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Mill-motor and Iigner Converter

The pictures show a view of test
running of the 23,600 HP mill motor
installed in the lmperial Government
Steel Works, and the ligner Converter
about 24 metres in length and 280
tons in weight. Both of them ‘have
beer manufactured by Hitachi, Ltd. to
meet the requirement of the above-
mentioned works.
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500,000 kVA Oil Circuit Brasker
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The Taikwanton Substation of the
South Manchuria Railway Co.

The Hitachi made 1,100 kW 1,200 V '
Mercury Arc Rectifier installed in

the Taikwanton Substation of the

South Manchuria Railway Co.
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Mr. Reisaku Nakai
President of the Imperial Government Steel Works
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Partial Remodelling of the No. 3 Rail and
Structure Mill Plant and the Greatest
Home-manufactured 23,600 HP llgner Motor

By Mr. Reisaku NAKAI

President of the Imperial Government Steel Works.

HE No. 3 Rail and Structure Mill Plant of the Imperial Government Steel
Works is the largest one of super heavy bar that we ever had in our country.
|. The rolling machine consists of four stands of three high rolls having 865 mm
in average diameter of them, and it may be called one of the leading mills in
the World Heavy rails and every size of steel products are produced here, the largest of
which is 600 mm (24 inches) I-shaped steel.

The rolling mill was put in operation as soon as it was completed in the thirteenth
year of Taisho (1924) as a part of the third extension work of our plants.

Though only nine years have elapsed since that time, the incessant improvement of our
steel industry urged us to improve and supplement of our works. Above all the main
induction motor (75 r.p.m. at main shaft; continuous output 6,000 HP; max. output 9,000
HP) of the Westinghouse make became out of date, and inappropriate to produce great
- products in great quantity. In spite of all we had designed, some years ago, to produce sheet
piles which had hither-to been imported from foreign countries.

Having contrived to manufacture the unique sheet piles, we began to put them on the
market since the sixth year of Showa (1931). Thus we could drive about 20,000 or 30,000
tons (about ¥ 3,000,000) of imports off the market. But to produce the larger and longer
sheet piles we felt our equipment for rolling was still far from satisfactory, thus the funda-
mental improvement in a part of mechanical equipment and the replacement of the main
mill motor resulted. As the work has recently been completed, large size sheet piles of
various sorts became possible to be manufactured to say nothing of those in former sizes.

The addition of a new large capacity heating furnace having ten meters in width and
the replacement of an reversible motor are the main improvements at this time. The
heating furnace is of heat regenerative type, having heating capacity of dealing 80 tons of
billet an hour. Both the design and manufacture were made in our factory. The new
motor, manufactured by Hitachi, Ltd., with + 0 ~ 180 r.p.m.; output 7,000 HP; max.
output 23,600 HP is one of the foremost motors in the world. It was the first attempt in
our country to manufacture this sort of motor without any assistance from foreign people
both in design and manufacture. And various kinds of tests proved that there is nothing
inferior in comparison with those of foreign make. .

Moreover we must not neglect to mention the manufacturers and persons in charge of
the installation who exerted themselves to the utmost. The order accepted about the middle

of August, 1932, was finished about the middle of March, 1933; the time required was only

seven months. We have never had such a prompt service when we ordered from foreign
factories.

Only three months and a half were needed for setting up the machine, that is, ten months
after the order was given all the work was completed and the machine was put into opera-
tion. For the settlement of this motor only nine days’ (including three days for hardening
of concrete) suspension of operation was required, which is four days shorter than thirteen
days and a half officially announced in U.S.A. We are encouraged by this fact especially
since the situation of our country is extremely critical. (Tr. by Ed.)
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The Ilgner System Electrical Equipment for Rolling Mill

By Kwanichiro TACHIBANA
Chief of thc Electrical Department of
the Imperial Steel Works

By Saburo AJIKI
Engineer of the Showa Steel Works
Abstract

The electrical equipment of the 23,600 HP Ilgner system mill motor has been manu-
factured by Hitachi, Ltd. to be installed in the No. 3 Rail and Structure Mill Plant of the
Imperial Steel Works to take the place of the constant speed equipment of the 6,000 HP
induction motor.

As the scheme was to increase the production of the heavy structures such as sheet
piles, I beams and angles to the rate of 100 t/hr, the speed was chosen so high as 0-80-180
r.p.m. which is faster than that of any other existing Ilgner set in the Works. Moreover,
it was designed to be applicable for the blooming mill in future.

The reason why we chose the Ilgner system at the cost of twice or thrice of expenditure
for the direct driven system by an induction motor is that the former has many supsrior
characteristics than the latter.

After enumerating these characteristics, the writers describe the ways of calculating the
power necessary to gain the required products. And then they insist the importance of 3
Cs; that is, construction, commutation and controlling.

'The above-mentioned Ilgner set manufactured by Hitachi, Ltd. will compare favourably
with any foreign product, which is due to the successful results in all these 3 Cs.

The same which in capacity is very near to that of the world record has been completed
in less than six months, perhaps being the shortest period in the world. This fact is the
barometer of development of the manufacturing industry in this country.

In order to avoid the suspension of operation of the roll mill for a long time during

the installation of the Ilgner set, we accomplished it only in six days with our best, which
is also the world record.

