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Mitsubishi Type CS Thyristor Motor

Nlustrated is a full view of a Mitsubishi type CS thyristor motor delivered to the Shin-Nippon Seitetsu K. K. (New
Japanese Iron & Steel Manufacturing Co.).  This is a cyclo-converter type AC commutator-less motor with excelent
performance tantamount to a DC motor No. 800 operating a rolling mill and a crane, being freed from the trouble in
the maintenance and inspection of the commutator. It has been designed and built to have epochal performance such
as a low moment of inertia and yet withstanding 250 9% overload so as to meet a severe duty cycle.

This type of machine is expected to have a wide field of application meeting the requirements of labor saving in
the industries of steel, textile, paper, oil, chemical, cement, waterworks and shipbuilding. The text in this issue describes
in details the principle and construction of the apparatus.




BRI,

F7APZ7FP

UDC 621.313.2.077.3:621.313.323:
621.313.333:621.316.718.5.076.7

LHEBEIE D BT E
HEEE - WTEZ
= EBR R Vol 456. No. 5- P66 1~ 563
TR RS R ORI L B 2, SR AR s, KRR O TR
TR L RBERICEH 5. I idEE LU Bikaosgdizc L v,
CERRCTRSEEE AT CE A L5 128, —HERoER o6 1 S
5, FERIERUEBTERLES LT 20, R TR
EN TV, ENCHESND LI i k-t EF b5,
o TR IR O T & 1B TS, TSI o) SRR U e

LT3

{2 2nT

UDC 621.313.333.1:621.314.63:621.382

BRI ELEY Z(EESSHY A1) RZE—2)
S - P IER - A #

=T Vol -45. No.b- P578—~ 586

BUEE IR O KIS 4 7 8 0 Y s— y BER L, THT D)
FECFROFMELHBL I 253 2 LT, LD LT izb k- TH
B I £ 55 2 X 2T 23S STV ARSI T OEMLI KD L 2.
L2z > il

AT KL, IS 2% 5 FEERB A 240,

O, LA ERNDENEENT YA s e 2 p oS-y OFR L ECh
DERANTH S,
AF T 1L, P9 TS50k W 12y NSS4 Y AFE—2 EEHE

A L, HFEE 215 R T, O SIS SHA YRS T 7 OBEEH
W3 5.

UDC 621.316.718 (621.313.2)

P R2LFF—-F (L1 vR—)
RIS - AZILET - W B iR
=FBHFTR Vol 45. No. - P564~ 568

HIREIR OB TEENM 24T 259 4Y Ay A+ — FHRIE X OB
IEVIEHERM AL 1, OIS FHETH B LR ELE LTSI A
EHLOAMRIICHTES, ZOLICHENLHA Y AS VA F-FE
T 2 — P RIK S P s TR TR LI lcLbop gy
o —NTHsb,

O

UDC 621.316.718(621.313.3):621.314.5

HA Y RAA ri—R 2 & BITHBENME O EE S
PRFF=E S - AT Al - B E

=HETHFEER Vol -45. No.5- P587~-592

SRR T 2 Bk, vk A
Wiz d D, ZWTEBMHHEOFERIIMLCECTH S,

et Ch, AEITEYE (RS o MR 2 LB B B oS (U
ENBITR, BSFORTOHMLE, F4 Y254 v L BB
P P LT B, SoMuRN, 4k, S0H, TRERoSEL S
WTLHER LD EEZ LIS, TTIBEEAL, WREILT 2T A YR
F A4 vri—y Bubic, ToMELHRE T2

O

L, o s ebd

UDC 621.316.718.5:621.382
—RTERY M) R E LA F—FEE
oA BL - BEIINHME - IRIBEAT
=% TR Vol 45, Nob- P569~571
Tk, L CEEFEI ML Tw3, PRERY A Y A vAd T PR

227C, ¥7% —M\M ban, ik, oM, F
IR BEGEORETE DV,

WEROERIZ S

VTR B LIk,

O

’

ZOWMELHYT 5,

UDC 621.313.333.2:621.314.63:621.382

HAsRaL I —4I2 L B p I HEHLEERE OFEHFIEHER
ZECIEYAsaar"—4 - SVEF A sRa/—4)

FrRIERS - ZEmie - $EHETE

=T R Vol 45, No.5- P593~599

Fitus B IRIE S 5 8 PO S o ke, MR VEIIIIGES
Pz —% i e L OIS CRUHS A CE 2wy, WL T A AhRICH
LT, fioBikic—bhw s 55274 L LA S Iar ol
TR o 553 X AIRIEEAT 0 A 2 e 12 & 0 L 2 AT REFE VT S S W O
YL, Av =g BLUYA suavs—g s, TCIRgEAbOR
BEIZAD, ZHUH LR X h IR I O ML &2 & 2 I A
PR EBR B ICEs 2, AR TIHHA 7aar -y 2L TS

A I TR o> i ] HHRIC DV Tik~<D,

ol

UDC 621.313.323.621.314.63:621.382
FhEERFEPE(ZECSHY MY 2 2E—4)
INTFHE=ZER « k2

EH TR Vol-45. No.5- P572~577

fLeRTiz:

SlzoizhH A LD

BN X LTr, ot aisrEikans,
RIS ST W 2285, BSFOM TR, BT
ThEH. LI TR, EEEOL OB OESE S ZHED -, DALY
BT - 7T v DR VULHEI E LT, ¥4 2702 v5—y LM
k5, COBYANAYE—y (RRMER TR 2REPcHo 22, 1k
EFRIEOERL b->C, HUEMATEILE > 2N TI IR ZONFEHEN

5. O

UDC 621.316.722(621.313 3]
=ABEEHRO—REEFIH
FEIEG S - MREPEE - N A L - JEOHED
=ETHERER Vol 45. No.b- P600~ 605

S, A R G LA o sER &
BHFEO T — Fvd = FHRICIRE T S ETE
7Y, X BICEEMBOEL S v BERARO R EINL D &, il
RIS TR E N By — AR L CRINT 5 . AR,
oS HRBEFWL, HHO—RKEEHEIE D T SkWEITT o/ MRS
SEER, 1KW L b RE R 048I bz o il st - BifEE
W, %A LoEEE, B (27 ol RANHE MALowE

PR AN O

Z o fifiEie

EHEILILE

TOTTART s bA- R, R F (A7 %7212127mm) ~HIN T

DLCZHM 2T 53 A X2%>TBNET



=T,

PI7APZ7F

UDC 621.313.333.2-5685.3
ASE—Z

R # - ERk
=HBHEIRER Vol 45. No.5- PB06~612

ASE—2 ¥ 3o IHSHBEEEE SRERST (ASHy 7Y ¥ 7) &
P A b EHTIE O SHPER 4 T, Adjustable Speed Motor M E&FR
Th Db . g, HEAEOWH -5 v T ZSHTEEEE & U ik o BBl g T
PERTEINE, FA YV AFE—FHE, FERL L% bR TE ZRIRIESH
HREOPEIBTDLOTH Y, RiTLALHMErR 2 IREEZH
BRT, BHEFTOEREHMKO—gE L >Twb, UTEZoE—sAKks
R oW CHE A BT 5.

O

UDC 621.838.3

WEEBWM S T v F

WO - B

=% THF Vol 45, No.b- P631~634

WHER Ty 713, HEEOrABEVItE> TNy REETE75 v S
ThD. THREROBBR ER LT, NBETKREL AL EETE, F
RZERE b L7 X EAEIC L ABEHRBARAE LTV E VI RFRY H B

LALciz, AEE TR CoMES LR S R THNTE S
HebBoelNY ABEBER? 7 v F 2L L.

&xfm,%wmm~MWtﬁﬁ&w7-mWﬁ:
RN R

ZEICH

SRR SR & AR,
LT OEEHRIEIZ oW TR~z

O

UDC 621.838.3

MRIERBHS 5 v F

- HHEA— - B K
=HWiBHEVol- 45 No.5- P613~618

BASWBER 7 7 v 713, BLCTEERMC WA AT 22807 ~
ROMWRIZONT, 77 v F T 2EREITETETILL->TETWS
F 27 7w FER O 2HOBIE LHEE L. IS B UAE G
Moy iz, NKAREK? 7 v+ #BRELL. Zomiiz(l)=z > 27 HL,
(QREAE LI L1t 2 B L o, (SUEHA~O#HLIAA OB, @HEREO I 1
2 AEBMROREL, *EEHELTH. AL TR, 75 v otk B
ERE LV, DHERRBE R L Y otiie, 3 6 I0E, WA oINS Y
2D THR~N, L FEEE <:>uﬁ¢%%%n&Lt.

UDC 62-523

WIRAIR HFEER

AT - R IE - A RIER

=ZHEHF®Vol-45. No.b- P635~ 639

SRR, S y—u—3 K

IEWLLE

WEeler LR

PR T o5y F, Tr—x Bzl
L LERE, @A~ FeongiRkarl 22wl
oM oE TERoRiEzE L S (L
HE T QMR E N T, ZOBERIC 222 Ty v 7Y v T
BHMOA L7z, o— K b oy e oo R 08 o A e T % B

1)
KT — 7 FEIAL,

ROLDTH- 12,

- T &40,

DEHLCTATT
BT, UTEIoEEoUEER, iR,
AR 2, HEBLUENHROSECHELZ.

O

UDC 621.838.3:62-59

HRERHIS v F T L—FEEFDCHRMA
Rk - RIPEIE - REMNE - 9h L 2 MRS
=HBTHFIR Vol 45, No.b- P619~625

WREH 7 v F - 7 r—x 13, B e Tr ofHnic il cE s 0
T, HHEPEEBH L LTEHHIHEEN TS,
WHTIE, ToORURERRETTLF 2 P LR
INbid, NEAWEABMER, 7 v+, NEYBERBEGLE7 v —X,
L B ISR THS7 v — % 2 L i 2 o MRr o 20, LY 2
EEIRABE LR,

iy —-ZfpL,

FiIzowTH~, 25120 B
TR BHEE U 72 7 o HEUE 34T

FIC TR, TS OHiE, Wik, MeRE%
HE7 v—% 122w Ti3, Ly bEL
lZoW» T,

UDC 621.313.3

TL—FE— ML

ZE O

=TI Vol -45. No.b- P643~ 647

EPEM oM, BEHbx & o S EOE oM, £ 12 T, W
BALOBIAI » 5 45, SR bEMl, Sie{brattsizon T, Bosil,
st 7 & il fEE
{3t

AT B DREL T B, KT
T DV THRBZLNTH D .

O

s v, L L0 AN, S A X — o, o
DT L —% T FLDOBRILZWIIE A >TETWS.
L% & b ookl FRE, RRE, R

UDC 621.838:62-59
EXFVRITyF-TL—F
WEHE - L B MRS - RmESEgE
=B Vol- 45, No.b- P626~630

B 7 v F OGRS IR EL A>T, EROER TH BHEHEN
Ty F TIRME, BIAMEL Y T LTLMETE A WS riTEL. I
ERETH D, MEMNC L EEETIEAT )R 7 v F 2HFEL
2. Tor Ty FRIEREREO RS, EMABEIITRZ BT 0, Faa
AR AN TH D EVIHEROBEN 7 7 v F EHLENZ LN TH L. 5k
DR 7 v FOIEEREADE-I LI NEWURTHD.

O

UDC 681.323:621.9-52
MELDAS-5230L ﬁﬁzﬁﬁﬁﬁ B FBHIEEE Gl I E
BMZEK - B - HE - SIHITEIE - B
E%%ﬁﬁiﬁvaa No. 5 P648~652

MELDAS 52301 {3 i 8 750181 MELDAS 5200 & Y — X ok £ WA
ELTHIRENLLOTH D, 2, S LUMRMHER : L, ANEE
BOEXE5 370y, ZE103 70 Ta 5. Hlssc @ uElimai i Lo
DB TILLALVY AR MR EOESRZIIRY L
MBI 2 n) /A X ENTLESEEZHF L EL T3,

7y s YEBREOMRCHLTRELT s v ST oy 2 FREED
S, MMM 1 7oy o W, AR TBMEEIE, hty,
I ORIEE AT (:) 5.

& e

BSEH 4

T

w72 kS5 7 hh— Kt

HHL A — T A7 F P IH19Tmm) AN N ]

T IHBG LT ARA Xz~ TENFET.



T=FTRE®, TTAIF b

UDC 629.783-524.001.2

ALIBEO BRI BFHROREE
SEHAE— - THIA K - BHEAET - MEEE
=T R Vol 45. No. b P653~ 659

ATHOE OBORERS 2 W i b 55 L, BEREZHMM o2 233
vy a YEREEATAHEAO—DTHE. 2T, PRIEOWMNZIRITT
SHEMERICA LN, &7, PReER AL ONEE & 7 2 TTR BN R
DCADBLUTUT I 0¥ AFAIDWTH~D, L LTRSS, —
FERTEE T, %72, BT A0X B U RE S & o R R
WAL 7. %7077 Lou, FHEs X cammmi -2, 4l
EHITT, MAEMREFELTH S,

O

UDC 621.384.63:616-073

EERML-16MIIES 1 + v 7 DERKRE

PR SRR - b 55 T - IR AT — - SR
=ZHBTHEF Vol - 45. No.5- P60~ 672

B ALY —HUHBmER L LT, k7 rvasat, =5 tarsk
CEF 74y 70U R LT 05D, BTI4+ v 2 Banx—o4L LT

BMIGHIC L > o= Ftuvd e o N TaL. 2oy, MRbEnnE
WAML-15MINES 4 v 213, WTHT A0 ¥ —%15MeV & KiilcE < L,
XBERIEL B A AN Z &, TTHEGHEL TREI L, BERUHS 4 F v 2 ol
WHERECIRFL 2 e TEL. MHDTAF v 7 DEEKEE L Tid~r
AL AN TS, TOBETHEERTERN 7542 oy PV -~

02WEEM L z®, = ANF—-DEHIP I VES L, 12
AR IER ISR ST EMEFRE L THITLENG.

‘_,_“_..._........_._-_._M._a..‘._4._-._“.“.‘....‘.__4_..,..._...___._.‘-.._._.—_._....._..._.___...__._.._.__._._..‘_.._‘__..__....___._.._-M_.___...,...._.._..._______...___,___._....._.__...__. ot e e o s o st i i e s o e i o et ot v s s o o o ot o

TOTTANS I b A=K, ERA—F (A7 F203127Tmn) AN ) LCIHMAWEZT 204 Xiokh-THED 3.



b UDC 621. 313. 2. 077. 3 : 621. 313. 323. : 621. 313. 333 : 621. 316. 718. 5. 076. 7

Nagasaki Works

AZRBEEOEE S
% B ot T B

How to Select Variable Speed Motors
Yuko SHINRYO « Ryuzaburo YAMASHITA

Variable speed motors have increased in kind recently and found their extensive application in all sorts of industry. This trend

is considered chiefly due to the latest development of semiconductors which have made it relatively easy to work out speed changing

devices. On the other hand, with the improvement of performance of machines, constant speed operation under unavoidal circumst-

ances of presentday techniques or that relying on mechanical speed changers has come to use positively variable speed practice.

In this article are described background where variable speed motors are preferable and the classification and the slection of those

motors referred to.
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Thyristor Leonard (DIAROL)

Yoshihiko WADA - Masashi SUGIYAMA « Takeshi TAHARA - Toshio NAKAZAWA

Thyristor Leonard system is very effecting, because of its design principle, to control a DC voltage of armature in the operation of

a DC motor so as to have a wide range of speed control with constant torque characteristics.

all kinds of work.

In consequence, it is applicable to almost

Mitsubishi DIAROL is a device to have aimed at light handling of the thyristor Leonard in operating magnetic switches and motors.

It has been developed based on conventional TH type Leonard to meet the requirements of small and medium capacity speed changers

for DC use ; its series covers a type ranging from 0.2kW to 7.5 kW through a single phase full wave control system.

Bt

Mto-n i, W NEROEG R AZEEE & Loitsko THIE
FAN28LAT—F & N-2 & LTHFE LA b DOTH B, d1Po-1Lo)—-2
F02kW~75kW FCHBHHEREE LT2BH 4, TNTHIHAN
TG EBEALCR 5, 3 5 2 A BHIZFRICEHHCE 3 HH
200V HHEREETH B, Fk AJvsy & LTRHGEEE - 2uus028

PREOTE B S MEORIER L, S1F2o0T0—+ G - 400
V=200V EEEM rsuz 2 E2HELTEY, THERRES 2 XY

T3 dqPo-u QRIES -
Exterior view of Mitsubishi DIAROL.

1.1 HHF - = P

TAHERE - DunT - IR - BEEHPEE R SRR &R S 5,0

2. ¥4 vno- L\BEFEI

s Po- FABER BRI IEC <R E A L, BHEEHE 41y
2ALAT-F B LTHICHREI SN2z 0T, DF¥ORELZ S -
Twb,

(1) BHiBERIFC, ERERL OBEMICH LT b it
LT,

(2) RFBREGAMELEMA LT3,

(3) FHEBZEAL, MERHEOR LEkhoTEY, 20
7o ¥ B R FR SRR AS IR o
(4) /NBT GD2 23/ & IEEFFER L v,
d1to- EFEIE T, F2. Liowd X 5 nilid e e
W DA ADERAELTA S, 2D 55 1,750 rpm D5ERK
[AE R % i e LTHE L TW 3, DI X DHEERRT S
& i : SDN-B (H#ibingme)
BiMaH Sy« 0.2, 0.4, 0.75, 1.5, 2.2, 3.7, 5.5, 7.5 kW .8 {&Fh
IR TE A EER RS 1,750 rpm o b OCTHE
80~1,750 rpm
13 FCERS Lo WCTEEEER

O

= 1.1 IR Standard specification of DIAROL.
12 EN DL-200 |  DL-400 DL-750 | DL~1500 DL-2200 DL-3700 | DL-5500 DL-~7500
5 id tH B kW 0.2 0.4 0.75 1.5 2.2 37 | 5.5 7.5
VR b A 7 kgeem 1.1 22.3 41.8 83.6 123 206 i 306 418
2 e %ﬁ H‘v;‘ﬁf} i # rpm 80~1,750 (1 : 20)
M & & M rpm 550~1,750 (1 : 3)

o oz oW ® X SERHED 3 KU
[ i WM W 200V 50/60Hz 220V 40Hz £10Y%
% # A 1 il rms A 3.6 5.6 9.5 | 17 | 24 | 39 | 57 78
i IH ES i WRmE —5°~5°C  {@¥ 35~85%
5 i % X W % ®
i # % EN F4 Y22 LFF— FHRICK S B EHE
i #L i) B SEHTEE ~200%) Wil & el J¥%

b BN S D N ®&
wo | W i FWEMH | 150VIS5A 150 Vi35 A 150 Vi6.2 A 150 V/12 A 150 V/18 A 150 V/30 A 150 V/44 A 150 V/58 A

) b B OEIEMER 140V/0.26 A | 140V/022 A | 140V/0.49 A | 140V/0.45A | 140V/0O.58 A | 140V/0.92 A 140 V/1.T A 140 V/1.24 A

D kg - m? 0.011 0.016 0.07 0.11 0.16 0.23 0.43 0.55
8| E % ke 16.4 19 60 74 115 125 170 185

bas 15 <f [E5 Sl AE [@2.4, H2.5

{12 it DL ®
# W T R ReRIM o RN 150 V3.5 A 150 V/6.5 A 150 V/20 A 150V/33 A 150 V/49 A 150 V/67 A
o] OFB R R OKH B REAEN 140 V/0.35 A 140 V/0.5 A 140 V/0.6 A 140 V/1.4 A 40V/1.4 A 140V/14 A
# o o® W o®@\ 5 % DC 0.2~5V (ANEH 10kQ)

& i kg 8.5 | 9.5 | 30 | 33

W) EET, AR, UHREAETScd b, GD? Whk 1,750 \EH €~ b L OB TS 5o
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Ratings and framesize of standard series.

