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Outline of Electrical Equipment for Subway Cars

General Manager, Heavy Machinery Division

Shinichi MATSUDA

The Teito Rapid Transit Authorities who took up the most up-to-date electrical equipment then in 1953, has now a project of

employing chopper control as an unrivalled attempt. The progress of the chopper control is reviewed herein in comparison with

application of semiconductor technique to AC locomotives in Mitsubishi.

It is considered that necessary performance has been made available with a primary car built for trial. However, a problem remains

how to reduce the weight and volume, for which considerable effort is to be needed.
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Traction Motors and Train Performance

Itami Works

Yasuo ASAGOE - Kenichi KUYAMA

Traction motors for use on electric cars built for trial operation on the line of the Teito Rapid Transit Authorities are possessed of

characteristics suitable for both chopper control and resistance control, being WN drive machines having one hour rated output of 95 kW.

With heat resistant polyamide used as a main material of their insulation, they are epochal products with which reduction in size and

weight has been accomplished.  Through the introduction of new techniques such as connecting commutator risers and armature coils

by TIG welding and sealing off the shaft bearings, it is aimed at to have no failure and simplification of the maintenance. During the

period of regenerative braking, about 39 9§ regeneration is expected by joint use of chopper control and weak field control.

L& %2 » &

T D7 URFENEH R RSB B B ol & 1ok 3 IO FEAEER 134T
ROFEEMOBHORI 2 ED 50D Sotald TH-T, EM
FiC D 7e BREFTRBIC k- THEROMAEL TR LRI U0
27D DTHL, WIEHFERIEE TA - Ty 2 EFEIHITH: 448
D AL - BRI MFASD 2 v X EEE HERAN S TA -
Txh, BAERRTD 2 IEREHORR b L3 0 HERANLE
BHENTnI0b, SEOREBEDOHEEC S % » TRHATSER
CEi AR b BADC &, Hi kicEs ) BEEETHALD 3¢
NedDERDZESTHOEBRR L 2,

AIERERE3MTH - T, chicHR L 28 HRE LT
ETHBETRS D ch 34, BHMOREHCH o - THIBERA
OWHER RN D C L2 EELT, AROEE « v276 DREF
BRERTho 7, BIFBHICE Fou 8 HIEZER & he FUSHLHEEE
BeREEI N THBAT AL B 0T, REHEL &5 Lo flE
FHRCIBLZS DL LETREALR Y, XEMBOTEHRE LU
Rk Fau A il % bEB LoD, MEEOESHEOE L Hic ks
WOIRRE L7e A%, BREkEE X URBEEE oW © Fa4 [l ET
LISt HOERYEZL S,

¥ e B & UBREREE ORGSR B 7 » TR OHEII
FREAICERD AR, DERREATEAD» B2 & DI, SO’
A& L7,

2. EFMEER LUEEBHREE
KD K5 75 10 TR E R 187 L CHRER % 174 - 7o,

(1) %W B Te M; My M; My M; My, My M, Te
(2) B & M, : 345t M, : 325t Tc: 31t
(3) 4yEE 1,500V DC

(4) HipE#ZE 860 mm

(5) # = # B8t
W R 20t/

MR DT REEO— B AEME LT, B cREnaih
POIREA O TH ((FEEE) ORBRMTHECD 248, HITFEE
W& LTORBRMED b, JBfTHETIE L SEHE cC SH (35%)
LERE BRI T b R LT RR T S BCEET Ak

1416 * {RP3RUERT

L eI EHRMT e, 8M2TE R ok, Bl Pz Bk

BHEL L, BEYWMOMT 230 UCERFEY T - 7o 4885
REGHEREANORMRE, ¥ 2 HRERE T BRI 5 hig
WEOESE b, ThEh 1,500V, 860 mm & @iz,

B TR AR OB EA 10 miRxEc 8M2T ¢4 2% X5
CEEEN T 20w, SEOREEED RS HIEMERY -
2 & LTEL, I0THHKEICHREMEEOMAEL TEbbARVES
K, XD LB IEDLIE,

(1) = 1 IS5 3,040 kW (95 kW =750k
x32H)
(2) D 3.5 km/h/s

(3) BEE 40kmjh/s CEFRK)

(4) ReEnEEHE 100 km/h

(5) ZEFEHEEE #4135 km/h (LFRICEWT)
PEREMIAR % B PORRAEE & Wil U< 2. 1R,

CTDES5I f—oxvuz DM bEEEE 1 e E B5LW &

1201
e B O 8M2T
10 55@/’%}? | 4 E RERE 30t
o RERBEUI
#F OB 20060EA)
100~ RERE 1,350V
FHAE 820mm
Q0
80
® 70
R 60+
w
50~
i
401~
30~
201~
10
1

! ! t !
0 20 40 60 80 100
# K (ko/h)

2.1 MR

Performance curves,

=3I - Vol. 42« No. 11 - 1968




/// \
60 ’ \ - 1,200
5, \ -
500 P 41,000
N /
S~
g 40040 o
z 7 \
z B 7
- 3001%30/- / \
S P /. \\
gt
= 2000 20 P4 \ 100
\
1001 108 \ {200
\
ok T : s i : ' t A
0 10 20 30 40 50 60 /0 80 90 100
g [ (s
mOR 8M2T Eryrsiiy 34 km/h
R 530t (#A) RSy 253
REWE 1,350V Sl T 5 4.7%
bl e 820 mm RAMERE  70km/h
Jinidt e 3.5km/h/s RMS i 233 A(81.7%)
BRHE 3.5km/h/s 2 wakizh §3.0 WH/tkm
FEHFPIESE 1,200 m Tl B iR s 7 16.1%
2.2 F«BhLIVA-T (HF)
Typical run curves (Subway line).
FEH " % 226.5A(79.5%
@22 LB 53.2km/h x5 13.0%5
255
23%,
/7 100km/h
- 13,000
e
-
~5001- 100} /’
3 & - A
Z 4001280 Y
= Iy \ .
B lw o S
233001601 ., v 1,500
- Y 3
7 \
200} 401 \ 1,000
45 \\
1001 20- \\ {500
\
D 0 i 1 1 ! 1 1 ; A . . ! O
20 40 80 80 100 120 140 160 180

B R (s)
2.3 Fhusun-7 (k)
Typical run curves (Ground line).
K78 L e pt, B9 C DFRCH3THEhE S bk Fzwr T 2%
W, HITHE X UH BRSO E RE L T Fatasun-J i £
LREE T -7, Suh-7 2#E2. 2 X UK 2. 31RT, T
RFEE R 3km/h & UCHBI L 28, EBEEOMN AR
X CRBHRIEA T & DI AEER LT 5, M TR BRBE
WS R e HI R IBRRIC LTI 2 I EETH B,

3. E&E7 L—FEiE

FawA % TR 5 BEREL Ju—+ AT 54, FawAiCk
B Su—% R F RSO TEEASEEE L D iRn e &
LB AAEXTARS CEBTERN, COAILEL D LR
T ERMIEZTE L & 21T 525, Bm0BEL bELE Ju-F 220
B ERTEDOCHEFTH DA, SROFEERCEIE UELED
B3 he REBIEIC S ERT 30, COBFREWMBEE Y T
B rEIRCEEI N IENERBEKELL Ao THRFICH 5, L
Ao CEEIMEEREE RAEROESFTHEOEIE L M U 35 km/h 12
e L, EfcoblE S+ REREHEETR2- T Ju-F 10
TREMR ST L & L, Hd Ju—F OFHERS & EE ORI Ju
—F B0 A-ox7ur ¥ E 3. 1 RY, B4 -+ OFRERRIE

B¢ R EEDEBICTA © & DRISIBEROMIRIC X - TEE D,
I L U AL - R - AUl

STE 150V

2,800t

2,400

(kg/motor)

TL-%h

s & (km/h)
3.1 |AJSe -8

Regenerative braking performance curves.

#£31 Bh&E—E
List of power consumptxon
4% o B O eM2T S{w%ﬂsﬁm 1,200 m
0 340t FesEdE 34 km/h
TS 3.5km/h/s Feaiin 1| 25s
BRI 1 3.5km/h/s A6 T 5 i 0%
WETRIE N 1 F 5 v S HIER 1,500V
BRI 1,350 V
B d Fa oIS 1,650V
WAz kWh
" T FaosW@ |G W
TR 15.29 16.53
bl FEBERLE N 14.09 16.28
J,‘Fiﬂ V72 Ak 0.36 —
Targx )Ty balR 0.04 ——
i [EER *312ES 0.24 0.25
F 2 v -SH1E OB EHERIR 0.56 B
fal e it 5.98 )
[l EXif 0 Ep 653 /
S T2 b aBik 0.21 7
[ Tan YT bR 0.04 Ve
2%k 1 B B TR A 1 2% 0.05 -
F 5 v S OO EE % 0.26 /
o oaom o » W OB R 9.31 16.53
R 100 & Liie) (56.4) {100)
| om 5 # PR | —
il « AREER T REFA ¢ F DB TEROBRIC L > THET 5,

SRRV TP R EM LS & o EEE Ju-+ 2T t4
So—+ NEFDPARSCERTED L SICHHEREDTD S, M LT
ECEEAD Ju-+ 220 28ER, Ju-F TOoRES % 17J0-
£ CHIRT 5,

C DX 5 Al FL-+ OFFIC ko T ¥ ORRE ool $ R ¢
% 37, FAENENEY FOREWSCE 2% FCO5uh-T
IC X - TR s 3. 1 IET, ThabbHEmcE ok

SR 39% TH o T, IR A~ CTRANH IR 5696
D,

4, EEPS LURHERERH

COXB I LTHE LA BEW TR X U WN f517 BRE)
WEROHETTRRDEE N ©H L, WEHER 4. 1 KR T,
4.1 FTIE

W % MB-3131-D J§

1417















UDC 621. 337

BET7L—=FFEFHFRXFav N EKE

dt M [R-Fa8 E®R

KE R R0 §EgY

New type Chopper Control Equipment with Regenerative Braking

Itami Works Takashi KITAOKA « Masahiro ASHIYA
Central Research Laboratory Eiichi OHNO - Masahiko AKAMATSU

Remarkable is the latest progress in the application of semiconductor technique. Particularly outstanding is the advent of high
voltage and high capacity thyristors which have widened the field of application to electric car control. Thyristor chopper control equip-
ment introduced herein is of the most up-to-date method, which, by the employment of a multiphase system, enables the reduction of
weight and prevention of inductive interference, these being of great effect and help to put it in practical operation. Furthermore, it
permits regenerative braking that is good for reduction of power cost and lowering of the temperature rise in a tunnel. The article

describes the development, and progress of the equipment and details of secondary trial cars under manufacture.
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Exterior view of command apparatus.
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Output wave form of command transducer.
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Circuit of load responding device.
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Characteristics of load response.
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Example of electrical characteristics of digital IC’ s.
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Example of relay spike.
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Functional Evaluation Test of Motor Insulation
Central Research Laboratory Keizd SAKATA -« Takeshi KAWAKAMI - Wataru Bito

In conducting a functional test on the insulation of rotating machines, it is necessary to do it by putting all accounts together through
the simulation of various factors of deterioration liable to come in actual machines, We have been developing devices for water wheel
and turbine generators to carry out a variety of tests in this respect. ~We have developed apparatus for the functional test of motor
insulation and made evaluation of each kind of insulation systems with induction motors and traction motors.

As a result, it has been brought to light a fairly important correlation between the second point of sudden increase of current Pi,
and AC breakdown voltage. But between other nondestructive characteristics and breakdown voltage was not found correlation. In spite
of considerably severe and dynamic test conditions, each of insulation systems was found to have a good function. In particular the
systems provided with new heat resistive insulation material Kapton and Nomex were proved by no means inferior to the conventional

mica insulation.
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Insulation Test on Traction Motors

Tokyo Institute of Technology Yoshiei NAKANO

JNR, Train Operation Dept, Head Office Yukio ASANO

Mitsubishi Elect. Corp., Central Res. Laboratory Shoji HIRABAYASHI - Yasuhiko TAMAKOSHI
Mitsubishi Elect. Corp., itami Works Kazuo AIKAWA - Hiroshi MATSUBARA

Mitsubishi Elect. Corp., Head Office Gonz6 UTSUMI

On the occasion of renewing the insulation of type MT 42 traction motors of electric locomotives of JNR which in service for 15
years, various nondestructive and breakdown tests were conducted with the machines. Studies have been made on nondestructive insulation
characteristics, breakdown characteristics, relation between the nondestructive and breakdown characteristics after contamination, cleaning
and renewal of the insulation and also in the state of degradation by moisture absorption. As the insulation resistance and tan3 are
subject to environmental conditions such as humidity, care should be excersized to prevent them. On the other hand, corona characteristics
are relatively little affected by the surounding, also considerable correlation is observed among the second rapid current increase point by
an AC current characteristic, corona characteristics and breakdown voltage. This leads to the possibility of degradation judgement to a

certain extent by the nondestructive test.
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BE% 3KV LY 05kV 25,3 1 4RI oRsBWIC_LAx ¢,
KREEcoORFER, BEHSE XU aor v BRECAESTZ I
ELANLEIEE 47,

TGS - e & D IR IR I =0 - AR i —§5 L e
MPEfT R, Bl - il e b & B LY
T o, AIE LA, HRELBRBEH LR LT 5,

2.2.3 WRHEHER

R ESAIAREO No. 4 EIRTER 2. 3w L oK, T#
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FAAE R 60 mm B Lz SR IVEAARS ICE L, WE
100 98 D A\ RUCIRIE & 4, WRIRIC X B EFHERHE S & U tan 5,
TG O 28 (b X UHERRBIMETE 2 A2 L 72,

3. HEBRRHLIUEE

3.1 JEWEEAER

3.1. 1 EFIRMIERTR

BB R 2R 3. LoRd, PI 25 BLERIEM, 1.5 2UF & Wi
EL®, LR 0T LT RigH, 09 Bl E2iEe 2 8®ic X b
FIET B &, THHEERE CRIGRIED b D232\ 28, HHRHC X 03
Tk h, EREHRIERRES - T3,

MRS I B Aot X UL o0 FERIREBIC X D K& S BLT
BRDCELOERKEL, LCBLCER TS X bic
EHDERKEL 2D, EHAOERT OS2 - THROELL
CHENRTEL, ¢ Q- Fod—@Hbncds, chidBERT
MBI EF N A28 RERBEL D DB Wb LEXL b, HE
Biko 5 ICEBT O CSV 3 - #Hilk L b IR Ro T3,
F PRI X o CEIC AR D, EFREE LB AT

wa,
3. 1.2 XIFMIERAER
(1) tansd

£ 3. 2 CFEE 05KV el 3 tans oz &, TEIE05kV~3
kV [ifjo> atan 5 Sl E L CEERZE 2R T, ifc kb tand

3.1 o IE W R
Nondestructive DC insulation characteristics.

) [ ° ‘

B |l g s | g OB E G o
o L Lr WAV,

. faE Bt ] Rix¢ 10min 3 Q-F R3KY 10mi
BT Syl o Re kv 3KV 10min
No. P/ ™| nt PI) LR I i~ | (X103MQ) (xxl&s” RIKY (0min
[N T TR U NN AU MU - e L M

) ! Bk

F| g 06119 09 29.4] 417 4631 184 050
Ll joslrar] o9 29.4] 161 179 | 586 075
Al Hosiao0l 04 49| 286 715 | 785 1.20
5 BE
F| |y 06| 162 07 9.8] 111 15.6 488 1.00
I'y}i]’ 0.6/1.81] 0.8 147 10,6 13.3 3.9 0.8
A ﬁ"fﬂo.s 388} 0.1 29| 625 625 | 167.7 1.06
,,,,, l,, SR U S
BH
F 1.0 3.2 0.7 18.0] 6.67 1.39 1.97 890 0.42
T :
3 |1 08|42 | 0438|391 263 6.58 | 815 1.02
%
A lo7lsa | 00 |2.4) 260 138 13.8 | 5,040 0.80

#F 3.2 tan?d Yk
tan & characteristics.

T # i
W %
Wy |7 i o #
Atan d Atand Atand
and)| B8° [anscn| SER° lanaco| TG
@LV- V= | GKV-
- 05kv) (BEV T 0skv) [P o sl CRY o)

F 6.77 0.54 4.80 0.21 1.85 0.48
= ¥ I 5.99 0.59 4.28 0.23 1.61 0.13
A 3.37 0.44 2.61 0.34 3.32 0.14
F 1.30 0.23 0.95 0.04 0.29 0.1

B 4R 2
I 1.08 0.36 0.61 0.10 0.34 0.05

OF

A 1.30 0.39 1.36 0.36 1.26 0.09
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tan 8 vs. voltage characteritics.
nAEug
Ll
30 NO.S ()
=
E
32 201
£g
oL
LS
101
0

& T (kV)
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AC current vs. voltage characteristics.
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B o2 HhBEDLDIL T3, HWHFRITEINCHXT #HI-%o tan s
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7 < tan s BHERBOEE T B,

Wic, tan -FEEHERE 3. 1 I5RT, BRBOM: S 2 2 & 4%
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B 05kV oM e ERiEL > Twd, ¥k, bRl
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EEEE (X107 ~0v)
3.3 got A BBE R A EIEE 3kV)

Accumulative corona pulse repetition rate characteristics

(at AC 3kV).
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(2) ZEHEDT

;LLLSLV ¥ COUFMM-HEREOo—M%Z R 3. 2 1KRT, W

e BT & D TEMBIME R 4T/ 4V x—ECcH Y, BHHE

iurﬁ Py 3kV P Lcd b, 3KV KB 2 EmEINSR 4 bR
Th b, HERHELOE D - ik o—I OBk -cliffk o {2
PHHEIRE X DS e A Y, MR LASS OB ARIEE A
R0l & o 72,

(3) Wy

EIE 3KV (<1 B IH R IBHIFIC 31 C b P oilk <%
<H Y, HRFORELdObEOKNE SR DY, MRk
I X CHEHRE T N CORBHCDO W THTth o 7,

(4) oo #r

3.3 CHEE 3KV 51 % 20T v SR AT D — %
T, ¥7c3 3. 31 aoF FHEEE CSV & L CEHUA B X
h skt 7e BANZINEIENE 72 D OARTETR Qo » PIIHRR O - REATER
Bt Qmax D—Wl%RT, 7721 CSV ORIMEEHFILIBIC DWW T
1x10710 o, FEESTICD W CRIER O KE O Bffc 5x10-1°
o-0u & L, Quux GEREBMUAKSTHBICE W C—PlSB) 0
o AR TR 60 L 7 B SO L L,

CSV (3 EEFHioo MBI & iRk & clbiid 2 &,
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T IR X B EHEOMHRORR 1 B b v, CHi oo7
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S0

3.2 WiEEE

3. 2.1 EREERER

T a2 32 3. 4 Ry, A W. W, Cameron K {14

HHRIc X 5 C

F 3.3 o HBES (HWEEE 3kV) Corona test results (at AC 3kV).
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* 3.4 EmsEHEEE
DC breakdown test results.
o PAETl wmom om B ok o#
F 16.2 J WOEEBIAY (0kV ¢= w584
kit 5 I 7.7 L&A N ]
:_ 9.0 ( kl‘;ﬂ.i[f T~
””””” B ; 3.2 E4Ef2 41k o ver AMP ST
754 6 T 5.0 I rmvey L EROMETE A
"1;“ B 6.3 ~7::»{-/ VEE CB M7 ~2 o ]

B 3.4 5% it G- R i

Insulation resistance vs. voltage characteristics.

