6) b é Lk 48L-7
«vd va56 TH Y, Avs1v YTLEAL MELE Koz WEEHFT LT
fThscencEs,

YPLRfs e LT, F-rofud « BHERIC X 2 383 o fiH
EFECOFE Y-t'2 HICHHTE %, & Ao AHBHEY £-2
IBE - BARETROW A % &4, ThFh COBOL, FORTRAN,
SIAS 7tv735, SORT & %{ﬁ}ﬂ'y"% CEBAT x 3%, 16000S o
DARBRERRD LB Y TH B,

(1) z16 w7V

Upnats MEE oz U JHTALE

(2) =2w7Jodss

WEEOE - Judss BEREI A L &, #ETHO Sodss #—

* ﬂLﬁL‘L‘{’Hfr

B susds 7otz 48) IGEREL (Roll out) BHERE D& Jod5s *
SIHEFTT 5, b o et Suds 7otz 48Y ICE#E L 7 7"09"55
57U a8y I o-F Roll in) LEMERHTT 2. »hWw3 I
nJs56 ORI X 3 21330554 % Roll out/in 1Lk o TfFA 5
TERTED,

(3) ARL=2 LD DAL

WA FET L Sud5s BRELAEE, INL-2 LRI X
> T J0d56 DEDIAR%FTAD> T LHTED,

(4) Sodss OB

AwF BHIC BT

(a) aviqL (FORTRAN, COBOL) # X tf Compile and GO

(b)Y »tuJu (SIAS, MAS) ¥ L & Assemble and GO

(¢) svdazotz 48) KBHEINL T3 Jodss DHET

(d) Relocatable object @ Load and GO

BlED 3R0-vay W Oail@bec b D h i LT A 5
5T ¢mTED,

(5) Jodss Doy

Su0454 % Mainprogram ¥ 7z {3 Subprogram Hifi-¢ sv /1L 7t
VI BEY FaRwd L, EFRCEEPHET D LRTE D,

(6) overlay

J0056 BPRKETEC, a7 KiEw D Ebhwve &, BXAaK
EXCHHEL, overlay K X o THEFTTRC &R TE D,

(7) 3vds 7ot 9710

Fsa % F-2 9911 BLO, J0J56 2711 & LTHEH LT 3,

2.2 ZAas>noarita-i

OS i3 % Sudss 09%??%51?@2’}(0300)%’}32&5#6&% By
Lo Thbb dvstu hpbOER, Av-2 1T X BH AZRER,
ZNIC 22500927 (N7 ) OEFTH L, AvsTo BLUE AR
L-8 b D 30956 DERIE svde TH D, L bELEE*H -
T3,

B DIR V- Sod35s OEFHIC, L VEWEEED Suds5s ©
FRBE U2 & Ficd, BREOEY Jodss 2HEI LT s iC
Sk (Roll out) L, BHEEOE Sudss #eELETTI. b
o 7, et Roll out L7z Su0d54 % &) I o~ F (Roll in)
LALEE % 55773 %, »hW 3 Roll infout it & 3 213 Sods54 HHE
KEN D, T 29901 UaT OETIEEG A2 5 b OIERIC X
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S>TRTED, B#H%ICEND guto-L b-F BEES $C, RS
HEERICHES LT R R 5 X LEOBRE R —HFEL B
WTWnB, L5 T UFLads 309546 SE DAL 30556 DH
Bz, T, WhEEHFEEoEEC X > THETE 5,

kEE J0d50 DERBE T B e i, BB WALT
b, Austu hbOERERD Av-5 DIREROIRE L 2 D,
Jodss OEEELERT 2 vars KX -THRES, Tthbd Jo
J56 @ avto-L % TR S5 DH, OS @ Juto-L 3056 TH 5,
Jubo-L 30956 X% OEEEIC Y - € Supervisor ¢ Job Control
bbb, §iEe? Yad 2592-1 #1774 5 O % Supervisor ¢
Hbh, OS o 2% LTwb, Supervisor (2 ™ 237 D 2552~
L OEMC, % Jodse BT YO s M L Sodss & OB
BOBDOVv 5 S ORI 5, TAbBER & O Tk, 2
7o (X5 7% % channel B I/O BEF HFNCiTA 5729 I it IO &
SEFE—CAIL, D 52— 2FTADETRERD A v,

Supervisor ¥ ¥57 D 25T2—1 & O D 245P2-1 ¥f7h 5 D
BEOB Y REIETH D, ToMicd Interrupt OYLHE, Error 4L
P4 ), Supervisor DEEFEICE T %, 1600 OS Tk € @ control pro-
gram (Cxf LCENLAND Fo0J50 K% INL-vaTL F0d54 LI
So B2 11 gvto~ 3ag54 (& 1K Supervisor) & AXL-va
T F0956 OEFTE LU O BERMNRRMMIC o & S IciilE T 5
PERLAEDDTH S,

Interrupt N“}"\,I;r __‘R?“ out  Roll out Rollin I/BBHEF WAIT

o750 ; / Roll in N

i

Lo i L
i
i
I
i
i
I
i
i
1
i
i
i
1
1

Supervisor

FEE te e
HERE2

B
@

2
(23

1

i

#
A

N

K

A
>

w o

v
7

I/gend
Interrupt
D FAF

tl« ‘\t N S e t

1/ $HE5E

Kl 2. 1 Supervisor & #RL-257TIL 30556
Supervisor and operational program.

2.3 7ns7 aoE L ERBE

2.3.1 Fnssn0iE

(1) Sods6 12wt

w5 Tl eyl BHSLICLEET A 2D T % % Sodsa
DER/PEN F B\», 1600 OS ¢ Mainprogram ¥ %4+ Subpro-
gram OWINhTH 3, Jodss F—20 Mainprogram ¢ \» < D
# Subprogram I 43E L, FWFRIMILIC 2uATL, FEuIL B
XU F4Red TBCERTEB L WS T &I, S0s56 OV
CHAHZBEWHYICBIETES & & b I, HEHELY A Subprog-
ram ZFICFHAT 279, 51735 KHIET 2 e TcE L %D
Flmsr 35,

(2) -5z12 (phase)

7Y C—KK 0-F LT 5 Jodss DHfutd Y, 20
SzAZ EfE—0 Mainprogram » b4 5%, F A& lt—20 Mainp-
rogram &\~ < D% Subprogram ZEEE L TR I NS,

(3) Sodss

—DD 30556 BME—D Sz 1A By EERLDHD 5z A O

1302

o5 A Puksdok: v
[ | IE2E ' ] 754X [ RF0EM
SN0 IV N

- o P WL
FLTAITLNTOI T LS T
v | 2=y b o=y b A

TOSal| oy Ll TOrI 4] |T0
2=y b 1=y b 2y b

NS

it

K22 J50/56 D K&
Structure of program.

RER AEOENDCH D, —DDNHETERET 5, Jodss HKE
TECT—RC 28Y KW HRVESE, EThiwoh0 5212
ICHE L, Thb gk overlay 375 C L0k 5 CHEFT D C e
T&5, EXIT i8I Xk 5 T—2D 305546 DEFRET T 5,
2. 2 X Jod56 DG EARL TV 5,

2.3.2 FnssanLrkiBiE

J0J56 W 2-F4vd INTHLEFTT 5 £ TIROERE & £  F
%,

(1) v-z230d54

(2) Yyor-27L #7590t

(3) 739Ya-t 3F0xoh

v=230554 1% Translator (qu845 7tud35) KL 5C, Yor-2
S AFTob IKEHLE LS, Translator ~o Input W% V-2
1Zwh 2BV, V-2 1zwb KR LT out put 35 Bifiik 179x0
bizwh EE 9 036 1zwb & V-2 12wb, dFPzob 1Zwh
DMHTH B, Yor-3J1L A9Pxob & Linkage editor € k5T,
FwiciEgah, TR 7Iv0a-b 4J9x0b KEHENRD,
(Linkage editor 3[#), JoJs54 W, Yor-5873L ORRE, 773vVYa-
b OBFECENEN 47020 b 1nu M, Sz BT u25s I
FHToCENRTES,

Yor-a3 19520t & S0556 DNEOFEEIIRER 2 b b
BV, a7 28 OFHBHHRMERE ST S0d56 DEFEICHEE D,
e S0d50 PEEACEN DT L HAWAKTH DA, &R
FHEHAE O, TNCHICEFND 27 AT LOBBFIABEBIC LD
NLXSCESTEBHETHY, -5 BCOEREH -, T D,
Yor-8a3L AFTzob i1 -2 B BLFETETDER P D LA 225055
b DIRFELBTC T & BT LA TH B,

B 2. 3% Sosss Ol & ERGRBEOBR R L boTH D,

2.3 FAascas4751

(1) Temporary/permanent 7 Jg¥—23L/7 IV 2~F351F5Y

1600 OS ik Yor-5JL #J5zot DESE & 7I3V0a—F 47020t
DEHET Jodss &, TNAER YoT-27L 3435 & FIVYa~t 3
1F5) WL, s5vds vota 280 WRFET D C ENRTED,

YoT-a3L/FFvia-t 54351 kT £h Temporary library &
Permanent library ichiF o<k bh, £+ TRL, PRL, TA
L, PAL rsfi3 5, Temporary library (TRL, TAL) {3 —IE:Y
7 Snd56 513359 ©H H, Translator, Linkage editor 0 out put
Baket TRL, TAL i, thEh—20 gad 2l
247 ¥ b, Permanent library [FRKAMA Jod56 517950 ©H
B, YoT-2FL, PIVYa~t 515V Xl LA Maintenance SpJ
s4 k- TRL, TAL b2 #FN PRL, PAL &G xh s,

(2) Run Timepackage

7372t FoI54 FFE A Subprogram %3 XCHIE L—2D
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W
ok}

Translator

Q— xv.z:-vD ~{j‘ranslator ""

FEEED BNy O~
J
H
A
bal
J
H
A
>

Q‘ll—“—"/ b —-{lranslator‘}—~
Q—ll:vD——{ Translator }——~

] Linkege

editer

PR

Q’“:@ ——{ Translator }__.

2.3 Sodse DR koA R
Structure of program and process of formation.

2x1A & LT TAL, %71 PAL KitfighTvwd, L7ZzRio7T
# S0956 KILRICHF] & 315 Subprogram [I, 73vYa~t AT
H oot IKEENT 5vds 7ota 280 EHT BT kD,

1600 OS <& Fods6 WIHICHFUHE f1 5 Subprogram
ZHLRTH 7IVYa~r KEWL, %7 L Mainprogram & oy
C&% L5 Entry name L&D 7FL2 o 2B T 7IVYa-t
517359 LixPc Run Time package library 8L < %, £&
J056 WIGHICHTT 5 C e TE B,

Run Timepackage (RTP) (& Subprogram FOflE %252 5
eIk T BED C L2 CE, T X name ¥ 5.2 %,
(Run Time package ¢ Maintenance 50554 IC X - TESR X
%) z @ name { Linkage editor OE#E-cisE X NIFUHIE N5,
Linkage editor {% Run Timepackage @i Subprogram ¢ Yy
o K0T AhR S, $8E L RTP K& 2 Tw A s Subprogram ¥ 7%
W RTP #@4#55% L\ & ¥, Linkage editor 28EBHMIC Yoy
-23L 5175Y BLIRUHT, % RTP ohowgEe Livisg
® Subprogram (& d R h kAT C LAETES, TR IC H
% Jods6 & LT A8 RdHT 5,

RTP @G #EfTHC 5213 ¢ —HiK 02 KX 5T o-F ¥hd. C
O RTP Ic k- Cd@ic @ X 115 Subprogram #fE, —Hz17 &
BPOEALT P56 KEEEL, LA b oA WILBICHEHET %,
L%u#HB T PAL, TAL @ Fs4 %3 EE Y, #D Linkage edi-
tor OEEAEWE NS, T ORER SIAS %7k FORTRAN ¢
T Fodss KR LT CHEETCH S, Thbb 1600SIAS ©
413§~ T Subprogram (Logram) i€ k - TEFFXh 3,

—fic SIAS ©EB ik Jod54 KB WTHHE N5 &4 O,
J0d56 DREZRELTIRLAE—ETH Y, LXZNEIEL
HTehopPEHETHIRC LT, @50 LA-MY- BEED
BETH B, ¥7% FORTRAN ©wi Sods4 3, 1/O 51331,
THRIGEE % @ Subprogram @Eah b HHT2 Lo TV, LA
75 5T 1600 OS i3t Run Time package ¢ LCHEHH, ¥
#H, FORTRAN o 3T EAEREINTE Y, JSodss O
KR U7 RTP #¥E+ 2 c i3, BlE16000S ©ik TRL,
TAL, PAL 3 XU RTPo 5 B S05565135Y9 BEFET 5o
2. 4 deh% Jo0d56351F3Y & OS 0f Judss DERERL

MELCOM-1600 #XL—~F v va56 + A « 7R

AMAS
sairee
SIA nyu )

