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Magnitule of Gap and its Position
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High Speed Excitation on Ilgner System for Rolling Mills
By Tosuke Wajima
Hitachi Works, Hitachi, Ltd. :
Abstract
"I'he author, in this paper, intends to emphasize the importance of high speed excitation
in llgner system for a rolling mill, pointing out that it is really necessitated by actual opera-

tion, and is not as fashionable as so-called quick response excitation for synchronous machines
recently propagandized for the purpose of commercial policy under the subject of stability of

transmission lines.

From this point of view, the author proposed a new high speed excitation system which
has been applied to 23,600 HP mill motor equipment with good results.

The excitation system is based on the over-shooting principle as seen in the general return
mechanism of governor, without employing any mechanism at all, but by ingeniously utilizing
the properties of inductance and resistance, therefore the system may be said to be a true

electrical method.

The author explains these matters under the following items ; :

. The reason why high speed excitation is important for the rolling mill of Ilgner system.

2. General idea for practice of high speed excitation.

3. Hitachi high speed excitation system and its theoretical solution with an example
of calculation on 23,600 HP mill motor of Ilgner system.

4. 'T'heoretical investigation on speed change with an example of calculation on the mill

motor.
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motor speed.
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BEEM I QU 50 2 & O BEEEGHESH L2 A5,
PALTBLDTH2, KIEHBOER = 4 » ¥~
CABEIBOZ S L TENMCARLZHZC & 0 K8
M 3 IR LA E s LB A ThH 2. Tinda
THS OB OB 2Bk % 2 DRI = 4 v % — 1]
S T A R LIS 0, B0 208k
(2 80r.p.m. 7% 2 AGAERC TR 82r.pm. R L1,
AABR BT LE DL O TEEE ) v F & O
W2 ) v FIEESIZEID Ui R4 Y v e 25 a(No

# Ju B A A X B R

4
To 2,000 kW

Mercury Rectifier 6,000 kW  Generator

2,000 kW 2,000 kW 2,000 kW

7,000 HP
Induction 23 E,
Motor 8] i
vwérfﬂ M
- ¥
E Q ‘1
S L T
Exciter
To Controller for Generator
2x1?.800 HP
E...From ' Mill Motor
Sub Exciter

F 730 il

To Controller Exciter for Motor

Diagram of Connections for Combined
Test of Mill Motor
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Oscillogram at Combined Test

i1 Ixciter FField Current
Eg Generator Voltage
I Mill Motor Avmature (urrent

2 Mill Motor Speed
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WY HTL 1. I—

b —

AR ICHNT %

iz Genmator Field Current

A THE D HE MBS RV T Ay e T
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COREOMHRRERIFO L0 LR
N3 Thsh LS,

@ Ay 2w 275 2 TN TR
BB\ ERRE DD 3 15 2 (214 7S
> FrOEH Ul RS 6 50
U535 b Hz i o eV = B E L7 2 A1
Thoo RLIOMKECLTELRE
MDA A~ 7 —2 2= LT
EHAEBEOFD RS E 2% RL
T¥ 20 A Y vm 2 5 22 125%
FER ' EAOTUE U T 2 b
R EHFEIME R RSB —[E

OscillogramiShowing Speed and Armature Current of Mill
Motor at Combined Test

B—t696) (JILDOFIRTH 3.

SEEFOGR T2 t=0 & U TE n RETEHER
E, #HH 3 UERKRODINSTH 3
t 0 0.8 1.3 sec
n &2 2.3 0 r.p.m,

E, 1,800 - 1,008.8 —100.8  Volts
n K& E, OMEER 2RI B LXKOML TH 2o
(1) IeRE L
2R3 & =08 X0 =13 sec O T X
b E 78 Uk Z2ECHINCEIER 29 8 TIRASHLEE R 2
EXKDINKS 78 %o
M B n
% Mk E, 1,109.6/0.5=2,219.2V /sec

H2.3/0.5=106.4 r.p.m./sec

(i) st
t=0 & 0 t=13sec FEOFHflix:Kisz & ZOn
{ THs,
g
% M E, 1,900.8/1.3=1,463V /sec
SRS 1,000V /sec OBMEER 743 6D & L THED
AEEER T JASE 5 NUEK DN < 78 % 6

82/1.3=63.1 r.p.m./sec

(4

Ci) X£© 104.6 x 1,000/2219.2 =47.2 r.p.m./sec
(ii) &9 63.1x1,000/1463 = 43.2 ”

Wi O EEEM LD PR A 2\ 238 < ST BRI S~
1000V /sec O)FERE EFZ8 % Lnsadigg (2 44.5 r.pm./sec
-C"(f) % ol'f{[t:-’ﬁgﬁck < = ‘ﬁ'@' ZJ E: iﬂ Z) oa‘ﬁwﬁ}qﬁ”ﬂ%ﬂ f&: Z.) ll&