The result of trial running has been successful, the outline of which is described here.
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(iii) & % &
& OB 2xI8t
H % 3,000 mm
EiE 375 r.p.m.

(iv) &-— o i
B %  865mm
£ B 4
GligE  75r.p.m.

WTZO T miE 2,000 JhE 3,000 kg OFEEH D 6
- TR Gk 600 mm) . ZARIK( > — b oy 4 )8 i

K 50kg) LFDOAPEDE M % — Rk A 100 t BEE L<°
) EREADTHDOTy I BDORDEE L HE BRI
HENTDTH Do

SEHEEH 7,000 HP (63.5 t-m)
AHA 23,600 HP (240 t-m)
FASHE 80 r.p.m.
KEEE 180 r.p.m.

NCHLTe — v EEFICEINICSEE I~
LREOEEERCHIE 2 G 3 2 1 v 2" — SR
7,000 HP =7 EEEME L DL TEE 3 vz 2,000 kW E
A S EEEEEAE =3 L 480t-m20) G D? ¥ f5§ 2
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Lo\ Dteis b\ FHEEBIOME RWXEET
Uy Sl 2% e — v e BER ZBERIDRETH DTy HOid
i L KO E ORIORRNSy HET Y 58 2EEE
178 6 ¥ #E THURREEEEC R TR % ' AR A
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PR THIE ¢ 2FHBFHELSAFITH %0
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RS2 S0 LTS InBEAEGEC £ 2 OREi & B
FT2ILTE 10 sec I TEMBLEZ2DTHS0 DX

0 60 9% MO 5 0 2h 120 SRR

DWIMERTHEIATH b5, L b ABAROD 7~ 7100
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t-m = = ~ L o ~ e
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Peine (¥%) 850 | - 170 | 0—180 | S S 1927 Mo AFEEHBRAD LD 6 E 2 LEAAAMAE 0
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Giite (J8) 750 125 |0—180 S 1926 DR E: KR EKOBIFO T dH 225
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iy o | e |omiss | oo, BLOFER SRS DKL)
Marihaye (B) < 5 - < 2 7 37 !
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T BRER L 70 0 SEETEI S BUET .

R 2 O AR AR DRKBREE & BIE#
BELOBRRERT—DOHBTHOT, b OIFLKEEH %
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BETZ2HRZRFETLHOXAFRETEDH S, HILTH
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Rolling Speed
- Curve Showing the Relation Betwecn Rolling
Speed and Maximum Gripping Angle
a ; Blooming Mill b; Structure Mill
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Rolls at Instant of Gripping a Billet
NBEEDPKEKL YK ST 5 BE 3 s U kR
CRTHEE O DOBHRBREIBMITZ2DTH 30
# — ﬂ SMOIAPE L PRIE 2 h 2 AL OB

HEC A # mm®
1,300 90
1,200 45
1,100 36-

950 20

R FA—8N KO TEE 3 h 3 OB EOBIR
TH 325 1,300°C ¢ 1,200°C : & 100°C B H 89
DR EOTESORH L BES 2 12 8F K0 BE T
NEFE—AREBE S 2\ DB HZET 2H LR,
X CBE OA 6 MEOE ML 2 BIE ST 258 T 6
MADHEHTH2DLBEHAMTH2D L KD T W
ARARCIEESHEER T, FEEIHROLES R BH
HOBIE W AAA D B THREETH DO T Zhdid
CIBIEDRBOITHED & DR AHmE L EL K 0/
LIHFHODPMET T 50 PINE TS0 mm D=F v ~ |2 R
C 200 mm DM % BIE 3 2\ (% 60 r.p.m. DUF B
Y FORBRUNEHA ARG BH#ETH2, RLEALC v~
T 130% 130 mm O) WIS BRAE § 2858\ (3 120
rp.m. DL EDEEE T & AR A EXD Ko 2
DERA V7 F RS T 2RO T FHEOREG
CHECIEEORVEERUT RLVLIBHEERR
R TS 2H L HKZDTH %0

(4) HMOTEEXRCHLTRNBRBOVREE -
650 mm H A= v — Vi ¥ B 2 75—100 r.p.m. 0)
MECHEXBET 2LEH BT L 0RO, Zhis
¥ LUZHOBFREMCHTE~TRE Y0

(A) =z arshsgigEst—2,500 HP 75/100 r.p.m. =
MHAEEEHC 2 v — ~ — (Krimer) X%2#HH Ly 8
B 104t OFBREF Ly v~ 2 BCHEBEINS b
DE¥ 30

(B) Wik —2,500 HP 75/100 r.p.m.
BB LT, mESmE L 0 B2 EEI
ZRR0 104t DFZREE Le — v Bf S 3o

(C) 4 r2 ¥~ Fx—2500/7,000 HP 0/200 r.p.m.
BEBR A v o' — SR v~ VOB (T BRE 5
HH S R TEBROBGI IR 22 6 E2KO)
HrD—0) DG? ¥ F3 2\ZiBE %K < ¢ &\ HORHS
ﬁﬁﬂf@ﬁ%@kézﬁﬁﬁLnaéﬁ%g?&ao
EP LESIRORIRE ) (X RO R LTS
D6 ThH3, |