Relocatable Control
object card

‘
-

]
JOB
SUPER]|[CONTROL
VISOR '
1

“iMemory

LINKA-
1€
EDITOR|

FORTR-|

AN r‘1FORT R»\f\}’

source (System
dump

Relocata-

ble objectfLOADER "Absolute

card object
card

E 2. 4 Jods6 5179350 & JSodss DR
Relation between program library and program.
Twab,

3. 1600 v x5 LDEERESE

301 N~ Fy 2 7OBREE

NFozr OFKE & © BHT 25 Y7L 216 vAFL T X o TRZ
5o Tt AW H D vavs CRIBEEOM ERIZA 3 f % I Dual
System K7 TH D, BOBOK (56 1FH L 47 CPU #HbEr
5Kk w25 OEEICH LT iR BT Standby FRic ) h
bbb, R JOERBCBILTY XY Jowa- HEFH T3y
276 bH D, BT 1600 3HEHE w270 OELEN A MREHEK (X 3.
1) B LU0t BitokBcowcithd 3,

(1) CPU (Central Processing Unit)

EAL (o7 4®Y) 16kW
1o-f 18 Ewh
144502 6 Ewb
B0l B14 6 us

(2) CMM (Communication Module)

O awuF ML, £ Feotl CHET 5 & & diC F-2 {538
DM ETTR S,

Interrupt % Jubo-L 3%, 3 hb b Interrupt ZEH L, & OHE|
AL 7P ®FET B & & bic Lower LAY @ Interrupt @ Mask
LERhET 5,

F—a FEEOHH % Inputfoutput Register 2@ L € & Jvbo-5

EDMICIT R S0
(3) CMZX (Channel Multiplexer)

CMM ¢ Cycle Steal i L % #-2 EREOERE A 52 5,

—~-pPl ko (High Speed Data Channel) % Multiplex $ 3,

(4) a0 ORI

CMM kcg@Efsxhtwd, 17k Basic Data channel (BDC)
{fiuic High Speed Data channel (HDC) # X tf Normal Data cha-
nnel (NDC) %% b, NDC icid X bic TZ4D 475 7+ DB
THETH B,

BAR? FraL RERINL T3 1O Bk BTEEE2 F45C

EBRTE D,
(5) BDC (Basic Data Channel)
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CPU16K

|

CMM CMX

N

1

| ~oc | | Hpc | BDC
Basic
NDC Drum | Buffer
Multiplexer Controler Controler
/N \
D OOt
TERDFTF R0
( YT A ~/I/o> CR
4 #I/0
LP

e

B 31 aA-Foz7 @ 8K
Composition of hardware,

51uiYuz (LP), p-ry-4 (CR), p-FAvF (CP), WX 7-7
MT), R-fi- 7=F 44 (PTR), R-f- 5-3 Avge— (PTP) %3k
AHy 7 1O BEBEMEER X T v B, Cycle Steal ¥ 7zi3 Normal Mo-
de © f-2 ERETAS C LA TES,

(6) HDC (High Speed Data channel)

F5o AgERiE N, Cycle Steal Ic ko, T #-2 EEZ TR 5,

(7) NDC (Normal Data channel)

IRED T/O HEs X U ++502 BT #-2 2iE%ET 5, 1JO#
SN S TR (I

NDC ¢z NDC Multiplexer i€ X b 7 Z&D 435+, 75 82 & ©
E, fu5Mv O F-2 R DERT 3, YI7+00 BE T
VERTT2 9,

(8) WX Fss

Speed 900 [&]di/min

Word Density 1024 WD/Track

1oy 20w (18+odd parity)
Clock Cycle 307.20 ke

Sector 8 Sector/Track

Track 256 Track/Unit

(9) #EdH

N b OB DABEEREE LT, LDDERAR AL, 32 DEGA
HEHEBHEEF X T D,

H5 L OHARBED LD L, TOHERAARALFAL LA B X
CERLTO LA OFALREBD bhvih{ kb,

(10) Memory Protection k%

3 Jodse D 22 ICE ST, D Fods4, &L I Resident
J0454 (Supervisor, #usSqv Judss O—E) RPHEI DL 0%
{rew 2v) REEHIAHERm ST 5,

Protect Area XXM TEINTE S, BT a7 48Y LD ¥
FLz &a30)

1304

0~511, 0~1023, 0~1534, 0~2047

0~2559, 0~3071,

1024~1534, 1024~2047

2047~2559, 2047~3071

Protect (% protect key flip flop (FFKEY) %&4 < Set 32 ¢
LI X THINCR D, F2MaT Reset LTlans,

Protect (% FFKEY 23 Set 3 TwT, Protect Area ICifift%
#EAD S & Lk s &, Memory Protect OEFALNIEET B,

3.2 Y7ty ToOWMBRER

1600 y256 OF b7 ok iF, ETOMMEC I - TP XS
ST ES,

Control program

Translator

517357y

Utility program

B 3. 2% 160008 ® yobox7 (KFRERT,

MAS
SIAS
FORTRAN

COBOL

Control program PRUNCA

Librarian
Job eontrol RMAINT

AMAINT
RTMANT
CONDENCE

: APUNCH
LGENE DISP

Utility

SORT/MERGE_]

Uuility package |
Rum Time package

FORTRAN_RTP
Business RTP

Scientific RTP

-
=
=4
&
5
A
4

Linkage editor

PRL

Logram library

Sub routine library

R332 vobtoz7 k&
Software system.

LT Jo0J56 OBBEDRERHIHT 5,

(1) Control program

Jvbo- 30554 1 1600 OS Oig% 7 L, o 3T o J055
b (ARU~vath F0d54) OEFOUER & Jvbo-L 2 OAE XD,
Jvbo- 30954 X Supervisor, Job control, IPL loader s Hi§HK
ThTwd,

(a) Supervisor

HIC A8 OHFICFEL, TOBBERKRD X 5yt E, 2.2
i Suds6 @ avbo-u TR EEDTH B,

AWBEVED dvto-n
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T ene——7
ENTERNAL
W

* Interrupt module ]

e il
!
| > pop  ALIE
| Job schedule Error #L32
I
roll in/rollout [
|
i
loader '*"1 Physical I/0
| [ v
l —
Interrupt ERa et -l
program TOTT A
T ~n) {Basic L~)

i

A

SVCv 7 o&d

3. 3 Supervisor & ANL-vatL J0J56 D
Jvbo-u DEHR
Relation between supervisory and
control of operational program.

Jad36 FHTD 27511

N=Foz7 BXU Sods56 O 15- 4L

Jo56 D o-F

3. 3 & Supervisor O% J0J56 Ta-L & AL-~vaTl Jod
56 DHERERL TV 5,

(b) IPL loader

gl Supervisor % %) X 0-F ¥ % Jods6 ¢H Y, IPL loa-
der E& ik Av—2 DR X 5T, F56 DREDT D LEISTEE
2R EWICEREA L

(c) Job control

ARL-2 DA% Lic—gio Stacked job (Batch ALE #difi L
TRET 2018 08 DR & RFERO—DTH 2, HHOUEETTR
5 7wicit, xic Job 3L U8 Job step 2454 L AT hiEh bh
Vo TOH4SE XU ORIBNYTEEIE Control Statement -CH55E 5
3, r® Control Statement %3, Supervisor ¥t L C:#24
hiEE P EL, 7o Stacked job OFE{TERK % HT DA Job cont-
rol ¢H 5,

Job control % job step & job step 7 X job & job DT
Supervisor (€ X - THEIMIC A2y KA T Eh, KD jobstep %
7ol Job DBETOHEME %174 5, job control 73 END Statement
(control card) ZEFAAL & & —HOMPHLIEIET T2,

Zric Control Statement Ofj¥Z#l %R T,

woFIE Mainprogram & Subprogram #4574 3 FORTRAN
30056 % 3vAML L, Ef7T 2 i3 A Control Statement ¥ I
U v-2 30454 o Stack OHEFE R LT3,

111 JOB, TEST.
111 PHASE, TEST, FRTP.
111 EXEC, FOR, LIST, NODECK.
( V-2 30056 )
Mainprogram

111 EXEC, FOR, LIST, NODECK.

MELCOM-1600 AXL—F4v5 va76 + A - KA

( V-27 DO“%)
Subprogram

111 EXEC, LINKED, MAP, GO, TEST.
(-2)
(2) Translator
1600 OS it Sadss Bif & LTRD 4IRS ERTE 2,
MAS
SIAS
FOSTRAN
COBOL
(a) MAS
MAS 38035 (Logand) & 15 1 iKlisd 2 reuds BfRCd
%,
(b) SIAS
1530 SIAS r Jodse BFhoME, BRI LA ERLTTH B,
(c) FORTRAN
1530 FORTRAN % & /CH D, 2uAvfL O H M X 1530

FORTRAN iclbifif LT S ED 20— F7rwd 2RI TWD,

(d) COBOL

1530 COBOL ¢3¢ A EAUEERT o T 5,

(3) Linkage Editor

ML LT avAML Tk #79z00 12wb 1, F & T Linkage

editor K ANTEC LR IVBUDTETOWAKA—DDELES

e S0d54(5214) 2L YT, F4b b Linkage editor { yor

—23) #3000 B PIVIa-t ATUxob KEWT B Jodss TH B,

% ORRYEE 7 Subprogram % PRL 2: GEFUSHE LA D ¥ 72 RTP 28
EEENTVEEER RTP ¢ Yoy 27425,

Linkage editor O, ¥ XU Jodss 51954~ D Fodss
LoBIRER2. 3, 2. 4R TERVTCH B,

(4) 1937w

513507y EEROWODERER 2T JoJss MOBHTH D,

Maintenance

Service

Organization

System Generation

(a) Maintenance

Maintenance & Iz IC J04546 % Fs6 B LY, HEEL
e YT EEHETH D, Zo0 Jndss 51750 WHIELTERER
RD 30956 BAFET B,

RMAINT, PRL o Maintenance 30454

AMAINT, PAL o Maintenance 30454

RTMANT, RTP o Maintenance 5p454

(b) Service

Service Ot & ik PAL @ Hx1X % h-FiC AoF L&D, %3
0456 5135) @ name % Yabryd LD, Octal dump #Ee24%

HeTH B, IRDZDOD 3054 73 5,

APUNCH, n-fAvs

DISP, name @ Yz ppwn3 3= X UF Octal dump

(c) Organization

S0456 5435) % Maintenance IC X - CTi§E Lk # 7, name
o RgEEh Text HOWHHARRED T F 517350 OHRICEIN,
P56 % 5ET 5. COBEPBNERLCEIERE 51759 % Reallo-
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cate ‘§% D> organization DEfscH 5, CONDENCE So454
BENETARS,

(d) System Generation

Fs4 e OS o & % % IPL loader, £ Supervisor, Job cont-
rol, 5135Yy7u 4 PAL % Generate 3 2 Bt¢H 3, LGENE g
J56 BENETT R 5. LGENE 3054 13 OS k3 fic i E 5 —
DO U Jodss & LCEWET %,

‘ot T U

MELCOM-1530 v254 Tk, WX 7-3 % Lic Aus GLHI
WD 38v~5107 v254 BRI I T E e, FMEA L LTEie
FEenb yrL 216 WHERD 1 0-F107 w256 RHEBLTW D,

1306

1600 0S @& y7n 214 QLEL, Aws WUHL, 3 X UTRH OPHTAELE
H— Loe—2D A\L—~F4v7 2254 CHAIREIC L, @AMEDH 2 1
N—F1u2 vAFL %K Lico Fie Aws LHIC I W b PER BT
B F-n QU &, SEIEIEER & C ARL—F10d vaTe BRI B
FNC S o 7eh3, 160008 BRH O voroxr RFKRIC F50 IKHREL
—2D 0SS Ti—LTw5b, 160008 13 D X 5 i3 L\~ idic 3
EOWTHFE I N, BAD LR AREOH 2 0S ¢ T 578
€ 1x Symbolic [/O Assignment % Supervisor 454 F T2 & &
i, OB 5487 L, JoJs5s % module (b L-CER vas
LT LDEBEARHICT2H2ERLATRE AL AV, ThED
BEfic & b refine U, —ffb L<GTET RSSO AL —5105 o
276 W T ho2oH 5, '

SRR g « Vol. 41« No, 10 « 1967




W@&"j

L

R id
gl

UDC 681. 142 ; 007.3
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-—General Description of Model-30 Operating System—

Kamakura Works

Masaru SUDO - Shaji SEKIMOTO - Hiroyoshi TAKEDA - Yoshiharu SANKO

MELCOM-3100 Model-30 is one ot computer family of the MELCOM-3100 series.

10 in the multi-channel Input and Output capabilities.

It has features distinguishable from the Model-

The software system for the MELCOM-3100 Model-30 is organized as an upgraded version of Model-10 operating system, utilizing

those powerful input and output features and aiming at the realization of many features based on the modern computer-architectural

considerations, such as the formation of tasks and jobs and the manipulation of libraries, to an ultimate extent within MT-oriented

operating system.

The article deals with the major functions and the organization of the MELCOM-3100 Model-30 operating system and the typical

modes of job processing with it.