& 3.5 HHEEES X UGBTI & B e iR
Ratio of extrapolation voltage and inflection voltage to
AC breakdown voltage.

R ) O g e | SRESTEIE T o e
aepe | T , oy | kB R JE [y ol
WE ey W2 Ty F T )
F 2 0 19es | 3.0
* 4 ? !,
FHEL 5 1 i 7.7 8.0 4.5 1.7
A 9.0 14.0 6.0 1.6
3.2 — — —
,,,,,,,,,,,,,,,, - ;
1 6 ; 5.0 4.1 — —
A 63 17.8 5.0 1.3
F 3.6 ZZBER AR AL
AC breakdown test results.
P - i 1 Jal 53 poit
wow| T T m ~
: | oEav) | omo#om ook R
| Foolooowo | fim-smsTm
! 1 I 13.0 L = AT
A 6.5 L CUS A Y P b T~
b} Jis} ; ;
F 16.0 7 T
2 1 0.5 L == T .,13
A 7.5 THEAS AN
F 12,5 F - 7 U5 T3
3 I 4.5 Pz~ i~
A 5.8 2uyb@
i
F 13.0 A2 - 2 T8
4 I 13.7 WEABANGE
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Voo(kV)
3.5 log RV % #E
log R vs. &/ V characteristics.
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201
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AC current vs. voltage characteristics.
(i LTER A%

FRACHI R L b S 5 & B,

BRI & T 2 O R LT 5, B 3. 4 ICHEEHNH-
EARL, THEOAES LAHELE 3. S ICRLTH L, 4
5B & EEIER—B L Tnizn,

E DA, log R-A/V UIEHOZEMEIE ) b WHHEL % T 575
WORH Y, PWEEERBEMETEONIIHECASZ IR TwD,
ﬂ35mk%RVVMﬁé,ikcwmlb*bﬂmMm”z%
3. 5T RO BB D D Clk » & D b b i AT
FE & BEE OB MY E b onTn g,

Blbo X 5 K Eaal: L ) Bl e Pilld 6 ¢ L ke -
7o

3.2.2 ITmEERSR

AR R 3R 3. 6 1R,

(1) =CHTEm

AR 0L DWW, R 1 2 T
TR IHB - 2 8 SIS P & A0TSR Ve & @
BIRICER L, Do KX - CEMBEELE*HEECcEd L %R,

FEEEOBS, Viep 1k 211 Tld P O 2345, ol 17
FBehdTERERLED®, [ 3. 6 KA AM-ETR:0—f %

L, THHXVRDAEPa®FE3I.7TICRT, ¥/, Pp & Voo
EOBRERLZONBRI. 7T eH b, T XY Vip & P ® 1.2~
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Ratio of 2nd rapid current increase point to AC
breakdown voltage.

I I e TE P | memmimipi
KB ney | B2 73%) V) | W E/ Pio
F 14.0 10 1.40
i5 1 1 13.0 10 1.30
A 6.5 —D —
F 16.0 10 1.60
# 2 1 10.5 —(D —
A 7.5 13 1.25
F 12.5 10 1.25
i 3 I 14.5 n 1.32
A 5.8 it —
F 13.0 10 1.20
it 4 I 13.7 1 1.24
A e 2) — e
F 13.9 10 |
* #3 I 12.9 10.7 1.33
A 6.6 13

() P &AW
(2) No. 4 A BRBHILRED 2 DB

Pi,
L (1888453 =0.88)
151
=
= 101
LJ:] i
&
5 -
- + . L L 1 1 : ' { L
0 5 16

B2 R A s V)

3.7 o 2 AN & BT D LIR
Correlation of 2 nd current rapid increase point
and AC breakdown voltage.

-

f‘\ NO. 4 1(3%)
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—1r NO. 11(;%)

_.2_

X 3.8 @& i 9-E E K

DC component in AC breakdown test vs. voltage characteristics.

16 ERETH Y, Po i+ 3 Vap OHIIREROBS L D /PE
(o Tnd, F-2 OEEDE VA Pp & Vap & OFICRAD
DEERBEL N B,
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hEREEcH DT, X-Y Lo-4 Ick 32 HEESY 5 LD, BEK
S UCHEERRRw 50ehl, BROEMS TEbL A41/4V
ZIRT B LS abEFEINGE, FRAFECES YD LEDR
3,

(2) WS

X 3. 8 KEF-AER L =T, MEoBREAHIcH Y,
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Correlation of cumulative corona pulse repetition rate
and voltage.
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Total corona discharge magnitude vs. voltage characteristics.
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Mean corona discharge magnitude vs. voltage characteristics. 107 |-
NO.1 r a
1000 |, . . ]
2X1078 - ¢l 20
I F3.14 mRKEWR:: BHEET KR
— 3 Correlation of maximum corona discharge magnitude and
3 i AC brealdown voltage.
1 1.5k R s
a % 3.8 Vs 2 XU Vixo-n & BHEETE OBR
= Ratio of Vig-s and Vi, i0-10 to AC breakdown
i r voltage.
i - ,, .
- WO - WoE O E Vio-s Vsx10-10 ) T
i - ’ﬁiﬁg (Now % vep (kV)l &V) (kV) VBD/Vi0-8 \VBD/V5x10-19
K 1078 - F 14.0 9 4.0 1.6 3.5
o bisg 1 1 13.0 8 4.5 1.6 2.9
A 6.5 4.2 2.4 1.5 2.7
- F 16.0 9 4.8 1.8 3.3
ml 2 |1 10.5 — 5.7 — 1.8
0.5/~ S . ]
A 7.5 4.5 2.8 17 2.7
| F 12.5 7.5 4.1 17 3.0
Moy 14.5 7 4.3 2.1 3.4
. A 5.8 3 2.0 Ly 2.9
— F 13.0 8 4.6 1.6 2.8
0 - i i5 _ °
&= E kv) wl 4 1 13.7 8 4.4 1.7 3.
3.12 g K B RE I b Py - - - -
Maximum corona discharge magnitude vs. voltage characteristics. PR W7 2.9
201 Vo
(1BM{RE=0.77)
104}
- 8 °
Iy o o
105 = o
; F 7kV
A L + a
o L@ 104~
! #
S ‘ =
° -6
o 107 £
skv
[=3
107 [, et S TR S W DA’ ;
0o - 5 10 15 20 S ST E S
SEBIE Vi (kY )
: WEEE Vi (V) Vi, Vel (kV)
% 3.13 &R &% it £ ) R
313 4 il 6 Ik« WL L o M R 3.15 View 3 X Uf Venions & BEESEREOBIR

Correlation of total corona dischage magnitude and AC

Vie-s and Viyio-s vs. AC breakdown voltage characteristics.
breakdown voltage.

(3) o7 & DT 505 Quax PEHT 200T 5 kbic, H5—ELETE

3. 9 BB MR- B e —FIR R L, chd X hK BT B Qo Qumax & Vip DBIRFRLZDOHE3.13, 3.14
W I TERR-TEI R R 3. 10 1, FIEniE it % THD, Whbld Q & Vap, Qmx & Vep L Ofllcidlz- &b L
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£ 3.9 ZAWEEEDFEIE
Mean value of AC breakdown voltage.

\\%‘»{ Bl \ﬁv\‘, B -
i B ok om o o R M
\\ — \ 5}
o W8 p » , Z
(No.) &) | &y | ® &V ae
1 17.5 i 17.7 13.9 1.54
2 18.8 ] 16.7 1 12,9 1.72
3 15.3 17.2 A 6.6 0.86
4 14.7 15.8
10 Sn Dt i
EEE

}]E

- 3a| [a 5
% 0 N Fa—
g o o o é»(
4 + K v g
h byl P E
B S M LE
3.16 gk 5 8 BF B Au-+ X
Parate chart of breakdown points.
% 3,10 JF g 4G B A T ) o 4R BY

Correlation of each nondestructive insulation

characteristics.
MR 7=0.47 LLED % D HR# 7=0.47 L FD Y @
w4 # EERDTTY moB % B mmERy T

tan 8-PI —0.492] 26 Atan 8-PI —0.172| 2
tan8-Q + F —0.56 | 26 Atan§-Q+ F —0.197| 26
PI-LR —0.635] 26 Atan 8-§54. )t ~0.011| 26
PI-QF 047 | 26 Atan 8-CSV —~0.006| 18
CSV-Qo —0.472| 18 Atan 8-Qo 0 18
Atan 5-Qmax 0.402 18
PEgsbt 0.037| 2
E PI-CSV ~0,110{ 18
- CSV-Q+F —0.137] 18

3. 11 Jepidnfigeet » e & 0B
Correlation of nondestructive insulation characteristic
and AC breakdown voltage.

S

FACURAL 7 =0.65 BLED § D PR =065 HFOL D |

oW H A I N A
AC BDV-Q - F —0.658 1 AC BDV-tané 0.388 11
AC BDV-Qq -—0.670 8 AC BDV-Atan 8 —0.,041 1
AC BDV-Qwax —0,715 8 AC BDV-PI 0.545 1
AC BDV-#@sitt 0.075 1
AC BDV-CSV —0.038 8
DC BDV-san?® ~0.362 5
DC BDV-Atand —0.612 5
DC BDV-PI 0.42| 6
DC BDV-QF —0,035 5
DC BDV-@#ikt 0625] &
} DC BDV-CSV 0.188) 5
o DC BDV-Qo —0,193 5
DC BDV-Qmax 0.516 5
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i
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LOFERI Y For OEBLR, Vs & Vap & ORI X2 A
D DMMRED bh b, ABBEDRBIC, 5%x10710 5 g, @ 1g
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3.3 JEMEEEBFEARE o 18

s & IR R L D B bRk T2 )k D, AR
HWEENCESMEBEAR D 2o b o L E LT, MBI HH Lk
HERER 3. LOKRTI, Yoy Mnic k- THAS R n=18 )
R AHBEIRSS 047 Ll Lol B b, 047 LITF ik Bl A L &
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PRI Chhok® EEZ bR,

3.4 JEMEMBRISHELIWEBE L 0E

IR & DEERLE & ORI A D 5 2 & 5 2 1TiER S
feflEEic AN AR iRt c e had, L cEMB B
e RS DR 2 HEE T 2 C LT E B, WD O1E
KINTn5E2, ZOWEEEOFRHFEIC DO W TIRATICEE~ 7D
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BohT, & KRS OBEREA R T IR D2
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Time characteristics of insulation resistance in moisture
absorption test.
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Tand vs. voltage characteristics in moisture absorption test.
PENZ L2 EHRT 225, %5 2502 0FEITHE LA TR,
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(1) AR

A BT & B RS & ERRBNC X 5 MR OR H 2 k%
3. 17 IKRs, HBREHOETRENCE L, WEE 5 ()
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~13 THEVEIE Bd o,

Bl OiERN b 8 {EOIKT & 485340 OWiE & OBIR % 13 2
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AC current vs. voltage characteristics in moisture
absorption test.
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Breakdown point.
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Overall Electric Car Testing Setup

Eiichi MITSUHASHI
Masatoshi ODABASHI « Motoyoshi YOSHIMURA
Shuji NAKATSUKASA

A good many number of electric cars of new performance are now being put in use as a countermeasure of alleviating commuters’

difficulty. On the other hand cars taken care of at inspection and repairing plants are increasing in number as a maiter of course. The

inspection work has been mostly resorted to circumspect human effort.

This requires many expects so as to prevent possible human

errors. Under the circumstances, an overall electric car testing setup has been worked out for trial by the introduction of electronic com-

puters in the inspection of cars. This is the first attempt in this country.

The use of the compuler enables the work to be carried out by unskilled hands of a fewer number, thus data logging being posi-

tively performed.  Statistics obtained by these data will be applied to the computer in future, and that will hopefully establish an

effective maintenance system.
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% Testing set components.
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Block diagram of overall testing setup.
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Overall testing setup of electric cars.
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Principal specification of improved type MGP-21.
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Operation panel and indication device.
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Instructions of confirmation switch.
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Range of insulation resistance measurement and
measurement output voltage.
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Air Conditioners for Passenger Cars

Nagasaki Works Toshio Nishibe

Remarkable is the progress and development of railway cars in present day Japan.

Good service to the passengers is considered

important policy as well as the increase of the train speed and the reduction of the weight of cars. Particularly the air conditioning of

the passenger coaches is now Lecoming indispensable from the viewpoint of weather condition of this country.

From the outset of

employing air conditioners to the passenger cars in this country, Mitsubishi has been building a variety of these devices with good

reputation among circles.

Herein are introduced the specification, construction and perfomance of type AU 14 unit coolers built and

delivered for use in the second class sleeping cars of the JNR, type CU 22 and type CU 11 unmit coolers supplied to the Odakyu

Llectric Railway for HNSE cars.
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2.1 AU 1zyro-5 44
Type AU 14 unit cooler.

R 2.2 AU 1Zyto-5 ASN{LEE % 5438
Interior decoration shade for type AU 14 unit cooler.
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2.3 AU4 10w io-5 MR
System diagram for type AU 14 unit cooler.

szt
YeRy b Tl -7 MC1
M0V Ao 3 o~ R = S~ U’
605 Bo 5§ — o~ ()zma
Co $ o z §~o-
MC2

BLRZ S XA v F
EE

_L
100V Do ) o—8 @—
60%¢
Eo Al MC1 .
G—ky b TL—%  ° ° © @
_——

Go © o

2.4 AU 1zubo-5 No-ro2
Sequence in the type AU 14 unit cooler.
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® 2.1 AU 10 1o-5 (B
Specifications of type AU 14 unit cooler components.
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Performance curves of type AU 14 unit cooler.
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Specifications of type CU 22 unit cooler components.
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Specifications of type CU 11 unit cooler components.

B % CU 11
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3.1 CU22iB 1z 10-5 54

Exterior view of type CU 22 unit cooler.
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EEME & )20, RHEBRLERT 2 EZ0RHESE—IcRZ X5
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3.2 CULlE1zwto-5 448

Exterior view of type CU 11 unit cooler.

% 3.3 CU2®azwbo-5 428w b BEE
Setting value of thermostat for type CU 22 unit cooler.

-~ 4 7 w = 4 v F
wLZ PAL Y FD o EEEGR
. 8 B | & °
4 - I > v o
> v ON OFF
No. 2 24 22 No. 1
A
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13
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Kol 24 7 ON -
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o
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Nol Ad vy F-Nod -T2z b

BEE No2 Ay F-No2 gu—Fxzsh

No,1A 4 0N
No.2x 4 v ¥ OFF

3.3 CUWE1zwto-> A 1—Fr2w | EE
Setting values of thermostat for type CU 11 unit cooler.
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InSe #&&® Franz-Keldysh iR & 2 DER M

Z I B FHIR 2R - ik JEEY

Franz-Keldysh Effect of ZnSe Crystals and lts Application

Central Research Laboratory

Takeshi YASUKAWA - Michio YOSHIZAWA - Sumiaki IBUKI

An experiment has been conducted on the Franz-Keldysh effect of ZnSe crystals having an optical edge (224,760 A) in the visible

region so as to look into one of modulation elements of light intensity in the region referred to.

The maximum modulation mode

available so far by using ZnSe crystals which were grown from the liquid phase under 100 atmospheric pressure at 1,500°C, was 96.2 9

in an electric field intensity of 2x105V/cm. The shift of absorption edge at that time was 15 A, As this effect itself is independent of

the polarity, optical modulation wave forms of a double frequency have been obtained when sine wave voltage was applied.

However,

as the modulation factor is large in a region of edge absorption a ratio of output intensity to incident light intensity becomes extremely

small if a large modulation is scught for.

This is a big drawback found in applying the phenomena to practical purposes.