HT 2 OB v ~ 1O LB R EH 5718
~H7% @B D TR EEEHIRE CEEER Y
% 3REHR bR, ZNREREAKEBRELEETHOT,

= B 650mmFLA = v — L AL HE T SRR

M 3g AC Mill Motor, M
2,500 HP, 75/100 r.p.m. ™
Fw Fly-wheel, 104 t
K,Rc Krimer Equipment
CA) Krimer System

— P R b

M DC. Mi'l Motor, M

2.500 HP, 75/100 r.p.m. fa
Fw Fly-wheel, 104 t
Rec Rotary Convertor
Ty Tiansformer
(B) DC.Motor. Field
Control System

"‘ﬁ:ﬁ—tﬁ—“ﬂ:
Fu Tu R P

M DC Mill Motor, 2,500/7,000HP,
0—100—200 r.p.m.
Im G. Fw Ilgner Converter
P Pinion i o
Ru. In. Fu. 3 High Roll Mills I G| B
(C) Ilgner System

Various Systems of Electrical Equipment
for Variable Speed Three High Roll 650mm
Structure Mill
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KDPHTH %0 |

(5) HXICHLTAFEEHOEWE Zhb-—DO0H
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Fils GD2 R A Y Lis 250 HiIZR2 DU TH B0
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(2B R O) DRI O fF  2HFR+ — Y-
Ny KTHB0N OB EREEH & MO B E
O R Ao M AR O TESIHOHEL TR E 6 1 %
P by RETEAC AT 2K & TREEEZ B
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REEGEORSEED L CATEH LUK L B
Dby BHEIRO IS N D TEDTH 20 B LB
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(1) Speed of 3 ¢ Induction Motor = LT% ZDFRNED D A H el
Equiped with 104 t Fly-wheel
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(2) Power of 3¢ Induction Motor
Fquiped with 104 t Fly-wheel
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(3) Power of llgner System

Charts Showing Consumed Powers in Various Systems of Three
High Roll 650 mm Structure Mill, Respectively

HSUUMEE 650 mm FLI=FEw — AR T [ Ul
EHOHMA D 6 F CHEFHOBGEBEES 2581 L bh
A v r ~KE MR L OEMMBOLER LIz O
Thzo (1)IX 104t OFEBREH$ 3 LEINEO)
i CEBEHEZ 2,500 HP 107 r.p.m. Z&4n0) GD? (2
3,300,000 kg-m* TH %, (2) RHEDA N TRIE
TR A 4,400 HP ¢ KO T/E 225 [ CEHBEOTFTB)D
AnrF =g 4 02 F - BEEORAASD 1,200 HP
CEIFEIRDNSD—TdH %o MZNIXAIDEE)
BITH 525 FERICHRTI r 7+~ 210407188 E H
OERID R B D DT |
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RAATZE Dy ANHIDPEREE LDt AHDTHb o
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Elongation Degree

Curve Showing Required Energy for Rolling

RO TR 2 ik & B ERESTEE TH %, i
Y& B O BN ¥ EfECERELEL VW IZ LT
by &Rl LTO, Bl H 280 600 D@ & %
THLR 75 % & TORME 0 OFFESN 2y B TR
B & >IBIDETBECZPHEL T & EHEDF
—TRBEDIRE ;LD L) DI 6N D 0K LISGED
DI DTH B0 by ZNEK O TEIEO M AR AL
R TRED O DODUTh s,

o —~ VB EEIEOM DO TR ~
MDD R 7S ALER RSB ODIRRE D O T h s U i 7% 6

KD EEFOHBRIRERX(E Y ) ~~Bh 6 M~
LI NER LKV ITFHETRN T2 2205
¥ATHaH e — vBOGR0OMEERPOTRE 5o
(1) MEVAZEERLVOHEE [HRol kol 4o
J12oty Zh@BAER RS EERfR e AL LT
HWLIXDTh %0 AERSIE e — v KL S NHIERE
EREPEE L DBIRE R LICHI#R TH O T Zhid £ <0
FRROFHZ LD L DT, BECRTH & 9 RLIH
SRR O B b T GBI 1,200 °C RiTEE T H:
L9 1,100°C JHTH B, L & SHDPERS GRS AR
DTSRI 2FRIET B0 AN ARE & [
CHEHFEOTTHREINZ D ERBUNRER LK 0,

v~ v H K 1,000 mm

LS T 100 t/hr

S G T 3t

£ IS S M 450 X 450 mm
I S N~ 116 x 116 mm
o BB 15

& BE 15

=T 25— F H O R TR &
RE DML (time study) # LTHR.& 7o
(A) WEHOFFH—FFEIE INE T 262 R,