HegugEks - JEM-1170
X2 2 »L0R 2 3 d1ro-n HERBEIMEORE* T~ T .
LR IER)E 1,750 tpm ¢ 1.5 kW LIFOBEBEDERZ, h-ryws
G N .
\ | Voo VA, / Y
- Lo \ ,N, ) Sy
- N\ L i 7 e .
2 + N 3 n ol
0% g i“ \\ /' 7 ,/-// ?
& ///(,7)
~il, = B S % S
@ - o : @
- = s !"L £
= : = @
D~z ®7 7> D F @77
@FFRES L @757y P (HMH) @<T Vv @2FHHEL b
Q=41 @Y7t Q7 77y P GEUH) GRBT P
DU TFaAr ®@TI v @ 5 @7 4 H#Er b
@R % @ % (CEA PR

® 2.2 dbo-n F EREDEAEEE (90 5~112L 51-4)
Constructional drawing of DC motor for DIAROL.

[ 30
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BRHEH ) .

0.2 63 90S 90 S 0L
0.4 90S 90L 0L 112L
0.75 mM 112L 2L 1321
1.5 132 M 132M 132L 160 M
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3.7 132L 160 M 160L 180 M
55 160 M 160L 180 M 180L
7.5 160L 180 M 180 L 200 M
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Relation between speed and torque with continuous ratings.

R 2.3 dffo-u 1 EREDR RS
Dimensions of DC motor with DIAROL.

5 (132 M~200L 21~4)

I i
4 R i ]
; )
, B G
7(5% 1 QK
I 1
) T |
<
{ B
EN |2 -
.f; -~
.
=7 ' = ©
—J T
J U |
o Er\_;:J t
;%f?‘ - L,
£ &80 J —E——E— 4—z% )
(REERTHE) ) i
N ]
bLEE A B | C | D] EJ] F| G| HJ 1] | M | N~ [z | Q@ |QK| R | S T | U | W
908s 149 101 90 160 70 50 10 170 — 170 130 10 40 28 146 16 5 3 5
0L 173.5 1 113.5 90 160 70 62.5 10 170 — 170 155 10 40 28 158.5 16 5 3 5
112M | 190 135 112 215 %5 70 10 219.5 | 252.8 220 176 12 50 35.5 1 190 22 7 4 7
1121 242.5 | 144.5 112 215 95 79.5 10 219.5 | 252.8 220 195 12 50 35.5 | 199.5 22 7 4 7
g () b o L F R O g 00 5 5.
() #EO LT~ JIS BO40l kb FR héic X 3,

2.4 Hd1vo-1 H

H1y2804F-F (A1Po-u) - FH - il - HE -

+ IR

ERESRAETE 03~112L51u-4)

Dimensions of DC motor with DIAROL.
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F BA—~
HiE B~ B M
DLEF| 4 B C|I D] E|F |GIH|I|[J|KI|KDIKL]L [ M[N|Z[Q[QR|[ R [S|TJU]| W]
132M | 2515 | 173.5] 132 | 260 | 108 | 89 | 14 | 262 | 304 | 44 | 65 | 44 | 210 | 489.5 | 260 | 222 | 12 | 60 | 48 | 238 | 28 | 7 | 4 7
1321 | 264 | 186 | 132 | 260 | 108 | 101.5| 14 | 262 | 304 | 44 | 65 | 44 | 210 | 514.5 | 260 | 247 | 12 | &0 | 48 | 2505| 28 | 7 | 4 7
160M | 2935 | 207.5 | 160 | 312 | 127 {105 | 16 | 316 | 358 | 8 | 75 | 62 | 256 | 586.5 | 312 | 260 | 14 | 80 | 67 | 293 | 38 | 8 | 45| 10
160L | 3155 | 229.5 | 160 | 312 | 127 | 127 16 | 316 | 358 | &8 | 75 | 62 | 256 | 630.5 | 312 | 304 | 14 | 80 | 67 | 315 | 38 | 8 | 45| 10
180M | 306 | 236 | 180 | 350 | 139.5| 120.5 | 19 | 355 | 406 | 71 | 85 | 62 | 297 | 657.5 | 350 | 300 | 14 | 110 | 95 | 351.5 | 42 | 8 | 4.5 | 12
180L | 325 | 255 | 180 | 350 | 139.5 | 139.5| 19 | 355 | 406 | 71 | 85 | 62 | 297 | 695.5 | 350 | 338 | 14 | 110 | 95 | 370.5| 42 | 8 | 4.5 | 12
200M | 361 | 261 | 200 | 394 | 159 | 133.5| 19 | 397 | 457 | 76 | 92 | &2 | 318 | 737.5 | 394 | 338 | 18 | 110 | 95 | 376.5 | 42 | 8 | 4.5 | 12
200L | 380 | 280 | 200 | 394 | 159 | 1525 19 | 397 | 457 | 76 | 92 | 62 | 318 | 7755 | 394 | 370 | 18 | 110 | 95 | 395.5 | 42 | 8 | 4.5 12
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Outline dimensions of DC motor for DIAROL.
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Block diagram of control circuit
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Thyristor Leonard System for General Industrial Purposes
Kobe Works Hiroshi SUGIMOTO » Masakoto HASEGAWA -« Yasuyuki HAMASAKI

Small and medium capacity thyristor Leonard systems are now on the increase in response to the demands of a variety of industries.
They are now built more and more compact and inexpensive to facilitate the operation. The capacity of the unit now available ranges
from a few kW to 200 kW and is adaptable to stepless speed changers and to automatic control of plants with ease.

Herein are described a series of type THL-A (2kW~200kW) and that of type THL-D (0.37kW~75kW). They are now pro-

duced in quantities. The explanation covers the recent trend of the operation and details of the system in brief.

(1) Compact T %

L A oHt & , . .
& A HAY 2L AT~ ORI, 1 Jowy KHABATRTED, A

MEB A MR OB AR SHR D b, Tout BIEIENIC W 7 5 15 iR IRl —3 & LT cu cE 5, 220V & B 375kW, 440V
JHBRICHICE 5, KW 45 200kW o $1yza0 47~ HEHE Y A T5KW @ % 03, 2,300 mmH o #fic 2 Bt 2 RUUHIT &
HBF R L Cw B, ki c @ o352 1cit, THL-CIE vy LREETH B,

-3 BAHD Jowr K EORIK I D) LIPS RMEL TE 2 (2) RS A
B3, BB BOIRBINEINC & SR, XD HIEICHE L 2B vy Tl L D AT b 2R R L T ¥
—ZCHi— L o D, R OB REETS o

CRLRERF LR LY, THL-AJE su-F (2~200kW) (3) =t

& THL-D Jg 2y —Z (0.37~75kW) i3 b Cwnb, WEHE 21T =13 2o T3 O, WA EELTEDY, %

P fRBICTERIERT & LTI 2 € &8¢ & 5o gkin fil s

2. THLAFE> Y —X _ . g i .
#Y SCOERICH LT, Wi AMP 2 il MBICEIIF 5 ¢ & 250

THL-A B 41922035 —F i, THL-AU B 1z (F 2. 2) %o
*, 2ot M (uao9 - J-ba-A3v-n HEE) & &b IicHk (4) AmLedvlik
DG =2 (B2, 1) KEH L7 d DTH B. ME -2 1, Tk HEEw%E Svorfbashceh, B %, HIHNL TRk
O OPE L EA B ANEIC R > Tl Y, ERFET AsAs I CTELHESICAR->TEY, IAMMCT s einTE S,
5}@[% Lh, AT ThYTES, Tk 1t WRIKDO X 5 AEE 3 THLD o U — =
Hio T3,

THL- DI #1220 47~ EE, Y1922 L0 - 210FFF -
g% —f e U<, BEEROHEME (K 3. 1) th&f’#’ﬂéﬂfh
%o HIHERIZATG o) -2 & FEEEERTE 21717 28> T¥F
Y, ICHEEMIERE B L Twb, KERO $1028L47—F S8
LE—EE-CHAIRTY, BEERCTACE 2TERRREC
XARvE 5, HIRERICIRERA J 120402 ﬁ)fIHJé’ﬂfw %,
X 3. 2 Zpr st %, 3. 3 RERFIEHEO— A2 R T b

2.1 THL-AS322F 7, 2.2 THL-AUSG643F g,
220V 45kW #1124 440V 180 kW #7112
LA -F B 2 LAF—F1Iwb
Type THL-AS322F, 220V Type THL-AUS 643 F 440V
45kW  thyristor Leonard 180 kW  thyristor Leonard 3.1 THL-D#qyzaLtr—F 35
panel. unit. Type THL-D thyristor Leonard panel.
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Characteristics of speed control of type THL-D

thyristor Leonard.
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Bk
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Characteristics of current regulation of type THL-D

thyristor Leonard.

DT, TOITODRHERFI LT~ DEFEIMS OIS T
BT ERTED, TNOLDIERWERMEOENIC, 1Jusy LT
2wYavAB— b AF2wodL—% - BT 2 X B WG S O
HERCASTTRET D B

4. % HE
AT wU—A » DI vy OFFEHEER, HREOMELER 4. 1 B
B ERE 4. 1 k2 RFRRT,
5. #4 YRS LAF—F EEREBIH

Y1z DIGEICE A, FHCALREEAERYELONE LS
b, EREHEORNIFE, fHttioR e #FMELT, &
OHRMEABL EET 2 CLRABTHCTELI L SR o7. TD
Lo RERED VT - T, BEHED /NBRE - L2 ED bR

fto

4.1 y1yzz LT B

Block diagram of thyristor Leonard.

¥k 4.1 THL-A, Dyruzardts-F EEHER
Specifications of type THL-A and THL-D thyristor Leonards.
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THL-DS 320 37 G S P10 )
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THL-DS 321 7.5
— 200, 220,220
THL-AS 322 22
¥ % @ | THL-AS322-F 45 SpUWBETY v
WO WM
THL-AS 342 45 e WE =10%
400, 440/440 ®om w L | ) .
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THL-AS 342-F 90 W o om | R
THL-AS 323-F 200, 220220 90 1:100 1%
THL-~AS 643-F 400, 4407440 180 3p KT Yy
THL-AD 320 2.2
#® % & | THL-AD32 200, 220/140 15 WOM % |36
THL-AD 322-F 30
THL——i}] 0 L‘i‘ t E!]—EIU
RE =
! ‘ |
i £ Bo@® F @ 40 R FRTR A h B +4 )R EBRTFET & #H H K
D Dv)~= S oh oM 2] 2 2 | 200V & 0 20 A L oA i
A Avy—x D WK M 3 3 4 | 400V % 3 50 A & F % A
6 | 6 2 250 A #
3 300 A %
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ENFA (e L §802~818 ¥C) F1UzaLAT~F & DHflHGEb &
FEBLERFE LTETLTA S,

(2) Mok

BRI BEASmEICE R L, KB FEHEICHES DD
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210 KD BEFHEOHE S - T, HABDED N 2~3-2 D
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DFRFHHTOMEL D L\

(3)

T AT O YT PR I L T O— e R dE I, D& D
EEDTH D,

(a) 8B W

Jo)28 BED L ¥ Icld, ROBIEEHRIC LD, kD M-GHE
DL & XD SEHMEMRE L AZ0T, RHRICHT urotL

FANDLORITETH 523, LT ECAND T L R L
F+ 30T, HEREDERK: LR T LT CLERD Do
MR RIEEECT A C rick Y, VoD TBIEICKHT 2 iR
HRELTE L b, SUGHERH LR LT T ER
H 5,

(b) WEFEHE

M-G BEOBE L ) bEEERE, &< kb 0n—RMRER T
HEAR, CHBASEETEROMBCL 0 FBLTW3 X5, MEo
Hw - Bt Jsu 2B L TETE Lo

(c¢) WELA -BEEx

RS - B EEARE S L), T uzotw BAND
Bk D - KBTS A, R T QBT
(EHOGHNROEARECEET 5 & 2icik, EEALETH D,
¥ TGS EREEIER D by ZEEIC D IEREA LT Do

6. © ¢ U

Llk, SRR Y1022 LAT-F BRI OWT, TOBE
R, chbEBEOSHRAET L & bic, ik - #N%E
i 2 ERBEE LR EF LV IR LR > T3, Dbk Eh
CFER D, I vo 25T ChidEicky, BEREMLOT
W E 523 TH 5,

T £ XK

(1) kIl : T2EMEAEIR, SEWEEH, 43, No. 7, 914~
916 (HE 44)
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Mitsubishi AC Commutator-Less Motors (Type CS Thyristor Motors)

Nagasaki Works

Ryuzaburo YAMASHITA - Katsuyuki NAGAISHI

Excellent controllability and easy maintenance are requisites for variable speed motors. Though DC motors are superior to AC ones

in the point of controllability, the presence of commutators poses problems in their maintenance.

Under the circumstances, Mitsubishi has worked for the development of type CS thyristor motors, which are combination of cyclo-

converters and synchronous machines to operate as brushless variable speed motors having controllability as excellent as DC machines

yet no trouble in maintenance. Several tens of these new apparatus have been delivered to meet crucial need of market since last year.

The article sets forth the details of the motor.

Lo A o %

TIZEHETRS it L CEk X IR e LTR, ¥ v,
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2. ;R B

WIS & L CRIEmEE v, OB TSE, HEEE B
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B KXo THKENE, vwhb® 2 ERMEEFA T EE S H 5 25,
Db NRFIEOFEEZEA LT3,

2.1 IfelFIg

R TFEIROES, XN BEBEEMEIRcH 2 -
Y, FBCHADB Y54, BEETERCEHETHEEX I Th
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e e ORICHREB DL {  Lic Xk > CTEIBREET 3,

572 % BIGHYERT

Lol

b
Sw3 Swi
~£Ep £D
/ 1

Swo( { T/S“ tﬂ___, e

X 2.1 32k A B

Fundamental circuit.
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-

B 2.2 ATk
Fundamental operation.
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Main circuit of type CS thyristor motor.
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Six modes operation.
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3 phase full wave bridge.
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Induced EMFE commutation.
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D& XD AIOWE ST UP B H4yag AT & 725 T & BT,
TDXD, ty B LY y ERAHM) ZURORT VPHD 311248
KEE® 54 T3 BERD L, CREEIET & Fii_-IcH D (17
bIAEDHIRIC Lo TiFabhd, TOX 5K ¥12000i-2 OB
ficiE, B, B, SEOTERI & - TER%ETAb LY
Feob, B4 E SO T R RIRRIAIR 2 232 & e d, 2 di
BRI X o THIE DAIRICh o o TLHE LIRS THETD B o

3. BRelEH

3.1 18 %

HiEEo CS | v1u22E-2 DFEMNTEL BWICEET 5 &2 DI,
T uro by 2ET B ERE 91U28E-2 KDOWT, HE, FEi,
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3.1 Robrl¥
Vector diagram.

I: BB (GRS =1, +J1,
Py = FRERERRER
Do TBAETR f’EFF TR
D Py Lk Py, DERKRER
g+ N0 ‘J7951217\=‘°La=‘°(La4+L1)
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5, =tan"! P NIRRT 3.1)
Dy~ Liygd sin (-yo—~2~>

7~70_§_5a ....................................... (3.2)
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............... (3.5)
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7’:70,_5 .................................................. (3 8)
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80" b REHEEI 0
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Relation between 4/, # and torque.
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B 3.3 CS H1yraE-2 DAFFE(225kW 4P 1,500 rpm)
Load characteristics of type CS thyristor motor.
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& FREOBEY LI SRR & 4o BRI L TH D,  Bhia
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4. 413 Jsuuz MfSEEEFREMEOMED—F%RL &£ b
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X 4.1 su5f ¥ g
Lundell type rotor

4.2 1505 B EHET

Inductor type rotor.
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4.3 suFL I IBET-HENE O RS
Cross section of Lundell rotor type motor.
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Cross section of brushless cylindrical rotor type motor.

M

R 4.5 4%
Distributer.

NEVRNE- &

g - (B)-
A RN 4 @

X 4 6 il 1 %
Control circuit block diagram.

PR A CIRB S T T3,

4.4 FBYTL L !
SEF Yoty & LTR, HRICRYT
£ 5 KF—gal I GC:'»’% i LAz D
DEMPHT B, R T Y7o
b & LCHb &, ‘}\"a‘& 1{vdoaua ! [
AT DA, e OEFIME R,
PR ENE D 1odoaua BIREAE PO ARD L35 1Ch-TWn 3,

HE YT T R

S A

SIE #1258 T-8 BHEH ENT W 3 2B ORH %A AR O —if
&% o THMNT %,

576
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- B
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5.1 G5kW 4 B B AL IE B B
6.5 kW totally-enclosed, weather protected,
flameproof type.
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22kW dripproof type.
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HBREFILEELETIR (EESSEHSIIYRIE—Y)
EH R FHE ES =& K

Super-Synchronous Static Scherbius Apparatus (Type SS Thyristor Motors)
Nagasaki Works Shizuo KURITA « Masahiro KATAOKA - Hiroshi NIMURA

It has been made successful in putting into practical use type SS thyristor motors which enable wound rotor type induction motors
to have smooth speed control under and over the synchronous speed by controlling the secondary slip power in an either direction of
forward or backward through the connection of a cyclo-converter on its secondary side. Provided with this new device, the motor im-
proves its controlability as well as motor operation with regenerative brake applied on, and moreover a cyclo-converter collecting the
slip power becomes smaller in capacity lo result in economy.

This article describes a set of 750 kW type SS thyristor motor which has been manufactured for use with an extruding machine and

now is operation successfully.
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2. B g
B 1.1 750kW SS B 41yz22E—2 f $1000vi-2 #2 2.1 FEEHEHORE
750kW type SS cycloconverter panel, TR O — LD b I~FAS 3 IRAT), bt
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2.1 SS41ya2E-2 HARK 2.2 Hk ety FAREK
F 1.2 750kW SS % 41Yz29E-4 Main circuit of type SS thyristor Main circuit of static
750 kW type SS thyristor motor. motor. Scherbius.
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Energy flow diagram.
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Secondary voltage-speed characteristics
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Cycloconverter circuit.

