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X-Ray Thickness Gauges
Kazuhiro AKUTA

In the rolling process at steel mills and other alloy rolling mills automatic control system of higher degree has been incor-

porated to the latest equipment.

thickness gauges have been developed by Mitsubishi.

For continuous measurement of the thickness of various strips and its remote indication, X-ray

By the use of a two beam servo system the gauges are possessed of high

accuracy and stable performance, performing the assigned measurement of the strips with no contact with them, The theory

about X-rays for thickness gauges, the construction and over all characteristics of the devices and field tests with them are

accounted for herein.
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Fig. 2.1 The continuous X-ray spectrum.

h: S35y EH=6.624 x10-¥ erg-sec

Ve MBEEETHhLERE (V)

e: BTEM=1602x1020e m.u.

C:  YEuEEr=2.9979 x 10-1° cm/sec
ER X MOMEOERNTRRNTEL OIS,

I=KZ(V—=V)% e (2.2)
czt I p. € Filicy
i XEEER

V: mERBEETchbERE
Vo: DR E o wriiE
Z: aAtot ORTES
K: FEH=14x10""
Flriob, WHXBOMELMETED 2 3, WEH, 2—Tv
b DRTHESOBILAT 5. & OBIMRE X SRBSRE 2 —Eic
Bo L TMBERATHB.
22 XBoEeRA MY v 7T 2 RUNFH
XRNFIRH G0 X 5 IR E» BRT 58, —fiizo
FEWBL, —MIHECRINE, kAL &R 5.
BEXEPE IR RIE Y EET 58, B8 -6 LA
§ -t OEEOMICITKRAOBRIE 5.
ZIEEMEE - Vol. 36 - No. 12+ 1962













BELEIN T 5D T, BRELEHOFEIEETES.

l4. NEBREROREEY R TG ©, ERIL 10% 0%
BIER A L e LT 0.04% /MY L, BEMEBIREE AR 10%
L 1% WEEELIR T DL, BREEET O FEI
0.004% LAT&7es. 423 ERELETOFELFTH T, 1%
DEEEA 0.05% WAHS L, EMERTLEE THELEY 1% P
ML THarb 4.3 HOBEERCETHAS T B.

46 APV TEEEDRLIVEEREORE

AT WIPEIE 5 AN OB IHE T E T HATRE T
SHEIFED L. EEAEDNEITAH &N, AtieT ©
AP E T3 mES 0 L3Rl 1—1/cos ¢ THHIL THERXHR
BEEERNT D, Licdts T, ERBEMICERAE QLT 7
2 HNENHB.

47 FUZH

Fuot BRI X
R T ET 5.

b, BEDOHETLE Tl 43 HORK

5.1 TR 2t wd BEZWEISC R 2 s
Fig. 5.1 The detector measuring the thickness of
brass strip in field test.

5 I’ B R B

COEBEER AT OBETRCIEAL S 5 2 2 &3 RR
L. B5. 1 BRI BT REROFEETH L. AELR
At YwS DEXIL 0.2~035 mm T, ZDEBIC L B EEME L,
2 o0A—2 I L HEEY R U 7558, 82 o OBENEL,
I3E 1~2 4 FRCA T B

5, 2 VEEETHEIEEE At Y w3 DIEIERER R 5 5+t D
—IC, EREDH I AITREAIERND e, RYiE3el
e\, BRENRECKE {IeBHAERL T 5.

6. & F U

Ak, BA%E, BB T7c- e XEEZGOMEC W THREL
720 2 E—ot—it FRAMBAL THCTH 2D T, BREELER
HEIIFTED LEU T 5. ABERFMEBR OESIC L,
5%, FTETHEEE~DERLECLLIMDTHAIH, —
[ DR E~DEIIRNETH S S . )

BETHREEE, e ZBE SR B o fo S A IIERT
BHRERREr DT 4, I LORHIERFIO T « B B L 3

(RE 37-10-8 )

T & X M

(1) H.A. Mebhafsky & Others:
Emission in Analytical Chemistry (1960).

(2) Harold P. Klug and Leroy E. Alexander:
fraction Procedure (1954).

(3) Walter N. Lundahl: The X-Ray Thickness Gauge for
Cold-Rolled Strips, ATEE Technical Paper, 48-14.

(4) C.W. Elapp and R.V. Pohl: An X-Ray Thickness
Gauge for Hot-Strip Rolling Mills, AIEE Technical
Paper, 48-100.