1 % & A &

Tk b EbN TS C kT 575, Magnetic Tape (MT) Ba-
se ¢ Operating System (OS) -¢{% Operator ¢ Library Hand-
ling, Tape Search Time, X & ic Program OEROHHEE o7
HTHEE» L TEY, 2 ZOPAMPEILOBERE R, M
T Operating System D37 E2 LI ENLIKDOWTE F I T AR
BIEFRENTECRLH, WEREMHET STk Tni
v, T OEW-¢ Random Access Memory % F{\»7% Operating Sy-
stem F4FEF 5 User dREIEL R TETCR D,

L L—BLk-¢it Data Processing OFiff & £ OHEL, £ LT
Cost D7 £ 5 AT MT System %0882 32 User iKxid %
BAOBEAKREADIORD D, HEREATTtOECE-TI,
BICE AT HIRBICILR T o0 28AE, MT System 2381k
CHERIE NS L S HBTHRT 5 C L BH > THRLTEDT S
LEELLNE VN,

MELCOM-3100 Model-30 T Operating System jZ ¢ 5 L 2525
DOYRED LiCsr 5T, HEkn b0 MT-0S Oggs b S HHTHi L
WICR EH A & CHBESNTEEENAbDTH ), FEHL
T B E T2 OMREIR O AR TN TS, b YT
Cycle Steal i & 5 AHPEWE L Process Operation & O[]l
TWe% I0CS, SPOOL #ge%ic & o THRAR 45 L Performa-
nee % i Cwn3,

MELCOM-3100 Model-30 T Operating System |3 OS Dfk
LTOF LEFRE, fUH L boIkEREE & D vwitohTE D,
JeicHEFEx e Model-10 T OS r offf-cix Data # & U Source
Program B8 L CcH a3 1#1E T 5 5 Operating System & LT
B DES R ICE s TRD,

2. Task ds & T Job
MELCOM-310 Model-30 T Operating Systemn ¢{3 Program

CEkoThINDIHBORMN % Task LIER, 4 Job L ix—DF

* SRBBYEDT

ek Z L Lo Task BAflEbLEINT, —ODF &% 5 B
ey OHE A e, & & z2iF COBOL Source Program % Compile
LT, »o%EfAT2ctd—o0Jobthsd, ZLTed Job ik
oD Task Ik o CHEkE N D,

Job Preparation (Job Controller)
(COBOL Compiler)
Edit (Program Editor)

Compile
Compile and Execute
Object Execute (Executable Object)

Program {3 1 J#ic Core Memory i Load X1 %5 Program HD
HilkRDs v < om OB CHEIEh TR L 3D 2,

1 i Load -F % Program o Bifti % Phase ¢ MEA w5, T4 b
+t Program (Zwv» { 0% ® Phase s 5% b, Job i v 2mnd Pro-
gram OFFHIC L 5 THETI N L, ThFNO Program J-¢ 3 {E
i Phase # 03¢ ¢ psc & (FETCH), % 7 Program [31l
o Program #UFUIF ¢ & 50 % 5 (SEARCH),
@ Program #IEFHF 72 1t Job Controller {f & id 488 L
R\,

Program Change o 7% fic Job Controller #IEf%3 i3 MT-
OS cEFHERMEic Kk e Al v b c b2 BR T 2, T b I
Program # MU BRICREENM 2R Fo L 5 ThE N T H
D, ThiX Program Library gt & L System Loader i3k
FHREFSDDCLICL > TEREEhTRWD,

Model-30 T Operating System -©}3 End of Job &+ End of Task
OUEARL - F VT T D, Program py© EXEC dr4y %58
T35z +3 End of Job # 7T 30 & LChEHBIC Job Controller
PIPHI E N, kD Job Do icEio Job Status 735 Reset *h %,

Model-10 T Operating System -¢{X End of Job ¢ End of Ta-
sk ZE U EXEC @4 cfsRE N, w»wiFhdp Job Controller 25
AT E DR ZTA > Tniehs, Model-30 T © @ 54 ik Job
Controller {3 Job % Bifi & 2 B oG Dk, HHHD & FDHIT
FRUiEE g,

Program 234l
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3. Program Js & TF Library

Model-30 T Operating System ¢ Object Program 1T i,
- Relocatable Object Program
+ Executable Object Program
D 2 A H %, £ Ofibic Library Maintenance O icffif s %
« Absolute Object Program
55,

0S ¢ Load LETTE3DRA2HFDHTH T, Relocatable
Object Program [39Z{FiICE 1L, Program Editor it k T3 b
U % Executable Program ic§f#ix %, Relocatable Object Pro-
gram {C2DWTOE L Wi MACRO-CODER (2w D&
DEEICEEINDH, COBK D Object ik, —>d Program # j
% DI« Compile 721t Assemble LA D% e F L HICLT
Executable Object Program ICif4E4 % ¢ &3¢ % %, Relocatable
Object Program |3 % (& Translator i€ X - ¢ Card -¢ Output x
ndo

Executable Object Program (% Core Image @ Object Program
TH-T MT K hcwnd, cDJEo Object {3 % » Program
Ak D4y 1: Model-10 T System ¢ Secondary Object & BEA
TW3HDLEALTH S,

H7 %R, £ Phase OFHHIC Phase Z2H i, Twb L & TH
5,

% 7z Program |3 \» { 05 ® Phase 725 7% 5 T %33, Program
i d % Phase 0@ Table ic L (Phase Directory & IFES,)
4% Program ORI » T 5, Phase Directory (& Phaseg &
AT 5 phase 1K 5 MEHHONE ) bk B, COW RN
Job % Set +3% & & ic Job Controller ¢ ¥ T &0, FiFhi
System Supervisor (Z & LT System Loader) ¢ k& iz 5%,
Phase Directory o@fjEfic it Program 4 & fillfMER - T 5,
z OREH D RO < Operating System I & - T X 3,

Program # : 9 kDT (RHOLFREFTH D)

Phase 4 : QU 03T (BHONFREFETHD.)

o T—

]jrogram— 2

l Phase-&-1 l Ph’%ifﬁl

a |8 Pr-block number

Prif |

%bits  1bit 15bits.
B 3.2 Prfg s o

Pattern of Pr information.

1 1
| i

| Phasje—%~n iPh'\é?E—i

[ 1

Phase-1

Ph-block number

3bit K—l%its————//
® 3.3 Phif i ol

Pattern of Ph information.

| —— N
1

Phase-n

._/_‘Q"".\
® 3.1 51759 73 L CDHEFTH: Sodss OREE
Structure of executable programs on library tape.
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a : Program 73 ¥ ®ffiod Library Tape [CEFI N Tw 3 2 %R
+ 3 EME O H - T SMT, SIPT, SS (k) #EbT,

8 : SPOOL Program ¥ [AEHICSEFTRIEER ¥ 5 20 %55 F Bit,

Pr Block Number : Library (MT) D3E#Efi 7 & Physical %
Record @, w{ Block H# &, %@ Program 3% T35 H
R TH ) System Loader & Program BEZicH| 4 5,

Ph Block Number : Library (MT) o#:its #» & Physical %
Record -, < Block B8, %@ Phase REFIN T I %
AT THH, System Loader 73 Phase R iCHIHT %,

—2 ¢ Program (% 12 Phase ¥ ¢/#|[c& %, &7 L Job 23 2
%L EEENH D Program % » Db HifERIGECH Db, b
Ik & 7% Job JLERS FIHETH B,

Absolute Object {3 Library ¢ Maintenance @ ¢ & i {fifix 3
HDTH 5T, LI 5T Program % Load LHETT 5 C &l
TERV,

Absolute Object @7 {4k ix Model-10 T System i€ 331F 3 Primary
Object ¢ B . TH 1, Executable Program & [FfE? Program 4,
Phase Directory, Phase £ LM ICRITINZ HbvTcwn B,

MELCOM-3100 Model-30 T Operating Sysem CiIgD X 5 %
Library # @i+ 5.

+ System Master Tape (SMT)

. User’s Executable Library Tape (UEL)
« User’s Relocatable Library Tape (URL)
- System Scratch Tape (SS)

. System Input Tape (SIPT)

SMT } Operating System Library O{KTH D, KD D DH
I T B,

(a) IPL Loader

(b) System Resident Program (System Supervisor)

(c) Job Controller

(d) SPOOL Job Controller

(e) Debugging Program

(f) Program Editor

(g) MACRO-CODER

(h) Translators (COBOL, FORTRAN, RPG %)

(i) SORT/MERGE Program

(j) System Support Program (LP/PERT %)

(k) Utility Programs

(1) SPOOL Job Pakages

(m) System Input Tape Generater (SIPG)

(n) System Maintenance Program (SMP)

(b)~(d) oFEEEOBBERBICR~D C LiIc LT, coThlH
iy A Library Format i oWk~ 5,

Program name-1 “SMT" & Block number-1
Program name-2 “SMT" | f21  Block number-2

10788
Program name-10 “SMT" 1 Al Block number-10

3. 4 Program Directory @ 1 -2 4%
Structure of 1 page of Program Directory.
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“mmwm@

S

IPL Loader 13 OS 0%t % Set 3% 4 D& b, Supervisor
% EEEHEE O System Resident Area i Load 373, (a), (b)
—>® Function F7ER1iciE Job Controller LI FD b @ & i35 A
%, Job Controller LI F i34 3k~ 7% Executable Object Program
DIE% LT Supervisor A@ System Loader I ¥ T Xh
LRCIEEE ORER PO E NS, SMT O g0 (a), (b)
TR ICHERE g A% & b, Job Controller {345 0 Block 7 &
HHFEhTns,

Job Controller D #1c it Program Directory I3 2555 |32
DBEBINT B, it Job Controller @ System Data <& ¢,
WOWX EFERED 5T,

Program Directory {3 SMT 0243 & 1T % Job Controller L]
FDF~TD System Program 0w, %® Program Index %
DD DTH D, £ LT DHE 10 Program 430 Index £ ¢ iC
Pysical 7z Record & L€ SMT icil # AN T 5, T W%
ED X~y LITL,

SMT py@ Program 1Co\w»C (& Program Index @ a I 41
b “SMT” 245 1L Cw3b, H3% System Program AT
% & 2T X @ Program B A T LT 5 KB OE IS L 72
¥FEIA-Tnd,

Task & Task ~f 3 & & Program 23[E—HHIC HIEE LI
WU d c ¢3cE %, FHwic Job < Link % 5 Program #%
FA—HPICEE L T < IERICR U c e xicE s, AL
R-U WHIC 7R\ & & TOWE 2 28513 % 7z Job Controller 0%
FTHb AL CHA bAw, Program 05 |1#E 2o &3, &
CHEREET 5 C L2 (BHEEhTCnhntEdHb,), Tk
Rz F % & 5 DR BHREE Program [#]-¢v Link ##EF5
e Tdh b, F7z Block Number ###0 & it Back Road 2347 7%
Z 7\~ MT Device ziifi b Search #EL. 337 » T % %, Block
Number #{st} % {4:25 it System Maintenance Program <#5% 5 o

User’s Executable Library (UEL) (% Library Label 43 Tape &
BAHCHPN T T, £ Df%icE o Tape Kk E T % Prog-
ram {33 5 351225 SMT RO Format T A hCn b,
COHBED a i+~ “UEL” #35LTw3%, c® UEL g S

IPL

System resident
routine

(supervisor)

MT i< c itk o, ZFric¥EEh w5 Program [IEH
ICEFARETH B, T 7 System Input Tape Generator i€ X 5,
SIPT #VEH+ % & %, fid Library Tape &5 L x ICERAX 1L
Do

User’s Relocatable Library Tape (URL) 03: U EiBR XK E T
fizm 5. o Tape i UEL ¢RAfc SMT ¢ 22tk 5 T,
F KBRS N T w5 Program i Executable Program (C 45X
NCHEMICETFHETH 3, §HtE > 7 Executable Program 13 SS
Klbibhd, SS it System Program DEFTODOEERD Scratch
Tape & LCEif x4, Translator 7 & @ Output (Object) & s,
Program Editor s & @ Output (Executable Object) {3 ¢ @ Tape
lc#t %A EN 5B, LAadss T Program Editor R I CHTX
N % Program {3 SS Tape 5 Load s hdc KA b,

DL & Job puk—nD ¥ Phase Program m»b A% & &, Job
¢ SS % Scratch Tape & LCHMBICHHAT 5 C ENTFRETH %,

SS it %3A ¥ % Executable Program (3 SMT, UEL & @E
HKILAE>Tnd, 77 L Program FF|ED a {qIE “SS” %35 LT
w3, )

SIPT {x MELCOM-3100 Model-30 T System -¢ ¢ stacked Job
ME BN i OS T bhAdDTH 3,

MT Base @ OS CRETOREIC Job DR Z T4 5 2 D ICHl
WHEH 2T R L TR A v, Model-30 T Operating System
<% SMT 726 Job Controller %I & A L TRWIT AW, »
23 % L bt LTz DCRFEHRHEOEIER K E R D DI
%5, SIPT pEZMINAHHEZORA DD, ENEET
MT -¢ Library {Eb % & &, T ORXBOBFR &, #H LOMH
7> biHEE D Reel b2 dDTH 3,

e b Library 284 L< B« @ Data UELZFT %2 5 & ¥,
Library o) b #1207z 5D Process o, 3 X (f Operater @
M IR OFISRERE - ORI NB L TETH B,
L ko0 DE i SPOOL #1774 5 #5541tk Job © Card
Reader % {Ifl¥ FICHITCE D C L BPRBHETH S,