HBEAERE Ltz (Z28SS W t1Y28E-4) - A - i - 24T

ROBYFIAK Y I

Py=FP,+P,

P,=SP,

Pu=(1-5F

4, BEEDETES Iaud- & B Td- B - I8
BrED e, BEEHROTRTOMERE T-F IC2WT 131f- D
WnFELTER 2. 3AELIE, H2. 3 (a) KFAMBEUT
(1>S8>0) TOBMEED €-F TH Y, {ERO L ELEH2 ZT D
£ F CHEIER T2 5. 2. 3 (b)RFWHEL | (S<0) To&
BEIED £-F TH 5o F2. 3 () HElR (S>1) O £-rTdh
%o ®2. 3 ()EFIEELT 1>S>0) cOREHEO e-F T
H5o F2. 3 (e) ZFAKIHEL L (S<0) CcoRIEHE CHEEE
DE-FTHB, M2, 3 (1)U (S>1) DE-FTHB, K
E(a)~(f)ECcobe-F ©5D, (a)~(c)XEPHE -1,
()~ EHITNTEE T F TH b, RO tLEHR CHAEZR
o, (a), (e), (Ho3e-FIcRbLIEN, SSTE H1UzaE-
2 DBET6E-F TRTCHHETH 5,

koWl tutoz BE 2. 2 ORI T, BRERENTE
BIHNED Y, BEBIOTXT Y E IR\ o R AEHRIC
e Uietl, TROSTRIR R O R I1C R L CREICTET 5
o QLR & LT, w00 SRS - TR vro b - $ruae )
Tuh-2 B X fof-2 ZFE X D AN, Y1y O LA
I X b T BT FE 7 s U C RN LT T o B i
2 h5 (H2. 3(a)D e~

zhiest LT SS T 41y2a€-2 PHEE, #Hlk tutoz 02K
IR (v v BEHEER - T2 MuA-2) % H1o00ui-2 Il &
iz Bo $1o00uA-2 B T & &, HE SO Tl B EEER
REEECH B b, TIKEHNOFIE LT FCHE LT FH®
BEOLTeBnC e iTas c tRTE S, Thabb 0SS
<licEpntid, M2 3(a)DE-FThY, S<OkprTR2. 3
(b)) DE-FThH b, E2. 41 SSTE H1yrsE~a L TLEDR
DIRBENZEW E Z DN ER LTV S,

HEBO T IRHRETR T cp LTE L, FEhSE
TEEAY, FWHIEL e MEREIE R ET B AR D TR i
LT bt 5,

TR X B AERETR, ST DT & SRR O
BIE L HOEHGT 5 HCHE IS, 2.5 BRT_)EE (B
ETIRIREEE (Eo) OBREED LTw5, SSTE 192582 P
ESEELIT (0<S<1) DWIF BT, SEE Ny CEIELTw
8GR, $1o00ui-2 BE (ZKBIBET) Eo &, KT
BIEE, X9, TREIR 1ot—4u2 TS5 By Z0HEL, BAIOH
ni, BEE K- o00ui-a-EEE 2 Y, $100008-2 ET
R TR % R AMECE R L Tn 50 R
BBl (S<0) Oy Ny CEE LT 38, Y1r00ui-2 &
IE Eoo 13, ZIRTRYVEEEp kb, ZREY fot-—suva BTS2
Ez 27 BHOFRE, BFE-Y1700uA-s~BHB R &
5 TWT, $1o00vA-2 REEENAE N 2 EHERT ) B
BINCEH LT, BOE~SL T 5,

2.2 H4 sy -5 DENE

B 2. 6 & #1200u8-2 DEEBIERTH 5. Y23 & UPp,
VP, WP, UN, VN, WN 0 6 Bic/yd bh, HOBOORT3MA
D H1Y22 I X o TR S NEEIS IRICEH TN T b,

579



AHEEME T KEREEE D Bokgk, HEIE 2 Bl LT iEo 3R
BEEREIHERC X > ThHilchtwnis,

DEEROFEREZIC L oC, BHETRERE Y1122 BOBESE
B2 7Rt X5, RODERE-F 235 5,

BB ORI I, LFIOoDRD 122 AELTw
b0 FRAED 3 I~ 31000 FEHLO $1y2a REHE T RS ICE

UP vp
L
-3 Cv
T
VN
tizid]

2.7 Yqopaui-2 & EIEEO T A OB -

Connection mode of cyclconverter-secondary winding.
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Three phase full wave connection.
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Operation of cycloconverter against motor speed.
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Comparison figure of secondary converter capacity
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Speed-efficiency, power factor characteristics (measured)
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7.2 CS g 41 yaze-2 BE-SS & 4112sT-2 M w0554
Oscillogram of type CS thyristor motor starting characteristics.
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Speed Control of AC Motors with Thyristor Inverters

Nagoya Works

Yukio KAJINO « Kunisuke NAKAMURA « Katsuhiko CHOONAN

Recent trend in industry is to improve worl efficiencies of installations by turning the mechanical apparatus into of automatic and

higher speed operation. Power sources permitting speed control are increasingly coming in demand in consequence. Of various fields of

productive work textile industry employing a good number of apparatus with speed control of high accuracy is the one appreciates

thyristor inverters of their performance of changing AC motor speed.

Advantages even in the aspect of the maintenance are another

talking points of the device. The trend is considered spreading into the field of steel manufacturing and machine tool industry.

The paper makes a brief report on the thyristor inverters now developed and put into practical use at present.
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Speed Control of Squirrel Cage

Induction Motors with Cycloconverters
(Type CI and Type SV Cycloconverters)

Masahiro KATAOKA -« Shizuo KURITA - Katsutaka TSUBO!I

On account of sturdy construction and easy maintenance squirrel cage induction motors have been in broad use as constant speed

machines for electric power application. Nevertheless they concede a point to other motors when variable speed is called for. Recent

development of semiconductors for power use and rapid progress of control technology have brought about the development of inverters

and cycloconverters working as static variable voltage power sources and put them in practical operation. By the combination of these

apparatus with the squirrel cage induction motors, a speed control system has now come in the limelight. The paper describes this speed

control system of the induction motors operating from the power source of the cycloconverter.
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(b) HfifR

R® 2. 15 FEE - B (180 Hz—60 Ha)
Voltage and current wave forms (180 Hz—60 Hz).
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Current and voltage wave forms.
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3.8 HguRBEEE  Construction of apparatus.
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Primary Voltage Control of Three Phase Induction Motors
Nagoya Works  Yoshio SHINOHARA - Yukio KAJINO - Hiroshi KAWAI » K6ji HARADA

Control of the primary voltage of induction motors has been made popular through the technology concerning semiconductors. The
control performance is well compared with that of the Ward Leonard system of DC machines. In addition, this control method has
the features of easy maintenance and inspection of induction machines, it will be more available than DC motors at small and medium
capacities.

Under the circumstances, description is made in this article about Mitsubishi primary control system of small squirrel cage machines
below 7.5kW and of all the range of medium capacity wound rotor motors above 11 kW. The details cover control system, operation

principle, remarks on circuit design, construction of squirrel cage motors, combined characteristics and caution in operation.
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General specification of primary voltage control.
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Primary voltage contro! induction motor (squirrel cage rotor’
type) and control device PS-E 0.75kW 4P
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Sectional view of PSﬁh motor.
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Performance of motor without control device.
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Block diagram of control circuit.
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3. 5 JifriRE & FIBRHC B4 B B2 OVETREE
Operating principle of thyristor circuit during power
running and braking.

T
3.6 HIWMICE T BT KB

Wave form of voltage and current in braking.
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B 3.7 3 Fe-bowo # #3

Speed-torque characteristic curve.

3. 8 o1ud hlfHAETEMEEE

Control device for winder.
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4.1 Fyws K U7z il Jows
Circuit diagram of bridge connected reactor control.
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Block diagram.
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Circuit diagram of forcedly demagnetlsmg control current.
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4.4 1Yz i ## O Jows ¥

Block diagram of thyristor control.
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(1) JNABED : ou—v BT EEE O HIEH & 15k O 224,
S, 41, No. 7 (FZ42)

(2) William Shepherd : Unbalanced Voltage Control of 3-Phase
Loads by the Triggering of Silicon Controlled Rectifiers,
LE.E.E. Trans, May/June (1965)
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AS Motor
Satoshi NAKAO » Teruo KAWAKAMI

AS Motor is a Mitsubishi trade name of a variable speed motor which is a combination of a squirrel cage induction motor and an

eddy current coupling (AS coupling). It is an abbreviation of “Adjustable Speed Motor®.

In the point of the cost and performance,

it is to be situated between a variable speed motor such as a DC machine or a thyristor motor of the highest degree and a conventional

mechanical speed changing device. In appreciation of its inexpensiveness and good controllability on the part of the users, its demand

is ever on the increase for these years. The article gives an account of the motor main assembly and the control device of the apparatus

in brief.
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1.1 ASz-2 o M
Drawing of principle of AS motor.

100 ]

fo (25)

(rpm)

B 12 ASE~ad | bo'%r’r’{
Torque characteristic curve of AS motor.
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H—DCHICTE, A% TR > T2 O THIZIZEEL T
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5.1 i ASE -4 D 4

l{ja
Appearance of standard AS motor.

(8) JRWIGHHIEATE
7. 4 g ik 3 ASPAC -2 IR LMl ahbes C &

KE-T, flixDIEHHERERCTE S, P!
4, H 5 &
(1) TW[Zds e LTcofk @
3R D4 - PP - 2V wa HO s HUERIE, owu - RuT
OFCEHINE, T DO ILFPHIE - TTVREE - Fo - ERPESEG O B )
o ~
(2) o CGEJD) WEHE L<oils
A - AiiTn & OBIE, M,
(3) —EHE%2Be 32 MG
SR LT M-G tw b T @O A RILHE ® BEEE
(4) BWF & L<ofk 3 ?S/i//) e g i:i;fxfzu;mm
L5 WA 0 TRATHEIENE (e o JATIR RT3, BT o O O e nir 0o s
N AWM C CELT BT ERTE 2o T RIATIN, BRI 5.2 BLUEAS T -2 @ K& X
Wl AWE S, Juuouia-t e LTHEIAENES, Structural drawing of standard AS motor.
5 EEAS E~F 6. WHAS E-%
%5 LIRT IS5, 0.75kW~37kW OfiFHZIEERE L < 6.1 ARBEHTAS E—4
AR EEER TR - Tl Y, HRES 2952 T3, X 5. 1 ICHHE, — R £-a B 3TEW %2 2 1k 5 & AR RIC K
5. 2 i, 5. 3 cigslEERRd. & 5. 1 ofHlEkIc {3, XNEDIORINZ TP KE L, HEHEHOTD
BT, TIEELEICDWTE, BERHRDEOEN A sz EHe b BABRIC LAV EIWETE RV BN TE 228, HCiRIE

g 5.1 Huii AS £-a HHiF—iEE

Specification of standard AS motors.

) " L) b # # BT (AS 7157 9 v )
AS = 25k . . - i lm w W j]} PR & T8
kW Mow e w B wla m P, g;m prees e R LU I L S
0.75 0.75 0.50 0.42
1.5 1.5 1.02 0.84
2.2 2.2 1.5 1.2
3.7 3.7 2.5 2.1
5.5 55 3.7 3.1
7.5 7.5 4 200 50760 EXLNC T ot 5.0 4.2 1,200~120 | 1,500~150 | |3 # % | B i
1" H 7.3 6.1
15 15 10.0 8.3
22 22 14.7 12.1
30 30 20.1 16.6
37 37 24.8 20.4
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[ se]
B, mm
! it hil] [
Ui‘chJ bE ] ]
A c cD D | E | F G H I J b K [ KD | KL L M N z
075 | 1330 | 360 135 208 310 | 1075 | 150 17 270 314 55 100 2 5% | 270 360 12
1.5 | 1330 | 360 135 208 310 | 107.5 | 150 17 270 314 55 100 22 590 | 270 360 12
22 11732 | 416 170 260 350 | 120 160 20 340 394 60 100 25 666 | 300 380 14
3.7 1732 416 170 260 350 120 160 20 340 394 60 100 25 666 300 380 14
55 | 2037 | 523 205 320 450 | 155 185 25 410 473 80 110 35 837 | 3% 430 20
75 | 2037 | s32 205 320 45 | 155 185 25 410 473 80 110 35 837 | 3% 430 20
11 2844 640 280 370 595 205 220 30 560 634 100 130 35 1,000 510 500 25
15 2844 | 640 280 370 595 | 205 220 30 560 634 100 130 35 1,000 | 510 500 25
22 2844 704 280 370 595 205 220 30 560 634 100 130 35 1,064 510 500 25
30 3251 825 320 500 680 | 235 255 35 640 730 130 140 35 1,300 | 600 550 25
37 3251 825 320 500 480 235 255 35 640 730 130 140 35 1,300 600 590 25
R I i i A 3 4 F = - = % g o b U5 T
fig ¥
kW ook | R | s | 7| v | w |Be|sr|Bc|Ba|BmM|BN]|Bz| X | D | Fre | Fw | k8
0.75 1330 50 35 230 22 7 4 7 110 200 30 60 350 445 13 60 10 78 40 115
1.5 1330 50 35 230 22 7 4 7 110 200 30 60 350 445 13 40 10 78 40 115
2.2 1732 60 45 | 250 | 28 7 4 7 120 | 215 | 30 6 | 380 | 475 | 13 60 | 10 78 | 40 175
3.7 1732 40 45 250 28 7 4 7 120 215 30 60 380 475 13 60 10 78 40 175
55 | 2037 80 65 | 305 | 35 8 45 10 155 | 250 | 35 65 | 450 | 550 | 15 80 12 05 | 50 315
75 | 2037 80 65 | 305 | 35 8 45 10 155 | 25 | 35 65 | 450 | 550 | 15 s | 12 105 | 50 315
n 244 | 105 85 | 360 | 48 8 4.5 12 205 | 290 | 35 70 | 650 | 63 | 20 | 120 | 16 140 | €3 575
15 2844 105 85 340 48 8 4.5 12 205 290 35 70 650 636 20 120 16 140 63 575
2 2844 | 105 85 | 360 | 48 8 45 12 205 | 290 | 35 70 | 650 | €36 | 20 | 120 | 16 40 | 63 650
30 3251 40 | 115 | 475 | 55 10 5 15 235 | 340 | 40 70 | 760 | 740 | 25 | 150 | 20 245 | 80 | 1,114
37 3251 40 | 115 | 475 | 55 10 5 15 235 | 340 | 40 70 | 760 | 740 | 25 | 150 | 20 245 | 80 | 1,170
5.3 ZME AS ©-2 ONIEHER Outline dimensions of standard AS motor.
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ALTHSZEH X232 RN TH 5, BIECLALHKOE WG
R ENBIGA, BPLUETLWEES® R I3
# 6.1 NEY Ju—% fif & g—2 —HH
AS motor with NEY brake.
AS == 2 T NEY 7 v - F
kW » £ | wE®ae
0.75 NEY-§ 5kgm
1.5 NEY-5 5
2.2 NEY-5 5
37 NEY-5 5 )
55 NEY-10 10
7.5 NEY-10 10
11 NEY-20 20
15 NEY-20 20
22 NEY-20 20
30 NEY-40 40
37 NEY-40 40
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6.1 NEYFL -+ Z2ASt-2
Appearance of AS motor with NEY brake.

62 £2BHAN&EASE -2
Appearance of totally-enclosed water-air cooled type AS motor.

@ HEGABHATER ® WhE
@ e @ #F~r=xTYry
® WEaA @ #®A&R
D ® Via @ Hko
® AvHs ® Kk =}
® ® Fuyr b @ AJiéh
; @ AR ST

\ 6.3 LRSI AS t-2 R
Constructional drawing of totally
\ enclosed water cooled AS motor.
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AS -z« HE - JIlLE

LT AaENEIL S BERS Y, KEOBEBITIC I Tl
KEVRELE &, Z OISR 2T 3 KB & ¢ hidk
b7V,

7. AS E— 4 HEEE (ASPAC o U —X)

ASPAC »y-# HligdEigx, AS t—a OBMHERE b BD A, 2
BLLED AS -5 OBSHEB)HENS LA & FiC, ThEHRICH
HEbdd L LR TEBH 1z T, DFD X S RHIEHATE B,

AT, ESGEE, A (D BEEE, svvavza-t, HENEER
7 Y DIRR HIEATE B,

7.1 % E

(1) /P, dEhE

T CREA R A L, 2uto b CHERZREERY 1T

(2) wEEEE

SR X AR & o A DRRRIEE T, (R < B

(3)  TEMEZBYL I & A IEH il

BEAL E N 7 I 12y b OHIB T, JRGEHH O flE A Al s

(4) RFRBdas

DUl BHEE TR D fHE,

(5) $EAHY R fE

PR, EEOBERTT LD 27002 B EICHD
gbh, 2OEE {4 AR E LTHATE 5,
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B 7.1 AS -z il

Control panel of AS motor.

— X
MC i [
o {
L ]
&t SCRYVTT R
Bl
RS

7.2 ASg-4a O W il @H
Block diagram of AS motor control device.

7.2 HlgEsR

AS £-a OMIEL by FEE LTHIET 2 Wik, AS hwJyud
DISFETER % E BT 2 RS 5. B 7. 2 ik AS -2 HE#H
JEHIE O Jows BT, oD X5 2iiliflE LCHBEICATIEEIC
FRMAl U 7o 3 ) 0,

P H 8 fﬁeli% , b bIENEEC A U e BRI R T
273, TS RRMIAR TR Ly OEFEERICER IS,
T O Ll ¢ ORE R E ATHE S & L &, DR
IRZSTRIE & % » CHEEOMIICEDb NS, € DIRAEREAHIE
[ g B X, AHUEBARIIE 45T Hr e O ARG & Tl
LT AS hwF)ud ORNEERE HDET 5.

T b A EHIERREE X 0 b EHREAS A T NIRRT (122
0 Fib L, BHEEIE 2 HREHEE TET X5, WicEiEgs
ETFINEMBEERER LT vy 2L, BEEE S 5 X
de

TR 2 408 X2 5 2D dutud I X - TRZEEEOR
LD dutul EERE X D, N DO E RN C MR

BEBOEW® £ L L, A7z BRI X b BIEGIE OS2 38
T 5%,
7.3 HlfH%E
AS T2 {ill{lI3E#H %, AS hoTyod ORNEEEE HiliEs 5 il
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% 7.1 ASPACyy-A % zol (HEED)
List of ASPAC series 1 (control panel).

17 % ASC-U1 | ASC-U 2
i i 3 200,220V (410, —10 %) 50/60 Hz
wooH O’ OE DC .80V
W on ® A 5 1 10
H h [ 1 4 ) R F BN RO
ol oe AN DC 12V 4mA
oE B o W OR DC 12V 18mA W

50V 720Hz (1,800 rpm i3I WT)

SRt LT 2~10 % (WIA84E)

AS =~ HE kW 0.75~15 19~37

HE() ¥ BETIEA 400440V 0k Eid, } I ¥R T 200220V £F 5

EiHD
<R Ry 82100 % ~10 MiCEE b L7 2 ¥ O TR T

@

% 7.2 ASPACyy—# —% 202 (AJI¥EE)
List of ASPAC series 2 (input device).

% H B & AWM it £
ASO-1B HUMGIEE A, —A
ASO-2 3_27.‘1!{'15@5{”], ~ B £
B e % EWRER LA bY
ASO-3 %m&é =
SIS ON OFk ay
E—-4 , A
ASO-TIB o P ORI
BN E R DC 0~12V | fhoo WEiEHE & imh s
B | ASO-12B | BT EIE AC 50~70V | @A HIE, Faahe o
R AC 100V MiIch{ERITE S
0~24 V' é&AS% ¥ O EE R
A ER | ASM-1C SeH, B o R
RAT A 6V (0~12V) fifﬁ

BB ER LD
CTHEMET 5 HBA I
w3

lesiyiest | ASP-1B | MRIEHEK, BT

2K BRI O () % AR 1 ;/v~n—7&k@¢
PRI | ASD-1 | BET 5 ﬁw%ywrubrbL

1.5 V/h60°~ 7.5 V/H20° | 2 LHGEEE, [N

RETHANTIERW B0k
MRS | AST-1B | 5O EeREER ST 5

J 0~i2V -
bk 04Vip~2vig | VETEE

Ty avAE—~Lb, &

MRS IR KD

WEL e | ASS-1 0~12V (‘-“— # lf'l) MR C
h 2 {#0.6 VI \0.24 V/Eb ﬁﬁﬁ”l fﬁ, ASO-3 &

WArGbrTthw3

7 3VA L
ASL-T i 018V

Pty x—, AR

TR 7%
SHEBE LTS

HMh4ve—xvyx 3kQ

) BEEEI R 200/220 V 50/60Hz L3 %

&, MR Eix D ANEER 545 ANEECRENS,.