X-Ray Absorption and

X-Ray Dif-

1min

0.25
A

\“’" kl 0.24

i i
T ,P 11 0.23

1 )

: 022
4 0.21

B 5.2 abywS EEEk F+—b DF

Fig. 5.2 An example of strip thickness recording chart.

6 (1394)

N N N

=W - Vol. 36 - No. 12+ 1962







KA -ERERZIRY ML Tw5%. DT, ERhRIEER 1
Vit THBHEM b5z DEIF, IO sz 2T %
patoliakl SR RSN i TN a1 o

21 @Irsox

(1) fafn tsvz OBF

2,2 ¢, Ts 338 rson T, ZOLIIR 2.3 Rt
I 57 BH p—3 23R DRk 509 Ni-Fe RS
& (S EABIEITE A -0 0) ZHEAL TS, ZO&D
W, REFT He 23 40AT/m (0.2 15w l), HARCREE
By, 73 L5Wb/m? (15 #+052) T 5T ShEEL S -
TWBEDT, HTrOR L) TREER LIS By gL, B
BRUMLIZEIM L T2 2 A CROEE B Lo EES A L
T\v5. Ra REEAMZEOEKERYHIRT 200D 0T,
SRENC B 5 RO BER T, —WEHE N, MoBEECLL
EHRTCELBELRDLN TS, 4, —kiz, BEE fofs
DIEFEREE Ea %Nz 5 &, REREFBNC I\ Thd— k&R
WODEE Ey 1L E, WIRLA XS L. Ikl E ik
BEAY tollieh, E, W Ry BEiibhs  bicied. Kkl
B N i, SIREIOSXEERAEL, SIMECESELR.
ZRNEEOBHFE ey 1T,

2/ d
622"271?:"27%"’ [V e (2.1)

TPEL np= T RESHEL
0=wt
w=27f

E7eh, ®2.4 TRTII o eAz WIS, 6 AT,
HIEEDIKE QIR L/NEL T80, NEL B LARELI LS.

COZRMBIIBED N 4101 Z L OSFIEE Eupe 23kDB &,

E&vgxij:[ezdlizingw%
=2fnapy
=4 naBp A [V e (2.2)
7L, $o=ByA=2B,A4 [Wb]
By, =R (Wh/m?]
A=gUBER (m?)

Fiobb, BREEEDOKE IO HMIEHICTH/fED
T, TR IREDY: 4101 & L OFE v, BIFRE
WROZZML, BEOKE ZWCITMBIRC /5.

(2) BWEIREIRBEOBS

HEHRER IR EEOTRETE TH Y, TOREET
&R FISR MR AL TS . AR SSU B A
F3uR L, RO rsvz LRAL L BLORBRND, FOREE
VEEREELD o EERRT, @il T—ETh 5.
LicHhs T, 2,4 DEIFNF 0, IEREEDE - TH B L /v
BB, &0 tasvoan—3 OEPSRERD A e kX
{TeBh Tk, BICHEETRES, HCHRETEERRTR, %

BIEAEMC BEF0C 3, bAM Lt Thn & L
B, W BABMAIEAT 52, R AEER AT BT
b, TORFTS X5, R FSur —REREE D TR
W, 2HEcIl- T (2) X2WETHZ LT s,

Tlokb, f8 tsur TRMHABED, 3 4100 ZLOF
BEE, BERL 7opis CHEMEERC O S04 L TS 5.
COBEREHEEROHNBERR (2.2) 2 HETHHAC S
W, EOWEOMEL, SANEET S TR E

8 (1396)

TG: BEaRER  Ro: BIPEER  Ts: @ty v= Ry : BB
Ry: %4 RE: %@#  M: @@= VBgHE

2.5 LR ORI

Fig. 2.5 Fundamental circuit of speedmeter.

Ty S Ta X

2.6 REHAIFIEIC B
V% EmE B

Fig. 2.6 Equivalent
circuit before flux
saturation.

2.7 f@F bs02 D—
KRB OWTE

Fig. 2.7 Wave form of
saturation transformer.

DS EBE R o s 5.

TR & UCHERT 5 & 2wl SRR ER 2
WL T, FHELERTHAE 0w HHELRDLES.