Ll kD Bicsil$ % 7z ¥ ic Model-30 T Operating System -G %
SIPT #3322 X 7z, SIPT o Physical AR % ®&icRz$, SIPT
BohhbHETLES T3 Job f% SIPG i ko CiRfixhi
bDTH D, MBI NAHA D Job (1% ORI & MBOHRFIC X 5
T, R EN SIPT Pyckd X 5 %4 Pattern %50,

Model-30 T Operating System -CALEIZ 1% Job & (a) Fii&
(b) D2ZHEBOWINAICAE S, TSIPT K#EERAEN B, TC
@ Job ekt LT, Job$HH & Job Controller 234EBHIcE AT

Job controller
7 7, 7 LT

Program directory

Z s

System program-1

" System program-2 7

N

3.5 SMT o ¥ & Structure of SMT.

MELCOM-3100 y5p 27 (2) » 2 « B « 5 - =9t

i

Job Prog 1 : h Dat
0y D R . ata
controller rog Prog 2 Prog
| /? ’ A
b Job#E 5 L b Program directory
= Job control card information
(a)
7 Source
Job 7 program
/
controller | 177 (rranslatm-’s)
, ) data
b Joh &S [N

Job control card information

(b)

3.6 SIPT k<o Job o
Patterns of Jobs on SIPT.
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%, EDHEEICE D Job 1ckt4 % Job Control Statement 238 %A
INb, 20Hic (a) DEFIKEZ D Job ixid 2 Program 3
BIFE L * C kX LT %5 Executable Program Rl3wv 3, &%
Dsrc Card Image @ Data 285 22 L2 5 ThAVWEEED B,

(b) (F Job 25 System Program iC X o, TR X5, Card b
Relocatable Program %3273 % & % ® Pattern ¢ % -, C Job Con-
trol Statement ® % & i Data Card s Copy 2 T = %, ThlE
Source Program, Relocatable Program ¥ 7% {33@%® Data Card
CHT2DTH5,

4. Operating System o ##gk

MELCOM-3100 Model-30 T Operating System (I OBEHE® %
<> System Supervisor ¢ System Function Program 7 5H7% b 72 5
Twb,

System Supervisor DEFEREREIT

- System Loader
« PIOCS (Physical Input Output Control System)
» Interrupt Handler
« Error Handler
+ Communication Handler
« Dynamic Debugging Routine
MbhoTEDH, Core Memory IC5E:F 2 Program ©% %,
System Function Program [JA35C)its UC Supervisor IC & - C
Working Area WFFUIH & W C¥EFFE L5 Program ©h b,
» Job Controller
« Program Editor
+ Rerun Handler
« SPOOL Job Controller
« System Maintenance Program
BrhiciH3 5,

4. 1 Supervisor Function

Supervisor Function D% #LFIIC DT+ 5,

System Loader : z @ Routine {¥ SMT, SS, UEL % ¢z SIPT
I HIEFTD 72 it Executable Program % Working Area ~BEIRHY
FHDTH b, ¢D System Loader % {Hiff]l 3 3 7z ic MACRO-
CODER €25k SEARCH % k. ( FETCH g5 5 20 Su-
pervisor Call 147255 %, SEARCH #744d Program % 0EUSH 3
YDTH ST, FTREFAN TS Program 385 | {3 I
HESEFT2VORBENESLITANDL, £D -3 AlCA» -7
L&, 2O R MSMT 0y by, SMT ##%& %5 LT Pro-
gram FHIFED T RTEDTEET, B -0 KhahoTc L &,
s SIPT, SS, UEL b 0tH 3 & kit & 40T, WFUHT
~ % Program MESFIN-CTwnic d ¥icid Library Tape (Ui % %
DB ¥ cBE) L, Program # & %@ Phase Directory % Super-
visor Area ~#%, % ¥ Supervisor {C [T Program &I N T
BEH| R~y b LEbND,

FETCH ¢4 Phase % RictiEiciF o LTHETT2H 0
< b, Supervisor 4@ Phase Directory i & ¢ Phase % Load
UEFTBE I~ Jump § %, Supervisor NiCE Library Tape @
fIE %o FEE LT ), Program ##RT 2 G5, RIGIEET
HEEICET % X 5 i Design X 11T\ 3,

PIOCS : iz
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+ I/O Channel Scheduling

« Input/Output Action

« IJO Error Handling

+ I/O End Interruption Handling
RS,

PIOCS i Macro g4 DI Job Program i bEHRC L&KL C &
W%, ¥ LIOCS (Logical Input Qutput Control System) 2
b Y, X I Supervisor NIA b BUEEEN D,

PIOCS {3 Job Control Statement D552 iC X » T, SPOOL Sta-
tus ¥ 7z (X Non SPOOL Status D\~ 1CH] b 4 541, SPO-
OL Status o4t /O End Interruption i, SPOOL Job
Program % 227779 5% 7z @ Control 23 < k 5 KfEbhTw 3,

Interruption Handler : Interruption Handling |%3 T Super-
visor PyER-T Bl By i LML X J1, Programmer {37 O ¥ iCDwT ¥
S B LA ¢ T kv, Interruption Handler |3 Interrupt 03§
A r & iz @ Source [T E TR\, ZRENOEEHFOUE Ro-
utine ~ Control %84,

Comununication Handler : ¢ @ Routine (¥ Machine Error Inte-
rruption, PIOCS ©3&4: U 7z Error 3 J (f User’s Program Nz &
DEERMR B 5 7, Supervisor s Operater €] - ¢ Com-
munication OIERAH X 5354 &, Operater 7» o System (C %t
L-C Job oo, Memory o Dump Out ##5RT 288k & ik
5, FHbiFwTFh b System Typewriter 2l LCiThAbI 5,

Dynamic Debugging Routine : Job Control Statement i€ } T
faspE e b &, e o Resiter 35 X U2 801HI% % Program ojffy
B¢ Dump Out 3%,

4.2 System Function Program

%4 Job Controller Ic D wW-CEHT %,

Job Controller % Job ofinkffiiif U*ic End of Job MLHi# 5% 5,

Job # ) ¢ Execution 3 3 {ilfHfE# % Card Reader ¥ /i
SIPT 7 HE&H Y, Job DRk % 1T 4 v, Job @35ET (Normal/
Ubnormal) & & % i System Loader {€ & o TFEUH X5,

Job Controller ZRD b DIT X » T X415,

(a) IPL (Initial Program Loader)

IPL Procedure GE#)® Job it 324 e ¥,

(b) Supervisor

Dump # 7 ¥ Abort Operation O,

(c¢) Problem Program

Normal End of Job i & -,

Job Controller j& SMT %723 SIPT 0T nT, D%
#R (% Console Table |- Panel Switch It kX o Cchahd,

Job Controller » ¥

Operating System ® % & CHETIN 5+~ € @ Program X
SMT, UEL, SS,SIPT 0w Fiudds b Load X113, * OEEGED H

& ¥ L% Control Statement T X  CTrr& L5, Control Statement

CHRDSDHH 5,
JOB : Job
¢ @ Statement |3 Job DfEfH &, Job A HIFETEHDTH 5,

ASSIGN : Assign Actual Device

Model-30 T Operating System ¢/t Program fi-¢® I/O Device
DH Y A7 1 Symbolic Z1C X 5 AL 5, Physical &AM
SR OE Y 1) (3 T o Statement i€ K o THETEHCIT 2 DS .
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LTOUT : Language Translator’s Output

@ Statement [T Job ¢ Language Translator %{#ifi§ % & &
Kb, Zhdbo Output 2IERT 2L 0 TH S, RT3
3 Dk LT List OFfHE ¢ Object OEHENH 5

SYSOUT : System Output

Print %74k Card ~OHNZEPEL N FROMNIERICHE T
i€ System Output Tape i3 2 ¢ & %¥RdT 2, cDHH Ta-
pe DA #-¢ SPOOL i X -, ¢ Print 33 L ¢f Card Punch i
5,

SYSINP : System Input

Card Input Data % 7§ Card Reader . bc%k ¢ SIPT # &
Card Image <CHix & 3 2 & %553 5,

RFILE : Rerun File

Z @ Statement }3 Rerun Job @7 @ Check Point Rocord
B e ENAEHIN T D File Tape #4578 T230TH 5

USW : User’s Switch

User’s Program -C{§iff]-J- % Switch OrfiE% Set + 5%,

DATE : Date

Supervisor ¢ Communication Area 1€ F A1} % Set 32 34 D¢
Do
O HAT
PAUSE : Pause
T @ Statement {3 Job OHEI{/ENE % — kL3,
EXEC : Execute
@ Statement {3 Job @ Start 28445,
BGSPL : Begin SPOOL
Supervisor Status % SPOOL Mode i Set 4 5%,
STSPL : Stop SPOOL
#2f7rh o SPOOL Job 23&7 4 2% & A
Mode % Reset 43,

SCHJN : Search Job Number

SIPT 2L Tw5 & &ic, TOHOEH O Job 2ikiciThwv
e\, £fT L7 w Job Number #¥8F4 5%,
X3z L Operater i X - Control Card Input %\ % A,
AENDDRBHTH B,

tx User’s Program i€ L »CTHBHE D,

¢ Supervisor @ SPOOL

z @ Statement

Typewriter Mode jci) b #az T3 03A
SKPIN : Skip Job Number
SIPT % LT3 & &1L, 24D Job % Skip Lzwg

BICHwb, T Statement 4 Typewriter & Input X i1 % D35

HHTH 5,

END : End

T~ Job @ End %R,

Job Control Statement DALEHICHEE X 41 /= Error {& Type-
writer {C & T, Operater {c;r& 41, [B U ¢ Typewriter s H{EE

]

ZDWMHBFTRZ D,
5. Job @ Flow

5.1 Main Job & SPOOL Job & @fT o Job Flow

(1) Main Job Controller 3 BGSPL Statement #&ta & % &
System % SPOOL Mode ic Set 4%, FEtic SPOOL Busy Mo-
de jT Set N 3,

(2) SPOOL Busy Mode ¢d %
Main Job pycifdz 3 £ & it Control j3 SPOOL System 5| &3

&, I/O End Interruption 7%

MELCOM-3100 y5tmz7 (2) « 155 « M4« #H - =

b,

(3) SPOOL Job System ¢k, Job Initialize 2% 7% % It i&
SMT 7% Secondary Job Controller % BFusH L SPOOL Job Pre-
paration #7574 9,

SPOOL Job Control Card {3 SPOOL Job % Stack Lc® %
Card Reader 7 b SR Ix%, Job #ffissi&i % & Control {X Sup-
ervisor IJRXN %,

(4) SPOOL Job System ¢{ZZ Job A-¢ Data End Interru-
ption ABHE T B T L ICED IR L CT—ER T oD Process 274 5,
End of SPOOL Job ic 7 2 & SPOOL Job Controller 23BF{iH]
NTRD Job picwic (3) o enifiabisd,

(5) Z Job ofilchi broBEEc SPOOL Job #—iReHiH
LAETNIE R LA\ & & SPOOL Job % HiialAE 2 fl ¥ THED T,
SPOOL Area %3 JoB ic i+, SPOOL Busy Mode 5 Reset
END,

SPOOL 73 % @ iE 3 Job ¢ Core Memory 230684 ¢ &,
% 7 Language Translator -¢ Line Printer # Card Punch % %8
LTBLERETHD,

(6) SPOOL Job 73FfEHTIAEIC % » 7 & %1t () Job Contro-
ler 7 & DHGFRIC X » T Supervisor 25 1L 5§77 «»» SPOOL Busy
Mode T set %,

(7) 2z Job Controller 73 STSPL Statement #%its & SPOOL
Job System icg{FHi > Job 233&b 5 72 % bE SPOOL %#4&T ¢ X
s SRR,

SPOOL 7 & End of Job 23Hi7% ¢ % ic SPOOL Mode { Reset
=D,

5.2 SPOOL Job

Model-30 T Job System -¢{%3## OEM<D Job MO &,
WD X 5% SPOOL % w7 Job Bl FXBE L bW b, £ D
Hiy &3 % Filx, Model-30 T System ¢® Cycle Steal mi#gE# 4
7> LT System 0L LFbc it dH b,

W Data JLBC 13 Process 343 & Data ¢ Input/Output Offf

DS ITHT b B, Model-30 T System <{i#hi#s MT Kk
L#54y &, Line Printer, Card Reader/Punch € X 334 b,
Process #84r & MT Al %&b & <€ —2 @ Job & 1L, Line
Printer (LP), Card Reader (CR) 3 X ¢ Card Punch (CP) o

W FWSTD Job 2 LT, 2#HkKb—FH & E Job & Ll %

SMT

Card punch
;

I
Q Card readen

B 5.1 Standard mode & ? Job DT
Standard of jobs in standard mode.