7.4 AS E— & oflfEE

ASPAC -3 HIlfHSEE % 2 Eb 4% C ki X - TIAR ARG
TR TE 528, REARTIEICOWCHBIT 2.

(1) HEphEER

AS £-2 FBMICHEETIHT 2 30T, Jh"w{/zﬁ‘{@%l&&i“)ilﬁ
ZEFCcLic X iy ~-VCf£7a"®J: JEEETE Do W b BT

FHEEE, WHBER ASS-1 B L RN ASO3 BAMAAD
HTHT 30

(2) 3FIEIE

AP O BT AR, 3 A ¥ COMMIkICHERETE 50

T, —OOEHET3 A ifﬁASEQ%ﬁiﬂ TR T B
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ASO ASC-UL
-1B (ASC-132)
ASO o ASC-Ul
3 [T ASSTE (ASC-U2)

7.3 BApGEE

Single running.

r i ] oy C
AS :\5\:{(1//; m a \ )
»—31‘7&” m—a O | |-

® 7.4 SfFER

Parallel running.

ASC-U1 ASO ASC-UL
(ASC-U2) -1B (ASC-L12)

7.5 uFrs17
Multi-drive.

T EHRTE B,

(3) 2u7rs17

v A baen? LD £ \» Fx—00o 7 1T, BEEHE T % St
T2 X>sTRINDOHDZZI D FHE F2-u % A b BRFWIC
WEIT 20 B TEL. COBE, ASE—a KB ANE A5z &
&5&bmﬁ%&%wﬁm SE R B LR D B A, LR

X, WAk “SPEED REG” ©-0 34 CHBICRETE 5, ¥k
BRGh £ -2 OR[EE X D BHR 2B L, ASL-19 ot il % [
THELLIEDKASE- 2 DBEMMERFTTAbED LM TE 2,

(4) HEhEE

AL PIURF LT D oq—d DX S, BBORIES LBl L <
AS g-2 OB F 42 585 T, FHCEERERTRT T OE
FEXBMAERBEREIC LT ASt—2 OBIEES L35,

(5) & A (i) UHiE

FEGEA - (U - s 2 & o W TEE TR, 23D -2
T& tovay BEEIT 225, touau BD B A5 58D 4L
The®, EEMHEOMEHRE* 525 C LBALETH S, % tovs

v HD 510 HEER doY—o-1L K& % vuoo THIH L, ASD-
1 B BB L CHERIART, BB 51y #E-ciE

ASE-z- R - Ik

ANk 3y RT

ASC-UL AS0O
(ASC-U2) -128

7.6 D

Geared running.

2@,

ASD-1 E

ASC-U1 ASO ASC-U1
{ASC-U2) - 1B (ASC-U2)

7.7 AW

Synchronized running.

{ 1

AsM| _ lasp ‘}féé“l

LF

10 1B 35
i i — .
ASP ASC-U Mi‘z = | |
. (ASC ASE-2 & O 2
1B U5 e :
I ; .(.N A\‘
ASP asc-ul]  NO:3 ~
" {asc asEsb——C) () |
“B U2 ——r -

E 7.8 hEgE
Ratio running.
535 X5 HiEET 2,

F 7 51u I dott—o- ZED 5 bIvA W E AR [
voo RIY N, ZOEMERZEERED vuoo0 A LTRIIL, &
gV IC X 0 S RLE L BEEA#T 5 e 5,

(6) HEHR
-2 - PEE - BETEA Y, HEOFMEE—Z2OHEE kD
SROEERE L et &, COMEEFERH-bILS. Ik

Eﬁ&“@%‘rASf —a OXFFEROMIEL L OBFREEET S
, B EEBRERODEI T CRIEDOBEL ELLD T AT
oy
(7) 2wvzv28-t
BEIRO vawo AL HIBRICEREY RIETEHEL, HiED
KECEMZRIIT 2 & ¥, BRHHO suv. BRI E L WES
CREREZRET 2,

(8) MR - #Fi1L

o v wk‘r w
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i {

0 5 10
EEREHEE

X 7.9 IO EH
Example of ratio running.

I |

ASOC B ASC-U1L
AST-
-1B T (ASC-U2)

7.10 gwysurs—t
Cushion start.

ASD—1
ASC~U'1 ASO AST—1D ASC-U1
(ASC—U2) —1B (ASC~U2)

7.11 FED - i - 51k

Synchronous start, running, stop.

A% - (EREE 7 & 0w AEEIRC, BE - (IR RIEOE -
X352k, 233 2RT2~HECHEFETEZHE> T
PO —I K E iR b ¢ TINEET 5,

(9) FEJIHE

o7 - Jo0 & EOFER LA b e TIENES R MBI o
~FRwo LT, ENREIC—EILRES X 5 ICEHT fﬁ{lj_éo FREEr

DHTY LA 2ME S IS S50 & L wEEa1E, Jurod i ASA
-1 %> CHIME L Ch b il s T 5.

(10) gL Rl

B TN U NN N N N N P NP
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ASA ASC—U1
-1 (ASC—U2)

A |

PID
SFERET

____________

7.12 [FEJuiE

Pressure control.

ped

A NP AU N

S JAUA P

ASO ASC—UI1 O

—1B (ASC—112)

7. 13 dmEeaim
Feeder control.
I4—5 CBT 0 1 5 () EHOMINI%, HE4A L1 OEMRE
FEC 28 UCHIBEARICINA 5 © &1 X » TR R 2 — @ e ff>
CERTE S,

8. & ¥ U

B3k AS E—a REEEHARIC X 5 J50 & TH o 7ps, Al X
51 5L b L, 0T5kW~3TKW Tk vy-2 4L, RELL,
ERk 2 B 2 Feo BARDRESE A-ba—vay OIFEE, BEIEC
BB ERA L, SHEEERICETERHEED 3 WX 2 AL
LoBEEZBERST CEENEE R T A 5 HEAMINL TR 5,

O EBHREFRIC 20T T HWE L 2 D2 ASPAC 5y il
kR, SFEEEOSE L, £t BAoSHEM EekEE
MTsdDTH 2,

T £ X &

(1) H. M. Mc Connell : T. AIEE., 73, 226 (1954)
(2) R. A. Jamieson : PROC. IEE, 115, (1968)
(3) H. M. Mc Connell : AIEE Trans., 343 (1955)
(4) R. Pohl : Journal IEE, 91, 239 (1944)

(5) ZE : B¥ o555 Ju-F, 153 (1967)
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New Series of Electromagnetic Clutches (Wet Type)
Hiroshi NISHINO « Koichi YOSHIDA - Shigeru TAMURA

Himeji Works

Wet type multiple-disk electromagnetic clutches have been chiefly in use for machine tools. Requirements on them, however, are

getting severer day after day with the fast tempo of technical progress. Standards on them are now under establishment. In considera-

tion of the situation, type NKA electromagnetic clutches have been developed based on a new concept.

The product has features of :

(1) compactness, (2) durability against severe operation, (3) ease seiting up to machines, and (4) economy to the driving system

through the improvement of performance.

The article gives description on the construction of clutches, operation and frictional torque characteristic such as operating time and

thermal capacity. Further it gives remarks on their selection and use for the guidance to users.

L % A #» %

MTiE,  FEFI 33 4E WAl AE AT CEACRAIC TR
Wi 050F 2L, SHECHER AT L Les, ThBllEs
HiC 14 O - THEFORSE - WRCHEN L, bHEE I5v
F HifiA#EOH LO—HECh o TE ko

L L, 480N suff OBBEART, »hOEE 7597 KX
FEERDETET V7 Ko TETRDE, —F, TIEMEET
oo, B oswr OFEE - HhEER EEERELL, 259F Do
% 5 OURILEEH 2TV B, HthThl, ThbEEFLEME, -7
QP ARRHAD b 2T, KO X 5 2R EITY RAZHES, NKA
1% EBRSHE s5070 -4 BHIFE L %o

(1) 9Bk, RGOS OTRES/DEL, FRWRE
FkeELTnE,

(2) D 957 fsc X0, EEEAEAC -2 2 260
PO IS E LT 5,

(3) £ 01z BHEHCX Y, BH~OHMAL MM TE
%o

(4) 228 tuo &, WE o RED 2507 WS XL, BE
TR Sk ORE R R RTE 5,

(5) AvFtany-— THFTE %,

2. BE i

NKA 1§ BiE 7507 ORHRE, TRAFHDD L CiTfhokdt, %
OIAREEE, 2L BILE, 0 0507 VETIR ICEEEAR A B IR
TBICHR B D W IEERE( B LT3 (K2 121,

BAZE A ¢t

(1) ~EMCRIENDETE2, R KEL &5,

(2) BR~OBRMT R, THRicd 2 EoR L) LEHECT 2,

(3) H:AgC, PSEO HKIE 9505 & HER e 5,

(4) TYeMREERTEES (TES) OHEEMET 5.

A¥, o50F fEE LTR, TOEMC 311 BEEERS 574,
TEEN AR AUw b BRI AL - BT R EELORT, o
RSy D Y, BIECR o BIEES, BERE o507 OFR
LEZLNLTRS,

* JEEIYERT

2.1 NKABER IS T
Type NKA electromagnetic clutch.

i & £ i it %
1 4 v F ¥ 74 9 = — z
2 -3 b P P 10 = 4 A
3 T U E F Z 4N 11 Eer=7 1 v 7
4 7T <= F a 7 12 # T
5 4 v 5 F = 7 13 n 7 -~ (FEeP
4 T Y EF 4 R 14 WY (HERET)
7 5 - 2 15 v w7 b (HEET)
8 & r ¥ 16 7 7 o~ (HE2F)

22 NEABBHsso7 B &
Construction of type NKA electromagnetic clutch.
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£21 NKABEB 95575 e

List of characteristics of type NKA electromagnetic clutch.
(8 H DC 24V)