2.5 WHEEE » L CoORAN B RT

2.2 HFIEER

21 (1) HTHBAX 5, HBEIL R i1, BORIAEOE
KEHAHIET2DOBITHS. @R ts5v2 O—KRHM (v
Ao PRELHET L SABRIC B\ TELLES. Tinbb SR
BATIL, EHEO tsvz EAUTHY, EEER 1 X LS
E#IEE 2.6 TRT XS PMERYIERTS L, BE
T B A Fsur —RM Aof—dur WS L FART R &L
V. F MR BT, FO fof—4u2 g LAY fo i
DEECS LTI, FFEER R, O3 275, Lich- THH b
su2 —RAIOEINL, ffnfA 0 FEC LT, ZOMTIINNEL,
BT REL{h, 2.7 DX 5D . Iy WEFECH
L, Ry DARAMTHD L EOFRETH Y, Ly TRIEIE
FL7EW bsor LE2 ok 0, AFHER R, CIREIN A FCE
BRETHD. I rsuz OEIEREY L <5 %bicil, il
IRIBHUY, MRS St 2 MO BERE T 23 EIRELTS LT
BRTEHBEWNELTHBRERSDDT, BROMEIZL 5T
NHIBBHOBBRENL, b RKEnboris. &, BREAS
BREORKECEREBEL T2 L, 8 tsor —&AlO Bt
E@iE Lk,

B 7
I,= \/ -71;[ fo Io%sin%0do+ /; '[I,,,,?sinﬂedej

= .i.[%f(el_%ssnzel)+l§f<7r_el+—;~sinzel)] (A
.......................................... (2.3)
RRL In=FevT (A] In=%3v7 (A)
Linh.
Ry OWMBERES Po ik
By T,2R (W Teoweeom oo (2. 4)
Ln&lpny THZBMb

12 1.
. Am —-gin?2
o=, (71: 0+ 5sin 61>R

ST - Vol. 36 - No. 12 - 1962




N
N\
Ee Ea \ e .
g e 2.8 WM NTED
L NN Ee B
\\t\ Ene Fig. 2.8 Wave form of
A , rectification output
0 b 7 % voltage.

1
e — . L
—(Ra R - e T e (2.5)

Tiodoh, BRADBRUINC L » THPHET 52, FHEF i,
BIH LIRS O 2 EN T B D L EX T, TOK
ER LW FSuR O—REROBEY IETHLENLS.

2.3 EiBoL—-sTE

FIA b50R DABENEHLTHA (2.2) RHEI®DLR
DT, TOHMEATIEIE Eay (F5HE) 13, 8A0E Ligd 5IR
FROANERE Ey (ESE) 0B L, XEANBEDL XD
fafnf 0 22 3 X0 NETED X 3T BLENRS B,

Ey & Eyp BIO 6 ORI, WEREAEER LTS,

N D Eg=a/ T ESIN0; weevveniniiiit e (2.6)

TEPhIN3.

ATNEHE Eqp © & EOEHRMABE Ed, 12, 2.8 b

Eduz_lﬂ? fn L)_z;,mzasindg .................................. 2.7

72iEL, Emd, (Y AJIEE Eu © & & OBFHNIEED R
KfE,
ELANEE Ey O 2OBRHBHAEL Ed, 13,

&
Edlz—j?f Emd sinddd oo (2.8)

L Emdy GRERAMIMUIc\ - 2 F 2 72 ¥OANE
FE Eoy W31 % (AR AE

Eop b Eor K (2.2) 2R IRDIHHAOHETH 0D,
Ed, r Ed, 12% L\ LEA5T,

1T 2
f E7ndosm€clﬂz~lwf Emdsinbdy=Ed-------- (2.9)
T Jo T Jo

FoiilL Ed oy

W IR

Emd, Emd, |
T T

T (3.3) AWMBEIREDLANELD L XDk

—C080)) = Fd reereverenin (2.10)

Wit k.

ANEE Ey O L & OWHERED €0 (5% Ed, »35 ¢
Ed,=Emd,sing,
__Sinf
T 1—cosé,
K (2.6) OEFEAALTEMTS 2,
E,
Fdom— a0
L Ry il
Ea_ R
E, a Rk
_ Ey, ,
T PV e sy e
1
:mﬂ:Ed ................................... (2.11)

ind.

a=1 OBEIT, BFEHDHEE Ed o n {5, =15 OBEK

3 83 B, WEEHIC RIS EROH T, £IRENR 5mA.