CPU memory
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2 5.1 Job Biic &7 System I/O device

SPOOL Job mode .
System I/O devices used for each type of job.
Program Syst
Job Source | Load | oo SMT §S |SIPT 99 |[UEL URL CR | CP | LP | @ =%
R Mode uT
Point
\ : Library |Standard] O | O | A | x | x | x | Ao | & | &
E FHEAL
Main Job% - Assembler mnimg |SPOOL L 0 0 b
Frck | Mode
Translator
»{HF % Job | Library - - - - - - - - - -
BT | -
>8a — — — — _ _ _ _ — —
System typewriter
Library Standard| O O A A X X A JaN A
v SPOOL
e
SPOOL Job % Relocatable = Mode O 0] 0] ) X X @] ) )
L]
DHfT Library |Standard) X o] Jay A X o] A A A
THRT
sma |SFOOLL il lolx|lolololo
Mode
K 5.2 SPOOL mode D& D Job DEEfT ,
Process of job in SPOOL mode. . Sa'lili?‘:sj %Cg?él\:
Library 3~ Exec-
#{EH L |Standard | A 'Y A A X X A A /s | utable Prog-
R ige ram Ok ¥ it
% 5.2 System Input ZHRF 24w7 ?{NR“HM}M
System for selecting System Input. Executable
— Rrogram S;O;)L o % O o) X X O O O
Switch wite, DEFF ode
witeh 4 & 5 & e Library
#{fi fi4 |Standard} O X Ja A O X A A A
SIPT 16 | OS#SIPT #3.x i -
SPOOL
CR 17 0S 2 CR #3582 Mode @] X (@] (@] O X O (@] O
EXIT ¢ Main Job #: Halt O : Job 4TI %88% System Device
EXIT-HAL 13 2 1
ALT 5. OFF-ON %54 5 & 155 A : Job EFICHAT 52 £ OCE S System Device

X : Job #fFiIcllifi LA v System Device

SPOOL Job & L-T Cycle Steal D#gt % FIE L TR0 E o
ZF Job rEIRULEIZ 1T 5,

Job Program fiic MT BN #F v < @ A H - 2184, X
Job g Job #ffDERIC Control Statement DE5E2H % & Syste-
m Output Tape KH N1+ 2, A2 CR oD ANRED B L KiCiE
S EiBl L SIPT i o354 05, System Output Tape Jdgkd
SPOOL Job cilfl4 2 & ¢ C¢& 3, £ ® SPOOL Job Package
Program {3 Maker |7 L5853 Systern Function ¢ % - ¢ Us-
ers Program & LTHAMES bDTlAn, ¥7 SIPT YT
% Program {f 96 k¢ Memory System -¢{¥ Main Job CHz 0 b
N % (System Input Tape Generator),

5.3 Job o%f7

Model-30 T-OS < Job Z2f71k Standard/SPOOL D\~ 7D
Mode ¢f7binsd, Mode D h#az it Job Control Statement
(STSPL/BGSPL) i &k » TiTAbN B,

Language Translator 23ffifj 2 #1.% & %% SPOOL Job /I —Rg{&
k323, TOBECVEYHIE % Object Program |3 SS it %2 < b 4
bh, EfTXNdEERETH D System Loader it k ¢ Load
INFEFTEND, Object Program #3581 Phase ¢ % & % it |3 Pro-
gram [N-C Scratch Tape » LCHMBICERT 2 c B8 T% 5,

Standard Mode @ Operation ¢ SIPT %{#HT 3 & %ic, *C
WCEREE X L7z Job 2% Executable Program OSEFDLACH S & FIC
{%, Operating System #3488 » ¢ % System Tape |3 z ® SIPT 7
Tk,
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System D= ® Mode ¥ 3 Job o4 fHIcowCiRFES. 1 xR
FTEpHTHD, ZORERICHKBE A System D AHNIEEIERS. 1o
FRICELTHD PV THD,

Operating System -¢{X, Job Control Statement, Relocatable
Object, Source Program, Executable Program ;% SIPT 755
Bl 5h, CR 20l bitA & 22238 T %5, zhid Console
Desk |- Panel Switch i€ Set X132 X5 K%k 5 Tw525, SPO-
OL Job Mode @ & % ic |3 243" SIPT Switch @ ¢F 5 25 “ON”
S TWnaThiERbhw

6. & ¥ T

AT AU DBEE{R ¢ System Maintenance Program {cow—C
ANDB T LR TERR oK. ¥7e MACRO-CODER EiofHk: &
Fhick b Program FEEICDWCORE D 7 LiBA D o o B#E
COWTHRRE LTHLIBHEREFTd s,

MELCOM-3100 Model-30 T Operating System |[ZF#ZEICINWT
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BEL MR TREY R b D T2 C e A WEOERE E LT E 7,

z @ System [ & 5L % System File (Program Library) o
L #Eix Random Access Memory Device % Base ¢ L7
System D ENICIES VT3, it Model-30 T System ¢ LT
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J. N. R., Kanazawa Railway Operating Division

Mitsubishi Electric Corp., Kamakura Works

UDC 625. 2. 066 : 656. 221/. 223

ME Y4 PEREE

B 3L e xoREETRER
S BR R - AR AT R . BLRL B

Automatic Recorders of Train Diagrams

Hiroshi KATADA - Kiichiro SASAKI

Akihiko IMADE - Masaharu YASUG! - Katsuyasu SATOMI

As the train operation has become highly frequent and speedy of late, a logical system in direct connection with the operation

command has been demanded by the authorities for the purpose of improving the efficiency, preventing accidents and performing safe

and accurate running of trains.

Under the circumstances, automatic recorders of train diagrams have been completed by Mitsubishi as

the most important item among the functions of collecting information, making judgement, giving command and confirming the outcome.

They operate to record the train positions from to time so as to confirm if they are running in conformity to the schedule or not, thus

making direct judgement feasible and the records kept for reference.
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2.1 JH st GRERIERE v25s HRE
System of automatic recorder of train diagram.
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2.2 BHIEFEEoBE
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Detect system of train positions and detect signals
time chart.
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Tw3,
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o TWBR, £OHMAEBEICETHE S,
PEERSOFIE MO C 2 ThE A, B2 3IRT LS,
WO AL ARKRIICR S L, % OG0 L-1L 2BEE L-1L 2 TR
KR LT D Bo & LTRS LT L—1 dEF % 1ot—do
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B 2.3 il e Bl 5 e

Principle of track circuit and detecting filter.
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AR RO THA R Lk < &, FIRSUBEEETAIC T
S TWwd EE (WLUBEHEFERORE TEM ON) iled b OEREEIN B
FRBREERL D RN 7o 36 W 5 BEERPY % 8 L 72 \» 72 0 F e DS
B (BEE) BT oRoBBEPE-CChv, LT
T DAL F OHUE (BRI L) hldR S B e Ll
B (A ~MEE BT b,

2.4 IEHBIE BEB)

TR T L ORIEIES (owsALR) #FH, Fd
VRS E DT ICHOE & oA S BRI e B R e D UL,
T DPDENRE, NEFGIC X - CTREEREZEME LCilig~%scw b,

gD Sows [MRE 2. 4 KGR EB D ©, BRI
HEEER 2. 5 woRd,

B SR, FhREEE L2 =00 O 5 O GERE
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2. 4 1EHasNE Sows 1¥

Block diagram of B equipment.

O8C ., ~O8C,

B 2.5 A 3 i@

Frequency arrangement.

S 21 b FUERIEE - WM - Aok - S - AdZ - BUR

2.6 [HEERINE (BIME J23k
Bay assembly of B equipment.

2.1 fiHHR R

Specification of B equipment.
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T-line

2.7 AR Detecting filter.

Detecting filter.

2.8 D PRRE

R 2.2 B S PR

Specification of detecting filter.

i 51.5 mm % 120 mm % 180 mm
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# o 4 fok170c/s  35dB BLE

MLEEECfe K 600 O AT

Ul Mg E for170 ¢/s 2k Bt
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Transporting line and repeater.

5= 2.3 hjjlaig Specification of repeater.
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) & L6 RO bR - T 5, EEBRHEL DIRE S L
T BEBIR 2. 2 1GRT L 5 i ALz B8, §iko X 5 ckH
A7z 20w AR KHHG LT 50 (HDBIHER 5B » T b, & T
HAEFIEIBH I N 2 WA ICIERE S REEES MU 50 [
D AR TH B, FIERBRERD & ZoBRHIMABIO & AL 4%
K B TlBEBERIR - T 2T TH D,
RIS & ORE B AR EED A OB#E b HEh T

\..

{el - Vol 41 + No. 10 « 1967




T-line
5 ~EF
= 1 .
= ) = £1
VAR . e ; #2
; H 7 TJJ =
! 105 %3
i : P e '
H 149 3 o
m‘ 200 £ £4
R-line =
w57

F 2. 10 i @4 Jowo A

Block diagram of main controller.
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LTw3,
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Thbbt THED Y ) CREHNZT A>T,

AEFR AR Rk 200 giC, 50 9 o % 4 ROFEEECHL T
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B 2. 11 Fusssnm

Principle of recorder.

DUl 407 BRI « T e 2ok + Al - A - LR

B 2. 12 FesMsipvdiiids X UV

Recorder of train diagram.

{1+ AR LICHER SN 2D TH D, TDEHOBIHELEE DS
WAKEFEIRRR (50 c/s) Tohc—FiEE 4, EI LT o TE LTI
e ALARVESEEL TS, Ty, i
BEMCIE LCHRI NS kot dkn, AL &Rt

(60 mm/h) A7 bENFEEK AR S T Do

Ko TnDEDT, 41+ OFL A & 5 Aol - 88 - B1EA
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2. 13 ioikd,
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List of display for train position at Kanazawa.
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B 2. 13 REGEEMRNIIE &1 o & EREor
Display panel ot train position on train diagram
recorder.
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4.1 # B’

Kurys ORERESEE LTH, chicihstirerh, g
¥« FERREOTRAE - HIODES - RIS - PHkER - OB TH Y,
CHLFEMOPMICHEET 2 L5, BE X URBEIT R
THh, RE1OEBVOHHEASTRE, M4 1EED U2
76 HRETH 5,

RS EBRESREN 180km OEFSHE WUEREIE) + L UHH
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ST 3 LIRRCEEE N T 5,
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4.1 SR—EIREFIE £ SR
Components of train diagram system from Kanazawa
to Naoetsu.

W o B % BRSPS LUER

2 & -4 & R T &
£ B % R OB 2 I 1=
bl 2] # & R 14
o B M B M, A, RAUN, EILE 3s
h #E i HE, A, M i3 &
5 b4 g RAEMNER 331 H

B4 1 &R
Out-line of train diagram system from Kanazawa
to Naoetsu.
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Equipments arrangement and recording points of Kanazawa system.

-0 0
z
{3
=

EOBEFRET 20T, BB f~f D46 3L o TW D,
4.2 BEHSdLURHSE

FUHNIBEEEE & L CRELR ONEEK 2 T w3 ¢ & Tk
DEEHTHY, KL EAR, Lo 1 PERE (3
Z R T2, 1itasoREs i, BEOMME L—ETH
20T, FORE(EBED —BThsc tpAEE L, LiL,
FROPECKMERBIIC s TiAY, 130@acYyT 53
RO LOR S CHhA ) OfERE U b, (OB, &
MR LOT5E 41+ OERRE, FIEEERE LD, BKEcks<T
BAaborichd, FE Mt OEGEHPERD) $k, FTRT
D% KR & e HIEMEBROBRH 2 Thd, RHARE R
D, HUEEE SERIHE X b ICHESPNSO KO D 21, &
ROEBOMMAEL b, LB oT, &Rvars ¢k, %
CEMIC b e FENE BN T s oclAl, HELr 2, 3ED
PlEdEExE DT IHEHEEA GBS tLacbDdd b, sk

ik, Rl A, BRRRiEgcnttcl 8 kid28e L, 2T
I%ﬁ@ﬁﬁ%ﬁ&ofméo

HEBHAT, HEEETE, PBEEROEELZTTEnE, £
IR—ETERR, BEERMAY» 20T, COBSKIHRTT D%
HRBBECE D, ¥, FERCOFHEERRAOERETES
DT, HHRC E ORMBEHOSESARIETIELH L, Ak,
g Td, kb, FhilxcigiTs0c, coBBcd, &
HAERSRAD 2 BLETH B, Liad-T, BHHEHAREED
FEA LD BB A, 2kl HOBHET ATV S,

FlERA LR AR EBROBBRINCHIEE TR L 0 5, K

UM A1+ FRERIERE - A - Ak - 41 - A - BR

4.2Ch5,

4.3 HHiESRE

T D uAFs DFRPEIC T, BERoBMER+* 0 F sFIALT
WE DT, YAFL RER, THFOBEELIET 2 ki, BEE
BEPERCIWET S & & dic, BIEROEEREIC X 218k - #E
CIET B BHES AR T 2 0 ERD 2, 3B HALD
HILOWTH, REBERICENT, chEcOERISBROMEY
b EiC, TAEBLTYEH, BHMEMCcS2D, LKEELL
BIOWTH~R 3%,

(1) MEiEEE XURE L L

HRHE o ORN AL 1§ +10dBm <t b, 2E
LA X —45dBm Bl E0EEcd 5 0C, HEBHERICEF 3
HRImASSdABTH B, bHHA, COMER 7I-—u BEDE TR A
s, PERAEGREINLLEZOMET, chicOERHEFICKS L,
T-JL BEOERL D I5dBEEREASZ, COAHEHREIA
Ik 2185k BiAAT, ZEF AL —45dBm Bl EicAh 2 X 51C,
B E XU A8 (—45dBm DTicA 2 @RficowTil,
HIEEEZ Z 5 A) 2EELADITH 2R, Eflick 5 Th e otk
BARHEL TR T L 2HETE R, ZE L\ D0—FflzE4 3
TTe CORICE? &, BRHEA fa~fes AR OBEOREFHERKR
T, BHBOBEROBECEE D, B dHLR S I AT
i, Thid, BEOERAEEEE, BRSOk
WOTREE LTOEKD/IE L, HEROmA BRI, BR
i ) DIF|KEKEAD, SHBORBLESFREIBIGE-
DERENEN L, 2L LToREIMI kD, BOEDODOH
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(dBm)

FAEL

_ I . T i . |
W95 s 0 3 a6 48

H 4 3 HEsE GRS -5 2E v
Received signal level of B equipment.