W o4 |BEEMAs GEEeas 2 A v U090 w7 R b i 7 6 GD? (kgm?) T
kgm kgm T W R K s s rpm v r | s e ks
NKA-2.5 2.5 5 0.8 19 0.04 0.09 0.08 3,600 2.8%10-% 2X10-3 2.2
NKA-5 5 10 1.3 30 0.07 0.12 0.12 3,100 7.5X10"3 5X10-3 3.4
NKA-10 10 20 1.7 40 0.10 0.16 0.16 2,600 1.6x10-2 1%10-2 5.4
NKA-20 20 40 2.0 47 0.13 0.23 0.22 2,200 3.2x10°* 2,2x10-2 8.6
NKA-40 40 80 2.2 52 0.18 0.32 0.28 2,200 91072 5.2x10°2 15.5
~~~~~ A2 iy BB CTE-LF L, 32 ¢ —fkiIC LT3, ¥, 3-0 % X
L LD M=RFYod i, 252 WERHIR X5 ICEETS L
H—~ - 1 B, 1UTFSIA L DI 2w 2 d 5T, 2DOFEREFILL
W 11—/;:; ’ Tw 3,
e (5) 1L ~ORBICEBETRER T 2T,  v-F #H
| — i‘i THRC D A AMHRE DL L, OB R ASIC L
e Lo e e (6) s i, 257 SEhLIAG TTER S : LD, 2
; i { L SuF HABHTYRTTTE S X 51C% - 7o
- NKA BHEE 0507 X T D X 5 RHGEIC LR, ke LT
t HOTawAo b CEEITE, FEMMNT LEDZ L D st 2IHAT
T EMTE %k,
, d F AN
¥ & |A|B| Dy E | gyl GlH|IJ| K (+21) 2.2 EhEEE
NKA-25 (5|52 95| 25 | ea| s0| 5| 6] 4|Ms | 267 | 8 bLo i, weo b I F— THEE IR 10T ESTA b, i F420
NKA-5 |e63|e0| 12| 30 | 72] 58] 5| 6| 4|Més | 32 8 FRET—AC #P IGHR D 7928518 ~, H Z i OWDORKIET
NKA-10 |70 167 133| 40 80| 5| 5] 6| 6|Mé | 42 12 EEXND,
NKA-20 | 8178 157 50 | 100| 80| 5| 8| 6| M8 | 525 | 14 2T BT B &, QWS IINC K o T 520 AR &
NEKA-40 | 94 | 90 | 195 670w 125+ 102 6, 91 61 MI0| 63 18 JUTEEER bLo #5841, TETRIE © 2wFosd BiFA DI 3,
2.3 NKA g B 0557 55k IBEER LW TH, F.20 ERD 27927 e kY, EHhK
Dimensions of type NKA electromagnetic clutch. XIEE o RS,
2.1 #% & 2.3 & #
NKA B B 0507 DOREMELEHR 2. 2 KRS 2. 3R, $AR2. 1 R T,
259F &, B LTEBMOD veo b WA B 1uT K518 35 3 i s
L, FP R SIKIET B 7oafs18 #2, A b CICREE MO 35
Wens, 2L ZRHE L 3—0 B850 LHKERTw 5, LTF% 3.1 EgrAL
DEFEC D\ THIAT 5, —fkic, HiE o503 DAL AEEEE L, 2553 D ON. O
(1) AvFFsqR e, HT GD: %R Liko-2%[E5T 3 FF 1o & Dbl i35 & 5 A AN Z w, T0L D o547

LI, HEHO—HIC 1o a~taT510 b 5T, 7953422
ERHICHGAATE AvTF420 &, 79F27 BN, 208 & 3
O 2bw A THIRT B Z L ICL o T, ZOHWHOHALODb LD
LEEZRI LTV, 1oF P58 I, B oKL e~k
DICIFEEMBIC L, F422 & fi-u_7Yud ~HihT 5 fed DR
EHOH5TTEY, TNEFA—EI»LH/MTESL LS, BHEALOME
HEE->Tw3,

(2) F N o507 MEERB L 20K, 1oFF 20 CE, Bk
(LA A h L CREMI A RERAE & L, 7ya5420 1T, 4TH
ME%LTw3,

Eie, OB - buo - kA EEE LT, RBEEEICR
2X5IcL T3,

(3) 7oafs1A i, £E Y2 0 £+ A EREH AT TE
5X5, MY v #WMNDELTBEE bIC, THAMR LD : sean
DOTHBEMEE TR > T35, 3.1 fupoli4so

(4) o i, Wik EE UNRER2 AT L e b, T Torque characteristic oscillogram.

iegesn
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TES A b

(kg m)

7 kgm

b

b 1.2kgm

(m/sec)

B 3.2 @B o D 2L

Changes of dynamic friction torque.

X lj 7 7 EE

® 301 Gl 0B kB #:AEZE AL

Change of characteristics due to the viscosity of oil.

507

- T=Fa
oKL e i “”7‘“ ‘”“’f“% raz isiﬂ#ﬁ‘ w/ziﬁwf
s i
32.0 0.12 0.22 ] 0.05 0.09
63.6 0.13 0.22 0.06 on
129.5 0.13 0.26 a 0.07 0.14
1 ' i i

bLo ORI % dopTE5E, 3. 10X5Kh%,
BHEEER 7507 OMHEE LT, BE Lo RS - B

NBEHBEOT, MOL5IC oy #iELAD L, PLENLTHD,
W b I %o

IEIICIE, C O REATIPEEERORIETD 525, S
b TR TR -ClY, EERTAS 05~3m/s Tl aueT LT
n3EEOMEE, [T Lot EEELTY S,

HREIRER 75»F T,  HRZHEE L LIC AR > THEEER o
RHEIB LAV E (B3 281 »b, TOXSKHRELT
w3,

Ledi> T, {KHET, IPFREE LK E 2 TR by 24
L<Eh, 20k 3 RUHAHTEAE R vawy 255 3 OCigE

FHET 5,

MEERTET LT3 o & THEEER

P 7R ERE L — BT Bo

L AHTRIZ 1, H2EBREFOS LI 7-2TH 5,
75T BEICHEER C OB Lo i, BERNHEE & v S SRR
WFCOBHTH 50T, £ OEHEEKE D >TnD,

ek 2

(1) Fa20 OFEFINGE

(2) ~EEEORLOEICYL S, BREHOEIL

(3) EBHEZES

(4) WEnhomEz(t

(5) EEHORLE XU Y, Ju-F 0%

(6) o HY
REREZIDLND,

TN OFHICOVTHT LT L EHAET 55,

PLzl T, TR

— iz g

£o20 OEMIBENOEHEZTA->TE Y, BEFEROELDER
+10 %R LINTH 5,
T, MEMOEIC X 28R 3. LICRTE, coddbw

EREEOREL s-00 OB EFLRETL LT 55, Fids

WERA (#3507 - 16 - W - [

I3 3 E tvoAvD

Decreasing torque oscillogram.

i
{

/A\ S .05
. | R —
o ~ 755 FON / \\ i 7% v FOFF
2&‘; : ——— : _%e:
- 11470 f
& 3.4 @ Ik o & BE MR R X

Operating state and temperature of friction face.

PEOBEPRTI O TIREE 2SR AERIL L T 2 20, TIEEE o A
HEYVERAVIDOLEZ LD, FEEROREICOWTIE, #ifk
O ETZTTwEb0LELbN D,

3. 2 EhiresfRE

i 7507 OfEfEE L CHIHEROR T A Z v, COEDw
759F OWWECHIT BIRFEE b7 KWl s c &nLL, Lk
Mo Tlyqon BT DI by DRFRINE L EIERIC B#ET 2

VHEDRED Do

NKA BE#E 7505F TH,
L IEFHL T 5,
125 (R ]
Py DSFELIE T B ETD Fulafs.

b QY LOMEFE L CTTIRD

(i) 79Fa7!
1L BiEf%, MBS +

(83) o 36k Y RE

a1 B, Mo ASERRTNEEER P @ 80 IGICEET B & T Ol
Ei

(8i)  ruo HBEREE

T Lo Wik, I Mo 2ERDIER buo © 10 % )T 35
& T OWEL

B L2 b N B RRED L To ek g, £2.1
DEEHTHE, Fh, NEMRRE o OZ{PREIER 3. 3 1€
AT

c R bLEERRIE, HilERE ORI X > TH ML B
B, b szﬂwm LD Y B XN B,

MO #2452 e E DB VOEHEE 3. 1 ICRTH,

by DBEE I’J’Ffff'vﬁc PiLo B IAR TR S A B,

ik O EERR
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3.3 #MRE

e LCIRE R GD2 % % 51, TholRH) - FEefT
Hokb ED, 25057520 MOWREEMLRHFELEZbOYR 3. 4
T

O S ICEEEITCIX 2)»F HIC X Y, BlaEES e &k
ToT, chbi+amtA 2 k5 RHHTTHE s »ERNEEICT 3
L Hi, AENERFAAWNEERET 5 LERD b,

NKA BB 7557 CT1E, ThP2EFalist®Ee L, BREce
CHELTWEH (K3 58), 4, chIGEETIEEREL
5,

(1) BifrmEDd 72 b OBEN

(2) 2y WEE 2007 HHEE

(3) Mk

(4)  14qo1 OKfE

(5) HE=E (14191 HTD, 2595 ON & OFF OREHS
RERDIFLNDR, c0db, (1)BEHETEHRDS 2 »IdR5
R C L iIcirED, 4~8kg/em? & LTw3,

¥, (4)HEBEEEEOAE XX > TRE 3 HHRERICER
AN 32, Chic kb SEsticn, FADEREARERE Eh b,

(5)EHRE 3. 5hbdbhdlerd, o595 OFF Ik & b A
HHPUEEEND O T, HICHEEOH - &iclE, FELHOE

5,000

NKA—40

1,001

500 K

VAE  (B/min)

3. 5 NKA ¢ B# 057 Fraiha
Allowable engaging energy diagram of type NKA
electromagnetic clutch.

80} ,
j 40/~
0 ! L
0 1,000 2,000
BER5 (rpm)
K 3.6 [Wi® & BRI

Slip revolution and temperature of friction face.
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REEBT L LERD 5,

Plhk kb, chdbZEENTEDNT S 2ro RN DT v,

—F 2w HERAELEL L, B 3.6 KFRT XS CE—HIk
Tab b 2907 FEiAE—C b, BEEOBIRTERERSEL b,
T b BERIECIEERIC X 28EE, H 20 o50Fh74 A Y
hoDOBEEREL DI, BEALELZV O LEDRD,

¥z, FA—BRNEECTRIMFEDIEL ldB \», ML
LALDOFETR 2 U LOWEZER & Uk CHEIOIRMTRES
BB CDH B 20, HEEHTHD ZREOBNEATAD
NTWE DK L, HEFHA EOHFETIRIE & A EHHIZIR R
HrEhnkdtEILILN S,

3.4 RELR

BB o507 #EHT5 ¢, TRERKC XY D 2BERE -5
*ERT.

(1) 29 @ Ja— #

(2) Zeg tuo k3 H o

(3) H-wR7Yud A & OHEIIE

(4) HEERED 2907 R EIZHD

cn5B(1), (VFEREW LEBETHRL, ¥72(2)HEE#EMm
BT RERE LT RET D TH 5,

Lo T(A)EE R LICEL T X, BB (2)5s

NKA—40
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4.3 NKA JB % o507 WAl (3-22- HiFEE)
Mounting of type NKA electromagnetic clutch.
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EXEWI T v T

UDC 621. 838. 3: 62-59
T7L—F e ZDiB&

HE R ET R BT RS - fE B K
HE BRI

Dry Type Electromagnetic Clutches, Brakes and their Application

Himeji Works

Toshiya MURATA - Tetsumasa ASANO « Masaharu UEDA

Kaoru INOUE « Yoshiharu KOBAYASHI

Dry type electromagnetic clutches and brakes have been in use for a variety of industrial machines because of their ease in hand-

ling and economy of operation. Mitsubishi has worked out serieses of new products of these lines referred to by changing old models.

They are made up of type NEA dry type single disk electromagnetic clutches, type NEY dry type single disk electromagnetic brakes,

type LBH spring closed electromagnetic brakes and other devices of their application, all being designed to meet diversified requirements.

The article describes their construction, operation and characteristic and further touches upon the power sources specially built for them.

L £ A % &%

WUl o507 » Ju—% 1, TR A HHC 2 oRF NI T
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AR OME LAFT 2 KT 5,

2. & EE|

Sl o-Zb LB o50F « JL-t 2 EL B L, THDXS
‘C& Z)O

I—NEA(T) ¥, BREEER bo 12~20kgm

B 050 f}—[‘ —VK (T) 7, #HEEE ruo 40~100 kgm
JKA-K #, WIEEER o 0.6~10kgm

Eﬁiﬁ—I—NEY ¥, HHEEEE o 1.2~20 kgm

B Su- *—{ LEBA %, WEEE buo 40~100 kgm

—BiR  LBHIE, & vy 06~20kgm

THLRINODEHME LTO2FDX S ADDONRD 5,

(a) NUKIE 95057 - Ju—f1zw b (25892)

(b) £~tu 4% o50F « Jo—F1zZwt

(¢) IEMHE 1-wth

(d) J-y FEEB o557
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DObFobLERBEOT, ETRIWE 7T-2 IKHRAARIEH
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3. NEA(T) FBRz > vF B LU NEY BB 7 L —*
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BHLADOBREREIN TV D, HHTRINOICTAZLDHN{DF
DX 5 BRERIT) ALEPIEHZRHRE L ko

(1) PBEERTZBEFE L Cd BEMIC foul BB EIND, 4-1F
pwd ftE & Lo (Pro 12kgem %ER<),

(2) #ulickk - BEEMEL - 0507 fiGAR & DM T, TAMDD S
HDE Lo

(3) kD VKIE o507 - EBA B Ju~% &, HEmMicsEak
HER b 72 U DEE % 35 - 7o

(4) A-nR7uvsd T L o1 BB & L, 380 - SR57E A
S Lo

BB o5wF RE LOMHEE % 32T, M LIPE Clifl3 2
NEA W&, ZEgufiligctifids NET o Zﬂiiﬂx yy-£ 1Ll
w3 (H3. 15m),

¥ 7 NEY JBER Ju-+ OREIRAEE,
& LT3,

3.2 Bk

.21 E@rsvF

(1) WUMBOMEEE 3. 2 1IC7T. 2503 OHLKE S 0-
2 OEESEENCHE, Fgka >1-ud 2L, Fechicdfixstds 7
?Fa7 i, 2751u BREFR KT B c ik o T, THAHEDR 1%

Eai aa'fﬁ- rEELE

3.1 & o557 (£ NEA-5, #5 NET-5)

Electromagnetic clutch.
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[OL Ve
D @F~A=RT Y vy
@afr
[OEE4
®r—%
®@y4=>7
@DT=F7T
@*—~F ¥ FHER
@77y
BRF54 v T
J—F7 4+ -
@y—F 5
E 3.2 NEA
WEE 75w
¥ #iE >
Construction of
type NEA ele- # B 4 #® mm e
ctromagmetic % & P 7 - g*&un@
] clutch. AV B D mn) L) M| N (3007 &
NET-1.2| 40 | 55 | 96 | 15 | 28 5122 | 17 5 |VK-1.27)
NET-2.5{ 50 | 58 {120 | 20 | 31 51 22 | 22 5 |VK-25T
NET-5 | 54 | 72 {152 | 30 | 30 | 12 | 30 | 33 7 |VK-5T
NET-10 | 64 | 80 [190 | 35 | 34 | 12 | 34 | 385 10 |VK-10T
NET-20 | 74 | 90 |220 | 40 | 38 | 14 | 38 | 43.5 10 [VK-20T

M34 NETIH BB o575 H &

Dimensions of type NET electromagnetic clutch.

® 3.5 NEY-5 &R JL—+
Type NEY-5 electromagnetic

brake.
# ® st 23 mm
® & c d F
A B |@&n| 2 |y E |&n| 6| B
NEA-1.2 40 56 71 96 15 63 50 3 8
NEA-2.5 50 61 90 120 20 80 63 3 8
NEA-5 54 89 118 152 30 100 80 2 14
NEA-10 64 98 150 190 35 132 112 2 20
NEA-20 74 110 160 220 40 140 112 2 20 QR EA L
- @3 ~7
. Fas b1 D) 23 Tmm @=a4n
® w | g |lER&oBs D54 =vy
TR E M N E EnjdED ®T %7
NEA-1.2 4 fMée| 28| 2]23] 17 5| 22| VK-1.2 @+~ t ¥x » THE
. @DRTIL v
NEA-25 | 4 | Mé| 31 s | 22 | 22 51 28 | VK-25 ) A
NEA-5 4 [ Ms| 30 | 9| 4 | 33 7] 35 | VK-
NEA-10 4 M8 34 {-12 50 38.5 10 45 VK-10
NEA-20 6 M8 38 12 58 43.5 10 47 VK-20 -

3.3 NEAWREBE 2575 ik

Dimensions of type NEA electromagnetic clutch.

® 3.6 NEYE

K oTnd, e o
MIEMIC 2 D 3-2 R, K- 7Y BN LT 0-2 KdE conS%ng;:oﬁﬁ,e
L, ¥ZHBRI-FHEFRELTIhODOBMAAEBE I LTw NEY electromagne-
. | tic brake.
A bfewd BEE, tLo 25kem LLOBRO b O CRAY, T - i
vy l2kgm ik, Ya-w239s8 2RI T3, (4) #FEEONWBIENFES. 3, B 3. 4 KR
(2) Z=HEEIRIE 2351007 REESRICERNT 2 /#EC, C 3.2.2 EHEIL-+
DR 2500 WA L OERICRAN T 2B L B> Tw b, ~ M S~ BEMOHTID 5 IZRIEHE LT, o505 £ 2 )
(3) 2507 OEVEEER DC24V ©,  ORBER T 79527 Kifibh w3, NEY JEEE JL-+( 3. 5 2M) &, NEAWE
% o-2 PICREIL, by 2EESRIRETH . BREMTE, B 7507 Ofilks & UTEYWE U BBVETE JL—+ ©, &M
A= bwD SEMIICHET TH B 25905 KL -T, FREDMEC 3. 6 IRT e COTU—+ BOFDHOLUNEL, NEATY 5507 &
=R FEAER—ANETD 2 OFMTENET 2. Tabb ER -2
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T
L
O L =
( | |
!
|
d |
Ea S <+ # mm
. . RS D
e %AC p |2 el F lielLlve] vonl 7 |% &
"7 A= E (teHiEn
NEY-1.2{39 125} 90.5] 15 2y 50 4] 71321221 30 17 5 EBA-1.2
NEY-2.5148 150 | 112,5| 20 138, 72 |4 713422 3] 22 5 EBA-2.5
NEY-5 [51] 147 {144.5] 20 68 52 | & 91830 3| 33 7 EBA-5
NEY-10 |56 187 | 180.5{ 35 851 &6 | 4} 9211301 4] 38.5 10 EBA-10
NEY-20 j65 217 {211 40 1000 80 | 611112440 41 43.5 10 EBA-20

3.7 NEY R BB L -+ 478 +F i

Dimensions of type NEY electromagnetic brake.

)
=
5p NEAGET) 2
N )
2
pot NEARET) 725
NEAQNET) 12
1 -
0.5 L L L 1 ! el
12 15 18 21 24 27 30
® I ()

® 3.8 NEA BE® s507 HEEE vy Bk
Static friction torque characteristics of type NEA
electromagnetic clutch.
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Lo KEEE LTV 32, @ Loy Icid 24255058 L 2 THE D 5
BHD0RMHLTNE, B JL-—+ ONIESERE 3. 7 KRT.
3.3 1 #E
B 050F &, B Ju-+ ORI L A YE—TH 5 0
CXFIL 7R W TCiER 3,
3.3.1 EEgrLL
BRI b2 X 0507 BEDKRIC, b o & bIEARE R BFET, C
D Mo FIRATED XN B,
T=uPR
ceT T:EEE o (kgm)
o EEERIRER
PlihmorEd (ke)
R : BEEE OAEFH¥E (m)
T PEAB#R AT KX>TEE3DT, 211 ~DEERK
X - THBHEDOM DA, KT 5 el TE, FEE v %l
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40
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& 3.9 & # g A

Continuous duty characteristics.

310 E#oswrB{ER4o0
Response characteristic oscillogram of
electromagnetic clutch.
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NEA-10 1% B o357 O#ELEIKIC X 2 BERm ORERE %, X
. 3. 13 Rd. ChiERsb R e —E e LIAEE, tAREREL
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(b) msgmsEs N
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B 3.13 BEHE O RE &8
(c) BmELEIS Temperature rise characteristics of friction face.
S:zf vF Tr: b5v=x Rf : $i a4
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Excitation circuit

3,000 HEAXEY

1,000
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32

5L
o . . S ‘ :
0 0.05 0.10 0.15 0.20 0.2 1 5 10 50
g M (s) vAFE (B/9)
B 3.12 NEA-20 & & o5wF buo 301 D Febk ® 3. 14 5 4 8 #% - & (NEA )
Torque build up characteristics (Type NEA-20). Allowable engaging energy diagram (Type NEA)

x3.1 NEAEE® o355 i Bl

List of characteristics of type NEA electromagnetic clutch.

(fBE DC24V)

7 5 | EEEEEL a4~ @50) T TR |y S DR b R GD? (kg-m?) W | B
kgem | ® Al W | mens S S w5 @777 ke em?
NEA(T)-1.2 1.2 0.55 13 0.04 0.02 0,04 0.04 1.7x10-3 1.8x10-3 2.0 6.0
NEA(T)-2.5 2.5 0.60 15 0.06 0.02 0.07 0.05 6.6X10-3 " |" 5.4x10-3 | 3.2 22
NEA(T)-5 5 0.90 S22 ;008 0.04 0.09 0.06 1.9x10-2 2.1x10-2 i 8.5 53
NEA(T)-10 10 1.3 32 0.10 0.05 0.12 0.09 5.6x1072 5.1x10-2 i 70
NEA(T)-20 20 1.6 39 0.16 0.06 0.18 0.1 1.1x 10t 1.1X10-1 17 110

() M@ (NET) dzoflio 6% o3
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MERYRVEDIETER S~ ORIABEL Ao TETnd, £D LBH
B -+ R X » T Ju—+ 2HML, WEEH>OL 27
I TITHBR SRR D WEY 5 2300 VEEITE T, BORei:
EDLEDICRRAIRE OTHE (K4 LBR).

TR INDICT LB 2FD LS RFBEFITDALE,

B GEFOH L WER JL-+ & ZOBEHEBE R L .

(1) BEMHZED 5 0ER 3L © AT &, 239ud 1 Of

W EBCAS L DI, YUz ZEAL 2 B2 BEELH
HROP L WEEIEE tob & LTHRL ko

(2) TAMEBEDLRFEELCT 24D, 31207 MWhlx

sk L, A OEEEET Frod ORI ZRGIINETE AR
— L Twd, Thi—HHRRCHERLEHIC R 21, HS

4.1 LBHE BB JL -+
Type LBH electromagnetic brake.

WAEE o507 - Ju-+ & X OGRS - #1H - S8 - 3@l - L -

KT R 2 bhiE E Lo

(3) S & BB0% & LCHKE 1< Ly 220 25510 &

Bo HE 2 I Bb & THEERBEETTA S £ 51 L

(4) TiEEEE LBH £i&ficiticE, /Mg - ik t
50202 Y22 HIEARARAEL, SEORERE 2L .

4.2 S
LBH /AR Su—+ OHERER 4. 21077

®
/’6
@\ ’%J
\\\ /®
@74 —n T @7 -1 @SV s
@B =4 A ®r4=vr @ YTV r
@r v e —& DFHHHAL
DT ~F =T @RI T4 v T

M4 2 LBHIE B # J L -+ W&
Construction of type LBH electromagnetic brake.

v &l A | B | nhldn| F| G| H|
LBH-0.6 55 102 70 12 110 0.2 3 22