L% 2 25 &

2RI O 2RI DN A TE
W LRSS L LT,

(1) KB ERLE (Electro-absorption Effect)

(2) JoR§toBEEE (Electro-reflectance Effect)

(3) FoiroBELH (Electro-refraction Effect)
ERBBTF bR b, wbW 3 Franz-Keldysh #t i3 §a gk i (1)
ZIETH, BHRICE(2)BLU(3)ZEADEA LD 3,

COBRGOFEF BT L <, FranzV & Keldysh® oyEpzas
HE N D 1998 4E¢, T LIk 2 < OPFEFIC X o T g oW
MEMST 2ERDSHAZIN, $2C5 LABRCHT 2H L

BRRoBR G & e fTAabh T 5,

BUE % ClcBERT R bh kil Si, Ge S ¥ifkitikolid
#, Gafs, CdS, Pbly, Hgly o b aMilifhz B4 3,

DRDN TR E b b, LabERD
E VPR E N T\ CdS, ZnSe §i& <o Franz-Keldysh 45
DATHEB LT > CEADCEDEERHRET 5,

1.1 Franz-Keldysh {2 o FE R A BRIRG

le TR D 5 TR BE AN vk & & o i

LBTRBEBOMTER L bDTdH 5,

ﬁ%ﬁ?&5mim&m%m%ﬁmu%%@Aaco%%bﬁﬁ
TN, Tabb, EFRHETH bl‘éﬁi‘%i’fz%"ﬁ[ﬁfli@c X ->Tr
HHcigENg, &5 CHEHATACKE A Pt
W BRO 7e HEEHIF AN RO E %E&%%o;5mt5

Wl 2 bk RO DI D SciiE s W AR Tl
T5 L, COBFRAEREIC L > CABEAKENECE T, X

LICREHICR s T LATREL 25, 2% ) D-Elc#iNd 23t 1
- CEFREBERCHHEE 0 2bi) ¢, SR IIBEHIEE s
MEL ol Y, RIS S50 ERERMICET) L
7T EiICHR B,

1.2 Franz oIB§

(a) FENRERZ b OWEDHE

FREEEBMRIRE b DHHE CRBERD 2 »E& ORISR
a BASED 121~ e &

CL->T#ET3, wb

*OPRBIZERT Y haepigERT (D

(A} E < Egor E=0

A —C
{ (2217 B EIEASENE)
(B E = Eun

i

i
’/\ﬂu\‘(z//)/ } i : |
E —F) t t
D -k pasali
1.1 FBEREcoHHiE s X VEFEROZ L

Variation of the energy band and the electron transfers
applied the electric fields.

am(ﬁw_ﬁwa)l/'z .............................. (1_1)
7z 5HR% 4225, B E OHINC X Y BEHhEED 3% 52
wp= (EEY12Em*) B oo 1.2)

EFIEDRY, BEBSEHAERBEEAT 220 X5k 3,

TZTC e: BFOE, =h/2m, b S500 DEH, He, : B
s, m* @ EITFEEER (reduced effective mass) < 3,

(72 L 1 m¥E=1my+1/m, ¢ m, : BFOIEEHEE,

: EFL D SRR

(b) %“ﬁﬁﬂ?&ﬂ’]ﬂlﬁ Hix S OMEDE

%ﬁ%ﬁm&W%%%owﬁﬁﬁﬁﬁ®wm3h&m%%ﬁﬂm
FRE @ 23

Q= A €XP y (0= @y) wrererreiriiriirisiiin, 1.3)

TEbEh, Cds, ZnSe 7 0> O-VI BAbS4EEHA < b EHE L5
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(L.3) cEbTC BTk b, CHICEB ENHMEi L D%
WLERE @n 1

ag=A, expy(w—w0+7262E2/12}i771*) .................. 1.4)
ERB, Ly RREHEO T SEEREDTR, Ao dEHTE
DEDRNC KL >TREND,

yzﬁ(d_lfw/dﬁ_w)} ........................... (1.5)
A=~ 2/ 7
L 72 - TR L 2RO T
o= B2 /12Fm*  (Tads) vereerrrreereereerinanenes (1.6)
¥ &lk
hdwfeEr=y2e[12m*  (€V/(%)2) croerereerieirinenns (1.7)
L7e 28 o TRIEEINAIS cOmBRROLFRY 5 &,
opjag=exp (y22EX12Hm*) «vevriviiiiiiciiiiiiienn (1.8)

23X & Y BHEINATRIC 30 2 BRUREOZLR
do=wg—a,
= afexp (2 B2/ 12Rm*) 1}
=ay{exp KE*—1}
@K ERGOER corenerrersersermneninsenas oo (1.9)
A NCRBURB OZE LA T IEIT RS E D 2 i LT 5

2. EER&LUHER

2.1 ##H&LURENE

BRI T 7o BB FEEE ARG e L el 0 CdS &
B XU FLdusiz A 100 E, L500°C cfA» bR E & ¢ &
ZnSe fEETH B, WIND Fhifs b THi D doping |37 - T
B,

PO HAEHT 1% Pt (2200 1x) T 108~101Qem, RERRIEC
100Qem Bl EDOERFT, 1FEAED BB T O EL M
Wz, i Franz-Keldysh g ol i3 £ LS v,
BB DWTRERT 5, COREEEERRET 5 720 I S
Ot KREIFEBEHWT, ¥iB~o ASDEaE + o E <
LTCERE TR -7,

Sl i TR % GTATTES L 725 ¥ 0.1~0.5 mm LIRS SO T
CEEPEEE ¢, TORBEEE 2.1 (a), (b) KRLELS
I,

(a) Hiigh (o135 Fck »1h) 2N LT 2 OBATRm I &
tr 2uFut B

(b) WHCEEEEZHERTEBIC LD DT EER
O 2HEDEBFVER L, CdS i Hliehy EEME R K& i
¥ (a) D a17 OfiE-c, ZnSe DELFF RS CKE N
W (b) D ar1d ORRECER TR 272, E72(a), (D) BDEBD
DFETOEMBIBE AR 2. 1 (¢) KRL %,

WEFEL /0042 D bOBEEXE T L ORFHC ASTE ¢,
COBBEFHEFHEE R CEDES Y vursord=7 ¥l
RS L,

2.2 EEARER

2.2 ¥ ZnSe {#ECORBICNT IETER LR L d DT,

Borao AC, 60cfs, 5x10V/em, gz 400c¢/s, 18 Llms, 7.5%
104V /em OBFEHCxtT 2EBHEW 2R Licdb o Tdh b,
 ORCHETRERITE - FEEE D> b O 'R ©, THER
iR ORI 2 AR CTH B, T ORRELEIC b~k SR
IR DZE LS Ao BEMIITEEOREC & b o ©, HEFHER
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R,
iy
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I N
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R,
(b) ‘ (c)

m 2.1 AP ofiks ;u%ﬂﬁ[lﬁ%

Constractions and the equivalent circuits of the specimens.

(1) ERINZEHTE 60cfs, 5x104V/em
(F) ZEHxt 120 ¢/s

(a) ZEpizsdy

(L) EMsA2EE
U3 1ms, KL 400c/s, B 7.5%10¢V/em)
(F) 2=

(b) Az z#

2.2 ZnSe ToOXH I XU fuz EH
AC and pulse modulation of the ZnSe crystals.

BENEEOHRAEEOEER DL 5Kk 5, ABHIINO zero
level 1 4u0 BEORE HEO line ¢FELTH 3,
P (M) OEXRX-CEHF LEETH 3,

M=<f!ff)=‘ﬁ’-;0—‘&=<l ‘;z) corre e (2, 1)
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AC modulation of the CdS crystals.
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L Iy BHEOE - E EOFHEE
I« EIBEMNRG OB
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YRFEmE RSN, BF-EdsEcE 543, CdS, ZnSe o
5 Z o ko, EFLAET CEED D TSRO 53
A I X N2 72 DIC F4U7 BBETOHREEL T I,

ZCCR2. 4 (a) KR LD & 5 KBEREINL 2 BEic

, BFRE C e AcEFHEIBCEREIND, Lad-TLo
EHENCETIC L - TEROBMIE T b, BNITERABET
R Lic & 5 IEE O BT OIRE L B E OFEMOWE:

LFND, Lo LESMEHICIZEEAEBEERL, LAB - T
Bulk oz fic BEE 2T v,

R E L (b)) OREC R ETRBIE 5 2 X 51Kk 5725,
TBEA audot BTdh 35 bETF R, DEMCIBE & F,
RO O (2 OB EIER) CEHERMEN X 51KCh 5,

FARCOBESICEBIE 5 BEFIC K » THEASEIC ZEEN L B
Bt dX51Ch3, Lk CEMSMEAMND SEomL Fh b,

LTACEBBERCOFMNOEE E=~grad V & LTEH5L bR
Z0b, BHBE DS L OBRERELROT 2L 5R 5,

b L b 0EMEESABESLSERCITIET X 5 RE A
B, @LEHRPCLAL BRLTHA Y, FhRic CdS fEshiolk
(D)ot ERABENEh A L3 LELEA bR,

[ 2. 5% ZnSe fHROEHFELIC K 25RO HEHT 2R
L7ed DT, HESMIHAEHIOE- ZnSe f5hIC B \» T b Fiko CdS

OBE L FRCESR AT DI B, IIC joule-heating ZhRic>
wCE Lie, TRb bl LFAIC X - T b R R R
nabc, LAbBEHEEABED 2RCHFITI 0L, EE
@ Franz-Keldysh &8 & g2 9ic | UG Shift 5%,

%z ¢ T O joule-heating ZNBEDFEH TN D 2 DIC KDDOD
EBF TR o/, TTX 2. 6 3 AC B XU Auz BHEICK 3225
BERRT b 0T, AC BEQHEGET Jowt Lt t-o {HiC
P U e d OBEPOBH R LS T, CTOBEER Sz 0%

ZnSe 49 Franz-Keldysh &) & 7 g2l » 2211 » TR - fHR

Modulation { o)

I

-
&

},_____—.— e
a
£l
ey
[

|

) = Y 7ILEIE S 5

2.4 FlhiE o 8 & o k%R
Polarity effect of the applied field on the surface.
excitation.

40l

30

Voltage DC 1,000(V)
Thickness 0.5 {mm)

- X Slit 6.5 {mm)

10

T T —EE

Wavelength (A)

® 2.5 WEHLHOWEERFES L OB

Spectral response of DC modulation on both polarities.
SOEBRE L LD IL—BL T3, LicH-> TEFHREEE
baLf&ﬁénéca,ébK@Z7ﬁ£ﬁ$&%%Q®ﬁE
SRR L b DT HER —E LAV & & ¥ b joule-heating
DRBIEE A PERTED L ATIBET TRB LI & ZnSe
R TORATRER X URAEE Shift i, 2x10°V/em OFESR
HEECH LTZhENR 92 %LU 1A w3,
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Modulation {%)

(%)

50} ZnSe
401
s J
o

10 /

4,745 (A)

R S DS SR S |
J/ZE, 1,000 1,500

Voltage (V)

2.6 AC, Sz 5 o TR
Voltage dependence of AC and pulse moaulation.

70F

0.05

ok 0

2800 Awo T Buoo
Wavelength (A)
R 2.7 B HZERD 2R b 2T

Spectral response of the photosensitivity and the

light modulation.

o] I
4,700

ZnSe
ACZZE 60~

(AaOCE")
k=194

10 g 108
&R E (Viem)
2.8 ACZ# o 5 IEHF %
Field dependence of the AC modulation.
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FWREL 5575 1€ Sowb Lk, Mabhdd X 5 CERETAbD
R DI, docEEF OERRICH Y k=194 BB LR D,

ik Franz oIk VB Ll 2=2 KBIE—HKLTWw3,
bbb OER I EERER clafioEAar L Ldsoh
72, CORFIEDOWTERL TR N,

Franz-Keldysh %550 B gisgsid, FHEAIC I FIRBh &
BERIC X s CORHIREN 272D 1015 DfZ 4D EEbI T3,
Lo LbibhoERc, MEFHEE » b o HOERD tvwo
TIEH HRKD ER 1071 © h—4— TH » 7z,

Racette o GaAs p-n ES-coFEE-cd 1075 BEOEIHE X
hTwnd, coRARFHEE LTEEST O space charge, JrRH +
PU7 D 1507 REDHRBELLN DD, WTFRICLTHE%E
B~ &RiEcH B,

3. ERKEICET B

Franz-Keldysh %18 % S8 ic H» 355 0BEEICDOWTE L

TH LS,
(1) ZHD-TE 30 EERETHHEOFHEERPEHEHED <
P ERCHREn 5,

(2) »rRIBEESIERING,
(3) DD TESOBE YLD 5 IRHHBMRAEERE 0 5,
(4) TEEMEE LTHROBRED L \n, F1-290 RLDHE

L,
(5) ZHORKIAL zero field COBBIEHOE & DRAST
¥ 5O,

FF(L) ofIEEERICONERFET L LERT 288 0F L L
T e/o04-2 ZAV 2 bIFICIFTHF, BEMAGEE A3
EBRBETH Y, TONIRD aR0 b HTTCEE L A JEEIRER

wE b OMER BT ORIFFCT T ALY,

COHRIED—D L LT RBEE o0 BEoRSEED, JuE
WSR2 252 TR 3RS 543, © g T ORGSR
KhhoTl b, F7E 2.5 oM EHROWREFHNT 3 &
WG, JEED a0t b T DWENCTEED E—2 B 0 0B
HENEZDTC, CNCHLTEEERBIN TS Ly e 7-2 T
WIHREOFIARE L b S, WL Xichk VEERD 3,

Wi (2HYTHIcBE LT, 104~108V/em &\ 5 EEE S0 EAE T
ETH B, CTHRHBEHERE A CERPEORE 2o
BHBEDE, pnESTIY AT LUBHMYAEESIEL
BH 5,

Si, Ge g plfk-cld pn FHEEOHER L Hv b T 55,
(&R clk pn A2 1ES C & IR ICHER 2 », FiZo
FEBLF e 2R —RICAR LR TW» 3,

L2 LEERE G EMER D 72 DBBEEAIERIC Jo-F tbh, %
TeAbE AR D B 7o AR S ORIEA R S WA T h d 2R
bd A bhv,

FHIC(3)HEL 2w T @EEEMIC & 2RSS X 1 joule
heating DR EWT 22 HIC, KBEMOEDLOTMInLLY
HEH O+ RE 2BB L MERT 2 2ERH Y, chd hdrhrH
HEAREHTH B, kb AT TCHRRT & 2 LRI 0 5\ ZnSe
HEcT b AC, Az, DC oBEHchhi b OFMRIER b o 7%
N THEERB b, FA—F CdS it b ilk~xz & 5 K
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BROBE MRS E L, Az 3 XU DC BHclkime A
CERENR DT,

(HFECEmOMEC > TR, BEEZEERDZ AL CRES ¢
% 2vFul BcikiEiah w2, EEESOMECERE 2 25
&, b LEOEWAIE 12wy HTHIHAE, ZOHER~OEE
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CEDBHEINTARE®, IpICHEBRL, L2dEROPE W
BERrEREND,

() THOME IR ETI DS A zero field ©cOWRIN OB A
BoBEcHh b, TOERCET 3ROFBEREIT ZnSe, CdS 0 & 5
AR A — IR D A4 TEDDTHEL KR B,

CNBELEERE ST b CHIrb, THAMALLTEE
b TIEREE RS,

L4t F T

ZnSe #kf54 o> Franz-Keldysh %18 % 3 ic T2 lEF~DINHE
D2 DT LT ¥ Ak, ZORER, AifiTbHli~7 X 5 cFkFER
R LCOIEMORDICH, fEfO S & LEEoRE, &
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LARVEOMDOMEARD L, L LIHbOPBERRD LT bh
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Design Technique of Wideband Tunnel Diode Amplifiers

Kamakura Works

Kiyoshi SHIRAHATA - Daiji TAKETOMI - Koushi OGISO

Tunnel diode amplifers (TDA) are liable to produce out of band oscillation. It is difficult to compose stable and wideband TDA.

This article describes a newly contrived composing method and a number of composing examples to dissatisfy the oscillation condition in

that band for the purpose of compressing the out-of-band oscillation.

This method is to improve the characteristics of a circulator with

an additional circuit so as to match with a tunnel diode displaying negative resistance in a wide range of frequency. Compared with the

conventional method, it has advantages of easy adjustment, fitness for mass production and ease in obtaining 20 9 relative bandwidth that

is twice the old value.

L% &2 #» &

AsAbdoo B4lEEE (PA), tognd i—F HiEss (TDA), t5uy
25 WiiEss (TRA), Galsvaobdfdrd-Fzy & Hlx B 50k
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T X 5ic 1GHz L o F i cligiesud PA & Galszyayt+
A A At & ORI L, BEBEREND T, DRI,
RERC SRR C Bk B A, BT 1V T ol ne
WORREER Y 5T 3,

TDA mﬂm o0 WEREEMET 20O H 5 HHPHERH
Migasr & 2, =y sk o PR MRS (R R
ek id 4GHz **‘), PLFINToER TR ORI HIRORIE LG

(6GHz #) %k Uw», TPU MFEowiEMgss (7GHz #), #
RiBEM o kBRESR (4GHz ), EFREHAEROTENY
BRSO XL ENTERScHAE L Tw 5,

TDA 3L Lo & 5 Il FE O P 5 EHES IR B 5435, to
2ALF—F (TD) & H—F20-2 & F#MAFbE AT € TDA
Hikcz abd o, ZLOBEHBNRIBED v BNEET
BLERTER YV, COWENREL TD 2650l Y-Fal-2
ORI TEL WS THY, Y—Fal-2 1OHNETD O
FHEHEF AL T FD 6 wd I X B 2 H LTI, BT

8 ! i !
L ) Ge b Y2 A4 —F
) L ekt
GaAs¥ aw MEAF L4~ 1T %4 AT
(HEEF A 4 — i)
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Comparison among noise figures of microwave low noise
amplifiers and GaAs schottky diode mixers.
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2.1 borudtA-F OFEEREHE

V-1 characteristics of a tunnel diode.

X 2.2

&7 D BRI A B9 5, TD <l PN WO Rl % 101/
cmd ) |- EFBDC, 2oz B PIBSHER <R E TR, NIBH
W C@EEE ORI DAY, EZECIE 100~200 A i
INE L B DD, Vn:b@ vl a“bﬂ:t X o THAMEII R LT 5,

Pk L Wi fo i3, AA B fbgifc'fil.ﬂi JudoauR S3H o &
bR, TD QEHA L fo % oAl audoaua 2T,

-1 R
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BOJHER RS £, & BB 2057k $tJaua 4045 o & kDK
e fr LT oAl cd b
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USROS (2.2)

TDA oyl L TR, ZEIEDE 2T v fe<fr %25 TD
AT 520, folTFickyd 5 TD o%lalgas 2. 3 ¢l
TE S, BEEDS LW —R; 3 —T04-4, fe=3f (fo: Ml
B0 ltwEd 2, C i feo Ry 2O ILERIKIICHE -
TLE 5,

2.2 TDA

TD (& 2 8Os <l M E fie e b, —JFRIC 72 e
Mafifed, »OEFE, AWO 1of-4dua KX bFRERIERE
TEDLADICH, —Fal—5 HPBIETH 5, WRIEAMEIHRERH D
B o ANFE R O~ FE A (M) % 40dB B 12 5 7%
¥, 3PN Y—Fal—2 % 3 M FhER DA Y—FaL-a Bl
HEhs, l2 4 Y—$a -2 JE TDA DA, B 2. 51X D
SAEATR 5

2. 5Ksn»T AA KB T 2N RET b bl ifE
i,

—(=G+jB) 1> (Go+G)?+ B

i Got (— G+H_7-B) SCeG)a B T 2.4
Lhmb, T
B j(@C—1[wL) cerreeeenrreremmasininaaannns 2.5)
b3, X (24 OSTASBLY VECKEL, ¢>1TabS

HEERAO® 5 C &pibh b, HgoRESREr L Go>G RER
IR, G KB G IESIECENFEIKRES AT LPDI S,
i (2.4) 720 © TDA pgEce il b 5235, FEFEo TDA
TREBD X 51C $—F21-8 D Ju40202 Gy IR HBEEIC D %
Y STl L, BRI L Go<G & A D, chiewEn TDA
ORFELTHLL LT 2 HETdH 5,
TDA @ $—Fa1L-2 O % 5 AEET RSB

B FuRLEf A F RSO IRIL - PIE - RE - MRE

[NVES V-2 (B N <1 1] 1 xS

Epuivalent circuit of a tunnel diode.