=% o8 e — 1 4% EB N M A E N E
Gy %‘rijﬁl%ﬁ iefh | sk | s e L ik S8 80 B 63T T (L SN
o] B B0 ‘ . N nolicss A s PR - g B e T2 X
i I ; > DY) (o IR | D 2 T s |
a)% e 1 8 (@1 OF) I Em|3 2 %ﬁ? g;gg wsz |3 3| DM 2B AN A
WERE A2 | x| B T & ouh| g Mo By ks (w0 gD (Mmoo B o[ | W
(t-m) I(t—m)lqt-m) (mm)| cm?2) mmlmml(%) (mm) |-pm)m/seci(sec)| (m) |{m’| (sec) |(sec)|(sec)| (sec) |t-m|t-m
E |Te L | A|s|n]|d V| o =] 85 | n=33130 # 7Y | Te|Ta
2,000 2,025| 450| 450 |
1| 450 450| 82 | 1.10| 2,200 1,840 460 400/ 11 ] 30|1.24 0.5 0.31/1.89) 1.6 [2.1 | 2.0 4.1 | 82 | 82 |14,000
2| 1425/ 975150 | 1.30| 2,600 1,550 470 330 18 || | 35|1.44/ 0.6 0.43/2.17| 1.5 |2.1 | 2.0 4.1 | 15| 150 47,000
3| 2219 794 88 | 1.50| 3,000 1,350| 345| 390 17 |[{**™® | 40|1.65 0.7| 0.57|2.43| 1.46 |2.16| 2.0 4.16 88 | 88 {16,800
4 | 2999 780, 74 | 1.76| 3,500 1,15¢| 360| 320| 18 1 45|1.86/ 0.8 0.752.77| 1.49 |2.29) 2.5 4.79| 74 | 74 | 13,600
5| 3890 900| 87 | 2.07| 4,140, 975| 375/ 260/ 19 50207 1.0/ 1.043.10( 150 2.50| 2.5 50 | 87 | 87 | 19,000
6 | 5279(1380(102 | 2.66| 5,320, 765/ 380, 200, 23 | 60250 1.2 150382 153 273 3.0 572 102 102 28,500
7| 6149) 870(53.5| 3.10| 6,200, 650, 210| 310/ 19 |) 70|3.10, 1.5 2.30[3.90 1.26 |2.76| 3.0 5.76/59.569.5 13,000
8 | 7199/105061.5| 3.70| 7,400, 530| 220, 250 19 |lss/s5 | 75 330 2.1 350390 1.18 |328 30| 6.2¢61.5 77 | 19,500
9 | 8399(1200| 58 | 4.40| 8,800 460| 230 200 20 I 80 |3.500 2.7| 4.70/4.10| 1.17 |3.87| 2.5 7.37| 58 |77.5/23,000
10 | 9689[1290| 49 | 5.6 11,200 360| 240| 150| 25 |’ 85|3.75 3.0 5.60/5.60| 1.50 [4.50| 3.5 8.0(| 49 |69.5/21,500
11 | 11249(1560] 48 | 7.2|14,400] 28¢| 160 180 25 l 90 | 4.15| 32| 6.60/7.8 | 1.88 |5.08 3.5 8.58! 48 |72.0|26,000
12 | 12449(1200[29.7| 8.80| 17,600 23| 170| 135| 25 |‘s7s/ss5 | 100 |4.60, 3:5| 8.0.(9.6 | 2.10 |5.6¢| 4.0, 9.60|29.7|48.5 13,200
13 | 13709]1260| 26 | 10.50{21,20¢| 190 140 135 20 ] I | 1105.10 3.8 9.7¢ 115 225 |6.05 4.0 10.05/26.0 475 14,000
14 | 149941290[21.5| 13.00/26,000 154| 140 110 18 120 |5.50| 4.2| 11.60| 14.4| 2.60 | 6-80| 4.0| 10.£0|21.5/43.0 12,800
15 | 15839 84012.5| 15.00/30,000| 135/ 116| 116| 17 | 8’*’9”1%89 140 | 6.40| 5.0 16.00)14.0 2.20 ?.ZL-{ 12.5/29.0] 7,200
93.12| 289,100
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Fundamental Speed

Speed (r.p.m.)

Sk

s 3§ & 8 & &

'EREEEREN EN 2 i) 4
Time (sec)

Speed up Curve of Main Motor
B B b RARHBEED AR Ty R UT—HRS
IMEDEEE LT EAT 2L DOTRR V. EILFID 4 2
7 F —ZEEROBEREOMMIE . BEMOEER LH0
EATHO TS 20T BEHO D ) &  3KGE
St BERRER R TR Loy mdiliig  (high speed
excitation) #4747 6 (X 1 #1280 r.p.m. AL
HALBI2FERIITHRHETRD 2 300 AR LITAER
B Loy SRE BFmREECED < (CHRO TR
782 DR ILTs 21575 0o FEATHEEED b DL BB O %
HEOFE A5 &\ HIBEOE S (2 &< K200
HiETHDO T EEBHRO SpEkn & Rk s3GH 2
DN BRI K & 78 REk 2 A L ARG & B —%s
Ww s HOREETH 2

WERCEHE S T A o) BB Z5NIE O s
HEIERD & & D726 DT\ A 2R T 2 W AA A O FE
ZNEE_EFHE R TR SN0 L L1z’ Ffs
TS G ED B EEHI~E 20rpm. LD E 2 A T A
G’ e — BRI JARHFED E 2AHTH S TH
ZHEPINE 0rpm. FIDEZATHZNITHS:

Ca) s ‘
BPIAHEER 90 rpom. Th B, 2zl BLUEEZ
32sec Th2h bIMEDEIE a3

@ =0 =28rpm./sec L%,

Te T & 20 H & L. GD? % Bl EH R

SR L LB OIS GD2=240t-m? ¢ Fh(L
To = GD::':';( = 2403?'::'328 =18tm &% B

(b) FEEIRES)— Z OEM R 2 IFFEmEE ) (&

SEAE K OB T 2, BHHFEBEBCRY 2 T P E &

56 TZhICH T 2FE 0 EHE (R 3,230 kg-m T+
—FRBHOEME T2 2R T 3,750 kg-m ThHar, g b
BB EEEPCEY L3 \HEEHEBEE R 3,750—3,230
=h20kg-m/ton t 7x 3, FPLOEREW 3,000 kg \2#f L
1,560 kg-m OFENEHT 20 ZDRRODMDES L%

14,400 mm™TCdh % » b BEWE S Trix

___EXW __ 520x3,000 .o
Te=—F—="1za0 —0tm L%3Bo

() SEEmEEH—HAHE X 60 r.pm. & ThE,
Zh Dl B2 ERYE LT 32 80 (& EEEHEO SR
FICHKS L U7 6 ¥, B bEIHROBHECHKOT
Hoekrked» RMS. 3k (B CL3%6
&\ RO EE LT L2z L4E LSRRk LA
NS L IREIN T B & 78 B o2 N R A E ) T

EF 5% 6. 90 r.p.m. ?(I'-Ii"'C(i
90

TF-TRX“b‘b*-——“:lS -—72t-m ET8B0 b
LZhLM@@@hbmma« L@
Tr=(Tr+T ) X o =(18+48) x 50~ =99

t-m L7 30

(d) FEEEEH)—REEOFIA d 2R 0\ IEDE)
AL B E T hEHoOEE) Tald 18t-m THOT 90
nmnhﬂﬁ%%ﬁﬂﬁﬁmﬂgIQX*~=%HH&
75 0 JLASEEE 60 r.p.m. DUF TRESEEEH & 0 jsiim
WHESIVI 80tm L2, AR L BN 0
— 1 O BEEICAK D W) H~ T80

(B) Wl & gD E s —R 0 -+ —F H OB
FoAEEEE 90 rpm. & TR SO &A% DTk »°
EHF 2608 L 20ripm. SR THIEWARAAIIL S
N 20 r.pam. \JHEET BIEIE U s EE ORI X

te = —><20 0.712sec. t 73

90
20r.pm. 2° 5 90r.p.m. ([ZFEARIZEAAATIZ VN

HET 3, CORE 6 LT HE

f= o X (90— 20)=249 sec

WEEDE & ’Zil[lﬂ'i ER—Ths I 90 r.pm. H
&> 40 rpm. FTEIGWARAATIE \ THEE S % B[
5 (X
ty= o 2 « (90 40)=1.77 sec
40 r.p.m. D Bﬁi'f:o)ﬁ?ﬁzﬁ ta |2

1= 36‘ %40= 142sec t %3,

MNES 2w — OB CH LB 02BN 40 &

b

é
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DT 2D ETIEA ) o Bl D 2 OB /\&EC A%
FTEESEEMER T LKDIMS B E 820

"4

P ‘ ey
L i 1
& | !
W
2
E “’T; o
a2 7 K
¥ 2
v slle = ]
YO S e . T‘ 4w Equualent Forque _,_+ -
a1 #__-:-quulred rorquel Ll |
Y / z y; v ’ 3
Time (sec)
~Speed and Torque Characteristics in One
Pass of Rolling, Based on Time
U CatBEd 2 o251 —1f Bl o) FL2M0) .45 D (X880 mm

ThHhaHH»EL 90 r.pm. (2R S EIBEEEV (&

V=nxDx S-=314x880% 5 =415m/sec
MR P OHMDE S Sy &

S =mx DX~ xpx o =6,300 mm
HGHEAN] £ CHETAHOES S &

Si=n XDX i _;90) s M= 1 =5,350 mm

RAREE 90 rp.m. (2R 3 “ﬁi@!ﬁ@lui@ﬁﬁ@fx&é
S (2
S, =14,400 - (6,300 +5,350) =2,750 mm
Bt 90 r.p.m. OREFERES 2. (%

= - = ().665 sec

T v T 415
S 2 2R £ (2

ty=t1tiat+ 1322.49+0.665+ 1.77

lo— ——=

=4.925 sec.