LBH-1.2 59 118 85 15 128 0.2 3 20
LBH-2.5 65 146 105 20 156 0.3 4 25
LBH-5 75 166 120 25 173 0.3 4 30
LBH-10 85 186 140 30 200 0.4 5 28
LBH-20 97 234 170 40 250 0.4 5 26
LBH-40 13 272 200 50 295 0.5 5 26
; M ¥ W
R I R e K
LBH-0.6 25 6 4 10 85 | 13.5 4 2.5
LBH-1.2 28 6 4 10 o0 |17 5 4
LBH-2.5 30 8 4 15 125 | 22 5 6
LBH-5 35 8 4 15 146 | 28 7 |10
LBH-10 43 10 4 18 165 | 33 7 | 2
LBH-20 55 12 4 25 202 | 43.5 10 | 30
LBH-40 68 | 12 4 25 235 | 53.5 12 | 45
K43 LBHBERIL-+8 T &
Dimensions of type LBH electromagnetic brake.
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#41 LBHE E B J v - + # fE
List of characteristics of type LBH electromagnetic brake.

GEE DC24V)

. . G by a4 LR (75°C) k- z 32 1 b B (sec) ko 7 iEMER (sec) e ﬁﬁy‘ ] :i‘ g:; ] @hﬁii — &% GD*
b2 2 . e | P CBe 5] S [l ) EE Y | e - A
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LBH-0.6 0.6 0.69 4 0.055 0.085 0.050 0.013 0.5 0.3 3.0% 106 2 0.00045
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4,4 LBH-25 BEH Ju - +I6 & & #
Response characteristics of type LBH-2.5
electromagnetic brake.
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Allowable engaging energy diagram (type LBH).

B 4.6 ZKL B
Type ZKL control box.
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5.2 E-bAFESISvF - TL—Fazy b
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JH o597 K #7 ZENENHLEGLELIDTH, T D 9547
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HiBEE S 2 TG - MiliE & < VT C & B TES 120 54T
Hb, CDX3IKIFFHIC oI BEHEREEH L T\ % OCHEER
B, ¥k FP FEROWTHE J323Fw0 B £ L8 £9 S
GhbEBCLILI>TELYLTNEL AL TS (B5. 22H),

5.4 7-UfREEEISvF

chid 9555 & F-9 —fkE L, J-y Tt Azyod ZAML

® 5.1 NUK-209F 248420
Type NUK-20 MAGPAC.

5.2 IEWWE 1Zwh

Reversing unit.

5.3 J-uyftEEHE o597
Electromagnetic clutch with pulley.
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EXATNVSRIZyF - Tb—F

HEF 5% L B -WMK BEHF - mHERE

Hysteresis Clutches and Brakes

Himeji Works  Hideo KURUMADO « Kaoru INOUE - Kiyohide OKAMOTO - Humio HAMADA

As the field of application of electromagnet clutches expands, the friction type used as main products in the past can hardly meet
the requirements in the point of precision and durability in a certain sphere of work. Solution to this problem has been sought by the
development of hysteresis clutches transmitting torques by purely electromagnetic operation. As this new device is of no-contacting type,
it has not only accurate operation but also semi-permanent life, the features being epochal compared with the conventional friction type.

It may be claimed that this new product is advancement of a step toward the goal of contactless electromagnetic clutches.

L% &2 2% &

W 0597 OISHNBRIEA BICE bk - T, *OBHLENS
L, BOAURDEILEh, »rOBEOBETIERERENE L5
Ch->TEke CRLDTERICC LB DI, BESfE DI 71 8
BICn MBI by BT B £25Y22050F Ju—% 25
Lo

TD 750F « T~ WIEHMTECH 228, DIEECRKC £y
J (BHEHF) 2HA LA 940507 & BIERUHEEY b > Tw 3,
Lo LIHEMITY©H 5 70, Aodo507, BEERUER 5507 & EiC
HLBMEL DRREZR S > T B, & IC, BEEET 2E5M % < By

AERAWT twni , PEREOEERER 95,7 Tl & @ o5 ¥ IERET (H ) ® == Fa=Tyvys @ =F-#

CEAANCD B > C i GROBHER 97# s @ SR ® 552 BT (1000 ® =4r

LTHERTERD 27T b THB, 4B FTETE UL @ PR @ AAEE Q #=axTYrr
O FenAxT Uy ® Bt

TREN B L EZ LN BB 9505 DIEIASEFC 0T K = il .

" e o 3.1 ZHA TG tazyurosws MY

& 3, Constraction of type ZHA hysteresis clutch.
CCTHRRR, L HiG S ISHMicOwTENT 3,

2. ¥ £

EazVoao50F &, TERDEEERZUER 7507 K LTKD & 5 &
BEZb->Twn3,

(1) JEEERS D %0 O Yk AN,

(2) 2997 EHEROCBRAR <, BIBERICHM Lk Lo 1k
&0 B X,

(3) b2 O%EY, RIEHORX,

(4) DRI HEDORHIBE ORI (77 L A7uosd OHAE
TR ENh D),

(5) KEVEZR L EMER buo TEE

F7e Bl Eoflie, JEBHIBER o5.5F O—FE & LCHEED & i

@

5 See . @ RF—% B KenxXT Yy
ENTVRERRE T3 L, KDL 5 AKERD 3, ® =d4nr @ EET
o s st AR D KU RABH
(1) 2957 [liEE LT by HE T, e G iR

(2) HE2Yw? CHM LA L X MET-ORE ST b A 5 5 3.2 ZHY % t25yuasu—+ M

o OETRZ, Constraction of type ZHY hysteresis hrake.
e o DBRRDRNC 1y T WKABE (EBL S Twih\n) OF 2 [
3. & EpEEE o Tl B
3.1 KLY T X5 tasyoro5eF B 252, & L HEIET-# wE, 9 1EET R B L Chig o 2T e, 1R
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B 3.3 ZHA 12A, ZHA 25A 3 U ZHA 50A I
EAFYDAISwF

Type ZHA 12 A, ZHA 25 A, and ZHA 5.0 A hysteresis

clutches.

X 3.4 ZHY 12A, ZHY 25A 7% # X &8 ZHY 5.0A
ExFyw2IL—+
Type ZHY 12 A, ZHY 25 A, ZHY 5.0 A hysteresis brakes.

BEACH Exzvoz B D Y,  AABE ORRIED L LITBRD £
XY S, £OEE, 81 EET 52 OiET-ARE0IC iR
T3, ta7Vu2dv-+ B a5-2 LF LEET2AELADDOTH Y,
3. 2 lIcx OfEE LT,

3.3, 3. 41k taxtvarseT BL T Ju—+ ONETH B,

4. HWTEE ot

F4.1, 4. 21 ta5)u20507 Ju-+ OFHEERONIE T
b, ¥EKA 3TETOBLRLEETD B,

S = S - <

5.1 FhEEETIRT Lo e

ExFU22050F DIEE Lo 2ITT2 KDL 51k %,

5 2 [HEF D A AR HEE 1 [T O OBERRIC X - TRE(L &
WBEHE View?), KABEZ DL > TWwEHEHC X » T A%
N3 B-Hh## (cazvyz #iEd) O, 34b5 tasiuz A%
W, & 1ET-OmEE N &35 L, o555 #—0E 29.7 353
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T_T<1(gcm) ....................... (5 2)
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O EXBREERIC X > THBC K 2,
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o BEHD 120~130 % T LN, EMEHRD DL % 25 100 %
FCORETE o BEBEERICIRELAL, o kv
BELND, Tk o OEENEEEEIICR HERNAFRIT
B 57w, JIBERCKT S by O%LERE, BT s b
Vo DRBMERIFF CRTCH B, A BIEERORMRISICET %
MLz D EaFUuR DR, 5EE vy ORGLUTTH D ERH LEE
TEB{HTDH 5,
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% 4.1 ZHA B tas9ua05-F AIB
List of dimensions of type ZHA hysteresis clutches.

i

=

dx

| — e
i —— ]
= }
N
A
Moz (mm)
" d dz
i % A B &7 (26) N
ZHA-12 A 92 63 12 6 45
ZHA-2.5 A 103 74 14 7 50
ZHA-5 A 134 88 16 8 57

% 4.2 ZHY ¥ exzyoziv-3 SHEE
List of dimensions of type ZHY hysteresis brakes.

H
Y
=
< I Ao
Q - I 0
A
MW 47 (mm)
- i a
b2 % A B D (26) H
ZHY-1.2 A 58 63 86 6 42
ZHY-2.5 A 65 74 98 7 47
ZHY-5 A 76 88 110 8 55

* 4.3 ta5Yvao59F Ju—F Ok D A
List of rated value of hysteresis clutches and brakes.

T O DC 24V
W EEF RLEET g

\ B g R | ) R
» | ZHA-1.2A 1.2 0.36 9 6.0x1074 | 1.2% 104 0.8
z ZHA-25A 2.5 0.52 12,5 140X 1074} 2.6%10-4 1.2 )
F | ZHA-5A 5 0.62 15 33.1X 1074 6.0 104 1.8
- | ZHY-1.2A 1.2 027 6.5 — 1.2x10-4 0.7
lzuy-2s5A | 25 0.30 8 —  |2exio-t|
1 ZHY-5A 5 0.46 n — 6.0x10-4 1.6

5.2 RYU v 7HEGHEMN LI

5. 2 7 ZHA-25 A J¢ 5555 © 29»7 BHEECE tuo FETd
3o COMDHIWLhE L SiC, BRERE—ETHNE 2T
R ICBIRZR  — & Mo BB bR b, L L, EfcyIE
EMEBEHOEL TR, aUw3 HEHOHINC X > T aYwF by E5
LEINT 5. ChEBEFEORECLSIDTH S, T OFHEEY
B/PRRIC L 85 5 2D BREHOKE WAABEME R EHT 54
EWRD D,
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5.1 ZHA ¥% t25Y2205wF RS Lo Bk
-Characteristics of exciting current and torque of type
ZHA hysteresis clutch.
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5.2 ZHA 25A W 9595 @ 2Yw7 [AIRECT tuo Bk
Characteristics of slip speed and torque of type ZHA
2.5 A hysteresis clutch.

DX 5T 2y w7 EHEBICBRA S —ZD tuy B4 b3
2, T A0do5eF DEDVERLTH Y, T OREERIETHI
HE LT, BN ADDTH S, F2EENX 757 LALTXS I,
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HETH B,
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ek
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C$+EE=Q ............................. (5. 4)
628

60 |-

401

(deg)

BELR

20+
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& 5.3 ZHA 25A T 7507 DIRE FFRHM:
Characteristics of temperature of type ZHA 25 A
hysteresis clutch.
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5.4 ZHA W t25Y2205-F OFFEEE 217 TR
Type ZHA hysteresis clutch allowable continuous
slipping power.
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5.5 ZHA 25A ¥ tazysaoses DiLH LD K
Characteristic of torque pick up time of type ZHA
2.5 A hysteresis clutch.

R /s
' Wy _L o 75y F(TU—%)
| c ye

Acl =100 T

K 5.6 ausoy 8 BB E K

Over-exciting circuit with capacitance

#® 5.1 ta5yy2059F ® buo ALH E DI
List of torque pick up time of hysteresis clutch.
M ms
2 v F v RHEO by

EEREENO F ey
arH L b B AL
63 % 100 % 63% 100 %

ZHA-1.2A 80 325 9 10.5
ZHA-2.5A 92 400 10 18
ZHA-5.0A 124 500 14 22

) =yFyyir ZHA-1.2, 2.5 {2 100, ZHA-5 1 300 ©H 3
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IC X 2 BRI 3 © 7 & AR 1/8~1/10 ¥ THv 3 ¢
ENTE D,

5.5 &AL

E27YDRA05T &, BHEREL LD 207 KECRBEER 284
HZeE by BEL AV, B1OEFLE20ET & D 2wT 28
RVRIECHBE RS &, W2RID o BB DZEE tuo 2
Yo L RIETHE 2, COER by ZBRET I DI, ROKE
»Bd 5,

(1) FLEEL3EDnAED X5 CHEERSHRL T3 L%
ik, EL1OEETFEE2HET Cu-F 0L EiE as-2) D ayyd
[EHEE A 40~50 rpm L) E DRBEDOHICEF % L o Wi 3 BEXD
o FARMEHEES & bIEWES R ERZ WK ¢ 2,

E2FYDRI5wTF « TL~F « BT « H L - [ - KHE

(2) LWt 3B0ERABED 20~30 %6 DFEH &M FICH T,
CoEdv, FlEEF F2EEFRENC 29— THNERER
THCHEIREIC L 2HBORBERARL &S, WEEERETIE
WX SIClEET B HERED B,

6.1 B f#
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ERTEEE 2 2DT, BERUDEEEKDD L DERET P AEL
END A EEIOBEEN LTI TV B, A & BT R IE
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&, A525-7 O 5o BIICE U o B S hiFaTe B C
3,

6.2 EEHE

X 6. 3 FFHEHHEIC Ea5Y920509F & I~ R LAHITH
%o E2FYVRISwF BHIIE, Ju-F VEAEZR VDT taFyuady

M

ENOo-i

6.1 £REELD 2wz OEEIRD OEAHFFICHT LB

Example of application of slitting machine.

BHLY -

6.2 hAFDBEOEM LORIGIHC L L 725

Example of application of twisting machine.
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B 6.3 ta5v2o30F « Ju—% I X BT O I
Block diagram of speed control by hysteresis clutch
and brake.
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Tooth Electromagnetic Clutches

Himeji Works Hiroshi NISHINO » Katsumi NISHII

Tooth electromagnetic clutches are the ones to transmit torques through the engaging of teeth to teeth. Differing from conventional

type working with friction, they can transmit large torques with small sized devices and free from the trouble of drag torque and gen-

eration of heat by friction, which are distinctive features of the apparatus.

Mitsubishi has newly developed type NYA tooth electromagnetic clutches which are designed with ease of operation and adaptability

to work in a wide range as a principal aim.

The article describes their construction, operation and transmissible torque, operating time, condition of coupling and other charac-

teristic. Remarks in operation are also explained as well.
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Dimensions of type NYA tooth magnetic clutch
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List of characteristics of type NYA tooth magnetic clutches
(B DC 24 V)

o 2 2
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kgm F i E pil W R s s F o480 | TORYFAL0 kg
A W s
NYA-5 5 0.8 19 0.015 0.020 0.030 1.3%10°3 1.5%10-3 1.6
NYA-10 10 1.0 23 0.020 0.025 0.040 2.8x10-3 2.6%10-3 2.1
NYA-20 20 1.5 35 0.040 0.050 0.070 1.1x10-2 1.1x 102 4.7
NYA-40 40 1.8 42 0.060 0.070 0.0%0 3,0x10°2 2.6x10-2 8.0
NYA-80 80 21 51 0.085 0.100 0.110 7.0x10-2 5,7%x10-2 12.4
RS 4.0F
i} L 1 3 U Aot }V?“E
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Adaptability diagram of tooth clutch ().
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Mounting of type NYA tooth magnetic clutch.
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Tension Control Devices Detecting Tension by Minute Deflections

Himeji Works

Toshiya MURATA -« Tetsumasa ASANO « Masanobu KASHIHARA

Tension control devices using the powder clutch brake have been of dancing roller system for these years. However, the present

demand of turning machines into higher accuracy and higher speed makes the devices of this kind unsuitable for the control and the

development of new control apparatus is vigorously called for.

To cope with it Mitsubishi has worked out, based on a new idea of

sampling control, tension control devices operating by minute deflections of load cell detection system. The article makes the introduc-

tion of the operation principle of the device, its control characteristic and experiment data for the purpose of reference to winding and

unwinding tension control of various kinds.
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Tension detector.
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Brake Motors

Nagoya Works Tsutomu MITOMI

From the viewpoint of improving the productivity, it is an increasing trend to raise the speed and elevate the efficiency of machines

of late. Along with it there is high demand on brake motors capable of working for rapid stop and inching operation of machines

with high accuracy together with endurance for highly frequent use and againest high energy yet being highly reliable.

This article describes a variety of brake motors manufactured by Mitsubishi of their construction, distinctive features, characteristics

and selection of proper application.
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Exterior view of type NB brake motor.

* 4 R

LES IR LTV 30 Yoo IR O Ju—+ B L CREE 2
Bod b, BARHERPEERRD 5,

Jo-+ CBREx ANG &, BRGCEAATEEL, 2JUuJE
TNCHTE - TR LRG| A W5, AHIZ0ICH Ju—% 3 —
tEhoThUCHEINTED, Ju-F WECHLAT o TwE S
2o BEHBKAR Y, &L IBEET 3. SIEEWED Su-+ B
9% L ERAOES | NEAKCHERL, FHA 27107 EF1C X
5 C Ju—F WA 51205 B LD, Ju—Ftno BFEET B,

(NB-0.8%L k) \@: \@)é 2 6

@..,

]

(NB-0.8/2L1E)
QT » F @air @A =vy OSSR

@y Fr G@HZELr  B7IF»r @ Rk
@4 F [QEIEJE T [(dagaead) (b I
DT @7 r—-28 GFBrsr @r T

@Fv—FNr - D=3 OQE YLK e~ b
@1 gk @ 1k P QRHEF » b [ I
2.2 NBJL—+ i
Construction of type NB brake.
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Construction of 3 phase electromagnet.
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% 4.2 EBA Stk
Characteristics of type EBA brake.
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Comparision table of brake motors.
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MELDAS 5230L fig#2 2 M8 sREBHIfEIEE Hl s

HUE %K FERE RES R B EF B A R

MELDAS 5230L Numerical Contouring Controller for Lathes

Kamakura Works

Yasutsugu KURODA - Togo SHINODA - Hidemasa IIDA - Soichi SUGAI

MELDAS 5230 L has been developed for exclusive use with lathes among a series of MELDAS 5200. It is of two axcs, linear

and circular interpolation system. Its least input increment is 0.005 mm at X axis and 0.010mm at Z axis. A multi-pole brushless

resolver is used for a position detector to elevate the accuracy of surfaces. Relays are provided in sending and receiving signals from

outside to improve the stability against noises. Expansion of optional functions is attained through a huilding block system. Further

added to it are such functions as diameter designation, mixed use of absolute dimensions and incremental dimensions within the same

block, compound tool offset, screw cutting and fixed cycle.
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Tape reader.