SRR AT A M TR - 83t - /N

PHTRMEN 1,0000 2\ 3 HRBAER L &, e=15 9%
L, B0 BE E, B XF OV i), FEBOHINBEDCE
WaEL Dy, E, IvELD. Lot THak ty 81
WHMEE R T HERELHERAT2LERDS.

3. 8 &

31 RBRER

FUMT R EREC, HE0BE T2 TS50,
BREEEE O £+ 2 FHT L LCHAT2L 0235555, RFL
WO BBROWTEAST 5.

COREERNT, FEEARECERINARESIEE (MR
W-N EREhEER ) © F+ BT L LCHRT B, #E
My £+ KT ST - T 5. BERE, 2 FEO
KATREAORGBICEHD 210 28 Thh, HaikfF o
WO Ewr A XHIREBIN, FF 21330 L5 e WA L
NTWA. Licai- T+ AEEETS &, a1 1Kk mBE0C i
BB ORHBIEA SR ET5. FAERBR f(c/s) 1

I\- \-L/ Z *1’ 0)'!5}3%{
N=#+ omEL (rpm]

THRHIND.
£+ O, B L - TR, X% 80~120 O
Tdh. HIHE 860¢, WEF 120km/h » 3% &, FedBERIT

X7 1,000c/s~1500c/s THY, BERARLD L, 40 fF
LU CIERT @ e

RBMOMAEIR . 1 © F403 13, £ Fsoa O T2
XL HEL IR E LB, 1Smm BEREA TS
Bk, EBTREBGS £+ © 1oL, b U FEEMOER
RN REYEE TS L, FORMIBEL TR, i) EvE
ENTRAND. TOHNO DK BERW 2ED 3¢ A o
FET, $Fr—2 ORMEZ 80 F B o WIEHRCE 5 X RbiT
Sht 2 @0 Cu R, REIRADISELT, BELL £+ 0
EReBED, BIURNBEOREHROBREZEHIEL T 5%.
FRREIRL, FORMEROBRELYHE LT, o 7w, i
RO A5 L5 BEIhTw 3.
B 3.1, 3.2, 3.3 © 2 OREBWONE, i B X CWAE
Vi I
3.2 #HE=
FHERPES, B ot ThiHE
Mobsur &, ORI H AR EEIRSD
L T OYHRLEE, ¥ DO S B BRERISELL,
HLMAEREE U C R O M W » OBIEAET A L &, B
RGO THR Fsor kAR Bl 5 AT 5 ¥ T
Yl afws THMIKEREL ) DX 5R-> T 5.

R(-

FUT TR R FE R

Fig. 3.1 Inductor type speedmeter generator.

& 3.1

(1397) 9




1
5

8.2 BT SREONET
Fig. 3.2 Construction of speedmeter
generator.

3.5 #UF1 Fsux

Fig. 3.5 Saturation transformer.

BT 2.3 #iClR2z X 5 B s EEA
B OT, okt ty W HABTELETS fu
296 FiCih oy ou BEESA R L T B,

3.4, 3.5 ', ORI LU PIREMT
BILTNBHF Fsuz, 3.6, 3.7 THEERONE
B X O kD H K & 7R3

3.3 J&ReE

(1) ERIERBIEFRSE (DS B)

DS TEHRET, FORRTRMEEDEEHE R l
OB A OBIRERIE T2 775 30T, HEWE
EEOHUNHERER L AL L, R WL ZEL =
BT B LATEDB LD THE. SHESHLHL 5§
DFRESNIBEREETE L UTERHRO BB EL
DL TEDDT, HRMOEEY—R LIk TR & 77
BTE, BRI 5B 5 L FEL S 5.

AEILBH B D 290 b 2T 5 BEROERIC, 29w &FFF
BIRCHERERTFAFEEN TR D, FOBETFIEEHEC
TR SN CRBHRT & BB 5 BB it - T 5. ERTFORMH
BARNC X o TRHEN TN B DT, #HRFREHELE BE 2
Yot DT 5 BAUTTEHINCIERR MRS = Ll .

RIERSRARAA L) 210 B E AT % DT, AJEE
WY OFHELRRL, HBIXFET, BERAE. £ HEH
BERBLLT, &M S EE L i, THEDESLE:
CEATWES.

10 (1398)

Fig. 3.4 Compensator.