EFRICEE I NS 1 285.08sec THaIcH L&
W IED1ORFTWHARE 0T 20 rpm. Tifiidd
DIRE DL LIt b ThH Do Wi UTHH L4
O HEE ) (RS 4THBE LA B S5 TR ) (o )
Z Ak T3k L CGliB DR & 3 U1 & O % &5@@ 5 &t
LzZhxRdtdhE

STr?*x13=283,100 t7% 02 k9 RMSf4
BN DB Terr Z2HMBERDIS K 2o
TW=JEEB£= ﬁﬁ?:mHn

AL ¢t (2—GHBUIRIE 2 TABADL ORFTH 5

Rzl e -2 OB H B Ly UHE SRR
L RIS RN 6 0D b EEEEOESTC RO Mg )

% 65 t-m & LILASHEE® 60 r p.m LA B % 160 r.p.m.

i B JEilH 65tm
o 5400HP

Bk BEAg.. S 180 t-m
5 13,400 HP

AN T S R JEiES) 240 t-m
H 4 16,700 HP

R OFEZUTHE L TR 2. ZRIRBFHDHER
W GERTHOTHOT FERLOREEOT 20
CLELEHD OB IETHD

(2) PBERN&YOEERE 45 ILENC 1 THRO)IRRAEHS -
W BN & 00T L CILS 76 6 K OR L EHB O

B K 9 o

(A) B h—2hRBe — v 8" 8l 5 2

# A [ 52 B A8 o %5 ki R A

= | ' ! l 1 -
o I 2@ t-m i | : | ¢ a0
| \ | .
e ——— \ ] _i' 1 i | " i i G
k) . ; N | | - + i RS = _|'___ 2000
180 Aot-m \ | | 4_ | | o
—g 0 s = || } |l T
= & ! S e L 4\.‘:.\%\..______ o
i—.,;“v | / |__ &—-—._1 | | | | | o &,
= ' ! '. | =
o / i L | | ] ~ | dwaw O
¥ /// E ; \\‘ J | |
& = 7{/_» - -éf_llm _T“' 5 \I
il /| ' ’-."imp — ) I [
.‘vZ ! | |
T ,L |7 J
* PR _:i(?'"m 7. R -

Speed (rpm.

Characte;istic Curves of Main Motor

o Ju W MR A 78 R ) o5 %

—

Analytical Diagram of Rolling Torque



(453 W oA 42 Ju H Fi YA

|||||||

iy U0 650 & TR B RN AR R D 2Pt 3278 6 (F
ETOv —~ 2 \ZET2BAIE 2P, T, 2% Fo b L,
5 18] FoMEHO AT T DI N % S, W AA A AHE R 6
LT IHGE
Fo=2P,= MxSxsim—o & 783,
(B) ZPHEHA—ME5ISTESA L T 2 )F s
EBROGIETE A, (N HMDES h i b L xR U1

LO) EFROBTERNS LK log 5. OMTHQY
Live MUCIRIMEF£%TELIEDTH 2o
Fi=23xA;%x S xlog 101(;)—06

(C) PEEHKHS) (Abrasion) ——Hip*HHE S 2 s
(o — o &R & TR S HRED L AAAAEE 0 0) (P
DI EFB~E B H) B T LT O HHE %55
DTH B B TIRIMDETT & REO BN MEH Lk
CRTRAGE MBI CERN T 2o IS v — L OFGED
FADREE Vi BV, MRS TS 258
FRCH Do IUCHIE v — 2~ DI DFEEEIK I 0D 2
D TH2TEHERE [ (XS IREE O R OB F4:( 2
KOTEL22 0.1 HE04 OICH 3 LtREIEND . &

Fo 2R CHK2EHiN & Tl

& MX S
Ee=Jr ¥ T(TCP" =fr X 0% 3

(D) v —EFERDHEHTT o — VIR B
ﬁ?*ﬁ?ﬁﬁ%%m II:HIE{TZ}-L‘ J ?L:}F{]O),f PDJﬁi{SO)‘l“ n

EUREBREE fo L T
D.

Fg——fn X B'XMXS

fald v €y PO O TR 32 0.09 jiE Th

%o
B=ROBE+—FEOFEAKDOTHIL L THS S -
D =5+ —-FHALBIDOHKL=
D. =11 — LIFERDHFE=660 mm
= v — L O)[H| i == D >< =4.15m/sec
S =HAmHTDPHE =350 kg, cm?
95 I R THIOMWEE 1,130°C 58768 039 L
ZAUAK PR AL 350kg/cm? TH 3
bx H x Ly = illi@Ri D O~ ik
=150 x 240 x 11,200mm
d=F =80mm
C=IEFOEIE %= %x 100=33 9
L,=ifi@ &R OMDE 3 =14,400 mm

83() mm

Strengtt (kg/cm?*)

Tensile

B—OFEr D THEI NIl 48t m Thol,
£'LOMER D B 2 TOMNFEH R L [[{]—

---------------------------------------------------------------------------------------------

& 1 lal Ptk b W %
000, ] .
/1) | S
' |
800 | +
|
700 __ |
1
7| S . § | - 3
so | -
Q0 | |
Jo | e | | S
20 | | § I
. A Cardon Content 039’ ;
. | B Cardon Content 0.52% _
, f
% N I N N N
s00 s00 700 00 300 00 Ly 200 L0 A0

Tempcrature (°C)

Relation Between Tensile Strength and
Temperature of Steel

¢y =30 i85 |11 =5.08 sec
M=$E i = 7 x 88 x ‘;m X 15% 2
=565 cm?

0 =W BA AP HE=24°30"
S ==12°15 _

cosfl=0,91

— FEIEHE4 ) =2P,=MS sin | -
=5H65 %X 350 < 0.212=42,000 kg

100
—FE ML) =2.3AS; log — 5

=2.3 %X 288 % 350 X log 1.5=41,000 kg
. s i S
Fy=PEididici) =/ 160 Pe=Sreq00 0 5
=0.0015 x 33 X 252 x 350=4,900 kg
Bl f[fr=0.3
D"i

Fy= 0 — 0 SEEOHEHS) = fn 2" MS'

= 0 = —g-g-gxaasxg 0=13,300 ke

T =H{BC %)) =F, x _2‘

—49 x 0—88-—18 .