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Operation panel
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800 W transistor amplifier.
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Optional Specification.
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Design Method of Passive Temperature
Control System of Artificial Satellite

National Space Development Agency Shaichi HIRAI

Mitsubishi Electric Co., Central Research Laboratory Sadao SHIMOJI » Yasuko ASHIDA

Mitsubishi Electric Co., Kamakura Works Takao UEDA

To protect the apparatus loaded on the artificial satellite from the space environment and keep the apparatus in a required tem-

perature range is one of the important items to attain the fulfillment of the objective in the orbiting spacecraft.

In this article is described a CAD of passive temperature control system used on a satellite flying in the space on the orbit for prac-

tical purposes. This system also gives a foundation of a semi-active temperature control system and a programing system. A technique

used as a basis is a multi-node analysis. The energy interchange is analyzed by using a radiation configuration factor and a radiation

interchange factor. About the basic equation, calculation accuracy and application range, explanation is made in full on the result of

study by quoting examples.
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Variation of configuration factor for infrared radiation vs.
true anomaly, circular orbit.

o i 70 %0
4. 10 3FMOBHA S iest3 B IBRRH DL L, ML
Variatin of configuration factors for three kinds of

irradiation vs. true anomaly, circular orbit.
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Fep#ll, & -F o 28 A EROB eERT 6. T4
b BB E N FROBAERIEE L ~F OMEICdERL 2 b
DrL, % -FBolge X EEIC XD 13- ZKHREFHIL
TP AR 5. % )-F O35 HRET &<
Hbh3 X5,

g1, stored = ¢4, vad + ¢4, cond + ¢, gon

dT;

N
Cite= o ATA+ 2 0Fy; - (TJA—T{!)
dt G=1

N
-+ ExG“ s (Ty=T3)+Qu(8)
=

rEbEND, TCIK, HEIFICIE - FE c@lAT
DA, € GG, A BFENEL FROHERRE, G BEEic
& B BMEERAE DT

J—F O 30~300 REINTH B o B ATHIRICET 5
BRI R, © ORIEORONE MO exF 3 RO
e X - THEE T 2 o, HEE 1D ZRE TR {2
FEhOTHRTNECT AV, Tabb, J-F OMHO#E, 34
B, TaLE— SRR B 0N B X OB S, BEREIR L
 yEal-t T3 X5 IED bR, @ 11) OREBHIL Tl
Rbhl, TTRHELEZL 5K, bILbIORETHE, NUfiR
DEEFL TV T 20 )~ BT R T4, T IEHE e 5°C 12
BO—EBEE LI TW 3,

BB, @D, BREFIG) LU ~84: %5
BT {Fuy) pSEERIH 5 e, MIROIHEDNEIC S b b,
EDOTEETH - o WERIHE, BT > RO Bk
3T B b D &,

dt<min[C; » (g0 A+ ZoFy;  (TA+TE) « (Ty+Ty)

' +ﬁ:Gij}_1] ........................... (4.12)
THb, bhvbhid Runge{Kutta-GiH DN FE Flvcz (4.11) %
Fi5r Leas, 270, #MHME Lent Bhnd, sEHECETH,
#)¥ Adams-Moulton ORIz EPWRD FIT- « {BIETHA R X
Nz, g Implicit-Euler Lk X, BAETRBE LAY
Explicit-Euler g3l 5TV 3E X 5 TH 599, idE 5
BN E T, J-F EEHL 507 (LI X 24T0) D BEEDE MR
HokkdbotEbIb,

FTTIER% X5 i, TAP KA Jodse O 7-a B &
U, BUHHBRD F—2 AN EN, ZOEE N MO J-F kL
T, SN+ N(N-1) ORI BEDT, F-go-t EROIFIID
Wb, FIUVRALT S F-2 EREOZDD L 55 HBHETH
b

Tt LURIE TS ewic, B4 11 icoRd & 5 7 3 [ulf
#ik C-REKICH T, BEHEHO 232 L & £50,

T, —~01 01 01 0.1y /Ty Qy
Rl V 2% .. . 04 O

d| T [ 01 -05 01 01 Ty o) (4. 13)
da\ T, 01 01 —05 01|74 0
Ty 01 01 01 —05/ \T# 0
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0.7

El

0.2

B4 11 3[Ee#L4-fF
4-node system of three-fold axial symmetry.

R 41 BERMZORELLHEED F292
Check calculation on stability and precision of
numerical integration.

(a) &HIGRM:

¢ #Wos o h ZF oy S T, T2T:Ty
0.02 80 0.77209 0.91338
0.04 40 0.77210 0.91340
1.6 0.08 20 0.77206 0.91334
0.14 10 0,77081 0.91209
0.32 5 0.77077 0.91176
0.02 160 0.62218 0.73609
0.04 80 0.62219 0.73609
3.2 0.08 40 0.62217 0.73607
0.16 20 0.62170 0.73554
0.32 10 0.62161 0.73541
(b)) In#hgefr
t #ox ok = F oy T T, T2TaTy
0.02 80 0.14154 0.49436
0.04 40 0.14154 0.49437
1.6 0.08 20 0.14154 0.49437
0.16 10 0.14154 0.49437
0.32 5 B K ® i
0.02 160 0.14351 0.96197
0.04 80 0.14351 0.96198
3.2 0.08 40 0.14351 0.96199
0.16 20 0.14351 0.96199
0.32 10 & 1% & %

2T, 4dt=0.02, 0.04, - » 032 L g2 THAERI D 2177 - oo
SHIGEE Qi=07C, T \=Ty=Ty=T,=20 & LcBEOMME* =
4.1 (a) ide MEdt, Q=40T, Ti=Ty=Ty=T;=0.0 &
LG aorRe® 4 1(b) Wit SHESNAEER, 4 0%
NENDOMEICH L, ALY, (=16 L0321 T L~
L%z RL, BT+ VL3,

4.5 ST (STEP)

TAP ~D AF) F-5 1&, ML AHE X ULEAKK X T, #
FEEDOFh ) ICHERIMNERH LTS, Liedi>T, BETHT
%S H T, TAP OFFRRICHL, chbopfiic ks
AT R BEICANS T L BLRTH 5. FHEEMBIET 2%
WIC, FRHEECOVTHIWEDZH<5C & & L, BLEsAT
FEESR 50 2D b ILclilis X VEBEFC s 5 ALH
Bo, 1FERoRAs X UE/MREDOFSER, <« OFEEAT
CHIET BEREE L L R B DT, BHTRETIC I Y 78
B END,

& X OEFREZFEDLRTE, X @5 LU @11) 55,
Bl ) T, KBBARNEEE X RN TH 5, T
hEe2nT, HEWEBEMIAb0 e THE, /-FiOEE T
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DL,

7

+%’~(?_T_ . de j>2 ............................. (4.14)

b4 z N /8T :
(2= 3 (25 . Dy Y+ 32 - e
7

LEDENB, C T, BIEHM T Dy % & ORIFHERD £ 5
T3 C ERTED, kil R4 1% Dy TR L
T

o1y | ¢
aDy; :
T, Ty~ TJ'
(B) o ﬁ — O i (4 15)
T,~T,
aTN 0
aDij

5. KL,
B)=

N
E (Dij+40'thTj3) y - (D12+40'F12T23) s Ty T (DIN + 4UF1NTN3)
j=2

N ,
— (Dy+40Fy T1?), 3 (Doj+4cFoiT ), -+ —(Day +40FoxTw*)
j=2

: N1
— (Dy1+40FiT?), — (Dys+40Fx:T0%), -, AEVQDA\U*‘M'FN.?TJ'S)
o2

THDo CTT, TNTD Dy, ap 3 LT & Wk LCITF (B) &
GERDDOTH B C L ERTALE V. ThabD, TAP k- Tat
FEU R b, L AR ORA & o R K0 T, W17 S
(B! Ve, H@ M) OHDOEEDHT, BERRIZESIC
Kobivd,

BEW %, ALHBEORFH OFHILE S KET2{DT, ¢TT
EESICIT A T LR, iRk, B 0-5F 02
D a; B LU OREERETO—MEAT LTI L
Wi, CORBILICDWTRE, L, DHEEREAKT s TET
5,

5. REfRRO—M

BEEARME I LR OPLE - TRk - S8 X UGG, BRERRO
Ml & PRI iR L & Cd 599, BEE o—#fe LT, &
Ji 1,000 km O MLE % T 5 B O AN LHR BT 2 b 0%
oo PEOE & ~9%0cm, EE~80cem BET, MMEICIIKEE
MEH x5 WADTHT 5. HIRMHE 156 B LU 2D 50 22-4
G E L E R, EPEERET T D I5ut o0 -4 ICHL
N oz, M H56 DESHE oret & OOEMERIRMT 00
Mt e T, B 28 TELENE b0 LT 5,

ZTRMGHZ OB CH > T, T, PEOEDE 26
oo Fyo kA o, FEHTIRHR s G 2 EEA I ORKES &
Ui/ ME#HEE L, XORB ~D A% HEHT 5. ATHROEER,
HES OB THE L F% T 5 1hLd- b LUSHIET 2 B, W
B PSR, BEERCL->TE b, BlEY AL
D ZEERERRIC 3 W CESRIREMIlC RO v i, ThbDfriE
ERoORENBBOHEE L b, ThbD, Hikicsd 3 KBXH
W X URA SR O SEE, WIEcs T 5 BAKELE X UFRMR
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Predicted temperatures, loaded eqmpment.
HEOWEC L >THWEREL LS GBS DT TH 5, s, T4
DB, RS E) B LUERE, tiL-2 20 LTSI
Wi, BBl 53 30 L35,

iR % 11 @ )—F, BREROFT <2250 )-FTtHEbL,
AT R - RO —#%R 5. 1 3 X UR 5. 2 155, AHD
IR ME, ATLHIRERS~ DA T F— DRI - /M,
KR s L UM RIC X > CTE £ 5, T, RO
KRR S » 5 SN TH b, BHI T T £
2 TVh, LeRosT, bhbhAERBELSZ2IOR L&A LIV
I OBBUIRHETD 5. TNEED B C LI K > TAJ 1AL~
DI KA » B/ MERTRIE XN D, FERFC ATLHIE D b AHBICH X
o 13u¥- b EFE 5, Thbb, #EFROEFTCHL - T,

AWMt ok b, PSS b ORISR iz T L5, A
7 %‘#TT’UDS’*:{SJ: DB B L CAERIC I 5 SO @ 23 FIRHC

hEhhb, Cbe@;&‘/f_ B b i< X5, SR TIE
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é%fwéﬁmmﬁ HBOFE CHD e o TSR IDTREL,
bUbNER 3. 1 © Jotz K-> TRFTHD TV 3,

5.1 5 XUE 5. 2 IR LeAMOBISZ LoTHHER, B
E HBEOMEE LIKs UMM Z (b LTw 5, 1 X 105.16 4>
THb. KEEHHEORTHNIEE, WEOREIRIE & o KRR O
WL & ERE RIS E IS OINE - HHIOBER L L B4, E4. 10
IR Le 7LEF 38 X O FRAVEUE O 88 TR BB b 2D
WEE) N TEL LT D, E i, V‘]n PR AR DR Mt

DIFH/PEL, ADLATHY, FEOEEL L LT-4ic
HINTREBE TCH B EEL X5, »wTFholigs, {JJ*UJ#
KR BB HW A FINZHLCE L Tw 5 X5 TH 5,

6. & T U
NI OGS WRIBREZR O 2174 5 Jods6 va5s B LU

NG D S W il OREHE « Pk - Fib - B - i

LD —IC D TIE Lo C ORI E LT, HEE

OWEZRTT 2 ATHMECH LA DTHE, TLEND Jud>
6 DHERER, FHEOHEE s LA & e ATHEDO LS
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Performance of Clinical Linear Accelerator

Communication Equipment Works

Central Research Laboratory

Hyota FUJITA « Toshimitsu SUZUKI « Isamu UETOMI

Kenji MACHIDA - Hiroshi KANAZAWA
Kéichi IRIE » Yoshifumi MINOWA

Telecobalt, Betatron and Linac have heen in prevalent use as high energy rediation apparatus for medical treatment. Of them

Linac is of a rather low energy device and Betatron has been mostly adopted to the electron beam therapy.

Type ML~15M 1I Linac put on the market recently has high electron beam energy of 15MeV and is capable of heing used for

electron beam treatment as well as X-ray treatment, thus the scope of application being enlarged a great deal. Magnetron is usually

used for a high frequency source, but the new apparatus is provided with Mitsubishi klystron PV-2012W so as to facilitate multi-step

changeover of energy. In addition output dose has been stabilized with it to be counted as one of features.

Lo & »° %

B DA BOHREEEEE & LG, Bk Lol R=atou,
o RIETH 51w GRIEBRTIMER) BSERLTH3E8, v
THH—E—ERD Y, Lk XHAEFCE 517w, TETH
BHHCE A~atpy 23 XS5 ICEEHTH bk Ih T ¥
7o

T -3 ThiIcv B ire L 6 MeV 541,50~ S 2 EEL L,
X MUAREERE L LT, BEAA tuz 21 Lo K< CER
WV TWBR, TORT, PLBESIL X 2 ERH ML-15
MILE s1¥wy (R11. 1) XSRS L0 8, WG
WLEAMETELC L2 HME L, BE 1414- % 15 MeV & AR
'L L, 2, EEEED auAo b B L™, T i,
R-ztov EFERCE-HRIEICD b e e ab, AR X #
RIRL T - ¢, B s11Ter OB KE RT3 T e

1.1 EfEH ML-15 MILIEZ 517w
General view of clinical Linac model ML-15 M IIL.

660 * BEEGMIETT ** kBTt

TEJoo BUAE, THERSREENS - (BNKSEEERRICHIA T, I
ICHEE X, ARAGERICK & CEBL L T 5o

LITF I ML-15 ML 547w O, #6e% b TIcE
F_q COnWTHET 5,

2. REOEK

C oW, BT RS 15 MeV £ enL, 0tk HF -
b AR U CX IO, ¥ R BT BRI SR AT
IRBEAAR, 2\ eI R 5 MW OB ElE )+ LT
HHOEE® (Ki%T 5 WHEW, £ oflh i, B 2ol
Hita, MESSR bR I Cw 3, eholikt B 2. 1IioR
T

2.1 InEERAAFER

i Ak, BT - 5 Lo - I

- E—o LR

caYs—A s BT R B EBg A b Ty, Th
b i 210 JEfalE ] AE 24 BIHREEEY I 290t RT3,
2.1.1 BIH

BT EEBE hy-F 2 B 8 fEic, Jyof i
NWBEE ALA D AL ET 1zevay BROTFHELZHIE L, A7
2 FBIEC Tzovay B A (4R) BHE% I 5 . Av—F Bk

vay WG b B, &, F0oF KEHINEI S Aua HHE &
800V c—igTdh 5. WAHOMEZR 2. 2 IRT

2, 1.2 InEE

IR 2 o0 BERHREE L LCOBREIBTE ), wbh W 3
disk loaded circular waveguide ¢#H 5, z O % 2,856 MHz O
s TMy &~ F D 27/3 =~ CHEE 3F) T 5, 2REEH18mT,
S Erasal % & T 50 EIR & b MR E L, e 6 22 A
B H#EE @ Bunching Section -Tt$ %, ¢ @ Bunching Section
BEESETLH Y, Ad b 10cm e, BRI Ticl
MeV ichiiE b, ZD®ERBE A LT, LM E+0%EHE
KRB\BOLN TV B, BT O 13— FIEH L 6 MeV 205 15 MeV
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2.1 ML-15MIIJE 31+woFo
w2 &
Block diagram of clinical Linac
! model ML-15 M II.

BRI

B2 2 &5 & A #E

General view of electron gun.

TFE - ooyl I i i
waT ey x-S
1 . 1

|RF POWER
B 2.3 Jmodk % woE R
Cross section of accelerating structure.
FCHEETE 5, TNRBATE o100 WA, 2100 BEBEE, B
L UAS s BAHCABEOMA GO ETELTERL T2, I
HWERESHECL VEEIN S, FBOGHAK Jvire b K 2815
7R 71y RERD T, BVEERECEED, BEC X R T AT
% k2 bic, Beam Loading Dg5{bic$ &0 CEmy 2 inssEi g
ZL DR Z /D ELT D L 5EUE SN T 5, GO HIH
X, 2 fo0 BEFEIRER O IR B EE Mg OIEZ b BHIRICE
REXEBT LT, HEEEIHEREOIDIIPE i AoTw
%o MEED F420 B LU 2R~ OIYERER £ 2x AT
» 0, BEFOIHEFEROE L D & W< = 150 kHz, [zt

Bt ML-15 ML 51Fwo OIEFIERE - B - $37K - £ - WTH

T s U REER
K24 C-43%F38EmHAFR
Beam extracting system.

FETHE £05 M T Ao TWwa, Fa0 I, HAWHE200mA L)
BD E—p TEFA 3 ps BLED Auz HCEEIE S B X 5 supp-
ressor hole AF b T 5, NEERHENE X 2. 3 IK/RT S

2.1.3 E—-4oFEREER

E—s FEFEFRE 150 4mERA, —2 D 257)vs BREA,
TREERE, XEFEER, toa- AR S XU ova—a oK
T b, Kb i EHRAIROHAKEZR 2. 4 1R L o

s E-C I & R TS 2 & e T 1o 4 fERAT
R (BTHBEOBEEIER) SN, 257)0d BRA CRMMAER
AT AN S, RMERAICETELN 2B TFHRAER O CR
FIEIR X3 E—n O I LED L AT E Y HIE N3, BTN
FHOBEE, KEMc: Y HINABTHRE 2Fewalos ot T
BELE N soa- BB L U v-da Tl CTHISICHE X 5
X SHHOBER, - BOHLESL L VI 2B TRIE X
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Boa—Fob TXBICEE B, X a-Fub CEUAXEE, 2
SwbZud s TPRRALEN Ea- MR B LU 292 ®illio
TR B <1 5,

1D 4 WA, —20 asryud AR X CRAEEG
DIKD E-s WITRE, WEED b HA BT O 1304 18 10 %
(FWHM ) @ £r ZiRALEHRL, X 8 2-Fyb Lic 2mme L)
T Eeriafiw b ZTEEE LINEE D O A B % AR L < X H3E
ERFHTEL XS5 L,

X ML T RE Xz 2 X 8 a-Tobt, 2ot #®
Bl LT IRP Y IR o OWIE, X 8% AT S 05
whZud 218 B X CEFREELA afewa)od 2210 Do > T
nho XMFEMX8MY (213 6MV) & 10MV X #0 2 Bl
B, 1xu¥— 8MeV & 10MeV OB THOM & & OF 1414 12
MeV & 15 MeV OETHOMDE 4 Bl 2 A TE 3,

£28- BERT T TERB @Y (4oFzuf- CTHEROEMICT
HIPR O X MR O A E S HIBHIC E2a-TE B, TDE
Zo- MEFHEXMR Toa- LETH eoa- LAFAL TV L 20DE
TR OB EOERBERCH LRI LA X 51IC L,

JUsA-2 & X HOBHT2ERET 5 280 2udz5u 54D Lo
NP LIRS D EE, X ROBRTY &b 5 T 507,
XD 910801002 ZH D DOF 3 o O, BREVELNR
AR DV SRR IR0 T B J9s-2 & 2-Fut & P1utur &
EFESFRE HOIC +90°~—180° ¥ CiligiIciFEC % 5, [RatIras
ERI D B, Hii b Lm o EIEHLLICHE T 0cmx 0cm
72 30 emx 30 em DEFEDIENN ¥ 7 it < () T MR BF A3 5
TR BBREREC X > TS,

2. 1. 4 [EHzEREIR

[EHEBEE) AR 2. 51CRT & 5 ARiEcH 9, HEic ik B
CUNHE « E-s BERAR 2Us-2 25, ¥ x 5 (@) KICZETH
AAbsva BEEINTEY, WEHCH 3 r-JL BRI B L O
0-2Y¥sTut ZBLTEN - GHADEE 2 TTHhoTn3, T D
SRR ORER, BE vod & 2D 0-5 DHIADET ST7L
ZE LTOREER S 225 L &b, —HD 0—5 NIBICIRTE %
HoAZ,  [EHE Yo & o-s B0 BRI R FIH L 2)ousu P53
fT%m->T0BC 2 TH B, BB $1UraLAT—F 1C X b BRECHIG
SNEEAEIET, FILABER -+ KX Vo T3,
RYE W) - ke bR TN E SRR ET W B,

2.2 IR

HITERE, A4, o312t0v B, BT Avz bSvazws LU
HEED DR ENTE Y, 517w KBER T COEAGE
% duior KEED EF TR 3,

(E
\

1,200

B 2.5 Z fk @ Bg 5 B

Treatment unit drive system.

51t wo SEOBESR AL S LTH, 200V 3¢ 40kVA X
7100V 14 5kVA 5 %,

2. 2.1 gL

O AW, 231at0y PV-20 12W 2 XU JywF (& EFH
D hy~-F i, FOED —130kV 5L ~0kV o Az BN E K
HTooDd DT, 219F5F2-T DALEAY H15t0y VC-1257
BLUBCH 2RTTTHEGRIEEN TS, & bICS5TTwo
WD EEBVEY (RAFT 5 ewic, HAEE? IVR Wil T,
RIFBEDOZEMIC X 2 HTEEDOED % 1 MU TIKF T LT 5,

2.2.2 254X bEVER

05120y ¥ o5 atay PV-20 12W 2 BfE& 25 ic R %
EHEEEZEEOTHELTHD, s312t0v ALR FSvAIUD, 2
seatoy R 31 Bl e X U 2100 WRERD> ORI TN 5,
2100 BRIERE, HiRits 3 CPX 100 A5 [c AR+ @ L CE
R it e b DT, £ DZROIHEERE DR ERE 2 ILHEE D
ENEEUCED, o HHke c oo wHAx v)-Z i
Mt cickoT, SIIARELLICEE LT EBI IR EEEIC
FEIR B R G X TV B DT, HHAEEZ L LT 51w
o MADLETE L AL R Vve 951200y ALR SR FEFT A7
FHE A L 2 IE W/ NERHERETS B, ¥ o512 b0y I o3
LB 150 A v 3 kERIC S hdb bF, Yryzs iz
BHLCY 3D CIEFICLIETH 50

2.2.3 HPER

COWBIEEE, B vud, RRERE, $RERT OB
BFH Jw FRLY, AAovfiod WA EH DRI I TR,
RETFH Suoluy &, BTHD Juur 800V o Az BE %
6T 5 Nt Fa-TALY & —600V Sy iisrz &G T 5 Rl
2EATEY, HEEOIETENS L 5 ICHRBERRIEE Sy AL
EAREAT, BT 1zovsy WO BB JUs P72 22
£ Tfih->Tnb,

2.2.4 BEFG AR R0
BT Avatsuraus i, BTE Av-F BHERINAD Auat
502 EETEHD SYufRLR BXT A7 265 22 DR r-Ju
Fomg B ENTEDY, TR OER A172 HEFAL TR 2
O T/NERMERED S DTH B,

2.3 HHEE

ALY, 2510w, TEIRER, MHEE, Auzbsvzavs,  TEEAHE
YRR o Ky b SR GHT B 0 OMEC, WERE 25°CE2°C &
BoTwh, —KHR - ZIKROBHIAKE DT B 720 DBITG,
Z O foF, W-Ravo, -2 HEh DRI TS,

2.4 #sER