Fig. 3.3 A Mount-
ing position of

speedmeter
generator.
;Vl \
AL T v A
=
&
3.4 W w
N /

3.6 HEHARNHSERR
Fig. 3.6 Connection diagram of
compensator.

(iE) fEREM % L UM BN

@
F
(5%H)  (ETE)
) 3 °
M: M.

Ve
R

3.7 EEFEEEX
Fig. 3.7 Connection diagram of speedmeter.

DS-1 ik HEDR R 120 mm, #5748 2mm ¢h Yy, DS2
Tk E R 300 mm, HRHIR 5mm DATARFIETHS.

7r¥s, DS-2 ek HEREHERE, FY 7o Bl AT s
3 THBRRSZRAL, FiotbbrboMERS LR LT S
VIERTHILLTELLDTHS.

(2) fRSBETRE

IREHEARTRC IR T KX-24 T X O KX-11 8, ¥
BED KSM-20 J23h 5. \wih b A ALIRELA T CTHEEE T
VERARAFIE) 210 B AV, IR RN D A% & E

=ZEREEER - Vol. 36 - No. 12 - 1962




= 3.1

DS-1 & DS-2 %
EAT I - 3 100 %180 X170 mm 140 X440 X200 mm
H B ®EE 120 mm 300 mm
O o8 2mm 5mm
I3 iy 15 8 1.5 #
Mot 8 DC 6mW DC 25mW
I # 2 sec # 5 sec

3.13 wrf f

Fig. 3.13 Junction box.

3.8 DS1 7 #RE
Fig. 3.8 Type DS-1 indicator.

314 SEEE 9~
Fig. 3.14 Over-speed relay.

3.9 DS2 ¢ #rma g
Fig. 3.9 Type DS-2 indicator. ?‘\% (L_—@-_» -
%5
[
%
R

s 2l

5,
3

s

-

i

3,10 EEE Y- PITREEREIX
Fig. 3.15 Connection diagram of over-speed relay.

i

X 3.10 KX-24 7% #REE
Fig. 3.10 Type KX-24
indicator.

= 3. 11

KX 11 57k
Fig. 3.11 Type KX-11
indicator.

AL, ML AE < LTwa. ivnd JISC1102
AL, MRS 3.2 oLk THS.

3.4 ZzothofiEHss

(1) wrd s

BHAEHGDOREDHNT, AELBEEY TSI LEDLD L
%, REBEIOHERCES V- Ry e, —
Bz oyt R AT, RbEENT v RS 13w

(2) EEE -

REET T, HERHMEIF A TCREE LT 5 L BfEL
T, WL IEEBEHETS yo-#EHTE. Z0HW
D YL~ R, ) 210 HOEFREEIS 2 M L Ty iess,
SHE, EEERDOBEY Y- EELIOTHENT 5.

EEAFORRE Ju— 1%, SRR R A TS B AP S

3,12 KSM-20 ¢ H575s
Fig, 3.12 Type KSM-20 indicator.

%= 3,9 88k L, 35510813 D 2J3w UL~ ZHBERLDDTHS. A

KX-24 7% KX-11 & KSM-20 & Mo XS, HOAMPRESHESRC/RSRRYINZ S &, AT

# o8~ F | 120120 mm 110110 mm 140X 140 mm PURT A~y DEE T X - T BIESROHINT 23w Hkad 35
i) 7% 100 mm¢ 100 mm¢ 100 mma et . . ,

HHawm 250° 250° 90° ON-OFF @ifF# 235 X 51its. LMo T, Mg
B 180 80 115 S RS L gy . .

o e L b EHEFHERR L B L, WAEAC 255 by~ 8

B OH B oM # 2 sec # 2 sec #y 2 sec B, ﬁ%@]{/}zﬁgfﬂﬁ/ﬁf%i@:@gg Yyu—Iic B, EIEE

B R BBOTRFE TS - B3 - N (1399) 11




EOREL, WERD AMM7A7oFPa—y ZIE T2 2 L& X DT

tH.

E 3.14, B 3.15 CHEHFGNREE Ju— B XU Y
~T

O Y-, AU ECRERNBER I TNAAE o1 T

D Y- ITHELT
(1) TEy LB YL— DX 57 Fur—b IR alEHRS 28 D
T, BASTHY, BEENE

(2) BHEDS 2Twd HiEE2A L CT5HDT, FE) 2L T I~

TRHFRRELDE 7‘:%)5@ FraUud 237n, BIEREET
b5,
(3) ME—DHMERMmEELDLND 2520 bL— X 5510 ¥

THBHOT, (RFIELTHS.
(4) DFEEOBRENEL THIIEETHS.
REDEMEE - T, BEEEOCREEL, HfHEEHELED
W) +10% T, +£39% GREEHRERAHBEC] L T) AT
H0, FE oL IE Y- ICHERTEA L ¢ {Dlau.