To={it & FEBRC 12 B8 = (Fi4-Fy) x
=(414+4.9) x0.44=20.2 t-m

Ty= v ~ A FHEOMES = Fyx
=13.3X0.44=5.9 t-m

T+ T+ T5=18.54+20.2+5.9=44.6 t-m

&

l'.\.uc

EBZNISOD 6

0



L5

||||||||||||||||||||||||||||||||||||||

B RAT ) 4 v 27+ — 508 s ik 447

JEDMEDIREESHIO 18 53 KD T L 58D T 2 0) &1k
TEGEV o DRGSR PHBALEU D0 TEA O T
HOT WO FEEHERD I S B 2 B0 6 2O
s LB 3D 2 ¥ 5,
(IV) EEEHHE O FH

Wi e — VIO A LTH Y 6 2 -5 3 B
Wy RECRTEOOCILEES D LB~V ), Bl bIH
T s & “Construction ”, “ Commutation”™ K [
“Controlling” TN e CTHzo HARET
(& CMEE T Ak K Al TRUFZA kT
i L

(1) # 8 MEEL> B TR R 60 2
LR CHES NS CTH B o HECHKD = UL
DIIREWT M~ FLDIERE S U Tl U A 2s sty ik
M UK S b o B ILOBHR AL DHEE T i
TRER 6 70 BAENE v — A B4 1 2 F = i &
W L1 2 BHEER . ORI T 61520+ 2 (2
ROV RETRY~-1~tvzaFernya, I§
TRy~ A AL T =~ =5 FRTIE A b oK Y

RETADI N AN A =4 == RE¥—~F4 —2 9 F,

g0y « Alsthom ©, FijQ) « — v — o — &, KB TC

(G HILEZ DD %o BOTEEI~FIA S 1tz H LB
23,600 HP 0) 4 v 2" F — B¥fifildy At THAES- - &
(G@hanyy OB B Z4®kM e > HThHo
tr @SN GO N s — KR TH 2,

(2) % JE AR O N WAL O EEE R Ak
PRz ohh s, SEEEOEERPLITT S hiia
(75 B, EEEIED RN N IRILGE R D THRIBR
SNZLEEDOTHME TR FESHIB R ORER (2 Af
ATSETTSHERC & 200 XER 181 ¥ a7 & v, e
am P (AR B R R i A (75 6 apss St & ds
[l O MBS R (equalizer) (£HYSK 2 7252 & (S 4RI TS:
K TN ETH Do |

LTI OTEME & JR-SEIC B 3 IRTE TR0 4
I AAK BB C R D Bege0) 4 0 2 ) — S ki C
o) RIS % B THI-OThHh B, Wi By g
HThdo

(3) #l @ AR L OREO) R 3
WA < N 0 8 B TLD— DT dh B o JH TG

IO LT e e O T T T TR T LT O

SR BT 1 0 2 — BT I

s | ﬁ7ﬂm§V‘ wipgr | ERTH
(HP) (r.p-m.) E?iv—_j;) &{—'#j&l) | ﬂﬂ(?)m

5400 66/168 1,600 94 17
5,250 £0/140 1,260 66 19.1
5,200 45/90 700 41 17
4,500 50/120 750 | 72 10.4
4,500 50/ 120 460 \ 58 7.9
3,500 |  40/1C0 600 | 56 10.7
iy — B
kW |

1,980 50 550 35.75 15.4
1,460 750 420 22.5 18.65
3,000 | 375 700 44 | 15.9
1,6C0 500 750 45 | 1665
1,825 | 500 460 54 8.5
2,800 375 6C0 | 36 | 16.65

MO SR AR EBZOTLRVEEAL LDTH
% o TR DY LT &~ il LA 78 4 i) & A
THELY COMIBEEMILD DI Hig v ~ 2
B L LTRHEHTDH 20 HlBEEHHORER R T
(B DIEASHELITF) 4 2 2 ) — ZEEROREROIL O
WD H 78 3 BEHKD T 80 r.p.m./sec AL
MO 32902 S S THET R VIR REEDM O T
H Do 58 LHAGHEEE DA RO = TSR RER #diE = 2 T
(EHT A & FIRRBRE R L 2 HREEETH 5o — MUK
2 bR O MBEE R U U i 21085 2854
40 )4 S0 r.pm./sec (T THOT b & 0\ ILOEIE T A
U by HIDTTIE I S OO L3 H I L %0
LAt Uiz B Z2EE 0) GD* % /NZ
THUE 6180 ZERIGTOMIS 5 28 THHOT 20
Fo0 [H- - DT RESL O /N F 2 080 Hh 5, SR L
HIRTEROD EEL 5206 BEN 6 Lis2 5
Oy KERDLOREHET MHE T2/ E T2, 1
LSRG TAEOMESHC L O 0k 0 %A & TH-
g B S B\ E DS R ATECH LER
HEAR MM S ey BP0 S & B8 R
0\ LMK S ZBHCIE B TH D 5o (4 RER 0
FUgR & U CE etz R0 B DN SBROPS4E 750) i
HECJ i‘ﬂill’zf_L_‘J. TEeiEgnl 2 28 k2 L 258 P
&P Do it
ALY PUNCIRAYIREEI Nt & M B ok S UGBS R TR
DFBER P TIGESINTH 2D 4 -V 7=y~