A

2.3 WHOMAKIECD bot
WA F— F DL B

Simplified equivalent circuit of a
tunnel diode.

SEEO% —Fa b — %X

wAHRO

91 $HRS

2.4 Yotal-2T8 boindrA-F HEERO Jowo
#1556
Block diagram of a circulator type tunnel diode
amplifier.

| R

2.5 y-FaL-a B borwsd - R OIS
el

Simplified equivalent circuit of a circulator type

tunnel diode amplifier.
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20I,R : noise constant (I : yusp, R : #-4)
ThH 5, N (2.6) 3 (fIfe)?-0 chME L % 523 (f]fe)?*=0.1 &
LChHEZERORMARE 025dB ¢h b, FAHEEEEDS 2D
fo OETEDL TD BIFFE L AvoC fe=3f, ® TDREF L
v, 20LR 1k TD Offc ko THE D fo=3f D& & GaSh, Ge,
GaAs TD Hifkcz bh BTN Fh 3.2DB, 45dB, 65
dB t» %, lEEtodirb Ge TD # v 3T & HEw»,

TDA oFijE% 1dB KT & & 3 AdERE®

Pin(dBm) =0.33k~1.5g «ervevenroreerienionenns 2.7
<HEbLEBL, TTIC
k= (9/4) T~ I)2R;  (Hifiz 1 dBm)eeerneenennn 2.8)

g MEBTEIFNG (B - dB)
TH b, Rj=710%-¢ BBED Ge TD =ik, ¥ 15dB oo s —35



~—40dBm ©H 3, FAFHEEGR C.7) 2H LA LS,
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5L EHfThbd, ¥k M2 BEOTEIC k> Thhkh DL
HEAVEETH D,

3. Y—Fal—-%

PERE H—Fal—2 IKDWTIL

(1) A7 VSWR L2 LT g

(2) BHRNOIEHR% 5 ARk

(3) UG AL~ ()

(4) R
RELDPRLUONTnED 5 7,

L e ARER TDA # T 2B L<il, chd Y—Fal-2
DRENEHED v &, WM 1o b—doxr B % b2 BE R D
%, AEi-CRIEHR TDA 2+ 3 200, BN 1ot-dor 1
HIC BT B Yo fa g ~DBIEGEEHF WP L RIC L, D FICHEBED 4
—Fal-2 OREE IR~ 3,

3.1 TDAFB¥—#al—~9OFRIFH

TDA o—Riy S RMER 3. 1 cEbEnd, LoBEK
B fo KETIEREE fr L V&~ TD 2w TDA 23, 4—%
ab-z & TD » oifskic mERICERE TH 3 DI,

‘Fc(“’)[ . I]’a(w)}<]_ ........................... (3. ]_)
REREhBZD, cric :
Tp(w) : BEIERERD b &7 Y—F20-2 OBEREHRRK
Ty(w) @ BRIHEROEBEFIHA ([T.]>1)
THD, ole) THEFILHERDO Q GELIZHRTHIEX B 1) &

(1+g4)2+Q.2QN V2
| 7o (w) | <{w(1_gd)2+06292} ........................... (3.2)
thd, CZic
_g_eﬂ. ~1+a(l+62) .
g“"R,- a5 2 (e BEy (3.3)
Ry @ Yo L—g BEBEDURYE 1o E~dun
Rs L _,‘i — 1 e
=%, "=trp "=ay TR R @9
R,
Qe (Cp+CH Ry (BEIEIUREZRDOMIR Q) weverereene (3.5)
Q=220 i (3.6)
OJO w

wg + DR BEL
TH 5,

Fr=12fy, fe=3Ffp Ry/R;=0.7, R, R;=0056 % % TD %\
el EX B2 Q% A5x4 & LTH 3.2 tkbEn3, 0~
Jo &bk HoFal—2 OHIBIHRIA N K BT 32 RNREARO
REFBRCHIE, Y-favcg & TD » OiEHHC BRI BEXR
TDA xEECE 5,

3. 23 vbid BROBRIC DV T HKEREECEE OB
ERTLDOTHEHh b, BWED Y-Fa1-2 23K 3. 2 ZHELTw
Bohb e v TTDA BBRFREFLCE LD TRV, R (5.2
B EN TR TH HEGEHC L > CREEARERED B, L
LE 3. 2 ic ki, H—Fal-2 O VSWR 252 20 o2
7 TDA 2RI © % 2 2 LR IERCE L 2 5,
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X 3.1 H-Far-2 T8 ol A-F BGIE RO SR
Equivalent circuit of a circulator type tunnel diode
amplifier.

1.0

AL

VSWR

LR J1.4

1.2

D
3.2 Y_FaL-2D T EVSWR & ¢
Required VSWR characteristics for the circulator used
in a tunnel diode amplifier.

3.2 REo¥—~Fa1lL~5ofER

[HNE 5 B0 N gl 2.8 GHz, 4 GHz, 5.6 GHz, 6 GHz # +
~Fal-2 ¥ X UHEA L7ciAHHR 5 Fl 0 OSM Jg[H 6 GHz, 9 GHz
HoFa =2 ILDWT, HIFIHRERE 0 VSWR % K\ £
b - CTHISE L iR 2R 3. 3(a)~ (1) KRT,

MIEIHERO Q. 1 fo=38f0 @ d14-F B Q=1~2
EIRBDT, TOXSHIEED v—Fa0-2 ZHWT TDA ZHik
T5&, ASVSWR K 3. 2 OREFRICE s Tnh kb
HRASREZRECLTLE S, CoRBNRRONIE) TDA o
SO Y KEWEREE ©H 5 e, MR T cic 1 Ecdfibh A
2

(1) H—Fa11-5 EIEIHERS & DT ORHE R LRyt
BIREWET 55, ThLBHEIEHRRSED Q. 2E L5 AT
FIEOMMEFEEAMRE L 2V L 51, Y—%alL-2 & HEIHER L ©
PR RS 5 Oh Y

(2) MEMREEEOLCHEH L, MEIHREBNRCHEEN < TD
DOFEYEBLE T L, T HEMAR LA v & 5 1C passivating net-
work %% 5 AF 5 HE®
HEONTEE, TNHLOHEE L b CHHEIEERED Q 2 &< T3
D¢, HEHIRIE R 10 9REE © TDA DA 7 LR 4
DPLAZE, EREDOHEE $-Fal-2 OWEN 1ub—4uz, T
bbb VOSWR L7 & & 57 D [RHEIIIC b 7o - TREEFICEE L,
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B 3.3 BEEEM Y—Fa20-—2 © VSWR ks X oyt VSWR MIEEREIRE £ 5 Ak VSWR Kt

VSWR characteristics of several coaxial circulators before and after inserting the out-of-band

VSWR suppression network.

FHROUAGAFIR L\ X 5 7% B % 2227+~ % AT
kordniEhshe,

T DGR~ IC KH TDA € & 5T, 3E#IC critical <
RICHFRICMEZET 2 5 21, R ZIEERALO J—tal-2iC
HATE R LRGe, COREMPEOLTob LT LT 2
B CHR SN (2) Ohcl, $BAFHEINE DX 54 active
BIMEIHRE ©H 5w, passivating network OF#E I XU % 5
ADMBETERT 2ORDAE 5 THB L5 RERED B,

4. ILHE; TDA ok

3. 2 BTN X S ICHED H—Fal-a 1k, HIEMEHERTEL
BN IEME D/ O 2 DHEH A I NTE LR, 2 bh HHiE
HIRiE I 10 96 BEE SRR CERIT A A D - o, AKficlkc
NODREFRET 5720, £ D Y-F10-2 OFIENISEOHIH]
HEEF R L, oS VSWR 2MELCE 3. 2 KR L7 ¥-
Fal-2 FTESHEZME S €5 20 0N VSWR MIER#ic>
ERR B, D CHE I N S-Fal-a BRI TROR L &

IR bodsr A~ 1 BGiEER O KL - B - RE - AARE

ks TDA DR HER I~ 5,

4.1 H—F%a L—FEESORT

3.3(a)~ (1) I/ L7 Y—Fal~2 OHIS VSWR Fith X
b s VSRW DK ¥ < % 5 B, Y—FaL—2 oL EEK
fo O FFeEET 5, (LT COEBEEE fi, Fope EXF) fe=

# 4.1 Y-Fi0-3 OHIRYE VSWR 225 2 Higk e
G E R e OBER

Relation between the center frequency and out-of-band

frequencies where the circulator shows high VSWR.

IO e B A OO OA
il m fo Sent Sfepz Sap2 ! Sopz B A
(GHz) | (GHz) So (GHz) So
2.8 GHz # 2.8 1.4 0.50 4.2 150 [N m
4GHz # 4.1 2.1 —‘0‘51 6.5 1.58 N b
5.6GHz # 5.6 25 | 045 7.9 v IN m
6 GHz # 6.2 2.8 0.45 8.7 1.40 N kil
6 GHz # 6.2 3.0 0.48 o4 | 1.52 Bglgd‘g‘_r
9GHz # | 91 ///// i 5.0 0.55 13.5 1.48 OSM &
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Out-of-band admittance of N type connector coaxial circulator
seen at the edge of the garnet.
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4.2 HEh VSWRMERIEK &SG5S L e —Fal-2

Circulator with out-of-band VSWR suppression network.
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4.3 HH VSWS MEEKED Y7oz

Reactance of out-of-band VSWR suppression networl.

ZERT hpalile!
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b—d ,—
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oy

AAB0

4.4 Hpgst VSWR MBI A A bornsdrd- ¢ HiEes
Wide band tunnel diode amplifier with out-of-band VSWR
suppression network.
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3fo ® TD %JH\~7z TDA %}id 5 5&, 0~3f0 O WA
D Y2 O VSWR Btk 255 HER B 523, 3.2 X0
LR XS fopr, fap WIEHT 20 Tv4rTcdd, ¥4 1K
B HFal—2 D fo & Faprs Sopr & DBFEFE 3. 3 (a)~({) »
LIRDTRT, TNEY fop, Fop &

fsnl.:‘.'0~5f0: fsp:,":;lﬁfa ........................ (4_ 1)
RoBRICHEI LB D2 D,

DEW fop, Fope TED Y—Fa2l-2 7FzwrR &, T-Fal—a D
Bt b R ST & L <ol L 2a i Ro—Plk R 4. 1 IiRd,
D Hotalmr CDWT S ABEDOEFZRT, THEY fopts Fope
DT T A— b IHHZEIEEHRRTIT 2b b 7raeauze LR
Dripbird,

4.2 Eigst VSWR HIEE R

4.2.1 @ 1@

4. 21T Fopt, Fope BV B8 VSWR 243 28854 VW
R A 84 % HOESHARESR CHC & 5 A L Y—Fal—2 BIRT . Mt
T, foprs Fopr KBWT J—Fal—2 O 7rezur PAEE €0
CHBLBMTH D, fi—Fwbh Wiliso T L-coWilE di & 4.1 &
xh

Aspl'—“?’)\o, /\'8172: (2/3) g rrererrereesarreesesens (4 2)
CHHT LD fspy fep St SHEm & LT
dy= (1/4) Aspt= (3/4) Agpa= (L/2)Ag cerereemmenevnens (4.3)

CBET EHTED, TTI Aoy Agpts Agpz 1E Sor Fapty [sp ICBH
LIMETH B, HEE T 1T fop, fope THEEORHE 100-4ua £
D bFhICKE AR R P UFICES T, B> b Y-FaL
—8 BT Aof—Fu2 BEES LB R D, L LM
5 fo TW, COEBFIRBEFH I TRALA Y, Bl EOEEREM
T EMEIEAEL N DA, BRIMRALOFR 4. 21CRT,
O Vroaur BEE
1/(27,;«/[:(“;—1) s fapy rererereereasere et (4. 4)
1,/(27“/([:?[7:2‘)61) S L L LI L TSI TIPSO (4. 5)

& BRIR O KR RIS 5 B e D OFREr bV S, TOXSIC
BENT 2 L HBEEOCET 2 1ub—Fduz i, 4. 3 bbb
HE X SICHOLAEBE TRt R Y i TRR KHLL, fou T
VB L C RIGE D, L7cht- THiEM VSWR IEE(H]
B HULEEE TR, Y—Fal-2 D 1uf—dur RS AT,
Fopto Fsp2 TR CORBIEEZEO I Y=Fal-2 DA 1o~ %,
Fota -2 BEEOEHE 1oP—dunx Ry ICETEDYT 2, [Kn
WA C Y—Fal—2 DA VSWR Z/hE A LARK 3. 2 D
fal-2 OFEFHE LS e LR TES,

4.2.2 EEoRBRE

4. 2 IR U ettt VSWR MIERIEE, /7 EEGR MO R
Erds TR 405 iRz, Tabb L, G
o fapeTUAER LR DRE O RGN, L & fo lIC T4
SRR & A FIHHR T 2 — BRI T 5, IR EFGE L
O vy HHABHCH 5,

A B XY Bie VSWR BHSHMIERBKO EHRL 1oE-dur /&

z R .1 e, (4.6)

1 tan Bl — L cos Bl
21 Za

TH % bild, CTL B=2x/A TH D, [HHOLD z1=20 £ T 5
E fo BT o HESRMLY
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3. 3(a)~(f) i J—FalL-2 CHIRYL VSWR Mg+
ZH5ALT fop, fape BT 578 VSWR 2HIE L 7 iR ERT,

4.3 [ TOA otk

4. 4 N VSWR INERIE %3555 L7e TDA ol %R
T 4 2EiTR~NA X 5 I, HRS VSWR HIERIBRIC T Y—+a1
-3 D faprs fopr BT 58 VSWR 2HIIEL £ 722 b, HEIEIHE
#0Q % H TD ¢ TD oF&E*FTIHL T, HEiEHEE IR
+ 37w ® BHET OF-c B L MEHEIRO Q XY 3@ L
nTd, wEn TDA piikc& 5, Comszs 3. 2 ficik~
$E3 > TDA olinkiik & KK L 2B & ORFO—2ThH 3,

4.5 Hight VSWR MERED {2 t—do2 Bk i VOWR MLl » REILRRR & OPE#E 42 i, ERIcE
Impedance locus of out-of-band VSWR suppression ~ L A VSWR E A8 13 o0 B 628 o3t FI g o i &
network.

HIED DT, dy=rf4 GEEFTNEEARHESR & LTRIAT &,
TERHE R RARF A (DR e 35 C L3 WREL & B,
HHBH VSWR MERIKO Qs i

1 zyf 6y Bay > . )
e Bl B B0 N 4.11
Qs 2 z1<c0520m+sm 29, ( )
THibh3, T
2r 2r
=47, = Ly ereerrien e s 4.12
019 Ay 1, g Ay ls ( )

THD, b, L (4.8), (4.9) vHEAbhD & &

Q=17 - ZU e (4.13)
21

LA D, TabbiiEms VSWR LR K3 2 Sigo i 1

4.6 WHEAICET 5 Y-FaL-a LHHRSL VSWR HIE SE-Fuz BRI, AT A RMEE & T B e ORI Q, 2
[Ei#g & D 7rzwauz FHK
Composed admittance of a circulator and the out-of-band ABND,
VSWR suppression network. AHEE I 5 2 B~ 7RO 2, AR A INES 2 720
" @n D%l E A passive <TH B h» b, passivating network # active 7r i
[ L N PN . - i
4 SHRBIC % 5 AT BREADHiE & Ll L TRINL 7 %) e,
7%, = Far=15fy &Y HHCTHERTED LW OIRERD S,
1 1
N :7{)\”’“: 6_.)\0 .............................. (4.8) 5. %ﬁtﬁiﬁiﬁwiﬁﬁﬁfﬁﬂ
V Y N N C YR ] E 5.1, 5. 2Ll kA fEsc X - Chss Lk 2.8 GHz #
) 1 ~9 GHz ##% TDA oAERERT,
; lo= .««57\0 .................................... (4. 9)
’ 1 5.1 N R TDA
55, X448, A vl LAGzLbhde ik 4.6) E 5. 3(a)~(e)ic NEE)—+11-2 & H 7z 2.8 GHz 3,
g R z 1
B K A . 4.10
oo R0 F tan -5« v]i—cot z. ~f ( )
3 S 6 fo

R L, (4.10) 1K R=2y & Lc 2D 1uf—doz iU+ X 4. 5
KRT, R4 5 XV HLARISIE, follBl) b 1uf-4un oo
T H—Fal—2 D (o5 WFEHE B2 CEBbh b, fin
BT 5 1ub-Fua i, KA VSWR MIERIKO Q wEiRo»
B zifzg DEIC X » TEALT 823, 2/%<8FAdb mi=2=150%
—6 BT abiE, BIE10OFHBCIFET 3, fom BT 5 1ut-
422 10vH 3,

L7eh->Tdr %K (4.3) DX 5 IC BETINGE fop, fope BT
D JeFal-a OWHENE VSWR 2L 2t p3c& 3, H4. 6
I fopts Fspp I B0 2 YeFal—2 BKD 7rzwzuz &, HEHA

ﬁ VSWR IIEIED Prawaua & OSHIC ED, it VSWR i1 ?EI;% /Ej\G]}-fI?Z% 6GHz#r 5.6 GHz# 4GHzs 2.8 GHzw
T EREEEDE -fau-azfaomon 5 L0 EHCRE D HAS B0 5.1 GHBIEHS Fotndti—F MRS
& VSWR psilEx 3 C & 257, A series of wide band tunnel diode amplifiers.
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4GHz#; , 4GHz # hz25-F ¥, 5.6GHz #;, 6 GHz # TDA
MRkt L UM R AR T, TR 5. 1 ic T b i R BT
e &b oRT, REEEOHF 6 GHz # TDA offc> ¥R
5. 4 R,

v 7o 4—%20-2 BIEORHENEHE, B X UHEHRN VSWRHIE
Eg% %5 ALkE ED YoFal—a OWBIEER, ® 3. 3 1R
Lict b chs, MEIERGIRAIES X U 207 BB E
&L, AMA=F Wz oS DWW T RIED, W%, B Yo &
DEUERMHCH LA 5 2 X 51c & S IKEE L 7z,