4, & B

4.1 HEBREE
REFARFETHEEHORRR OO HRFEEDCHE, #
EEHABRORBEL Y, ERORHEBCRNT TREBTL L
WEREEEE O 00, BEFBRCE TR IOERYTH
>, FIGICEEEE oo b, T £ 2PIED B TE
MEEDH LN, RE—BRIEETHDC ey OB Ly, E
B s £1 &, W, WE, B Y, MEERERC L
> TRHEILFEITLOLMNRA—0, REFAEE £+ 285, E 4.1
VR S ARSI, Lo £+ c REMAERRE LR
~BIFMEC IR D X 5 IR TR R TR 5. Lichis TER
O £ LR £ O TR RBE T ¥ OB X 5T, FEEH
NEFTL P ED 2 LiZie b0, FAEEM bsur OEEC X
> THABEINHHRORE TH L0 T, HBROKROFEEIM:
TN TR S B R~

4.2 EEIREROEMME

B #1200 LR RIROMIER AT B TEEE—H
NEBE] iy E 4.2 @Rt B 4.3 BHRITETEORET, &
IS TEREY THB.

4.3 BEEBERR

B £ L LR

Wi, B IO REyHeY

4.1 i3
Fig. 4.1 Calibration set of speed-meter.

12 (1400)

Pt ZORARMEREY E 4.4 ©RT. £ 2EHEFroT X
DIRALE RS &, MEBANEE L ADEREKEC LS5,
HOEHREE A S L Uinw. e lIIERE, €o fhi ik
BROBETH T o #1152 B A CEER TS bA
WHC AL TS5, Lichio TIHRERO B fo fhao
BT OFREYRVC RSB S.

E 4.5 T, £ [@#EE 400 rpm (566 ¢/s) DG &, 1,100 rpm
(1,560 cfs) OBAED, MEBATIEIE, ANEIRES L@ r50

2 ZRMHITEIEOEF L RT. AEED &b, 21 (2)
HChA R X b, SRAL S #kk%(tm-gmﬁ

DT B,

h & F T
B, r < EBEHHEMCET 5O EOHESITELL
, FBEEHBOGEEROERL FEI VI, WHEMH, B
b, BIREGE, Sossa0u o, HENEIEERE, Tn AR nE
JEEh, L T¥ » 7o HEERE IS SO EMO B G,

b
Ea Aé B’-%_U it
I: S5

L I=1mA(at700rpm)

I=10mA(at700rpm) \,
NN
A

I=30mA{at700rpm) \\
Vo

1 =50mA(at700rpn<)

vy

o

501

(<)

1 :100mA(at700rpm)

| : : : ; |
100 200 300 400 . 500 600 700
£ B3R (rpm)

4,2 FHHTHFEE TR IR etk iR

Fig. 4.2 Charactenstlc curve of revolution-output voltage.

400rpm (566%) 1.100rpm (1,560%)

E 4.3 FETHEEEBHIEERED tu0dss
Fig. 4.3 Oscillogram of output voltage.

TR - Vol. 36 - No. 12 . 1962







UDC 621. 436 :531. 787

TA—EBEILBERERTFLEETYE NS
# B OE

BB W% B I

Indicated Mean Effective Pressure Meters for Diesel Engines

Railway Technical Research Institute J.N.R.

Masaichi YOSHIDA
Hiroshi SHIBUYA - Takaho KINNO

Mitsubishi Electric Manufacturing Co. Kamakura Works

Indicated mean effective pressure meters for diesel engines are measuring devices capable of reading instantly and continuously
the mean effective pressure of each cylinder. With these devices it has become feasible with ease to investigate the uniformity
of each cylinder and estimate the engine output during the factory test and practical operation of the engine because of their
direct reading ability, whereas in the conventional measurement P-V diagrams are sought for with each cylinder, much troubles
being taken. In the present trend of the automatic control of engines, the devices prove very effective for constant monitoring
it during operation. These devices reported herein are portable meters for use with marine and locomotive engines. Pressure
pickups and rotary pickups can be mounted on the engine, and analog methods are applied to calculate the results which will be

indicated direct on the meter as indicated mean effective pressure.
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Data Processing System (Part 3)
— Application to the Cold Strip Mills —