S1two OHEIER, BEOUBESbERRAT, FTNTHfE
LAEREIETE B L3I - T 5, HIMHEBEICE, WHOBRIE
CWEAIRTRE - 2fwF ERARE S, EHEEETHe, & 1%
WA~ D S54-2 BER, Uu- EE,  HEEEASEPAER TR S,

Ao by T « 30—z MEDEVER, BRESCERT b ARER
Rudub T 5 AR, —MORIEE, WEE»bEERET s L
HRTE Do

2.4.1 %=

e e T B BRI D U TS R S Tl D, BT D
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Example of accessories.
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6} Energy 10MeV, TField size 10cmgp, FSD 100cm o Energy 10MeV, Field size lemg, FSD 100em
(&) (k)
B 4.4 (g) Electron iso dose curve. 4.4 (h) Electron iso dose curve.
Width (cm) Nidih  (em)
& X 4.4 (i) Electron iso dose = 4.4 (j) Electron iso
Z curve.; E dose curve.
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)
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G
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Width {cm)

Vidi )
Widith (em) 2 . 4 2 0 5 3
6 or g ; T T T T
0O
= E 2 - —
= 2 -
3 — Sy
&4l
4l
5l 6]
sl 10 Fnergy 12MeV, Field size Memg, FSD 1
Energy 12MeV, Fialdsize l0emd, FSD 1002m Enorgy 12MeV, Fie (slx)wv domd,
(k)
4.4 (k) Electron lso dose curve. 4.4 (1) Electron iso dose curve.
Width Lem)
4. 4 (m) Electron iso dose 4.4 (n) Electron
curve. iso dose curve.
Width {em)

e

—~
5
~

Depth (em)

i

8t Frergy 153eV, Fieldsize 1Cemg, FSD. 100em 8 Energy 15MeV, Tieldsize lemg, FSD 100cm
{a) (p)
4,4 (o) Electron iso dose curve. X 4. 4 (p) Electron iso dose curve.

£ 4.1 6MV Xeray T.A.R.

T
i

- BB e | ae | axs | axi0] axiz) x5 sxs

5x6 | 5x8 | 5x10| 5x12| 5x15] 6x6 | 638 | 6x10] 6x12] 6315 | 6x20| 7x8 | 710|712 | 715

s /’

1.5 1.017 1 1,019 1 1.021 | 1.023 | 1.025 ; 1.027 | 1,019 | 1.022 | 1.025 | 1,028 | 1.030 | 1.032 | 1,022 { 1.025 | 1.027 | 1.029 | 1.031 | 1.033 | 1.023 | 1.027 | 1.031 | 1.035
2 1,012 { 1.014 | 1.016 | 1.019 { 1,011 { 1,013 { 1,017 | 1,020 ; 1.023 | 1.026 | 1.028 ; 1.031 | 1.018 } 1.021 | 1.024 | 1.027 ; 1,029 ' 1.032 | 1.020 | 1.024 | 1.028 | 1.032
3 991 9951 .999 1 1.002 { 1,005 | 1,008 | 1.002 { 1.005 { 1.008 | 1.011 | 1.013 { 1.016 | 1.000 { 1.003 { 1.006 { 1.030 | 1.013 | 1.017 ; 1,005 | 1.010 ! 1,014 | 1,018
4 960 | .963 | 967 | 970 | 9741 977 .971; .975| .978 | .98] .984 1 .987 1 974 1 977 980 | .983 | .986: .990 | .980 { .985 | .989 | .993
5 927 .4 931 9351 .939 1 943 | 947 | .939 | .942 | .946 | .949; .952 955 9451 949! 952 9551 .959 i .963 | .949 | .955| .960 .965
6 890 ] 895 .899 | .904 | 9081 912 .904 ; .908 1 .91l 9157 9181 .921 9127 918) 919} 924} 927 | .930; 917 ¢ 9231 .928 | .934
7 854 | 8581 .863| .868 | .872| 876 .872 | 875, .878 | .882 | .885| .889 .879 | .884 , .888 | .89t | .895, .900; .885; .893 | .898 | .903
8 8201 .824 | 828 .8321{ .836| .840| .B401| .844 | .848 | .851: .854; .858 1 .845| .850{ 8551 8601 .8651 .870 | .854 | .861 .868 | .873
9 7851 790 794 | 798| .802, .806| .807 | .811| .815} .818| .82l .825 | 810 .817 .825| .830 | .834 | .837 ; .823| .830 | .837 .842
10 7521 757 | 762 766 770 774 | .774 | 7791 ,782 | .786| .790; .794 @ 7761 783 790 .796 .801 .807 | .791 798 | .804 .810
13 7220 7277 732 736 740 | 743 743 7471 .750 } 754 759 763} .746| 751 7581 .7651 .77} 776 1 7601 7681 774 .780
12 6931 698 | 702 .707 | .71} 7150 7131 7170 720 7241 728 733 .6i3 7 .627 | .629 | .636 .642 | 446 | .733 1 .740 | .746 751
13 464 | 6691 674 | 678 | 682 | .6B6 | .6B2 | .6B6 1 .690 [ .695| .699 | .694 | 6851 .694 1 701 707 1 7130 7190 702 7100 717 1 724
14 636 | 648 | 6451 650 | 6551 660 | 655 | 659 | 6631 667 1 .671 6751 658 1 667 | 6751 .680 | .685 | .691 673 | .680 | .687 695
15 610 1 6161 .621 626 | 630 | 634 1 6261 6301 634 1 637 ¢ 641 646 | 630 | 639 6461 652 659 | 664 | .645 | 653 | 660 | .667
16 5831 5881 .594 | .599 | .6051 .610 1 .599 1 .604 | .608 1 612} 616 6201 .603.] .613 | .620 1 .626 | .631 .637 | L6201 627 | .634 640
17 560 | 565 .570| ,575; .580 | .585| 574 | 578 | 582 .586 .591 596 | 577 | .585 | 594 1 600 | 606 | .602 | .594 | .602 | .609 | .616
18 537 | .544 | 579 | .554 | 5581 563 | .551 5655 | .559 1 .563 | .567 | .571 5551 563 .570 | .575 ) .580 | .586 | .569( .577 | .584 | .592
19 Sl4 1 520 526 | 5301 535 ] .541 528 | 532 | .536 | .540 | .544 | 5481 .531 | .539 | 547 | 552 | 557 1 .562 | .546 | .555| .561 568
20 494 | 4991 .504 | .508 | .514| ,519 | .506 | .510 | .514 | .518 | 521 .525| .508 | .516 | .523 | .528 | .534 | .539 | .525 .533 | .540 | .547

RE

N@ 7x20] 8x8 | 8%10] 8x 12| 8x 15| 8x20|10%10]10 12/ 105 15] 10 20| 103 25| 123¢ 12] 12 15]123¢ 20 12 25] 15 15| 15% 20] 152 25/20 2020 x 2525 25| 30330

1.5 1.039 | 1.026 | 1.029 | 1.033 | 1.036 | 1,039 | 1.034 | 1.036 | 1.038 | 1.041 | 1.043 | 1.036 | 1.038 | 1.041 | 1.044 | 1.039 | 1.042 | 1.047 | 1.043 | 1.048 | 1,052 | 1.056
2 1.036 | 1,023 | 1.027 | 1.030 | 1.033 | 1.037 | 1.030 { 1.033 | 1.036 | 1,038 | 1.04] | 1.031 | 1.033 | 1.036 | 1.039 | 1.035 | 1.040 | 1.045 | 1.040 | 1.044 | 1.048 | 1.053
3 1.022 | 1.010 | 1.014 | 1.018 | 1.021 | 1.024 | 1.015 | 1.019 | 1.022 | 1.025 | 1.028 | 1.017 | 1.020 | 1.024 | 1.028 | 1.022 | 1.028 | 1.023 | 1.027 | 1.033 | 1,038 | 1.042
4 997 | .986 | .989 | .992 | .996 | 1.000 | .988 | .993 | .997 | 1.00%1 | 1.005 | .994 | 998 1.002 | 1.007 | 1.000 | 7,006 ; 1.012 | }.006 | 1.012 | 1.018 | 1.023
5 969 1 956 | .960 | 964 | .968 1 .972 | .861 966 | 9701 9741 978 | .968 1 .973 | .977 | .981 9731 980 987 { 982 .989 1 .994 | 1.000
6 938 | 924 [ 928 | .931 | .936| .942 | .930 | .934 | .939 | 944 | 946 940 | .945; .950 | 955 .945| 953, .960 1 .956| ,963 1 .968 1 .974
7 .908 | .893 | .898 | .902 | .906 | .91] 900 | .904 | .509 | .913 | .918| .912| .917 | .921| .926 | .917 | .924| .932| .929 ] .936| .942 | .949
8 878§ .862 ) .866 ) .871 ) .876) .881 8691 .874 | .878| .883| .888 | .881| .887 | .893| .898 | .890| .897 | .904 | ,903| 9101 .917 | .923
9 846 | .830 | .836| .841 | 846} .850 | .840 | .845| .850 | .855; .861 853 1 .859 | .864 | .869 | .864 | .871 .878 | .878 | .8851 .892 .898
10 .815| 797 | .802| .809| .815| .820; .810; .815! .820 | .825; .83l 8251 .831| .837; .842| .837 | .844 | .850 .852 .859 | .867 .873
11 7861 7664 7724 779} .785| 790 .780 | 786 .791 797 | .802{ 797 | .802} .808 | .814 | 810 .817; .85, .828| .835; .842 .848
12 757 | 738 | .744 | 750 | .755| .760 1 751 | .757 | .763| .768 | .775| .769| .774| .779 | .785| .783 | .790| .797 | .800| .808| .817 | .824
i3 7300 L7090 715 721 7271 733 7241 730 7351 740 .746 | 742, 747 | 7521 758 757 744, 772} 776} 784} .792 799
14 702 1 680 | 686, .692 ¢ 698 | 704 | 497 | .703 | 709 .715| 721 JWL 7210 727 | 733 733 | 740 747 | 752 760 768 776
15 674 ] 6531 658 6651 6721 678 | 669 [ .675| 681 | .687 | .94 687 | .694 | 701 707 | 707 | .7i5| .723 | 7291 .737 | .745| .752
16 646116251 63] 637 1 644 650 | 644 | 650 1 6561 L6621 6691 660 | 668 .675| .682 1 .680 | .689 | .697 | 7051 714} 722§ .730
17 623 | 600 | 606 | .613 | 19| .625| 620 | 626 | .632| .638 | .645| .636| .644 | 651 | 658 | 655 .664 | 673 | .681 .700 708
18 599 1 576 | .582 | 588 | 595 402 .597 1 603 | 609 | 615 622 614 6211 6291 6353 6311 640, .650 ¢ 6601 668 679 .687
19 5751 .554 1 559 1 5651 .571 577 1 5731 579 .586 1 593 | 600 | 590 ¢ .598 | 607 | 614 609 | 617 | .628 | .637 | .645 .655 663
20 554 1,531 537 | 543 | .549 | .555| 553 | 558 | .565| .572| 577 | 568 | .576| .585( (592 | .583 | .595| .608 | .615| .625| 634 | .643
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#£ 4.2 10MV X-ray T.A.R

B axa | axe | axe L 4o 4xiz) axas| sxs | sxe | sxe | sx10 5%12| 5x15] 66 | 4x8 | 6x10] 6x12| 6x15| 6x20| 7x8 | 7x10| 7X12} 715
2 9941 997 | 1.000 | 1.002 | 1.004 | 1.006 | .999 | 1.001 | 1.003 | 1.005 | 1.008 | 1.009 | 1.003 | 1,006 | 1.009 | 1.011 | 1.013 | 1.014 | 1,009 | 1.011 | 1.013 | 1.014
3 1,007 {1,005 | 1,011 | 1.013 | 1,015 | 1:017 | 1.011 | 1.012 | 1.014 | 1.016 | 1.018 | 1,019 { 1.015 | 1.037 | 1.019 | 1.021 | 1.022 | 1023 | 1.019 | 1,020 | 1.02} | 1.022
4 1.000 | 1,002 | 1.004 | 1,006 | 1,008 | 1,00 | 1.004 | 1.004 | 1,006 | 1.009 | 1.011 | 1.012 | 1,008 | 1010 | 1.012 | 1.013 | 1.014 | 1.015 | 1.011 | 1.032 | 1.013 | 1.014
5 979 | 981 | 984 | 97 | (989 | 991 | 984 | .986 | .%88 | .991 | 993 | .995| .989 | .992 | .994| 596 | .9v8| .99 | .993 ] .995| .956 | 398
6 951 | 954 | 957 | 960 | g6t | 9681 958 | 961 | 965 | 9671 .970| 973 | 964 | 98| 970 | 973 | .975| 977 | 969 | 972 .974 | .976
7 922 | 925 | 929 | 934 | 938 | 942 | 930 | 931 | .937 | .940 | 943 | .947 | 938 .942 | 945 .948 | 951 | .953| .943 | .947 | .949 | .952
8 893 | 898 | .903 | 908 | 912 | 916 | 902 | .905 | 909 | 914 | 917 920 911 | 9I5| 919 | .923 | .926 | .928| 916 | 920 923 .92
9 865 | .870 | 876 | .81 .885 | .889 | .874 | .877 | .881| .886 | .889 | .893 | .862 | .888 | .B92 | .897 | .900 | .903 | .890 | .894 | .898 | .901
10 836 | 842 | 48| .854 | 859 | 864 | .B46 | .849 | 855 | 859 | .863| .8¢7 | .857 | .862 | 865 | .870| .874 | .878 | .863| .867 | .872| .875
1 810 | 816 | 822 | .828| .833| .838 | .820| .823 | .828 | .834 | .838 | .842| .830 | .836 | .839 | .844 | .B45 | .853| .838| .842| .847 | .85)
12 785 | 7921 799 | 05| .809 | .813| .795| .798 | .804 | .810| .814 | .818| .805| .810| .814 | .819| .825| .830| .813| .818 | .823 | .827
13 7611 769 | 776 | 782 7871 7911 773 | 776 | 781 | 788 | 791 | .795| 781 | .787 | 791 | .795 | .801 | .807 | .790 | .795 | .80 | .80¢
14 739 | 247 | 7551 760 | 764 | 768 | 751 | 753 | 759 | 7651 769 | 774\ 788\ 764 | 767 | 773 | 779 786 | 769 | 773 | .780| .785
15 7161 7251 733 | 738 | 742 | 747 | 728 | 732 | 737 | 743 | .7a8 | 753 | 737 | 743 | 746 | ys2| 759 | 766 | 7471 752 | .759 | .765
16 6941 703 | 721 77| 72| 726 | 707 712 76| 722 727 | 733 | 7| 723 726 | 32| 739 74§ 727 | 732 .739 | 745
17 674 | 683 | 692 | e97 | 702| 707 | 88| .692| 696 | 703 | 708 | 714 | 697 | 702 707 | .7i2| 719 | 26| 707 | 713 720 | 726
13 655 | ‘eea | 672 | 677 | ‘6821 688 | .67 | .672| 677 | 683 | 689 | .695| 677 | .683 | .88 .693 | .701 | .708 | .688 | .693| .701 | .708
19 6351 644 | 652 | 659 | 663 | 670 | .648 | 652 | .658 | .665| .671| 677 | 657 | 663 | .669 | .675| 683 | 6911 .669 | .676 | .684 | .691
20 6161 625 | 634 | 640 | 645 | 651 633 | 639 | 646 | 652 | 659 | 638 | .643 | 651 | .657 | .666 | .676 | .651] .658 | .666 | .673
A 15 e - - i
n”i\ﬂ 720 8x8 [8%10 |8%12]8315|8x20|10X1010% 12/10% 15 \0x20’10x25 2,<12 12%15 }2><20i12><25115><15;ISXZOE15X25!IEXIB;IBXQOEQOXQO‘QOXQS 25%25
Al i i H !
2 1.015 [1.011 | 1,013 | 1.015 ] 1.016 | 1.017 1 1.014 | 1.015 | 1.016 | 1.018 | 1.019 | 1.016 | 1.018 | 1.020 | 1,021 |1.020 {1,021 {1.022 | 1.021 | 1.022 | 1.023 | 1.024 | 1.025
3 1.023 | 1.019 | 1,020 | 1021 | 1,022 | 1.023 | 1.021 | 1.022 | 1.024 | 1.025 | 1.026 | 1.024 | 1.026 | 1.027 | 1.028 | 1.027 | 1.025 | 1.030 | 1.030 | 1.031 | 1.032 | 1.033 | 1.034
4 1.015 {1,010 | 1.011 [ 1.012 | 1,013 | 1.014 | 1.014 | 1,035 | 1.016 | 1.018 | 1.015 { 1.016 | 1.018 | 1.019 | 1.021 | 1019 [ 1,021 |1.023 | 1.022 | 1.023 | 1.024 | 1.025 | 1.026
5 995 | 993 .994 | .995 | .997 | .998 | .597 | .999 11.000 | 1.002 | 1.004 |1.000 | 1.002 | 1.004 |1.006 {1.005 | 1.006 |1.008 | 1.007 | 1.005 | 1.011 |1.013 | 1.015
é 979 | 969 | 971 | 973 | .975 | 977 | 975 | .977 | 980 | .982 | .984 | 979 | .981 | .984 | .986 | .984 | .986 | .988 | .987 | .990 | .992 | .994 | .996
7 954 | 945 | 948 | 1950 | 1952 | 954 | 952 | .955 | .958 | .960 | .962 | 957 | 959 | 962 | .965 | .963 | 965 | .967 | .966 | .969 | 971 | 973 | .975
8 930 | 918 | 922 | 925 | 928 | 931 | .928 | .931 | .934 | .937 | .940 | 933 | .936 | .939 | .942 | .941 | .943 | 945 944 | .947 | 949 | .951 | .954
9 905 | 892 | 896 | 900 | 903 | .906 | 904 | .907 | 911 | .914 | .917 | 910 | 913} .917 | 920 | .918{ .920 | .923 | .921 | .925 | .927 | .930 | .933
10 879 | 867 | .871| .876 | .879 | .882 | .879 | .884 | .887 | .81 | .895 | .886 | .890 | .895 | .898 | .895 | .898 | .901 | .900 | .503 | .905| .908 | .911
1 .855 | 841 | .845 | .850 | .854 | .859 | .855 | .860 | .864 | .868 | .872 | 863 .867 | 871 | 875 .872 | .85 | .878 | .877 | .880 | .883 | .886 | .889
12 832 | 817 | .821| .826 | .830 | .836 | .832 | .837 | .841 | .846 | .850 | .840 | .844 | 849 | 853 | .850 | .853 | .857 | .855 | .859 | .B62 | .865 | .868
13 810 | 795 .800 | .804 | .808 | .814 | .810 | .815 | .819 | .824 | .829 | 818 | .823 | .828 | .833 | .828 | .833 | .83¢ | .834 | .838 | .841 | .844 | .847
14 789 | 773 | .778 | 783 | 788 | 793 | 790 | .795| .799 | 804 | .809 | 798 | .803 | .808 | .812 | .808 | .812 | .816 | .814 | .818 | .821 | .824 | .827
15 770 | 752 | 757 | 762 | 768 | 774 | 768 | 773 | 778 | 783 | 789 | 778 | 783 | 788 | .793 | .788 | .793 | .797 | 795 | .799 | .802 | .805 | .808
16 781 731 737 | 742 | 748 | 754 749 | 754 | 759 | 764 | 769 | 758 | 764 | 769 | 774 | 769 | 774 | 779 777 | 781 | 784 | 787 | .790
17 733 | 712 718|723 | 729 | 736 | 729 | .735| .740 | .745 | 750 | 739 | 745| 750 | 786 | .750 | 756 | .760 | .759 | .763 | .766 | 770 | .773
18 714 | 693 | 699 | 705 | 711 | 718 | 710 | 716 | 721 | 727 | 732 | 720 726 | 732 | 738 | .732| .738 | .743| 742 | .746 | 749 | 753 | .757
19 697 | 1674 | 680 | .686 | .693 | .700 | (691 | .697 | 703 | .709 | .714 | 7021 709 | 714 | 720 | 714 | 720 | 725 | .724 | .728 | .731| .735| .740
20 680 | 1656 | 662 | 669 | 1675 | 781 | .673 | .680 | .686 | .691 | .697 | 685 | .691| .697 | 703 | 697 | 703 | 708 | .707 | 701 | 715 | 7191 724
4 BRI B TH B, DT L BRZEEEEN s1Tuy DL Culture, 3, No. 7 (1966)
TR E b L B AWIRICATE N os1atoy 2L & iz (3) Ir¥iEd : ZEEFH 51Two LAS-M OIS,
HALTW3 Lo THhBETHEAV. TOXSICEFH 51wy D THLH, 4, No. 6 (IF42)
HEEIC o512 tou AL T 3 Flldibiciz Az <, (4) dbfvizas : [ ZIET) 6 MeV FRHEHINGER, H
DI RKOFERETHH 5, 2ofts, BREMERGcHiE vod 280, 2y AEE RS eE, 27, No. 10 (17 43)
793vl513 WX » T, HEEOEIES 26~4 K LA, chick- (5) HNE»: E T 6 MeV & FHIELRANHEER, FAEESIK
FALN N Nic o4 = - >
T, BRERES LEE k3D, i, BENEMEE L. C SR ETE, 27, No. 11 (FE43)
D X5 AR itlicE A bk v, (6) HHlEh: = EAIEERE, AAERER SRS, 28,
FHEBEORBILC DY, HAxHN B 2 BERERT - = No. 8 (fi743)
GTEOBURE OERRICE BT 2 & L b ic, BEA5-5 DIEK (7) 3IEH 6 MeV 51Ty BTHIBIROIEREWIIE, AARER
Cheh, HMroTHEALTC W HZIEH Y F LA ER BT RAEE R, 29, No. 9 (15 44)
VRO AR SO B 333]:]-43&%{{&_@, Bk U{ =) U\‘” (8) T. Kitahatake et al : Medical 6 MeV Linear Accelerator
TRERF L N P - 25 AT HERI IR E I B Made in Japan, Nagoya Journal of Medical Science, 32,
. No. 3 (1970)
5 % X @ ) . ] .
(9) H. Fujita et al : Design features of 15 MeV Electron Linac
(1) 5P« =2EEFEHH 51790 LAS-M, , 3, for Nondestructive Inspection “Model ML-15R” and for
No. 5 (g 41) Medical Therapy “Model ML-15 M” Mitsubishi Denki Lab.
(2) TSGR [W@PEESHT 51700 O#ERE  Medical Apparatus Rep., 9, No. 3 (1968)
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