4 GHz # TDA 2 2iBEH LBz L e b o, EIERRK
E—#kaEsy 003 ns/MHz, —gegisr 0.003 ns/MHz2 ¢ B - 720,
429K B f54 0000 BIES S O % B RRIEMESSE o256 €, A
I yaT6 BESRE O T IC BIFAEER R Lk,

Fre o DWEh ¢ GHz B hzr- £ B TDA & & i, =4 kS

£ 5.1 K toiudoA-F BUERR0IEE—E

Various characteristics of a series of tunnel diode amplifiers.

e Skt
TDA mw | MR R R BRAD Ay
o (MHz2) @B | @B | @Bm)
2.8GHz # | 2,610~3.010 15 5.5 -3 |IN @
4GHz % 3,580~4,460 % 5.1 -3 [N oW
. a0 | 10 | =4 1 - 2B N A
4GHz # 3,550~4,620 19 5.4 2 N @ |JELE
5.6GHz # | 5.060~6,030 i5 5.7 -2 |N ®
6 GHz # 5,530~6,780 15 5.6 ~30 |N ™
6GHz 1 5,650~6,930 15 5.4 ~35 | OSM ®
9GHz ¥ 8,380~10,260| 15 64 | -3 |OSMm
* Fl{3 3dB pR#Fm
o L 2 ORI 5 AR BT
R 1 dB KT BAN
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~ G0N \
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e S
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Lo L =
R - P - 15 i’é
NE i Ha
4 3
ot \ . : . ; . il
2.5 26 2.7 2.8 2.9 30 3.1
B R #% (GHz)
(a) 2.8GHz #b > ar x4 4~ ©RiEE
20
=5

SEOMH
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w
o
"

(b) 4GHz #bFvin g4~ FRiES

o TF #iEas & LCE ~ S BEBEMEHT~A Lk, TDA @
i X b IF MRS OMSHERAS TR 50, 2y IEIRHE R
ORETHEEE T 5 5, 4 GHz # hay—+ 1 TDA @ fifniit: 48
HE L ew, Ay BEFREESHEERSA LD 10~20mV B L
7F18 10dB &> TDA % 2B har-F ik Lz d D TH B,

6 GHz # TDA %, 6 GHz # e\ 3 fi—wLoLozrusT HA
ORESRZPWET 2 eDEHINKREANRE S o/, THRDE—
o BEREEHERR O EE, 20dB FEEd 2 LK 5
dB o> TDA #HiEMIESE L L CHAThE, SEBOZERE L
HEHENSRBRE LT ED B N TE B, fiH#lcE TDADZ -
& X ERAE L —85dBm ¢H 5 24 TDA %4470 LT —100 dBm

25

5.2 fzy-r4GHz #
bR AT F -~ HEIEHS
Cascade type 4 GHz band
tunnel diode amplifier.

20+
GAIN
1,070M1H
15
@
=
£ ol
i
=
5 =
5 e 3%
4
O Il 1 1 T
35 15 35
B R 8 (GHz)
(¢) 4GHz #7120 — ¥ b v i i 4 4 — KHIBES
20-
-~ GAIN
N
[-had S7OMH 2z .
=
® 10+ / \’\ =
=
- NF R . %6 .é
R — L&
5 L : , ¥
X 55 60
54 (GHz),
(d) 5.6GHz # b > 2t 44— 1 RiEs
20+
GAIN
g 15 M
E»i / 1,250MH: \
= 10 %
5 NF 5 2
55 5 55 >

Bix % (GHa)
(e} 6GIz # ¥ A 444~ FRURE

5.3 #HiNBEEURE rorsd-F MIRERORMIEEHE, HEERHE

Frequency characteristics of gain and noise figure of a series of N type connector coaxial tunnel diode amplifiers.

1494

I - Vol. 42+ No. 11 - 1968




(dB)
>

B

(GHz)

X 5.4 N®gEeARE6GHz 8 rorndri—F RiEes

DU
Temperature characteristics of N type connector coaxial
6 GHz tunnel diode amplifier.

20+
:05: 15 T 000 Mz
= A0
o
oo
Eo
ey g P T
i CONE ‘
B 55 5.0 6.5 7.0 S
B oo (GHz)
(a) 6GHz #f b ¥4 44— itk
201~

5
F (GHz)
(b) 9GHz b v A4~ ¥
5.5 OSM JBie ARl rosusrd—1 $iEaso HiE ke,
et
Frequency characteristics of gain and noise figure of OSM
type connector coaxial tunnel diode amplifiers.

FECED LT LD TE R, h-vLILoaruTt HEDERT, JEF

Kb DEEL N T, ZEBEDOEERE - kb
BRIClE U7 i 4  IERE R S(E A o C v iAo 2, TDA %
UHF 2 LI >TTChABREE o,

5.2 OSM FE%h) % TDA

5.5 (a), (b) i OSM I Rl —FalL—2 ZHWZ 6
GHz 3, 9GHz #; TDA Oifigiktts & USRI 7T, ¥%
R5 1o DF:% AEFHE: & b IoRT, RI5. 61C/NES
GHz # TDA ot %74,

e Fal-2 DMK 3. 3 IR LA EB Y Th D, N
L% 2 THWE & LDk e O 2 235, BIE TD oL Xt Ln
Fo0v R 2w BESIC THER L, TD d—T@ﬂﬁukrP'u
ke DRIC o9ut Lk, TDRD S14-F Il < LTIt B i
ST L 2 5D CHMOMAIEME a Tt Le~v L, 1B a dHE
HAED TE e LCHBHEEBES hobd tE DX

N E EaCAG2 rerrereeerrenreniinii (5.1)
WEFE Lk, CTREW Fo0u DHEBEERcH B, By VSWR
WERIEEA 2100 WSS, 215 B RICIBRK L e SIS + H
e, BHROERAK & » & MIEHRA O 2 5 ABESAMNnL,
JEHBE bod s A~ HelEEROFEAL L - Bl - RE

IV N--

20f

(dB)

15}

o1

10f

0 55 60 65 7.0
JE (GHz)

5.6 OSM e ARl 6 GHz & rorugri- Mg
O

Temperature characteristics of OSM type connector coaxial

6 GHz tunnel diode amplifier.

St RN 2 o cidE L,
6 GHz 3 TDA @R & 5 (BMAE Hive Licd ook 66
X066x21 mm, T 330g ¢H 3,

6. & ¥ T

TD O § DA 7 LRI & 2 LD D k2 L—2 DTSN
Wi X 2 IR % BT RN TDA i c & Z v i st L,
LwhHEEZERT 2 e ic kY, B oRE Clid: TD

AZRRLA K, £F Al Y-F10-2 1B OFERAHEC DWW TH
BRI D —Fal-2 RERICHETL, SOREE e Sl c
VSWR ok % 4 2 HEg e ook e, ¥ 7% Rk cix
B I MRTAASEMSTT & 2 2 T & BB Lk,

DTN H—Fal—2 OHIRN VSWRINT[EIREER L, &
HiE 5 AN Z B L CHEA oMM VSWR 2HIIEL, w7
ND YeFo -2 b LR TDA Fli c[;(?saf E5CL%R L. TOD
YFal-2 % TR 20 00 o [N TDA AsEsl-c#
57 %R L, AHERE iiurlla;ﬂe#fﬁé%@ QB TD o -cikg 52
i TD QIR TIC &, ¥ 2 EBATIENE O 558
passive THOTD X D I HEOKE W feFal-2 TH E0 b, %
PIFFICIRcREICGHT 2 2w o lEL 3D,

KA Ao 4 GHz fff TDA obfigtic SRR v ik 4

SHBEVIEPT S E— it o VI ERbcE KO TR N2 ik
7 T MBI EREMEDT, SR RWERT OBIRAAIC R BELPE L E
FET,

T F X W

(1) W&, B, &F. Elf BE : 2100 I bodnsdrd-F
MEstogEME b, 40, No. 12, pp. 1903~1913 (8 41-12)

(2) J. Hamasaki : A Low Noise and Wide Band Esaki Diode
Amplifier with Comparatively High Negative Conductance
Diode at 1.3Gc, IEEE Trans., MTT-13, pp. 213~223,
(Mar. 1965)

(3) BN : UHF (A R850 ny 514 F RS,
SRR PR AT (8 37-9)

(4) B. Henoch, Y. Kvaerna :
Diode Amplifiers, IRE Trans.,
(Sep. 1962)

(5) HE, RE, HARE, mu : 4 GHz Jgthk Ayms &3 S50
Yoo HEWERR, 2100 WRTSEAEE (F42-11)

A3A Y w2

Stébility Criteria for Tunnel
MTT-10, pp. 397~398,

1495



UDC 667. 5. 032 : 667. 613

h=Ry7F9 99757 PRY2ERNEEEEH

DAR=ZRL ¥ 7|2 & BEHEDEAL

B I & EF

Relationship between Electrical Conductivity and
Sorts of Base Resin of Conductive Paints using

Carbon Black Graft Polymers
Hideaki KUSAKAWA

Central Research Laboratory

New conductive paints made from carbon black graft polymer (graft carbon) and base of paints have been developed. This graft

carbon was invented by professor K. Ohkita of Niigata University and is improved on the dispersion in solution by means of chemical

bonding with vinyl polymer and carbon black particles. The conductive paints are manufactured by the following processes : vinyl

monomer, in which carbon black was pispersed, is polymerized in solution ; carbon black contents and conductivity of the paints are

varied by a mixing rate of graft carbon and resin of the paint base.

Then through the mixture of graft carbon aud base resin suitable

for it, one can obtain the conductive paints without ‘back cut’ for carbon black. These conductive paints are improved on dispersion of

carbon black and reproducibility of resistance, their adhesive properties being made better.

Study has been made on the relationship between the conductivity of the paint films (0.05 mm thick) and sorts of resin or density

of cross linking.  The conductivity of the paints have been found to depend on the secondary transition temperature of the resin and

increases as it rises.
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Solid State Engineering of Power Protective Relays

Kdichi KITAURA - Akio FURUYA - Makoto TERADA
Hisashi AMANO - Kenji SUZUKI - Nobuharu TAKATA

Kébe Works

Recently the transistorizing of protective relays has been developing with great strides and their reliability is reported as good as
that of electromagnetic ones. There about 100 types of solid state relays and 5,000 units are in use in actual fields. In this paper are
discussed the concept of solid state relay networks, circuits in which the idea is embodied, and how to lead out various kinds of static

relay characteristics. History of traasistorizing the power protective relays viewed from the necessity and reliability of relays thus worked

out are in the background of the elucidation.
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I

(2) ffiEe UCmmns, (REUE, BN, BdE cHhipRE i —
FEDOSDORELND s T SBMNERAEOND,

(3) /ML, mRSFHESAEETDH 5,

LS BB EN LABIICHERAZI T 3, BLEx BENISH
HTRE,

(1) osAMme LT, s OC, PHR, PLR =t
PRk, LAA JREMEERY X CRERIEE, REEE
HFbrcrHiETED,

(2)YoH e LT, AR E 23S ARSI S, [
B, FurERRE, PTER VoD, HBURRRESE,  GoE R Y-

1500 * M REsT

EXE| [z mm|| e e 2 namam] 2 s

2.1 psuIza Y- HESE
Practices of solid state relays at the electrical power systems.

£ 2.1 psuzng - OEEE A3 ERM)
History of the solid state relays built up to 1968.

i
No. - B R i) i
# Bln
[EE]
i 24 1949 19 | USA | Point Contact Transistor D3N}
2 26 1951 17 USA Junction Transistor @ 5]
3 33 1960 8 | Z# | KLVIBHEEERIY v~
4 36 1961 7 | E#H | KVGB-—-#bi#ml ) v—
5 36 1961 Z¥ | BBRSREEO 7 Y AL
6 37 1962

7
6 =% KVC pramsbtm ) v—
6 ? | LBB B Rt R MERRTE Y v —
5 | Z# | KKS-2B BHUESEY v—
5 Z# | KKS-5 BibasiE) v—
10 39 1964 4 | ZE L KMSBr—-Tsav AL~
3
3
3
3

37 1962
38 1963

o N

38 1963
1 40 1965 Z% | RCV IB{EM TR

EZ# | GITBREFERVH # £ ~

ZE | A=A T E IV I L—DRE

12 40 1965
13 40 1965
14 40 1965 Z# | PHRBW#HAREH Y v~
15 42 1967 1 ZE L 0IOBE—IVT sy R s Y=

16 43 1968 | 0 | ZE | EEERHAENDIE Y v

LRH D,

(3) ik ogRaE AC) DISA%K XY, -1 50323 T+
PUL— DB auio EEHMSCETOFHRELINDODH D,
St b EROR KL, HRSFEOTEMEFRICARD, TOMEIC
BUAHIEOBBEE I LWL DR B0 ENTEEINS,
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3. fEmREHET

AR Jo—F 22T T 2L UCHE, RORERHT L
N,

(1) {HHERERDL R,

(2) HRMEHEE L, LidoT, NSRS n,

(3) Mky-ky, T|EME MEARZEFICERDHD,

(4) FEROBE, FANBE AT 2 ARLRL, TR
W ORRABHMDOC L R5H 5,

(5) HEAEDRUE OEEA RT3 <, MAEFIICHT D iREE
DT ERDD,

(6) BIEERBELRZC 05,

(7)) BRGBCRA—EEcd g, eoEifie s,

LaL, i ooidgk—Batil s, Bkt Fsuvazy
L~ D3Pt b b, TOEMTHESCTHMLE 2R
FH#EL w3,

3.1 74— F‘t"r%@fiij

BB IR R ok 4 SR PR % D IR,

“HE 519 &, fil,,u ] 1168 42

DDA 24 (1 iR s,
VAN NEY)

1#RE o1 B A

L7disT
MTBF =1168/2 =584 43/}
2 AR D 909 (B AERIT 2.65
MTBF = (9095) =584/2.65==220 4/{4:

Bl X 5 EbdTE-EREEMLE T2

(1) (BB b U 72 2EE A 0dh % 1

(2) VEEEWER: HHEiBERRC A LTy 2 (uad ol e
T, B vyod BRI T 30 [iva HMEic & h —i#
HiJra 3l %A

C OB 43 AFCHsBEIWEE S, —# 2-F THEL &
WEET 5D LT 4, BEOCKBICHHAEINLTVWE,K3. 11
AR O BT A 5% 3. 1 i (IRl mlg e kR o #
THEFT 5,

3.2 FEUFERG YRR E

{Aﬁ)t# DRI RS & LR R L w228,
AL BIEO b DR L EREABI LI TR D,
HWH psvzzz ofic ing, #1H o b o), FEiEER
0.01~0.05%/10° {[#]-cd o 72 b D23, 0l (FL-F T 2Yaw) <l
0.005~0.0019 /103 5] & f LX LT3,

3.3 BuBBERoY—URKRlCoWT

TWREEREE #E, F BB 2,000 Volt 1 43HIDIHIE 52 1
KEHT 2BERD D, il bEh Ty DR EDL L C
BHEE,

Dk, PT, CT [ oo, DC [ - wuin g

Bl e LT

DEEF, l Sk g~ -2 BRSNS O & £ 2
5 BB B

—HRICHETEARABRIC AT B2 -0 & LT,
(1) PT(PD) hoo 43
(2) CT oo 4-g
(3) DChbo 43
ERPBELONDH, THENOEEZLITFIBKL TH 2,

EIHRAER O RLAL - JEif - w1 - SpE - X - g5 - EH

L v
< > © 0
0
L N
R
7 T !
%IFx "{L'C fVc T
<
E=]

3.1 (HARSERIEEE (Auz Wit 'HIHIE%) BB

Principal circiut of the phase discriminator.

£ 3.1 NPT & B HEER O H

Examples of sohc] state relays applying the phase discriminator.

No.
(1)

& 4

TXS 335‘, %(:"Mi.._‘ %

KDGI Hiugh /i B
PHRIFE [ G s
{DG)

KMSH: =
PHRE

UKV TR
RCVHZ W%
RCB: #ifHss

KKS-5317 Wl g s s:

(7) PRI i R PHRIE I3
! PLRIZ a4t
7 TXS 3
e B I 8
R YHUE 2

R

(1) PT(PD) o #-3

5% 1 mko e, 2ZWEIr-J #ERH LT 1,000~2,000V
(2) CT »bo 4z

2 muko e L 2000V LIF

(3) DC[ElEgrt 0 43

DC [~ o 42 1k, FHBIAHERE o1, LeWigi o 28D
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= 3.2 (SAUEREK

List of average reliable factors.