M2 nwC 5-3) DHMIEY 2 b Ok K 4 2 KRT,

(2) PUEHERIC X 208

{E5Em D ON/OTY o ffjlid, {EHmb B R s
T2h, LAEVKCE-THAE-TWS DT, Bl e R UREK
DML L 25, BHEOZAE LA 10 & o 258 (S/N 2520
dB BTF), E5#sD ONJOFF OHBIA M & 5, ASEE il
U7z =T ORSHEE L, RHERERH THE ~70dBm T,
BRAHES IC X 2 RS A v,

(3) {8%#:so ONJOTF i1k k % S/N

B SR s S h B85 8:50 ONJOFF w X b, ¥k
BHEBLED, LAk TE2LTCHE, cOBESEHAS
KEne, BEHAONCRIESEEBL TR RV E ZICY, &
HiBA 2B E2RACERT 2 kb, CoBEY, EAD
ON/OFF ofFnsmitic 2 5, c O+ RECTRS &£ D
i, s ONJOFF @ X 3 S %(E L)L © S/N (& 25dB
LLE2TEcH D, oSN REL LD, EA0uELE, Bl
OEFLIFHD TS QL TFchAThEhbhve ERERIC X D ba
5> T3, ERICERRHIEORE ¢, E5#50 ON, OFF o
BECOWT, BRHED LA 2R LR, EERRKX DT
GESNEBLN AW O, SECHEEFD -2, chbid
OB RZLEEACTL 22X, B3R SN 2RELT
wb, @4 3 CiBERS OFF 0BEORE L AL & & bic, BEA
2 ON DEFEDORAZ L L bR LTH 5,

(4) L~ ETEER

EERE LB ORSZERC, Bl L\ % £ 5dBgka LT,
EBOWMVELHBEL 225, COBED AL EBcl, EBEIEW
CWES 2 C & TR T & Xo

(5) fEFEEoEN

HHE Y D HEESER VIR Thr L, BRIMESAEIHEE~K
5T % ECOREENIE, 70~150ms BB TH b, LIS HmHiis
X o THRAZS 2, HEBEANOBEREEERKC X - T, $C
A — R 3 LRI 2 ve

4.4 FEHRSToERRR

AWyass BT 2 5B 0 5 b, FIBIES CHEEBFRT 2 0i
e TR 5, ESERRSIRRoFIEIESE o KMA DS
BLENTHEI N, CoRSEPSR—EICHEMAIEGEOR
DYRE LTS,

HHRE, WRCOLFEORNICTD D, LHRIEICD 2 TG
CEIRE N2 T8 417, BEXUTHICEEI N T L FIEOPB %
AARbFHEES #Th s T 5, b LIt EERETHE, [/
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£ 4 2 PRSI F-2

Line loss data.

f No. folcls) ; dB/35.05 km \ dBtkm
1 425 16.5 Wo‘47os
fa 595 18.8 0.5364
fa 765 o 21.0 0.5991
4 955 ) 23.0 0.6562
5 1105 24.8 0.7076
fo 1275 26.5 0.7561
fr 1445 28.0 0.7989
fa 1615 29.4 0.8388
o 1785 30.7 0.8759
f1o - 1955 32.0 0.9130
f11 2125 33.3 0.9501
fia 2295 34.5 0.9843
fis 2465 35.7 1.0185
fus 2635 36.9 1.0528
f15 2805 38.0 1.0842
f1s 2975 39.0 1.1127
fir 3145 39.8 1.1355
fis 3315 40.6 1.1583
f1e 3485 41.4 1.1812
fao 3655 42.2 1.2040
far 3825 43.0 1.2268
fas 3995 43.8 1.2496
fo3 4165 44.6 1.2725
fay 4335 45.3 1.2924
fos 4505 45.9 1.3096
fae 4675 46.5 1.3267
far 4845 47.0 1.3409
fas 5015 47.5 1.3552
fan 5185 48.0 1.3695
fao 5355 48.5 1.3837
fa1 5525 49.0 1.3980
faz 5695 49.5 1.4123
fas 5865 50.0 1.4265
f34 6035 50.4 1.4379
fas 6205 50.8 1.4494
fso 6375 51.2 1.4608
far 6545 51.6 1.4722
fag 6715 51.9 1.4807
fao 4885 52.3 1.4922
fao 7055 52.6 1.5007
fi 7225 52,9 1.5093
fen 7395 53.2 1.5178
fis 7565 53.5 1.5264
fae 7735 53.8 1.5350
fis 7905 541 1.5435
fio 8075 54.4 1.5521
faz 8245 54.7 1.5606
fag 8415 55.0 1.5692
fi0 8585 55.3 1.5777
fso 8755 55.5 1.5835

# ons PEF 0.5mm #i2g PE &~ 0.9¢ —38P #ijlEEHE s —~
T
AR Er-—-EEEE 35.05 km
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B, WLRC L DR ERR L, LEAESEML, ¥ bICEOBOR COFSHMECHETAbR T35, B 4. 4 BFEBEOMIRI ZT
FOMAESIC I D AR BB E S OC, FIHHES I T LdDTH5,
V3, 41t OEE, BENS, * OMFIHES CRERTARD, FHO 41+ EED, BEOLUC &0, EETEHRICT AbR,

AR N RS 2 0 & FHEHES OMEH & LRFESILTn
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o

4. 5 I GiR—THIT

DY 51+ TG TT o
S

FIH A1+ FEREE ORTEE, EBRORBEHICH L LRFEET
JBoase EOFETRA L7, BREN O CBEBICRNETEWTS
Do kb, Sd, AEEIFEHESEDH O 2FETE
255, Ifvnedn, XVERAIOKT S HOHBAEIA
TnEEWnLEZITnD,

BHRIC, AEBOHREE L UCEAMCAZ Y E RO THEL W
7\ T DT - B - RSB EERE - FukstH o
X 4.4 454 Operation under command. BERL B LUAREREOWMER L SN B MICHEROEEET 5,

X 4. 5 FHE S1p 0GR Train diagram paper.
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UDC 621. 373. 3 ; 621. 382

MECLOEBNERBRDEDOMBEEE

EHFE-EERE B R

Adder-Subtractor for Operating Test of MECL

Central Research Laboratory

Yoshiaki TSUBOI - Isao SASAO

Recently semiconductor integrated circuits have been drawing attention. In part of digital systems including electronic computers,

these circuits are already in practical use. (Before employing the integrated circuits in a system, many problems such as, the way of

packaging, the noise in wiring and the characteristics of the integrated circuits in the system should be evaluated.) To this end a simple

adder-subtractor using about 150 integrated circuits (MECL) has been built for trial. As a result of test on the device, it has been

confirmed that the maximum operating frequency is 4.5Mec at a standard condition, the switching characteristics of the elements are

almost the same as the catalog data even under packaged state, and the noise due to wiring is sufficiently small in comparison with the

noise margin. It has been also proved that the packaging density of sufficiently high degree is made available by packaging with two

layer printed boards.

L & 5 &

EFEHOLEDOLE &\~ b T 5 k4R [ ¥ (Integrated
Circuit 2#1C\» & ELobov, BT IC LFER) GESEICHE S
BUTETEY, BIFEEZRLD LT3 &Ianuazs AED
—WerTeERLE o055, IC {bic X b EEdL - HEE|
JEAE - /NBUE - fERELAL - EffiRE A ERERD Fsvuaz BIF X D B F
BREMREZw, Ll IC LT shnicik IC okl fmethic
b OMEE, vars ¢ LTHAALKBEDIC oFMER Y 54 %55
T Ew B0 AT ¥ RER D 5,

AAE T LEFRE&OJUAEEHOBEMZR 20 A £ E O
HEHOD—F e LT Motorola #: (U. S. A) o 2paifk4:i4mE % ME-
CL oBWeRB % 77 5 /e 101 3 1 2 IR SEE # e L e 0
TEEOWHE, IC oz RBBERCOWTHET 5,

M1l 1cxoNE*FRT,

1. 1 MECL #% v A iikEsE
MECL adder.

2. MECL

MECL (% Motorola Emitter Coupled Logic #l&L 7 % @ T,
Motorola ¢t (U. S. A) o & ) g 3PMOE (Current Mode
Logic, CML) EF-0&#CH 5, MECL 0 ERIBIF R B
it haod 2 BHELTVALL & L, BROENL U TCHHT
B

(1) [E¥DH Fsvzg BoRICHEMERCIET 22 » &
WEWERTIRECTH B, BRAMRD IC oW TRREHCRERT 5, 4

1322 * dulerERT

—+ 1Bz Y D3 1R 5 ns)

(2) OR ¢ NOR (3 wik AND ¢t NAND) 7125 miicis
bh b,

(3) FAN-OUT sk %< (max25), FAN-IN %k %\,

(4) Wired OR (» 3wk Wired AND) i3,

(8) “17, “0” @ 2fwFvd I &b A 5 BEEROELAUNX
WO T, BRI L OREICHE,

MECL ic 3 MC 301 52 & MC 312 ¥ ¢ 12 O R4 o 7 8EE%
Dby DUwT00wT BRERD B, TBIKD 50t AT BDO LD
&, tsvpaz R0 TO-5BOME r—2 Itk e b DR H 5,
Ao MECL iR A L 20k TO-5 o b O T
MC 302G (R-S Flip Flop), MC 303 G (Half Adder), MC304G
(Bias Driver), MC305G (Expander), MC306G (3 A} OR/
NOR), MC 308G (J-K Flip Flop) @ 6 #iZZlF % {8 L%,

MECL i, HEEE v\ OFEBEME (-0.75V) %, “17, &
BALA (—155V) % “07”, r LAt % OR/NORBEEFZT LAY,
€17, €07 @ LA e EE~E AND/NAND Rick 3, co#
Holk, SBTCEEMME “1” & Lz OR/NOR & LT
M35,

K 2. 1ic MECL o3ARE, 2. 2 ehEtseRd.

V,.=GND
Raz 2R,
BIEM=—0.75V [T l'f
FRIR07=—1.55V K
Ah

o "NOR’ih
ADH t—o “OR"Hi77
V,=—1.15Vde ¥R, 3

V,=—52V

AHF” L “NOR” Hi1=-1,55V
“OR” H#1=—0.75V

A €07 ¢ “NOR” Hii=-075V
“OR” hj=—1.55V

B 2. 1 MECL AR
Basic MECL circuit.
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Dz,

Nt

-

¥

4.57 7.62
MAXe—MIN-—=

————
8. 20 MAA

———

%

0.41
0.48

DIA (B4 mm)

2.2 TO-5 fiwr—2 O
Dimensions of TO-5 package.

3, IREEEOEE

MECL Jmig$3iE (LT MECL Adder LI9:32) rrajeisifk iRl
i AC) OERMLEWERRET RS c ¢ HBE LA DDT, v
276 DFFCH o TROEFDC LBEHEN T 2,

(1) IC 2L ¥Ec Lizyr THB T L,

(2) IC omsEatcr s i,

(3) Fevatl-vav BTELC L,

(4) 1C OgEEEA 100~150 it 5 T &,

PlLE#ERB LT, K 3. 1R 1043 1 2 OIS 2 aiit s
MEBRATHREE N,

LRI, F-K-F B LU A E WO AR L, #9150
D 1IC THEE X 15 B b o T B, iﬁﬁ%ﬁé%f\na v
Y22 DAL 10 R E IR E N, i Ff-F THEE
tSHtoﬁ#Mﬁitﬁﬁﬁén%o%m&~ﬂ®ﬂﬁﬁféb
1C % 7 EBOBWERIES FEvAbl-vay TE B,

DFIE 3. 1 IR Jowr RIC X D IHEBEOMEL, Tk fHHIC
HHT 5. T4 ML av+ £l — #3052 ic kb HEEE
BREEENE, HEEBC LD X vdaz OUvIrowT THEK) &
YUY pgza (F-f-F) OFOH s b1 A 4wtk F2o0
BEBAN F~r BB UNSEBCELN D, WHOH ¥ A K

2YwIoowd CHIKE N D 102D Ziyza C—HEEINcD b
ST e B XUPaa O T 50 i b E3hd, 3T ADOES
b LB vttt ShTELET 3,

B OB sovo L2 (R 4.5 Mcfs) W BN L CifFd

D, BBRCEEAT AN DR ELDTHEER (Wl <

> L Ko 2 L 2BHBICSET 3 %, Awv020-7 TEHEOE
1@&%’&‘?@%&] L, IC oWiF:d 2 w3 EEA 0 FBEC L5 TH
A XS KEEY 1 Aok, BE)

B DG E D DIC{EF]

fpula ’_—LL— it
Yy i i Y ) Y, l

YL AR
(x~#-t)

= 3 1 MECL adder ® Jowo 4
Block diagram of MECL adder.