Electronics Works

Yuzo MATSUMOTO :
Naonori TATSUTA - Nobuo MATSUOKA

Kamakura Works

With the advance of automation technique, productive speed has increased remarkably in a wide variety of productive
industries and the outturn has enlarged a great deal. This trend inevitably requires the collection of manifold data for the
execution of production control. A data processing system is, these, now counted on indispensable means in successful industries.
The one introduced herein is MELDAP-5211 applied to a 6-stand tandem cold strip mill in the Yawata Iron & Steel Co. Ltd.
Tobata Plant. In this system the tape is utilized effectively so as to impast flexibility to the machine from the relation with the
operation of high speed rolling mill. The principal part is divided into four major groups, each heing controlled independently.

The unit as a whole operates to accomplish very efficient data processing.
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Comparison between A Perturbation Signal Method and
A Trial Method in Optimizing Control System

Keinosuke FUKUNAGA

Research Laboratory

An optimizing control system with multi-control variables may be though of as a conventional feedback system where the

partial derivatives of the criterion value regarding control variables are held zero.

optimizing schemes into two :

the derivatives, except minor differences.

The measurement of derivatives classifies

a perturbation signal method and a trial method. Both are substantially identical in feeding back

The former feeds continuous signals with quick response, having filters to eliminate

mutual interference of multi loops, whereas the latter, being discrete, dispenses with the filters, but the sampling period is slow.

Both the time constant of the filter and the sampling period can be chosen at any value depending on the quality of information

needed.
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Fig. 5.7 V. —1I, characteristics of transistor NOR.
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Fig. 5.9 Bistbale magnetic amplifier.
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—— MELDAS-2032 —

Wb SR NS — B RO AT B A e
Copying Controller of Gear Hobbing Machines by

Kamakura Works

Contactless System
—— MELDAS-2032 —

Fumio HAMAOKA - Kazuo KOJIMA - Hisamoto « HYOGUCHI - Tamezo NODA

Copying controller as automatic operation of machine tools has been in practice for a long time, but it is of an open loop

system and that using servo control is of just a recent concept.

“MELDAS-2032” employs a contactless system as a means of servo control for automatism of gear hobbing work

regarding crown gears. The most outstanding feature of MELDAS-2032 is the adoption of a contactless system which operater

with a differential transformer as a detector of mechanical displacement and also the use of a magnetic amplifier to amplify the

power.

“MELDAS-2032" is especially superior in high precision and reliability, contributing to the industrial rationalization.
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Fig. 1.1 Exterior view of MELDAS-2032.
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Fig. 5.3 Closed circuit and frequency response.
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Milling Machine Numerical Controller with
Capability of Playback Control —— MELDAS-1313 ——

Kamakura Works Fumio BABA - Kazuo KOJIMA - Midori NAKASHIMA
Makoto NISHI

Electronics Works

One of difficulties in the numerical control system of conventional machine tools is the necessity of an electronic computer
and preparation of command tapes in production of small quantity yet various kinds. “MELDAS-1313", on the other hand, is
an epochal product dispensing this drawback by combining a playback system. In other words, the most marked merit of this
“ MELDAS-1313 > lies in the feasibility of memorizing the cutting work of skilled laborers on magnetic tapes and of reproducing
exactly this information with instruction control equipment as well as the operation of the conventional numerical control. In
addition, it has a number of merits which outvalue other devices of the kind. Though “ MELDAS-1313” is capable of perform-

ing playback by means of magnetic tapes, there are other types of numerical controller using punched tapes and copying con-

troller resorting to the template.
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Fig. 4.4 Block diagram of add-delete circuit.
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Electro-hydraulic Servo Systems (Part 1)

Kamakura Works

Yoshiyuki KATORI

—— Analysis of Servovalves —

- Toshio KANEKO - Kazuhiko YOSHIDA - Takeshi HAMA

Servovalves of simple handling, high stability and high reliability for use in general industrial purposes have been built for

trial, the results thereof being reported herein.

Construction and operation principle of them are studied in detail and the results

of analysis are confirmed through experiments, resulting in procuration of criterion in the further improvement of characteristics.

Also transfer function of servovalves are sought for, so that data of system synthesis when they are used as electro-hydraulic

transducers of the servo mechanism are made available.
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