& ] 7 Jild

Moo M 60%; | 902
0 0.92 2.30
1 2,02 3.89
2 1.55 2.65
3 1.38 2.23
4 1.3) 2.00
5 1.2 1.85
6 1.23 1.758
8 1.18 1.63
10 1.15 1.54

W LR, LE i X s BREEAE L bhD, C OEIE I
WO 2 bffix F-2 235 575, BT 5 &,

(a) XILHELNEEA Y OEEZLDAVES, BREER, &
1,500 V 5 ms f#2%

(b)  Auza®BoKIEEEREE TR e, coBER#100V
BEFICT 5

PlboiERa b, #hEh v~ Al RKTEHEREEANT L &)
i, fEERR DC EEEA Mcd $—Trdv-R ZIIL, K% & T

2000V 20ms o #—3 KAV X S EBE - T 5,

3.4 RiFEoFEHBROEMERE

FL-F W 2uaubs50928 O 2r—LFF-2 & LT, #91 ERFAK
2,070 8 ; g FIRRE 23,100,000 h 5 #EEEZ O &G 10D W T (Zif
EOBRHA RS TH D,

TR FR(%/10°h) i Fxlic b4 3,

FR=[{{ 8 (8 FIRAREHET) /L000h] X 1009 -+evveveenes (2. 2.1)
HEEE O OB RRARACIBRERED 52 & LT

5 30/ 3
55 100 6 % 10°=0.00439¢ [10%%

WICHEINTEIC & 21800 OKHERHERADO LIS 1 P 5 Kooy
i~ BHESR) * 009%* & LzgaiREk3. 250230 %3,

Fhabb, 2.30x0.0043=0.0099:0.019/10%h
* TR OEEANR 90% 2 E LB,

&, FREEO %X bic 1ERN: Lk & T,
BHAMLTE 25, MLADZERERAE LT

(EB A

1103
10 000X2><10 =0.002159% /10%h

9095 BIFARED RN H T
0.00215 x 2.3 =0.0059 /103h
LA DERY A OEEE R B
DlEoTRESEE 2, 3, 1 oRFREH:, HEEHRERO RS
FHOLUETELSE, F5o322 QTR 0.01~0.0019%/10%h
TR L Tn3EC & ERE LTHoiikLEsEcd 5,
WCE» I, +50022 2000 HEMA L, 2 EMERE T57%
¥, 0 IC4ERIRELO &A% k5 7 009 BEARORRTER X
w33 &, (14EME 8,760h)

,,,,,,,,,,,,,,,,,,,,,,,,, 93— 307103
X= 5000 % 8760 x4 > x 2.3=0.0033%4/10%h

Tabb, LEREFEEHICEESITE2 ~5
TERETANCEEFTRL TR S,

3.5 ZEEE - ARERORES

TR T, SESOTRRICERT 2y 0ORELAbh
e, BITOXEE F5vTRAIL- CDOWTIE FEREE - TE

FRERS T2

1502

EEH EELTw 3,

(1) Juob M E AN E ORI, BEAM Xk oFiA
AT e T B, WEERICOWTHE, BIE dL—a % ¥ RRA L
AR T I D DR R IHET 5,

(2) fikk a-5, HBizy RXogHERD, BHEAE L T,
mgcEFlic SBiirZz S A LB L5kt 5,

(3) ¥ LTIELARMAT 2LEL D L CHIL, FHER
FEAL, Bh2ERFE B,

SBETD 5oL~ ORBHF T 5D EREORERE G
WY, BhHEATH D, MROTED T OXAENIHANES
HCHsd, BTCEED V- BEEN oS, BEEI: 2
DEFWHRIC > TnD L ELX D,

3.6 f{EFEER EoFE

Bl t5u822UL— &, T CREE - B EoEHR & iR
LT3 EELLND LS ICh-TEH, SBROBPHE LTHE,
FSuDaYL— DNELCE B v S EFf R LT 2 EL, SEL
LCIEME AL, RERL T 2 e L L CERWICERR
0 LEZLNIMRE-CREb o & 5, AREHBE D 50 %8
FHD TN BEED D,

4. [H %

ARFC, TR AR & FEBE L OV B I A SRl g & 3
175,

4.1 AHERE (F4. 1 RHH)

4.1.1 BE-EEEHSE

PT 2 XD EES * tsovzs BEICH L 2 BIEICEH LT 5 &
EdIC, bsvuzz [MgE PT 2 RIE 5 5 20 liflT 2,

2HEEE Vo, 1REEEX Vi & T5eE

#£4.1 A hE K

Input circuits.

¥ i ¥ 4
e T ol —o Vi ki,
T N Sy :

—0

A5 e 190, o4 V. W

B £ o RERRLR
i IE Va=Rmly

v, I,
¥ 1Y !’.) sty

. odi 1M, o
IR NS g}o' v, Vi Xl

\ v,
BepuR(2) e @
(XS Y |C—o .
ALl . f 9 = [ }, \,'1(,]'(1
Wil E— . -0 °
j D i
I )‘ 4 a=0~x
-0 &
Vi
3 44k °""j
petiatifd R
O -—} ’
o] Kede
3Rt—o oS S
— R % S—C -
o
P,
e M B "LL\UQ.M
WH AT (6l E 5' } :
¥ =C gL I . i
t [ ! ?! ! o v, N : ~
cSSSN S S—
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* 4.3 HEiikhs X CEER R

DC voltage discriminators and time delay circuits.

E S [m] Hr i &
T P
F}T;'Jj@?fr(l) R’Rn 8] V, >V (EBEE) ¢
(74) - T Ta 1 OFF
.
SILD1 o + o)
W TREE P
i @ (2) 5]
(> 1) S g Vi>Vs T
‘,l“’—f:‘“r*, L Ts : ON
Sfibe | TR
54w ' P v
| e
oLk [Or D_o _:/p/—
o—iy TR:::—;—N—*—]CE r—{Tne ;V Ve : '_E"_I:VZ
.| v O]]% O | % P
o ° : i i 0 VD_;:'ltil__
s bl ~p
c ] Vi __l__ —
I+—o A
R [T 1 J R —
TS N
V’i | i Va
OO} Qemeseemesem e
IR 125 5
o 3\
ot t—o =
5 | 5
vlo T v
i 5 t: Vo=Vazikta
& TOER

du, Vo=0, Vi<O0 D& % 47 ¢t Vo=Ep L 55, Thbb, Rl
REOXE V), 1% Ep(V) KM ECHIIE, Vi ORFHEICHTE L
7e 06T ¢ D3R LRIIREHICEH L7 C & IC R B,

4.3 EfEHs LSUBERKE (K4 35MH)

4.3.1 EFREERHBIR

EHREANEE Vick - T EQ o AJHERCEREZHTC Lic

X -T t5u822 % ON, OFF x4 2350 bDtdhd, Vi—F
LT pSupaa & 42 ¥4 34K (ILD1) & 4o, (ILD2) &
TEEHER LMD D,

4, 3.2 EBIER®

(1) z1o-

BN % 2 K 2EAN AR, Fsvvrg Tre 2L, Tm
% OFF t+hid, R*BLTCREEENS, Tri # ON 5
i, B C 0B T 2B LTLEE D, D C OiF
B/E Ve 22 8F—d1A-F @ €3- L Vo iET 5 &, Tralc Az
BFEAGCHENHL, TRBONiKh-T, VidEBEZ 1250
KZEDL D,

(2) =s5- F{HRIg%KDE

CREBWT, HER T=CRAKE W& EEHNEE Voik, A
NBEOMMECE Ao Voo KEXx T ek, THKE
Wi E, ViOREIRPMEILSA>TLE S,

25~ MOEKE, HAOEE Vo # 205y CcBRE L2 b DT,
FSutRg OERMERS hrr & T 5 &, REERIL CR O her &L
FEEICKRELSARY, VoRBEAY VIiOoMPEKC A, 72 VoD
KEEE, PEABCERL VItALU, WEESRHCESZ
Jcd 5,

(3) FEREmOH

1504

F 44 A I A E B

The phase discriminating circuits.

R o i %

g o‘smz ;Dﬂ
ng U oSl Vi Ve VR ¢
! “Ispar c»Do T T180° LIz

[~ i r“‘Kl*‘ji* THEE T L
g f SRR s
= Vzg_———g ol Vo= 0
& |ppMifo ] B
IS ) i

T
= v
< g ;

i\

4
& ! it
8| Vgg 0 v _'[J{“'ﬂt
o T TN DA
B [PDM2—o VJC_.Q—SP'\ P oy
c R -
& R

b T\ iy
PPA[C

Iy
c
&lppM3

[

VicEr LIEEOK E X OBHET L EIIL Th b Vo p—Eilk
FiciEd 3 ook, Vrest LT—FoZBRRME & 4 52,
COMEROENS Y BERTLT 5 C LIEIRAGETH B,

c o RORbDIC, t1-814-F 2R L 2 6 7% B IFERE
FAFIELC, FHLEARER O & MR & F—olif e 55 C

EMRTED,

EH e BT-d1A—F OEFIRBKE, THEE V & I ki
LAb, ZOEH Ry 3FFEMHEML 20, £l GbEETR
AW, FEOEMERELNS,

4.4 {ARRIEE (K4 4B

3. 1 gz EFRIEEE & LT Az e X b —FHx s
] #HHALTwBCEERL, 3.1 wx o FEHEIEE %,
¥ 725 3. 1 i ¢ oL L 2 B0z i#s Lic, coldl
#iZ, SMHOMBE Vi Ve Vi (4F 2 U EOBEEMAL
THREETH D) BOMAEHHRT T 180° LIS 5 ¢ & 21
+oEg%chn, AEEe: LTR, T4 403TMOFBEHS
ERH D, REEO a2 BoHAE 3. 1 0 RENICHLET 2,

4.4.1 HEEEMERZE TDMD

Vi, Va, Vi BIEDRIE DR AME % Biealg (SPA1) ~ 8
DA DFAE % WHBIBER (SPA2) ~KxREATIE LT
Erndi g, SPAL SPA2 OKHH Vo, Ve I, 4. 1D X35
Chd, 7L Vo, Ve BANZCEBOARUE L5 LTEL,
Vi, Vo, Vs OGAMRA T EOREICH 5 & ik, SPAL SPA2
DANBZ—EEIBCALACDT, Vo, Ve HEHRLTESEHT,
Vo, Voo iZ NOR o2t X 41T, 212 DANEZFRETXTO LA
b, THEigicHN Vo 3fEZ0ICA%,

Vi, Vi, Vi OfiigBiaaMifloRECH 5 & &1, SPALDOA

Z3EE R - Vol 42 < No. 11+ 1968




4.1 {uHFAHIELE 5’

Wave forms of the phase discriminator.
HiE, 4oL K 1t 20 BR300 H 5 0 <, HA
Va i 141op i 1) ¢ 2T EZ 0 2 MF, Fifc Vi b, 2
FoL FNT, 14900 1 L INMZTES 0 23, Vo, Ve
X NOR o5t W, a12 DANGEEFRE Yrou i 18], ¢ R
O, E51LaY, are kBRI €2, T 291001 &Y
KELLTHETE, W Veld, EEB10% ¥ LR35, DVERREA
WOMFIR-cR, ¢ BED < SPRICA Z DT, a2 ORI
BHC L CHBTmRD 5,

COREORER T % n 1oL K LCHTE, BETHE,
WEES%E 27 @R LCIEL, JT— Va, Ve 2fF5% OK
CF2E5% -2 BRALTH, WHTE %> T a1 BRI
T, OWERMEEL T, ¥k, MHREC 288K, Tk
7 D PEV o THHSREEL 2,

4. 4.2 EFWEEEE (PDM2, PDM3)

Vi, Vo, Vi OKREE BTG, ThbdREABHEICERLT
oA EITAS boTh B,

(1) PDM2

Vi, Vo, Vi % SPA cRABHICEHL, Z2OHII Vo, Vi, Vis
75 TRTCODE &% NOR v, ¥xXT1oe &% AND <3
Wi, Vi, Vo, Vs OfHBIRIC X o TR 4. 1 & FEOBIRcE %
5%,

(2) PDM3

Vi, Vo, Vi % PPA cEHBRCERL, £ OHIRFRT T
00k N1, HMORTF2ATRCODE &% N2 <L,
PDM1, 2 r @EgIC 212 #80F 2, WHIT 3.

SN A

5.1 friERBIEE &M

PHEFPIEEOISHEAIE LT, —Mc I @I AL,
itk & OBIRAER 5. 1 1KRT,

FEEOWEROHHELFES. 1 O OorkflGbeTELIS,
ek i, B5. 1(1) ® 9729021~ 5.1(2) oFrEH
W Y- Dk 5ic 2HHK, ¥R 3EHoRMREREh, %
OREFERY TALR HmsEER R AT s LY, ¥
> e {EAMHROMEAR WIRERTEI T L HBTREL 25, DTFC
N o DEAFICO TR T 2,

5.1.1 BEEEERREHRER

FAFN 38 EiC, /hdEsE 0.25Q WA Yroauz HERAREZMAL,

EARUMEROY AL - Jeily - 954 - S - K - Bk - 50

£ 5.1 friEAEEO AT &R
The input formulae and characteristics applying the
phase discriminating circuits.

NO "R % AN~z v % %
v, R X} ik
1 Y7oy RER (X)) (% —~jX.1 Z
V| —Et (= Ret )1 R
iX .
i B AN
2 TILvr-%E (XB) |V —iX.1 i  n
Vil E—(R—jX)L < jXs
Vi ELEE 590 < 90" iX/ 7
3 e — E O OM |% E/=§ ’
¥, E-z] o Vv, 20 —MR

Vi (R—ja) I

4 o ¥ % 1 (DS) (W (=A+iX1

5
14 SIS,
/%1{3&5&//
3 o R
v,

v, —E

v (iX+a)l,

iy
" LLLY,

5 Jor B o2 (DG) Ve (~jX+a)l,
v, -, o]
V| mse 5
6 | WM EZR (SYN |V E/=8 %AF«W’HM
' v, —E s
V. R 1 V:  w=2mfo & LT

[ fe k=2

=/
J<Jo(BHTE)
HE REAE R Va0 A
Vo= —(Retjol)[ & 5

7 | BEHERUER(F) |V (Rrel)l |V

Ral+ H{ wLy=—)]

=

F
M X

A
N\
F
X~y X /7 N
N/ ‘ &
/

0 0
. \(DS
(1) (2)
B 5.1 M VeEth oo

Operating coordination of the directional distance relays.

5.2 MZS-1-D JRRRMkkESE
Type MZS-1-D distance relay.

2 OBRAFEREM 42 FC TR E AT 2, MISELI-A
TR L7, BEEZE 5. 2 1C7RT,
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(1) 1, 2B, WAWEE 170203 L0 3B vUod- B
B £=-Ur— 2HE— -2 K

(2) MIBBEIAFCEHLAVD T, SEAHTHARED 47
IR -

(3) g/ pgEsE 01Q (BEHE0.25Q, 050, 1Q7B)

(4) CTVA $10VA, PTVA $20VA (1, 2, 3@&
#h ‘

(5) Wh¥edir 1B Iv=5A 80% iRkicT 50ms LIF

(6) E-Ift IN=5A xp £59%

REEFCCORINCBT 230/, 1500 5D H—LF FEZin
5, EREROHFEIHMO LD, F4. 40 PDM1 Xps
i, ¥tk PDM, PDM,; U2 L, @EH L3 E - Tw 3,

5.1.2 ERBEEXEREIHER

HAMBEEMSEEOFMIC, = SRR L R 288K
3 A-6 B Jorod- ERT ORI 2 c e BT e 23, L
LB, T-Uroava #EESEL AREIC, T-YL— & 1-4UL
- L DR BB LT A RARD D,

AhEY R REEMEE BT R E A E R ik, IR D Th
M ATEIEHEEESRS ) REETH D, T T ol cicEVERAR
H DI & HARR MRS KEKS-2 B wy—2 %8N T2 & &7
3,

KKS-2-M F#ERRIT, 1AM 38 SEICaeal & BEURaH &« LT
AN RBIOILRIEMHETER < b, 16Q BEDOEH RIS
BT2b0TH3, BE f-4 HOKE BRI TEERS O BRI
i, 5. 1.1 IF-CiR~ 7 iBErR SRR R O &5 A BYETRST
R, RIEEHMAEE2C R, AEOEE 1—4 ERHE
BHCBLND, BLERKOQ, F42E50Q Fcndorgkft
EhTwnd,

5.1.3 FAm&BREHEKE:S

FHREATARREE, UL— BIRE O] -cBABNY /2 R e 28 o fd it
LT, ZoMEAREEINTVE, TOURE, 4EH—EORE
DT 2B 42 £ic, T 5. 2 ICRT AHSIVEEE O
BEEH : LTEA{bsh, PHR-ZSA, B, C # r f PHR-ZGA,
B, C g bic kY, 275kV SiBEER SR ORI A
ENBCESTW 3,

¥, HHBOHMEHE yu- & LT, TXS3-1-D BkERT,
R5u2 E 720k AMowt OBRIER#EL LT, ¥/, 20~60kV Z%EE
BMOBEHEL LTHHEI 30 ch2, 5.2 0L EDEHs
TR RO OEHRERT, ¥ 2, 275KV RZffiHo PHR B
TR OEE 2K 5. 3R T,

5.1. 4 GEZieHHE:

TODANBEONEERRET A ISR LTk, HEiFER,
IR RS 25 B 5,

BESCE (PCRE &) A HAMERR, SR omHA

B kY, HFEHERRO AL SERTLERD B,
AT & 2 REER WML 5 e LT,
(1) ML EER T BIgEED 513,
(2) 2 %dbs05,
(3) Jwyadn ANFHRL T3,
(4) ERizHALNLT 5,
LR35,
T o OWNERFHE L i Hm yu— (KDG, KDG-2%) 7 154

1506

kV RHGERHEER c T hTn 3,

ik PR TE B8 % e st CIE L 2 B ic ik, Volo 28 0 2 o
TR R 2T IC  WREERFH T o L, BILFEE
MIC X DM NE S L B C e nCE B0, WEHAMERG,
b EF#ETd 2,

FlpR kR & U < ik, HEEEio KVP BRERH vu- @
3h, HEPAREH, R0 -2 WAL RCyy—A #H 5,

FRH o FEE, 5.1 0 X 5 CEHEERER E 2 bBHERC X
2T, Vi, Va%iib, WEEE E, OMVHED Koty Vy T kb,
HLAFRBIEMCE L b DTdH D,

5.1.5 Ep¥HKHiEEs

REBREERR E LT, BRI LD 5,

IR TE-1-D Bk Eas o lE, £5. LRI DK

F 5.2 HHZABEEE L UHEEEE S

The series of directional polygon characteristic pelays
and potable type protective pelaying devices.

Nol B % # %
1TA#ST TG
1 [TXS3—1—p] P HIHHE
L
(1) L2, 3f%k4 Xy 3
o 5 WP g s AR B
PHR— 7 (2) Xon =0.25250
2 ABC| gy |12 Y0282
05 ~5Q \
HEHETH 1 ~100 e
(W) | Xo= 2 ~20Q
3 ~308
3 |PHR=ZG AL 22 25 LilEHE < SN
3 £ ohs iEDS i
[ T
() ovass 1, gt \
4| PHR—DG L -
) DG TTOCG T4 {g%a ..,
Kl o, VL
| PHR—SS (1) HSSH HOOH %//Z/) RW
2 IR 2) HSGJE OVGH 7701 [ >
PHR—SG ( LT
2L Wyss m
(1) PLR=L2,3 wA4 e v,
: FrrrgTsiy DS N PE e
6| PLR—1 H I PR Y f SANSNN {3
(sty) | %220 e | 3 [0
T »IV
qdecs AL §
7| PLR-2 B, W 1 &.
0gcG
G %
8| PLR—3 [N Ll
[§]

5.3 PHR TR RIGHEER
Type PHR portable type transmission line protective
ralaying devices.
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® 5.3 BEMSHMERE—E

The series of time constant applying relays.