MECL D #WERBRD 7c 3 DJNRABEE - FH - R

HICARE LTTAbE D C &b C a5, ElEed 2321, 20w
Az TR R O TRUEESIKRE S TE Y, 1IC 20 o
WENCTw3b, A& EOMEN 1m D r—5u %38 U & i
W2 2ERE 5 IKART, AfEChA VEERABEZTAS C L
BTES,

4 EFox%k

JUvh EHC IC 2588 T 5 Kdh - Tk, EIKETEDZZT
Fl—oBR#C R LT e ST 2 HE LR L S
TEHENELOND, RiEE Az BETCRTFEBER YICEH A
BB 5P REEEEESET L, ARG 5 & EARH%R
BAS, —HHRE CHINY ) ORERE Y L85 C b, T
WEMOEMBD R R LA EDHERD BH, SUu gy O
BEL A BAHEKRT S,

IC mEEgiciy, = DEh Syt BROKEE, 2302 D Lo
REMDDHIREEET S,

MECL Adder misiid s b ic MECL 327 (%% 147 )  ohl
EEhTeh, ToOHME MECL #FoERa B e & b ezt
HBEREDBE I CLETONE 3 DOLETHRIC L BIHEALTVE,
ZDkD vt EROMBHIEFCEUWLLLTwE,

[HH 1302 BXrd b Twi (4E0) ©T, Fhixdb ikl T
RO HEREC DTS v 51aT L kR, EEEFEAREE 2 E
BOFENICH Lo Y iKTdc e e L, JYubAay X35
B, FERBORIL AiC R o 7e, Yok #58 B-D. » & CONT. x
LR IO SUu b RICE LD 5 C EBATIRETH 525, B0 HIPIO
7o 2R e

4.1 FYy bRy ofEE

(1) FA w: AN Y=t 2 bEEEIR B S Nk E e Lo

2 (Xpgzag) CHEEX €3 ¥ co—lioflE4s X ¢ HTvH
45, BCD (Z#{L105) D1 D Ewt & 2D Ewt * 1
Bic, 4D Ewtk 68D Eut 1T LD D,

(2) B-D. n: EERCHEAINAHBREE T 2O L4121

KTHB0T, Fhi BCD st 2 M.

(3) CONT. x : §itHmMs

Juvt B OLEWHEE L fa OWEHTOEICHEFOKEE, 2
FwTsy OFFEER, Juot BTN c G ENn D, FT
DREE (TO-5) FEkE o THD, abVwIs(v OFFANEFIL,
AERBDFH D0 chiflidhv & T3 L33HEY LT 2%
WICNTEMAMEC R 5, ThbH an—th—L » 2 YwT 1E + 2

MwT BEEERNENLS DCETARETH LT D 2, 4 28K

SUvk BEROLEERRTS, chbOEIEED Sy RO
B cOBRICIEETH 5,

4.2 7Y bMEoLER L 1IC OB

Juvt B DA

(1) L6mm fszarfty HMTEHHE

(2) <Pk 112x132mm (AL E)HH DL Q)

(3) BEfAR 228 WEE M4ty BX)

(4) z2rYwIiEE0.25mm, 2117 fEFER/H 0.3 mm

(5) Zp~ih— /PR

R4 Licg Suvk EROBHEZRL, R4 21 Fuub IR
FA. x @ Ry 3 X UERERETRY R 3 Juvh FEBTFA » i3,
TO-55—2 OO Cws12mm ¢ Y, B-D.y 35 L CONT.

0.6 mm
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i 10mm ©H %, ey 10 mm FITIFRAEEHEEcH D, 2K
SRy B B LA COEERIC X ) s B
EHCLHREIHEINL, ABEFETFORBITIMTsCc AL D E
FMELCHED DG T 5,

ARCD Sy b FERIC 2205 X 1T\ 2 2R R AR oD TR & (5K
ZLRTFIRT .

RS Flip Flop (MC 302G) 14 1/
Half Adder (MC 303 G) 12 {4
Bias Driver (MC 304 G) 9 &
Gate Expander (MC 305G) 34|

#l FA. M1 : BiBREE 0.37 A, ~5.2V, #MilEH 19W

£k FA M2 : BigEs 0.4 A, —52V, Mg H 21 W

#TF CONT. M : g 0.40 A, —5.2V, #H#RH 21 W

ZEF B-D.)M : BT 016 A, —5.2V, HEES 0.8W
K41 JyorREHHE

Completed printed circuit board.

RS flip-Flop
(MC 302G)
6
Half adder
(MC303G)
6
Bias driver
(MC304G)
3 78
Expander
(MC305G)
2 @
NOR/OR
(MC 306 G)
341
JK Flip-Flop
(MC 308 G)
248
& # 53

4. 25yt RFA. vD Aay
Pattern of printed circuit board FA. .
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3 Input NOR/OR (MC 306 G) 90 i

JK Flip Flop (MC308G) 19 {H
& & 147 f#

z @ 147 f{o> 1C 1% bovzirs 1104 i % &, & 2102 {85
SRS, whAICK X WMNBLER TR s hnibhd,

5. Ry ZR7iRkR

MECL 7 (MC 356 G NOR/OR [a]#) %FIf L % 48 % 5 [l
B 5 U RMEEREY 2 e b 24 sowo L2 BRIET 5, C
DHNE 51 F51A (RGN CRED <R L, 50Q @il 7
D TR T, MEEFRS. 1 KiRT,

2052 L2 OEEE LT, #1 o fLaCPL 2 o ALz CPII
O GBh) Td, sxurCPL e CPII @ Az g TW, & TW,
i, FRENRMErcg LI es e TE D,

e
T
HEE
7T
[_ ——1:Td|.|’-—
el ~fFTws

5.1 20woALR FEHREED Jows ¥
Block diagram of clock pulse generator.

6. MECL Adder o Bh{E4F1E

6. 1 mEERS

SRR EET 2R OEE 2000 BB E wax) 1 2092
Az 8, SR LA & A F-t, 10 ISR B 5 5 RERE
Fxz-v (OR/NOR 5 By, Half Adder 5E), Jvho-p2Yedo0w7,
£ LDAE D 232003 IC L ZIENOHEBMIRIC X » THRESI D,
6. 1 ICERFUA Baic 5\ 2 BT o B R £ n 7,

BEUERROMNER, HI e-F <fTaw 000 777 % 10 [dl);
BL7zob 10 EE2Tan, S 20000y £50E 55T
Lo 20w2SL2 BIER/DIERFIC toh LTEE, #IEL
B % R~ KD T o TREWET 2 OER 2 KD 5,

6. 2 TEREEMBESIERSR

HEEE (Vep) % — 4V b — 6V 082 2 BEDRETE
2092 BB (fuex) BPLURHZ (CPL) @ 20w/ O/
Veigogfucst 2 lEiER 2R 6. 2 KRT, Ves=-52V, Ta
=25°C (BEHERAE) 1B B fmux B# 45 Mcfs TH 5 7,

bEpsEe R, CEEREEOZMEIC LAt 5 T 20wz (CP
CP 1) DIRME » s MECL ofFiF & mEtcsibs 523, CPI
D ALAE (FIYEC BT 3) REE-—-EICRELTr 5,

6. 3 RBEERENEEEERR

R % —20°C b +70°C R T ¢ BED K &
EVER B (fmax), BXUH 2 D 20wo LR KT 3 R/ EWEE
DELEIE L 2B PE 6. 3 IGRT, 7 LAPHIE L E5E 235
DEONECHIE LB b, FEED 7-2 B 72kE (1
1. 1) Cc#EBL %,

50°C %38 & 5 & BWERWEDS BT D X Lo, {9 70°C cHfER
Beas, Gyut EREOBREZHERE L Vi 15°CEH AT
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1) tuelns)

B uslat Vo, 5.2V, Ta

X 6.1 WERFC 31T 3 48TED
IRFTAIBER

Signal timing chart at maximum operating

frequency.

0.1V/Div, 0.1uS/Div

6. 4 afzuifuz LK BT
Waveforms of timing pulse.

5 ORI X ity +50°C ik +65°C i, +70°C i3 +85°C
YT 5, 6. 6B

HHRT (MECL) DR FERULFEFAD haodF-z ik ~55°C~
+H125°C ¢ b, WEHRICH U T LEogBR b 2 235 5, 4
23 5 PT#E sowo i (CPID) JE S +50°C bk EL AD T
Enn, CPIL BT 2 U arE OEFOBREHER T 29,
SERDIVEREEZ T T2 D LEL N5, KEDOBHVEEIEE
M TR T B 7 A& A LR A RECE T e,

6. 4 FHE DKM I LURFORA » F 2 FEHE
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Automatic Calorimetry of Heavy Oil by Neutron Measurement

Central Research Laboratory

Kyoichi MIYASHITA - MamoruTAKADA - Minoru ODA - Kenji YAMAMOTO

The thermal value of heavy oil can be automatically analyzed by making use of neutrons.

was measured by direct combustion of heavy oil through the adiabatic bomb method.

In the old practice the thermal value

But in the new method the measurement is

possible with no contact with the heavy oil ; the result is available quickly ; continuous automatic measurement is feasible, and there is

no personal difference.

The device was attached to a receiving pipe line of a thermal power plant and the measurement was carried

on through one year. For heavy oil brought by 66 tankers, the results of measurement have been compared with those obtained by the

conventional method to find statistical deviation of only 15.6 kcal/kg.

poses.

L % &2 #» &

FRC I~ Falik ik & Uil 3 2 K3 EETE, mlis
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This proves that the new method is good enough for the pur-
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Experimental apparatus for “scoop” method.
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Block diagram for “scoop” method experiment.
mr
601
591
581

57+

g% X 10% (cpm/tLE) /min

561

{ek

£

L ) ) 1

101 102 103 104 165
B & X10° (keal/kg)

43 KD HH0HZE KR

Results of “scoop” method experiment.
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Block diagram for automatic measurement.

& 5.1 i BF; #3145
Specification of BF; tube.

w® # | ND-8534-60
¢ LB KA B m) 25
" i K B & (mm) 348
& H O E X (mm) 235
= Ed z # UG-59 B/U (HIN %)) 045
& it () 160
- O - )] Faizva (JIS A1T3-0)
53 i Ry ATy
N #l # i TAIFLT Ly 7B LRI ZAFu—n
# £ T A A = BF; (96 % $&8)
7 2 E (mmHg) 600
ok OH W oW OE (V) 3,200
i} B o OmE (V) 2,200
i %) 300 LI
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5.2 ¥ o i
Structure of detector and its neighbourhood.

hilAE O SEER

5.3 HRHEEENER

Interior of detector house.

X 5.4

Instrument for automatic
measurement.