448 R G N H EVAR- - 1 B+ % Ju ok
S—E B ok B % oo & B SR 2 F ek LED ©
1 e 1 OEEREE & )
gl R —HENIBE Ly &
P i T ' MMl Motor A — O IR ERERE S B D
| Bl o ol o Y
[t i Gensmtor rieu D ome S
| &k i C1C2 Contacts mIEO HEHECIT D
‘% ] . M5 D TitUdiC i & )

(B) Booster Sgstomn

CA) Relay System

Examples of High Speed Excitation System

7 A 2 ZIEBE AL 20l h D DIFHO T
SEBTER LTRSS o

(A) WEEZ sk —Epebs 1 » v+ — 3%
B S & ik 3 » BUEER & 0 #t-9% (FiRe(x 200
%) % < PGEE S, IEOME LI EEED -/ Y F
CHE § 28T 20 A R EkY TR E —
K SHEM LA v 2 — PO B LS L~ v F
CHE Y 2 MECEE LB SRR AR (G5 —[El(A))
DB L T2 33 255t 0) A % ik L TR A
2o HMbA—v 7 —va—~74 v LilBR ARICK
DT Ao W27 Y FUHEH T 20 L[ CHHoHR OB~
Nz, QL —ROo2EINIPEHK SN TERIB ) ¥ F
DA U R r BB 2 B8 2 120 O#hi & Mk L
TIRIZBRILT %0

IEEHETERR A RN 4 1 2" ) — BB OB
BERKHOTHESIh IR e Kb KO TEBI 1
2o 0 Uikt SRR AR 24105 b (& #l o /
v F oI ON Ty 1 v F ~BREROBEREL EH§
06 DT alFEG|INVRCL O ZHEFHE L
UHEBD £/ 7 7 ICHE T 2850 E b HiREIE & O M
¥ LTI R 6o

(B) Wt miihmes:—— 2 (R UBl R\ f O
2—FHETHE+—E(BCRTNL Tho,

TG | OIS S 2 p R — R ARG Ly UL
TR & G 5 1237 Al S O \Z D/l )
S5k B i UTE 2 o HEDARE Tl 78548 2 0O IR
2R L L REOFRIC D 5o TS BN T
B 1 ORI REN- L3 DU TH B2 OB
3 (3 FBIROD & Thv < BRERICO) &\ OFEREE DL

Lj‘ 6 (o]

(C)  HChrhlifits
SR ——2 % 1 SEBRT CHYRIRN Lol
76 i TRV IR B 98- e O 2RI 6 R SN T

-1 kAl 7,000/23,600HP. 4 27" — X
3OV B SRR i e RRT R Al

e

unl' :

1. Controlling Circuit

O for slip Regulator
-"12. ,, ,» » Field Rheostats m

3. ,, s » Auxiliary A Mo:or]

danang

700012 Mill Motor
BOrem —70004P

E3

HSCB

vy

OB 0il Circnit Breaker
OCRB(B) 0Oil Circuit Breaker for
Brake
IHHSCB High Speed Circuit Breaker
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Diagram of Total Connections for 7,000/23,600 HP
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in No. 3 Rail and Struture Mill Plant, the Imperial Steel Works
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‘Triangle Theory of Commutation

By Kumeo BaBa, Kogakuhakushi
Hitachi, Works, Hitachi, L.td.

Abstract

The phenomenon of commutation in D.C. machines has already been recognized many

—

years.

But the more the required specification of electrical machinery becomes complicated, the
more there appears causes for interference in commutation.

At the interpole magnetic path, a triangle resembling Portier’s at synchronous machines
is produced by the saturation of iron parts between magnetizing currents (main current of D.C.

machine) and commutating e. m. f.

The largeness of this triangle becomes the foundation for knowing the condition of com-

mutation.

When it is too large, good commutation can not be gained.

The writer who calls it “ The Triangle of Commutation” describes its effect upon
commutation according to the variation of speed, load, and voltage of D.C. machines. And
then he compares it with the result gained by adapting it to the D.C. motor and D.C.
generator of the Ilgner converter for the three high roll structural mill installed in the

Imperial Government Steel Works.

As machines for mills have violent change of load, speed, and voltage, gaining good

commutation is considered quite difficult.

But by adapting the above-mentioned theory we could get good results, so he wishes
to give the outline of the theory and actual result according to the following heads.

(I) Introduction

(I) Complication of required specification.

(III) Disability of cumulative actions between main flux and commutating flux on

their magnetic paths.

(IV) ELffect of main pole field on linear relation between commutating flux and load

current.
(V) 'Triangle of commutation to be suppressed by contact resistance of brushes.
(VI) Some methods considered to suppress the triangle of commutation.

(VID)

[ixperimental results.
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