IS L R e o A
11 Th e TDIBOFRELT NI =
D R B P 74
Ut (1) JEBFIR300Fb [ i |
2 35075 (22 L 0 8 74—
@)% )
(1) LeB§H200 ~300
LAA £t By
K D B R TP e Y
(31305 & RS
(L8 RS i !
o 0% | B v ] LR BT
L L) - kg LT !
(2)BFI39 442 5 T
X 5.8 UTL-2-E JE}RIE 5
Type UTL-2-E timing relay.
A + |
L 1
1 D l: £,
3l o |
E U
| AR £ 0 ', LE]
o ; ! o :
l Ex
A BEE P
{ -
Er|
(a) AHEH) ———————c (b) AN@DHEA

5.9 WHEHMEMERSN

Illustration of voltage regulating relay.

Cr
“' 1IIOC050 |

5.10  GIT Ji LAl BRI Mok g A

Principal circuit of type GIT proportional timing ground relay.

&&}J%th

g T
!

|
® TEDB
CHaa e - T
L] & T} EL{’{ R i@ﬂ ¢ |l
D U e e i e
el
C L.
5. 11 R 2 T L DR RS
Percentage differential relay circuit with max. restraint.
1508

T
b—I:L u O7y; (
ﬁgtb*w" |
|
okl = [ —t
- T T

-
1N

5.12 (s HELLAE % Bk U 7 22 )R RE 2R l0] i

Differential relay circuit modified by phase comparison principle.

BOEEZRK 5. 8 IKHET, Ak IC CEREI) oFHIKC LY XL
ICERRO b D2 BFERCH 5,

5.3.2 RIRESHRER

I BRRFEIR o AL, R4 SIRER TV B, BMici
PHR %, PLR I "lifaCiliissE (25220 o OCEHRe L
TERLEIRL TS,

—fic 0.1 A 385 o K IRIFHER AR RO AT 1o E—suz 1% 10~
200 %Y, WAANTCT fMERC T AHESERE S 5, S4HRIER
1O KRB HHGEER RS & L Cx o202,

5.3.3 HWAFMHEHRES

O OB R IR L HEERR & LT, EEIEHERR LA
A T & AR B o TR SRR GIT e id
%, LAA B ANE e 2 oM ARERE 5. 9 IKxT, Wi Er,
Ep 3% 4. 30 25~ BRI bh, BIF2RRERERTHS
B oh s,

RE OGRS Vol cos 0 1 Uiz IR 272 & LT GIT
BoOFMX% K 5. 10 wiRd, EiEL2E27%»ic Cr. Re i
ERPHEHICRELAEI LT3, SR 2s-+ B TH 3,

5.4 eERmEE) (fiAtkiginek) BEBOKH

FE RS, LS, BHEL FORRRIRIEEEIRICE v CERA R EERE
B2 b T Bici, EEERIIC X b %8S h 22 E R blE
&, R TR IC X D P8 & N B E Rl & R AR L
YA Lo BB R R L, EROBERESCTET
EOREESERE LD, FOo—HERS. 11 KRT,

EHGEREE A ¥ MRS TIMETE 55 c s « S EREFIOC 5 1 2 AR
NEHMAEEBICE, AEBBEEHIRR, WSS IR
ITBNIT L v, ThbLEKE SHKNECED 5 Ve WgoRE
BT G EPEERR S, TR~ - THRAT 2 B La,
I OFKECHAI L CHAMCHEET 22, CORERBE TR
{, BLAMEINLCEHET L\, COHNDADICKES S
& OISR I L C RO ERTTAD LY 5, 20—
FixE5. 12 1KRT,

FT AL BLIEEDOK & & HRERRICIUh - TK & & 3 X UpriE Rk
BRI X 2,

oI X iE

I4, Ip OfE—Eo & & WiKHITI=0
Ly, Iy OfHA—FO L & MEIHIS D
<hDhb, WEHHEKD 2 ETIMGIHNI0 & 25, CoMTILZED)
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5.13 LBB-2-D B iz SRR Rk 28
Type LBB-2-D phase comparison percentage differential
relay for bus protection.

5.14 LT-1-D A 1@
Type LT-1-D input device.

WH R O L 72 (o TVRFEEE) & % LUl X PO kI e
DESE R ZE AR 2 18 5, ¥ A Shdi (BWHE) D2 Fikra
MR % -FaFIHT i X <, BARMTHRRPE LN D,

ARl S L 222 B E R o # & L < LBB-2 JB e e s
HEF AR S D 5, TOSMEER 5. 13, 5. 14 KR, &K
M ER O LERSETIEE 2 R 5. 15 woRd, Wil (In) (s, Is @
K & ZEEREHL (Lo) & DMHZIC X D Lm0 &2 (B
Wwic) 2L Lo & Ip AT, bo & dTELICCL, FH
PEACD - & DBELSL TRt RT3,

5.5 HRERROKH

AR, R 4. 2 OREREIEE A DT
b <d 5, EIREREICHEILISD b UDHRE v-ru2 5E
BeER A > TR LT 2 0BHETH B,

T R ER DL AL - il + 578 + SPE « SUF - 2K - T

b gL

TR
Type LBB-2 phase comparison ratio differencial bus relay.

5.15 LBB-2 Bt eass

LA L, BEmBlEIECH - T, 1D suoaviv—- 2 ¥
I X B8 -0 T, Bkl 7% < TH 10~30ms DREREAH
ycifiah s oL, $IEBOSBE I 1ms Bl EORE
NEEEAZ LCEE LAWY, BEICET T4 ORER K
s 2 BEAED 5,

n¥E, mEEFboFEE LT,

(1) HIEHEHOFH

(2) Veich ®z#zoFHH

(3) IBRBL, FEHBRORNIC X 2L
A EOFHEEERE LT, Mo sEisc s 3BT Icd s
v, THHLDTEICDTRIIOERCHNT S,

6. & ¥+ v

Bk, HEREEER, S bic v, FSAMOMEST 1T
RS Eedi, BEECHET IR TR ARETDH L,

Bh o, BRI EROMILLS Y BROTHEE, T
Fhk iV EBIRAEMHO SR oo b EE- 2 LT,
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g 1 PT(PD) b D 43

(1) PD ofilali

(2) HEEHH

F-U DB RETEEIBRBORG 2B LRETIE, 2
KEBTTELL e, 1,

G 2 x (1 okl 9-5 W)

=2X (ZFEEH) X (1 REl Y= FHHEE) rerevveeeneen FF 1)
() 275kV %
14—z I =BIL (Basic Insulation Level)

=1,050kV

ee=2><(

=2 X e
e =2 X 575 555 % 1,050,000

=840(V)
(3) M
C; C,

“=C4C,  C.4C, % (L ERBUY 4 TELE) evoevveee f+2)
@ 275kVH&
C ]- £y W ety N
GGl Cel00PF G % 25— KHRHOD 7T B
AL e LT 0.05 uFlkm, 43, HiE 200 m & {R5E

F&E 1 PD o % I | #%

Equivalent circuit of potential device.

1 100
=16 To0+ 10,900 % 1050000 (V)

=1,040 (V)
(4) ™ B
HESEOBERX (H2) o CThabb, 7—JL ¥BDE2KR
I HBEROKE CHEEL 97048 L A D, TOfh, SEHEEHIC X
ZREDLFAZ EBEL bR EXE, BEEEIR o2 BIL T
D7, BUBEZIRELALEBLALCLEn, Bltorze kb PD
oD Y5 @F 2HA T-I1L B EH T 1,000~2000V FcLng B,

€

F$822 CT hbo 49

(1) Eip
MHEB el T, (2HER) < (RHEEHE) b, 1004, 100
VA(25Q) p LT 250V v, B o002 DB L E,

di_,
Vngsz

RELDLINERD S,

EBRoMER-c1E, CT ANEKICS b F KA FIHIBRE %%
MLTw3B, A28, dvFvY R ED $-5, 73— OBHO—H
LT, C=1pF BB eEL DL, 728 HillRERL VK
SELT, L&Al 1x40 uF, 20kA g e & 0, CT H.1,000/5

DEFE,

O R N AP P

1510

Q:CV:fidt:I- o (6=20 us 1K)

1
It 20,000x% 200 x 20 x 10-6
1x10-6

=2,000V
BlLERHY ot f kZa e b o, WK Avza 0B 5EEE, &
o citsE N BT 3,
(2) HEEmT
—fic CT R 1K, 2HHKHEL ¢ ~nEFTh > T 5 D -cli

i,
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WEB b HMTh 57w, HpT LR 2HAERTtH-TH, %
BRCidbE C—o B LBL2RL, LAX-TIghEReEs T
IwnwbochHh-7%, ¥k Gluse"”ki, 2HHERICOWTER LA
bODEHAGETH - T, — A 2HHERE WS C LI TE
AW,

Tk, HRLREET 54, JUEEEBGTELS Y, AR,
Bt n AHER L B 24E XD 5, LiL, HHEAERSEER
CHEL T CEESES B5F, TFRELTW R & 2, 1HoRR
o LT 2 IRAWHICGET 2R THCE L, LoJHER
IR DREDAROIIEROEDEHICBELRITX A &3,
TLOEHBRAMEHERTH - T, FOEOOIRFEEMO LI
HEHLT, |HHERHRLELTI Lo2ba b, COBAKCK
T2 8% 723 3 HDIURFHEEDEHE L. HE coiEIE
BEWCTHLES XY, B2 2HBAET ZESHMmELEL 2
CEHRTED,

EEESS EF, TR 258 0ER 0 HEERRETREL 5
2, EROBBOEIRIC S b, BIRRTFEEEIE - R TR E %
IZHEN R 0 5 € L 38, IREAKET 5 DIcBbEL rauf- 3
aE S, HEVEER R, —F, %L, EEHHRRATE Ao

k& BEDICEEI SN, FHFROME-cEE NS 1o 1T, IR
TERFHFOE 12— K LRI B PICAI N ERE DT, B
TCREHROKE EPEREA L E L LR 2 HECHE L TR
%,

Fie, 0-2 OEEEEED D O 4o+ (GDY) LEES) FLo &
TR E D EHEE ERRE, —Fe tuo A—-Eo BRI &
525, EWOTIE-CE, Mo OREIRREIERIC X > TEFI R
370, [EEHO EROBIEHEIER L b b cA 3, LaL,
RN B TR L, 1A YEHENC LRT5eELT
X LohzAhn,

Ll EoiEnk-c,

(1) #HWEGEcHE C—o 2ZBMcHEET 2 (1 HHEERED
D)

(2) BIBRESRC2HOBEL ZIHE €-o KFET2 (28
IR TISR)

(3) REEBE—E &G tATS
BEeonT, (D LTRIEECHET 5 e ¥ L HEL
At E, (2)EHLTRBECHFELEV L E2BET 5,

3. EmoikE - o HREEE (1 B BERDR)

IR -0 SHMICERET 2IRERE, 1 HHEEDR &
‘%‘iﬂé&ﬁﬁ‘%o

3.1 HE&hEXEzo%

WERED =7L & LT, B 3. 1 ofg | HHERIRYEL 5,
FoR DIRFENBHEE BT 22 2, £3. 1 0ES2HHLGE
BHFEEECE, X G %53,

a2 d d?
ﬂ[dtx+cdf+ka__mr ? ........................... B.1

cre, ¢ EAROBEEMAC, BEREERECH L—EoBlgoF

b 25Eci, » &8 LTRXE S 5,

a9

dt:');\t+w0’ 9=}\t2+w0t+91 .............................. (3. 3)
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EHRAR ES DR

N /
N
- \
-

I A4
i

.311EIEI WmE oM
Single-degree-of- freedom vibratory system with
viscous damping and eccentric rotor.

£31 @85 HEE
List of symbols.

¢ XY OEEEER
fo @ EHMENOKF X
I: =—s2%a@moiiits— 2 v+
ko, kp @ x F, oo FEOE RERK
krzp : 2HAEOBEOHKIE REX
M % — 2B WEIEORR
m o AHERL Y ORR
mo : EHIMEE—A Y bOkEX
o RBPERD ) ORMEE
£ B
z ¢ F AL O R T MR
7 \EGUEIMER Y, (=2es)
ve@ 1 x W, ¢o HEOMEEAB I, (=op/ox)
¢ WERICTRAET 2MIE DB
Cke, Lpe 1 x M, @ HE O ORI
0 : [EREMK O EES
A EREED L7 TR 55 &
o MRS (Shepin/ Eoky)
v R, (=as/Eke)
£, Emax @ WIKTTALZER & 2 ORKAM, (=Mx/mr)
p: MIEOWE. (=os/"/221)
T RKTTEER], (est)
o, omax : MRTRMAENE EORAM. (=lvd/mar)
¢a - XFEAHRRLOMMEH
wz, 0p ¢ x HH, ¢ HEDHRAFBEE

e, IMIEERFAEE Y o, WHHMAAL 6 thob Lk, ¢
RiL, wg=0, x>0, FabbifilRE»HEIREN LR LT
& E,

,,,,, _f),\ cos (AL2+8;) — (2AL)2sin(A£2+8;) -oeeeeeeeeen (3.4)

%5, & 1 EHR MW OB OMEER S, 5 2 HIEO T
5}1% b, —RIC 2A> (A2 TH D Hh b, T

d’u
dz

LRET B, X G 1D~@.5 T

(o f Mo Z
JM”'?JME’_M°r

—(2n)2 51n(7\t2+61) ................................. 3.5)

EBL, CRMREOSRE BRTIRELRL, » RIIECEIGEH oD T
RoA=2 T, JIEREZWHE p BREL, R FEET 5 R
BEA PP ECLCAD, Wb IHEHOBETICK E AFEL 5
ZBEEL A5a-2 TH D, X G.6) BHn, X 3.5 FngEHo
P &ies (3.1) FEKTBALL T,
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()] EATRETF

T - -- =

al o

23

; /v
! St
C g }O

RN LI\WW.

L
(b) 2 SHERER
100V i + 100V g
P RL: —46vV Rl ol
> 1> uﬁ» >
I +100V LA +46V #Z

i P, ' E:
. |p -L_© B>k s,

D . ” [ _m,lL B
] T
4 dcos0 ;

L sy
a
asm&’

(o) EHBRRECLH
3.2 7rod AHEHREETREI

Computer circuit.

T T

AN HMH

9 Afuh Wﬁ% |

e L 1sm8 VL ]

’ / ’z smUL.q{ it :g

kﬂ*é—wvwww :

P O W

I O T B R W O

[T E

EEmmEGRERT |1
R T O —
§ LLL LV T b | E: :
. £=0.01, p=10 L £=0.01, p=10 DRH

3.3 (a) EHEMRo—#H R 3.3 (b) FEEHRO—H
(a) An example of computer (b) An example of experi-
solutions. mental results.

o BRIFIEE (£rnx)

20F XERE =001

v p=12 50384

¢

R

1.0 1.1 1.2 1.3
Mg . o BEEEE 7

B 3.4 IEBIEE OEHEB (— KD

An example of resonance envelopes.

REFR ORI - P - If - AE

B 3.5 % B & i

Experimental set up for vibratory system.

T i (5g) o (g o)
5%, X 3.7 % rrod ilE (=
7305 8 & FwvTHfnTe,

770 FHEEERAIE A R 3. 2 )Rd, AL NI BT
LTEHRBROBHREIEE<H 5, —AFHED N AZOBEEED
i, LA (IR, SBAREEEER) Vzwes, UL- 2L 7,
Y- OISO », FRUPEL AZC L BB IOCERE
B 573, COFH-cEBEBREMT L, BEEREUe £ 0.5 951
TFwdhoie, B 54— & LT (=0, 0.01, 0.02, 0.04,0.06, 0.1,
p=5 ((=0, 0,01 ®H) 7.5, 10, 125, 15 DB DB DI DT %
Thote, A, TOMFCORBIEEL L 25 %L TH D,

(=001, p=10 OFFHHI% K 3. 3 (a) WKHT, [EEHZGINT
BIC L7 - TIRIEA K & (A D, & DT I A LR B
EOLBA L CHTRRKCR Y, TO®%YES BRLEFT, Th
AR O MY R IR TSR ch 5, K 3. 41 p=12.5 D5
RoREEH ¢ % Asa-2 & L CHREERIE O @i 02 b BUR L 72,
AR AR L IRR AR 2 AR & O F i, o A3
v, TALBIMEDRNEE, T (BN ENFEREL RS,
FRmKIEEL p BKEL, (HBHEEEKRE N, DO
LEME p KTV EERL, (it A EBliRcd 5,
WARDOW S bR (HKEVE ER L JWEL, p=125 0fGR (=
006, BEAEES BHEERBRTE AL,

3.2 BHHoRLICk DREORET

AIEED 770 FHEEOEICH - THHEN E LT, R B. 4 @
EIEPMEL X B.5) wERl LA, chic & » THEF2EREY
Bt 27w, E3. 5 iR MfAaEREBEYENEL, ERET
Ko, ThADL, AEEMEKE E YO0 £-2 ¥ 40T h <
EHEZD»H23 L, WEho, BaE2HEL, JZrad

NOMFHEOFMCGERT 2 X 5 iR LT 1 HHERDRS £H
L7, BHERFEHMC LR XELDI, Ao-7ud & H-RE-2
EFHEDETHALZ, ¥k, BHELEZ 52D, T-2 T
ICEITRTEHAIRE R & ) 2, 2000¢/s o uas lE v, B
F (=0.01~0.06 #FEHL 7,

FEER L, p=10, 12.5, 15, ¢=0.01, 0.02, 0.06 IC DN TIT& - 7 75,
3.3(b) kzofiFiRT, E3.3(a) o riod FlHHEOEIT
HREI{-BLTwE, $k, B34k p=125 OBFHFDEY
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15
w] ¢
g ‘E ! o M
| DN
0.8
6.6 5 0 20 Eq)

o7+ O ZE A
X7 L R ILERG
¢ =00iHe
B 3.6 (a) (max & p & OB R

Maximum dimensionless amplitude as a function of p.

1
~
N\
0. 8 a2
=
‘o\\
0.6 N
\\ o™
, SR
218 04 T,
g1 U, o AN
™ ~
o AR
~
1\‘
0.2
0.1 0.2 04 06
24

o7+ oI L AETHA
© EIHH
(1) X (3.8) 1)
———— e ( 2) 5% (3,10) (ELRA OFE
{ (3.13)

|
!
f
i
i
o

0 0SS
3.6 (b) Cuax & p¢ & 0 B {7

Maximum dimensionless amplitude as a function of p ¢.