Mgk T5,)

FHEERAMROME LS. 2, 5. 3R, 0B A5k Co
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B om o oE o R

Results of automatic measurement.

it jid It i 2y 5 iR btk A i f T £ M R w35 4 (ke
REE S i i
(C/100 sec) (1§/4°C) [§(®)] (pbi4°C) (C/100 sec) (kecal/kg) (Wt 2%) (€]
1 LZA! 119,503 0.945 30.9 0.9292 128,609 10,430 2.61 0.0
2 21 119,780 0,944 32.8 0.9330 128,381 10,410 2.34 0.1
3 24 119,717 0.937 38.5 0.9220 129,845 10,450 2.49 0.0
4 30 119,006 0.953 46.1 0.9335 127,484 10,380 2.73 0.0
5 10/15 120,539 0.949 23.0 0.9440 127,690 10,390 2,26 0.1
6 18 120,542 0.936 36.0 0.9225 130.668 10,460 2.39 0.1
7 19 119,503 0.936 36.5 0.9225 129,545 10,440 2.43 0.0
8 20 119,224 0.946 47.2 0.9260 123,751 10,430 2.62 0.0
9 25 119,108 0.938 52.7 0.9145 130,244 10,470 2.38 0.0
10 25 119,380 0.938 39.8 0.9222 129,939 10,470 2.35 0.0
18! 26 119,539 0.938 45.7 0.9188 130,103 10,470 2.32 0.0
12 27 120,097 0.942 30.3 0.9322 128,832 10,440 2.47 0.0
13 29 119,315 0.952 42,1 0.9350 127,610 10,3%0 2.78 0.0
14 29 118,998 0.927 40.7 0.9110 130,623 10,450 2.90 0.0
15 112 119,941 0.951 40.7 0.9350 128,279 10,390 2.72 0.0
16 13 120,211 0.946 27.0 0.9385 128,083 10,350 2.30 0.0
17 16 120,332 0.948 23.7 0.9425 127,673 10,420 232 0.0
18 22 120,133 0.950 28.0 0.9420 127,530 10,380 2.71 0.0
19 24 120,145 0,952 30.5 0.9420 127,542 10,370 2.80 0.0
20 25 119,992 0.945 341 0.9330 123.610 10,430 2.46 0.0
21 25 119,521 0.943 35.3 0.9300 128,517 10,420 2.34 0.0
22 26 119,780 0.949 37.8 0.9345 128,175 10,410 2.60 0.0
23 1211 119,364 0.950 41.1 0.9330 127,853 10,400 2.43 0.0
24 14 120,726 0.949 30.8 0.93% 128,569 10,430 2.35 0.0
25 25 119,892 0.950 34.3 0.9378 127,844 10,430 2.62 0.0
26 27 119,526 0.950 38.9 0.9350 127,835 10,400 2.62 0.0
27 118 120,182 0.922 20.2 0.9287 129,400 10,430 2.78 0.0
28 19 119,988 0.922 25.1 0.9256 129,623 10,440 2.76 0.0
29 21 120,202 0.943 29.9 0.9335 128,765 10,400 2.25 0.0
30 24 120,110 0.953 33.4 0.9413 127,610 10,390 2.21 0.0
31 24 120,965 0.943 17.0 0.9417 128,454 10,420 2,26 0.0
32 27 119,247 3.949 30.5 0.9220 127,824 10,3%0 2.32 0.0
33 2/22 120,149 0.947 28.1 0.9388 127,081 10,420 2.47 0.0
34 23 119,628 0.942 48.8 0.9207 129,932 10,460 2.67 0.0
35 25 120,011 0.951 23.7 0.9455 126,929 10,380 2.86 0.0
36 25 120,248 0.951 27.9 0.9428 127,543 10,400 2.72 0.0
a7 2 119,164 0.949 45.1 0.9301 128,120 10,400 2,30 0.0
38 28 119,630 0.953 33.2 0.9415 127,063 10,420 2.79 0.0
39 3024 119,984 0.953 37.3 0.9389 127,792 10,410 2.64 0.0
40 25 119,758 0.941 21.8 0.9367 127,851 10,400 2.71 0.0
41 26 119,329 0.956 23.4 0.9506 126,152 10,360 2.60 0.0
42 28 120,029 0.946 25.3 0.9395 127,758 10,400 2.24 0.0
43 30 119,902 0.944 43.2 0.9263 129,442 10,440 2.50 0.0
44 420 120,427 0.943 25.3 0.9365 128,593 10,440 2.24 0.0
45 27 120,340 0.943 23.7 0.9343 128,802 10,430 2.25 0.0
46 28 119,800 0.955 311 0.9448 126,799 10,350 2.65 0.0
47 521 120,423 0.944 27.8 0.9360 128,657 10,430 2.22 0.0
48 21 120,134 0.945 34.9 0.9325 128,830 10,430 2.40 0.0
49 25 120,132 0.946 27.8 0.9380 128,072 10,430 2.23 0.0
50 26 120,151 0.944 28.5 0.9354 128,449 10,420 2,30 0.0
51 27 120,172 0.941 24.0 0.9353 128,485 10,430 2,32 0.0
52 30 120,297 0.949 32.6 09376 128,276 10,400 2,22 0.0
53 613 120,216 0.944 26.0 0.9370 128,289 10,400 2.26 0.0
54 14 119,358 0.953 40.9 0.9365 127,451 10,400 2.66 0.0
55 16 120,087 0.942 34,6 0.9296 129,181 10,430 2.35 0.0
56 18 120,280 0.944 27.4 0.9362 128,477 10,420 2.26 0.0
57 20 120,574 0.944 35.1 0.9313 129.468 10,400 2.66 0.0
58 23 119,831 0.946 47.8 0.9254 129,491 10,410 2.43 0.0
59 24 119,881 0.945 40.9 0.9287 129,084 10,410 2.68 0.0
60 27 120,087 0.953 38.1 0.9384 127,970 10,370 2.66 0.0
61 713 120,488 0.954 29.4 0.9448 127,528 10,370 2.12 0.0
62 14 120,658 0.945 28.4 0.9364 128,853 10,430 2.38 0.0
63 16 120,266 0.946 40.0 0.9292 129,430 10,420 2.05 0.0
64 18 120,737 0.943 34.3 0.9308 129,713 10,460 2.54 0.0
65 19 120,222 0.944 30.2 0.9344 128,662 10,460 2.40 0.0
66 20 121,103 0.945 30.1 0.9355 129,453 10,430 2.41 0.0

1330




d
o

5 7 M)@(ﬂ ﬁm &l“ u[ IH.HLs ﬁ?@@jﬁéﬁ’&fc L s fd b
C@HUC%ﬁﬁkg&ﬁﬂ@d%hﬁ%ﬁﬁ&é&E%EL&m

T ERTED bz, BEREER
il 7 cHEEA~E NG, X
BRI h, BsEE B,

TD L5 %FRRT4C toveag e b - T/ IC BEIK L
7z(J 5. &), COEBTIIBHEEEMZAN 510 KB Lt/
W, WER 2uh— o DOEMP D LTh 5. 1,000t & b vd 4
vh- 1 B OEMICEE M2 845, £ DR 100 See. & & DFFEL
BEEWICERENS X 5CA 5T b, BEHIZ 2o foF 2
ALZT2THE L, RRA Suolk SRR bR A0 C X
' PS

5.3 HYORERE

IRASNCAS I B FARHE O BTUSRIE %, 43HERDE 20 keal/kg 1)
HIRFED IS LT NG, MR 0.2 %5, T30
R 05 N B E D 2 BEAED b, T EDMOTRD |
UoF RPHRBEED, T TR XD LERD S,

TR OB RS % 05 WLINIC B & » 21, BB X
Dﬂﬁ%ﬁmiéwmi<,lmnmb&&®ﬁﬁ#1hdiw
Db OB & BIHARECE <13, 100 Sec. 2472 h §91.2x 10
oot B oNLEhb, THTTTHL, Lhsb 100 Sec. D

TR L N TEL p b, LI EBNE, BEBEE D 5 &R
BT EDHHETH D,

HEEEO Fyob e Lcil, BEFHEGER Ebwch Chk B
HERCH 5%, Iob— EH0.01 %/V LI,  &w 5l biflc &
545, WEROMIBER S, EBHEEHOL T LT, 9%
WML Do Crde B L, HEThhoT ETHERE, Ch
Bl —RORMFeoc ttdh, fEREPRERMENcD

BT EBAMEINZ, COHELDWCTIEIIE~S,

R X DR RS 5 ik, EWARNS2EcH B,
R B R Ak & L 2 WHERN I, B 2 AT, & & AT
mﬁ%ﬂwu,ﬁW®10}®1<bm®£mﬁbﬁgc&#%a
HGOLE, COLDBIH T ERCERTH 0T, DO
PR OIHES & LTS 212 2wz, T E a9 3 SR

TH I,

5.4 REMFRK

T OO Tl KO & A - 220, BF; s ol G
BCdH57c. BIFR Az BEO % b 08HEE ), Wil b 60°
CihE¥Ccofillc, BEMMOFHEENE s, Lfcﬁiof
AW CH BB ICRERR L v 5 b REE L DR AV, Lid
SRR, WEIEEBRLY L, Th DL, T EDORIALERD & X
B LN D o ERREESBE DI, b L-RiToE chn
mz%ﬁf@éct#ﬂ%btoﬁMi%£mLkW® R

o & p S ENEFHEOIMKRCFEE RS 5 ¢ Ldbio
Teo 2PIOYEERCIL, BIEECRENBA R T ctcohrl
JCwn/ed, TORERCR, FEEOTHHICMET Ly ~n#i3
Fodoee, MEHEOELEAL ok, ARPBEATHE, CDHE
ZEHLICHRRL, IRERBDRAFHEERTER LT3,

5.5 =ERR

FERERS. 210 % L/, sun- 1 ARl 1 fUiCiH T 5.
= E k7 X 51, 1ENS I 100 @R o 100 Sec. JI5E, T74b
B, $9101 Sec. DEEA LA ST b, ROFRICL Y coEER

%Cﬁﬁhk%ﬁ@m%%ﬁf,
Y@ TRl AT,

PP X S TEANFE AR O EEDBIE - BF S - /DI s AR

VVVVVVVV

%N (C/100s)

126,000

Qlkeal/ky)
B 5 5 & B @l 2 o &%

Results of automatic measurement.

P VAL, FRPOFHERE CHOFECcH B, Lich 5T,

CNOBHEZE L, HOFBME L VE L b D XY EDhICh
L, BIKENDIDTH01%ET LAV,

HENICHEED B & MBI 2 3k X 5 &I, JERICEIRY
Bdn B CEREGHCHR L T T & 5. c DR 66 o 3l w
T 14D Ds o Teo MBSO 2B CEINDZAILS & Fk D,
FEMOERAE CREi XN Aa D Lickw b H o, WRHHIC R
ZWMOUD Y, BEEEHOKS Y, KhHo%d D C, BrbTL
CEEEL 720 LW Fuorsar 2 T Kk o7 B,
ASARI B OB I F 5 2 TR b Rd o Foo 1 SER]OE
JT’JT&, WA L CRIBE D Aua Basoff % i~7 25, BRIk &
HEAEEED b kb5 oo ThpbEE T I, AR
@iif¢&<kvﬁ$M@&W£ﬂLTMﬂﬁﬁw%®k@bﬂ

%

EC, HOFREBRRUEC Lo »RS. 5ThHd, AR L
R FE G Y, T 10,350 keal/kg 7 & 10,470 kcal/kg i1
Ko TED, MEEE LA L 5%, (RFEE & F
DERTHR S T & /}&#okojogl<sﬁ$#%&6m
D 7o — RO IO X Sk 5 ko
Q (kealfkg) =0.02149 N-+7656

N gfasatgiee, 100Sec. &7 ) OHEETFEE A X 0 & & OEE
D—FeCHl 52 dDTH B, WEREEEADC L > CIEL,
T BsEIRG ORI ) D T ICHREE U 7e, HABHIR S 78.8 26, B
Bl £ b v ofEilsEE R 15.6 kealfkg & & o 7. HHENARHTE
m15ZA25#,chu@wcm«kiﬁm,mELtEM®%

BOHDRIEFRCEE D TH 5T, CORFEDEFEMESE L
ST ETHEV, COBEACHRKT 5, SRERzEOME EDHYD
THITEZESTEDD 5, Thbh, CORE, Ko Bic X a5
Bt & D3EH 81 keal/kg it 5 i 955 90, 47 kealfkg ittt v 3
TR 99.7 96 & % b, B JIS oA 250 keal/lkg (B 5. 5 4
) R AR IR bILTH Ry, fu D HEIC & 5 JlEE
BEic +20kcallkg BEOFESH BT 2L D L, COHER
REFRT~ETHS 5,

5.6 WHHEOWERILE

X B~ X 51C, PEEFEICE Ra—Be 10 mCi %M 7.
T DD b BHP T O A, foe MBS EhTwd, BE

1331



X 5.6 f KW o oy Bk

Radiation protection in the neighbourhood of detector.
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Results of experiment for heavy oil of A, B and C grades.
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Results of experiment for heavy oil of A, B and C grades.
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2 MS-C I 62,849 0.953 72,207 10,380 2.60

3 C i i 63,231 0.949 73,413 10,430 2,75
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7 AT 64,712 0.823 107,746 10,920 0.46
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Plastic Q-Switches for Ruby Lasers

Shojir6 NAKAHARA - Katsuyoshi [t6
Hideaki KUSAKAWA

A Q-switch for ruby lasers has been developed with success.
instead of conventional liguid solvent.

phthalocyanine molecules.

It is a bleachable dye Q-switch using solid state dispersion media
This device, named “Plastic Q-switch”, is an acrylic acid resin plate containing vanadyl

Substitution of the dispersion media has eliminated the defects of the conventional bleachable dye Q-switch

such that the dye or solvent is dissociated by ultraviolet radiation and that the liquid state of the conventional one causes incovenience

in handling, still holding the merits of the conventional one of permitting repeated operation without driving and synchronizing. The

device has been operated to generate several hundred giant pulses of a few megawatt peak power without shifting the device, through

the combined use of a closely coupled lamp reflector having a diffused reflecting surface.
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Schematic diagram of a laser using the bleachable
dye Q-Switch.
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Energy levels of the bleachable dye.
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Time dependence of the inverted population, photon density

and dye absorption.
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Ruby giant pulse laser using the plastic Q-switch.
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Output characteristics of the film plastic laser Q-switch.
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Optical breakdown by focussed laser beam generated by

plastic Q-switch.
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Output characteristics of the plastic laser
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Q-switch prepared by polishing.
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Output characteristics of plastic laser Q-switch
prepared by casting.
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