X CRIA L7Z2s, 7ros BITESEESpARA s BE—B LT 3
LHBEEID,
ut#%,ﬂ@A)fm&®%wa®wﬂ&&ﬁzmﬁbf%
EEAEBRCEELRIEIR AT ER DI 5 T,

3.3 BXAREE F0ITOHEL

TROBIROME B cRIMEc AR 0, BRIEECH B,

R3.3(a), 3. 4A»bEKREES GiLe-T, E3.6
(a) (b). .0 CFowh Lic, B 3.6 (b) DB, HHMIC & max/
26p % &Y, MhC o B &BE, 7rod HEMIC X BEEHEER
IARDOHB EC DB T Eibhb ok, 7/ (=0 OBEEICD &max/
26p=1 REI L, BlEDC Edb prod S c 4 iRtk
BILTC, Emax & p¢ L OBIICROBEIRRED 2T L b ho iz,

£ max=2.6 pexp [ — 1.58{ (p() 0528000219 L 0.07}] vrvvverrens (3.8)

ChER 3.6 (b) gy (1) oRrt, K 3. 6 (b) KHighinE
BIEOBRKIFEEY « ¢, ¥IABREOLVBESCOWTRSI. 6(a)
oL s e TEEL L st % X CiA Lk, »Fhd =X
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(3.8) Kk —FT 5,
H (3.8) THED RVWIGE ((=0) i,
F a2 p eveereninesee st (3.9

%5 5, )7, (=0 DEKIERT Macchia®, Gluse™, Fearnt$),
IO REE LT B0, TP 3.9 OBIcELH DL,
Emax=2.66p, 2.52p, 2.61p, 2.67p L7, XL 3.9 KL {—L
%o WEDOD BEHECHILEHM A

£ max=2.67 pexp [—1.45 p0. T80T niriiiniiiiiniiienn (3.10)
FiTws, XG99 R G 10 LHETERD S, 3L G8.10) D
FERER 3.6 (b) lIo— S8 (2) CRIA L, FEEITIIEE (2)

Lo ahi (1) b,

i G8) W ol BISTEEIIE L U b e 0 eilod 2%, WHO
FHgd + 03 BT Th -k, Tl B.8) L EH{E & O FigH
MiEE2%ETF, B8 L B 10) LDERNLBHKLUTTH -
pia

i 5 15 B%érﬁkff‘ﬁ’&{ Esmax & PHEELE ¢ & DOEIC
1
£ max = 25

DBHFEH D B o FREICIC (3.8) D & wax VO30 LT % Hfili 72 i ZELE Cee
TEHET DL

1 exp[L58{(p() %5800 +0.07}]

max 2.6p
Brbhd, NE 1D @FEAOBTL (2, EoBEcREL{ L
o e BT OWEIL S 2 5 Td B, FROWELLE AT O
FELE & Db

exp [1.58{ (p() ¢58¢8) - 0.07} ]

Cee e 9

¢ 5260 6.12)
LD, r T CelC RIEOME () 2RI © 2 ORE (0 0
BEEIC 7 5 T\ B DT B,

E-2, FBHEE%, RN cEEORELTEE L S M
OREBEEC BB B, LS ARBECHL, 7rov BIEAERE
BNETRE X o THEEERIL T,

gmax;_.flgfg_m Cee, 2 (pC ) 0d veneerienieneie (3.13)

#5%, RE. IHEE3. 6 (b)) KHEIH(3) TwRT, R(3.8)(3.12)
R (3.18) LR L BYLITFTH B, Ak, K (3.8)~(@3.13)
I 5<t5<15, (0.1, (<15 LB W TOXEHTRETH S

4, BHET 3 2 EoiRE — 7 HREEE (2 B BERR)

Alisecil, JHEAEED REIICET 355 1 BHERESR &
Lo TRET L, ZORREHEHL2IC Lk, KRIC 2 H0IHE -0
BB LCHEE L, BE-OMMER COWRDBER R TEH LD 5 55
CHR% 2 HHERDRE LTELD, 21X L, COHE2HOIHE
FEHRAEELCws D e T3,

4.1 EFHERX L EORF

EERO L & LT, 4. lofs2 AHEREDR?E 2 5,
L, CTCTCRRERZECIDELE, £3. 1 L4 1 0FEE
FEEAL, ETHER AR RN @) IGRT,

dz
NI;"‘;—!-k x+kc¢¢u fo

d
d St kppy + kapr=myg
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e L, k:n:ka+kb: kﬂ:w:aka_bkb
JE— s
kp=a?hy+ Bk,
@D K41 oEBROEDHHEX cH 243, BEOD

LY 5 2 H R ESRIC 3 U< K0T 3,
oo mp iE, FEYFWC X BMHEN X U)Jllfhx E-dub T, RiE

TR IR O BEER T [ OO IR 57 % 43R

Sfo=mrw?{cos A2+ cos(Az2+8p) }

mpy=mrw?{cos At2+cos (A2 +0y) } } ‘
THLDLT LR TEL, TZTolZEREOMREEN<T v=2t, 6,
B 2MOREED b ofiifificd s, X (@ 1)~@U3) t3E L
[AlfEIT

MM £ ~Z£"_ ovkic 2 kq)

ST T “CEM T M
ke

r=w,t, "=;77ef‘12;’ V:a\/i W,:Z-’l’ .................. (4. 4)
g €T

% _w 2

P VER e

EBTHRTULT 2, X 44 ©, MR e Ehity,

MR WEIL vap 13, BOMEZD b TEEA 2702 T, Mk
DX p & & D ICHHECOEDEED, v TIRARIECAEZ
WHEYFIET Asa-a <5,

X @1 @43 @4 2ALT,

dZE £+ ” T \2 T2

Tt Y= (ﬂp) {Cos(ﬁ>+cos<9ﬂpz+0 >} 1
% " 2 2

drt P Y b= ( P>{ s<2 P”)JFCOS(Z;PZHO)H

%55, A (4.5) X 2 BHEENROMRIT/GRITBN <, T
# (4.5) IKowTRTT %,
X (4.5) ©, ZMHEOHAEMFEESELL TR L AeD0FE%D S &
I, # vap, vV DFIZPIET 2, 2 4.5) ORI
= (L v2 ) v+ vl (1—pD) =0
F el (4.6)

Wl _1_< 2___1+7_?l:g1>2_ __L(l"')’i_qaﬁ
2 v 4

ERD, RV OZERERIC AR TCnL T EBbhD, TTTH,
Yap EIRAWE Y & OBIREE 4. 21C Fnwh Lk, k&L,
Yep=2 DG p=0 TH 3 L IEMPERT L B LU 2R D, B 5
KELARD L IOOBREHBECEAN T, LT,
BE AN T IR ETIHE RS EREEE T 5, —H vip=1, =00 &
EFZODOIBERWEEBAEA D, BIENTLICRD, v, A1 XY
KELTH/AE L THHRAPERRE R EZ AT, Bl
& B HICEREEAER LT 2440, 120, o1 Bsrd
2T ETHD,

K (4.5) %, BEBI3FELFEMC rrod BT HTHvZ,
c-t, wr=0.1,v=1, 42, =11 #3Huc e v, 0.01<u2<02, 0.5<
v=23, 1=5yl,=<<2, 5<<p=<<15 ORl-cZLE ¢ TEHHE2Th o %2, &7
L, TR O bo=n/2 t—FIL L, B 3.2 FHERE
AT, FHOME, RER~OMH N0 FMEROMINE & b IciRE)
WIFRHMAL, HRAIHERER Y Y LB HEicRXRER
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Unbalance Weight Measuring Devices of Freight Cars

Kobe Works  Akira ISHII + Hirohide HIRAYAMA

As one of counter-measures to reinforce the traffic capacity of J. N. R. speeding up the freight trains is now under consideration.

One of big problems in materializing the plan is how to prevent the derailment of two axle freight wagons accounting for an over-

whelming number of existing cars. For this purpose an unbalanced weight meter has been developed to avoid the trouble.

The device is

for measuring each wheel weight of two axle car through a lift method and for calculating a correct wheel weight by removing such

effects as the friction of leaf springs and initial deviation of rolling stock. A good numder of the devices are now set up in repair shops

of freight cars of J. N. R. and used for final checking devices of safety in running by the control of wheel weight.
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Operation of lift explained graphically.
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ARGEIR ISR, e bR P olliE T 2 e L ERIE AL, &
7z Ao-2 TWERE:, IMARBIC B ChMET R EFHENE ORI,

EHHEARER AR IC R T LD TE RV D TCH LR DL, &
BOZERNRFE N5,

BB AR
SR B

LA B )

) B SRR

PR CHREVER <3 - 2R LB LELEET NO. 4 DL ]

IR o KIBESRE S L RO 8,500 kW = {H55Y
A FeR LI ETENCHIA Lo COLBEMER X UEIEE b
HEIEAO 3 O, PEROBEHHET RPN Ic iR b
B U T A e c B B, ¥ Ao lESsEE S LT b IR BEssL
D S b PEEE R DEINL, DEEEE oG E 572w, %
JRESIE % 2,000 mmAq  (HEHi 1,300 mmAq FE) & LTED,
BESR ORI 2 BRI T h T 5,

RS L URHEDREE b, EroR BRI BEEr v %
5L LTH Y, FABEACHEILTw 5, & i oI
BRI Seic & 5 TR TH D, < OSEREAHET o KR Atk
BED b Lk, Aie X RSO RO LB D tH B,

(1) B

S FB-7156 Ti%iAT
J 17,000 m3/min

100110000 2,000
MESE
A
1
07
/
0 ' 10,000 70,000

B A (m®/min)

1 FB7156 Tl i

2 {ENvhoREREE LU
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N2 i 120°C

i i # 890 rpm

i & & 6,800 mm

F-vud ik #& 7,800 mm
EXx 7,700 mm
1 5,800 mm

(2) TETEELEE

B K BRBA AR

Hi 71 8,500 kW

T 8

woIE 11,000 V

R % 60 Hz

SN HE 2,250 mm

£x 6,100 mm
(=8 2,700 mm

(3) BEEEDIHE

AREEREE Tu—-t T CIR e LTl ic B &, Wz
CHEEE WS C, PR BiEESFE: OIS 517 2HLY A
Tw 5, PHRIEANSH O F@sm A3, SRk 50 Emi S +54
Bt g Inx CEEN L,

ARREFWED & 5 IR A ATBIC & % & BHREEE T 3 0,
PR E 72 13 ERG OWREE R T 25, AENTRES 1 L CIIHRICHM
FANZC LK Y FFREDROBET R LTw 5, ¥ mER
2,000 mmAq I R B DT, T-vud OHEEEIES X UHIRO A
N CHEE M4 A2 HRREHEWE L, RIS OIMS, Ft-hod
IDZE=NS U\“’IJJ%%‘!‘H %, SREIFSTREEE X D gl R igih 3 2 K

T, FAMCIRIEA ETEICHI & h 5 (REEEE * DD I ok % 5l -
T\ b EFUEEISE HEEF R L iR i B bk,

(4) EBEoRE

AT BB ENS R T o5 B Cot NICERELTH

D, HHEFEFETC 7o KK VEREN 2, T 0-5 25K L&
BEZEHMCHBmE N, 2-5 BMMEHCcE R ho e, B
wh ORTELHIEIEL LUERE X323 5ChoTn 3,

TR 3z U ISR O A DB SO R & B 2
ME Ju—- 2RBELTH Y, HMENOEFEHAT L5k
T\nh,

LRI B T

B Efmi> ED 76500 i E R E e

AIEBH28H, & %Ipfczxmt%ﬁiéﬁ‘ﬁiﬁ 100 4EFERERD & s,
At TEAL PSR O FED ST AR SKUAMIHE L0 T, FEIE 29 THiC X
S THWoTHEER, 10A1HD 1P HKIEL & b IC/ME—HEIRM

DR NIRRT AR X iz,

T 5 BATH K B L, 1B 41 Fie A WA Le ED
75501 Z% 1 T s X 4 [alo> ED 76500 JB 9l <, L4EfKicbi?
A ORBIRFERC b & F &, FEEEE A %E g g
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OFREHEE LTHSE LD TH B,

T DB TR I & L C R IR 13 D 207 &
B, % 2.7 MEEE 250 11022 1€ X o TIREAICRHAGIEHT
BHRFEA Ll r, Mige LCREEEEs s BNICEGNT 5
7Y, dLiEERG & LA KRR ENEAR E C EhTn B,
¥ 72 T OB IC R HIBE AR EER L CRARESIHH
O EHHIHER Su—+ SERDEFH I TR 5,

FEPEHRRDEF Y TH B,

[N s 50 Ha
BBy 2y BiaRa
e ERE 905t
BES T LER 672t
R (RE xIEXEE)
17,600 x 2,900 x 3,575 mm

Ko P10 e i X 4,280 mm
B OFRERE 5,750 X 2 mm
AR 18,400 mm
FeBI AR
1 IRgfl7ERs H ) 1,900 kW

LI RTEREREY) (250 14,100 ke

1 REfEIE R I (5 ) 49.1 km/h
I 100 km/h
& i
ki Wi : DTI29R, S

H[EEHE - TR103F
g WA < 2,500 mm

S H « 1,600 mm
HilER W aE © 1,120 mm

FHEHE ¢ 860 mm

W hfmEE s 1 B MR D Y g 30 i TR
Mgl 16 : T1=1 : 4.44
EZa—l 12

RETEE MT 52 J& HIBAh i@

1 el 475 KW 900V 570 A IR
FZEHH TM16 J& HRTr5 e
D=0 b B T8 13 247 fF

i 2275 kVA

EIE 207 P LTC 4 g B8 ha MhZess

ED 76500 e 2z fi KUK M
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ERTER 2040A [EBRER 1250V

F1Y23 EE RS 33
R 2400 kW 1,200V
LM 1Sx11Px2Ax2G
%Pt CSI250-10

£ vuou SR RS34 7 B JYwT i

TR W 8 M : 5Sx8Px2A

SO - 5SX10Px2 A

#Fpst SI300-12
3 urotn 1C 2398 3-Ju07 #lE

EsEER, 540 A 1,150V 10 mH
[l s BN

TR, 550 S

FA YRR NC & DIEEIR 2,7 ST
e VIR

HIZEgH s HiAE 400 V/ =41 400 V 50 Hz
Fu—% HH

EL 14 AS 22 Ju~+, T JL—%

[ ERT]

AS E—- s olCRflHEEoeY Y — XER
(ASPAC ~ 1 —X)

AS -2 1Z, H»CIHHLELERE & 5 THEMMT (AS hwdlo) %
HE & 7 AR RIS B O B 44 ¢, Adjustable Speed Motor
DIFFHTH 5, T PR CRMRMERAILH t-2 & LT, ¥
Y253 B U e S IEEE & & RS CEH LT AR wT

VBA, HEED XS A o TR EC X s HERE AL, 2H,

B LA D AS g2 AR, MhofEips & ORIiIcH v ic
BRI S ¢ e BEE st B B AR L CE DT, FRL6
MO AfMEEE 2 5eM L, ASPAC vy & L T{EALERED
=T L, COREE MG XD AS £—4 O F#E - #
TyEEE « LS - TR o BTHIE - swvsvrga-t o F A G &R
FfE - b B - @ AP R E DO TR CEDZDT, &
FREESER R O S HE(L - Ak, BROMER LK E CHERT 5%
DEEX D,

VAR (ASO-12)

OB OEBICER L T AS s 0L T HBHIHT 2 b DT,

TAUTO-MAN | {J#a 2155 2 H L, AUTO ciiioEsicH
WEFEL, MAN o & & 3B asic X Y HHRE & B s bFE)
PERTE D, A bE2 bR 5EZR DC 12V 4mA ik
AC 50~100V 30 mA BAKDAN LA RBECH 5, AS £~23
E¥ Ch LA O i), BEIEOcE 505 ASPAC 1)
DEETH B,

ZEArHAR (ASD-1)

BRAE - AEYESES CEHML ASt-2 0 ARNBEL T

-‘:‘-:.—-27‘3"/9,:.[.P

5b0CH 5. BRIEN OB vuon - 2 O-C, BikgEE
X0 vuop ICE R BAEEME £60° PRCT 3 BERD L, vy
20 DHFIE RIS X DIBEHBE T2 5, F 72 5 B
D Ful-y FHEITFRETH D, BN CEETHE - A7z FHED
T%5, SEBLLED AS g OFAEETTA 5 & T IEHENEE AS
-2 T LICER oo & vuro ZEFEPEINT 2568185 5,
COHHEIC LY auR7 % 100m @ 280 ¢ 10 mm DRS¢ A5
HEIEL T3 EADD B,

EAGEER (ASM-1) .

1 OB ETRC 6 BF D AS -2 IC BB ICHERA ¥ 52
e EM3 DT, SFNEE - HEREE - RSERCHE T 2,
EEEZEEZARL TV 3 D cANEECESIC X h HHEERY
2T hv,

Lesgadt (ASP-1)

2EL D AS T2 OWFEEH T > CTEE W OBED
EFEF 2 a5, Thabb b BEE L0 RS 100 % i
LOREBTH LA, Thy B B At HEES <[AIES 100 %

(HE32 200 960, C 41 st HEE 10 @RS 50 % (MR 50 %)
CHET 5 L M5, Fic to AOTPTRID AIGECc 41+ BEE
TRCHEEE D ZBEH L2 Y, I 40FL 2Fh oD 24iH%
THE AV EIREZBEO AL SICHTEF D, F A BMENE b AGE
T AUTO-MAN 004 21 w7 2 L <D 3, ABEELR, A
172 ZCABRCEE LR CTh X v e &, 3 EHhsiiliilz e
D b Bk WREHRERZ Lo RO THES I A KD £y
PF2CEdTcED,

EE M (AST-1)

2507 BRI % 5 HERS L EMAE BT 23 D¢ B,
Fovvas LEBHREIEIC X 5 2uoy OISR 2 FIF L ARR
< BOERE E DICIEERIFR A HECE 200 RE°H 2, HIRE 1
~30 Bb lIFEFIZCH b, AME HEHRSCKE ALHAD - T
AS -2 KRR~ ICHEBEIESEH HE2 2 C LB TEBEDT, 2wy
58—, EABED) « 1k CICEEMAR R &t AST—a )
ICFHAZX B,

IR (ASO-1, ASO-11)

WA PER ORIl & FIktcH 24 ASPAC 1) —F KEL &H
&7 b DTHB, ASPAC -3 0 7-2 REEHIT, 4 AL,
MT R OBRM T BEHCcE, ABARYASH 2,

BEEIME TEREE LEREE EIREE EMESE  pes
ASPAC 32 AS £—z [GRIIHZEE
(R EDT]
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