Yyw s akiots, BALEET
Wil Atz ZOBARONEZE» > ¥ rOThd Lk
RIDHE K 0N O LUE LA LKL’ r.p.m./sec &R
LTREs,
(VI) #% s

PALEWSEHEN A4 v 27 — o v ' = 2 — LR T sl
%D TS 2 AR Z A BT~ LY btz s BT
ARG R ORI T s DY TEREREES L OB
ARAE B it N 2 AU & B AT R & ERROE & BBk,
REDPE SBT3 2 LM UTo FROENTHIR LEE
3 BIPEEAERE C RU 2 Eidi i REH LT B o T
B2 P LT L2 AR 2 2 I IEHE ) & LC
AT DRI R 2 D TH D EV LT L
CThdo HILEMEIMZ TRILEA DM O RO
RO BEECHE Ly ELoMeb LTI e B
LT~ BRI 78 2450k ik ki Ctzo 2@ RIOWTHE
BASE LT EE E BASANI ThBo

SEVZHRE LBE 2 R0 3 K7 2 MO BEH I S
RARERLUIZZZ L ThBo BRICKFEMHCH L 26
FZEBEIT LI 2@ BIEEMOBRERT LD L EA
NS Vim2 BRIEEDE N EEGRE 2 DTRK 3. B
T S R O F - SR EABR RS R IR AR R B A
RIKDBGEDRES ZEF R LI L DTH 2, MARFEERD
PlamAIB LN 2 AL ARBEIR K P A T D%
NCBSRTH B, CFELT I h b ifK S HEH
DEEERT %o (58)
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General Description of a Large Rolling Mill Motor Set

By Kumeo BaBa, Kogakuhakusht
Hitachi Works, Hitachi, Ltd.

Abstract

A general description of a rolling mill motor set of the Ilgner system manufactured for the
Imperial Government Steel Works by Hitach, Ltd. is given here.

The set is not only the largest in our country but also may be one of the largest m
the world. 'I'he complete set has been finished in 150-160 days, that is about 5 months,

with remarkable rapidity and success.

As the load of the total set is very great and, moreover, the speed of the mill motor

variable, the following points were carefully considered ;

1. Safety and reliability in commutation.

2, Rapid and easy control both for reversing direction and for changing speed.
3. Ruggedness in mechanical design and construction.
- 4. Shop test as severe as in actual condition.
Moreover careful consideration was paid to the scheme of transporting the mill motor

on account of its enormous size and weight.

(I ¥ §

i < B EFN AR B H el B e K 0 KRB @ o EBEhHE
BP0 BBl LR &8 otz Bl bt HEBRC & huige
WO HMEMIE D=8 v — v oNT, AR B AT 3k
SURAE\ 3 3 2B 3N L & O\ HEIERE (X InZi %
Ul Ty MRIEZE B KB OB T O < 7% > T
BB

PRAE 2%t LRy 100 tons

IHRAE WTf B b o 300 70F 650 kgs
IBRAC % ik i 30 5% 150 kgs
—HRE 2 J5E  Dtons

BFE NS TP sl $RHERE2 ThH 2 ITh
%o FEAEESEIOATG 7 AR & 23 SIS TR
EXRROFM (AR~ b N LDOFS 75 DR T 2
2D THDOtze 4 » 2+ — 1 (Ligner system) T,
EE BB Wit 7,000 HP Ikl 80 r.pm. C
H 5o

AP 20 F 4 20 TH O~ SO (UM (2 =IL0)
2,000 kW & 5 2 HAbFEHRHEERIZ D 2 2R L T
WD AKIMTH 20 BEME S OLHANTRED L O L B
B (RO 1 BB ERAR R A B BUF O 4R B SRR A

ATH SEI e 6 i, BGHRFE L TELY L
HEHEE IS DX O —THRH LY KOD T A
BB RHER O TR B 3 23 2 B L12o JUsKIL
MOFMRBZOMN LT L EBNCRET 23EBTH
B EBNSL DN DR By 2R e
DB L EEEEI NI RUKELS ~EKIHOET B
FIMEC—HRAADER T EBR LIc b E RIS R
DD LN DY EBE S ¥ 6 hice RO TABYRYE
JCE LABC OSSR FRHAEHCENRS AL O
BEHRIEH T2 LDTH B0 #He2 HF»ESC L
7S D R ) — DO TR DOMHED I 3 (&5 W\ THT
Ehtz, HEEHONO R T H: B 88Kk HIMSFOT
FER O T2 LIFHIIOBRIO R LERABTE DL
EB L ORI G Y BKBAIERSEHC AV F
17 O CliIR B L2l L BASRT DM~ 6 LTl
B MsEO R HE B HHI DT #21C LTHIHLULO
BT 2 RMFEME T H DT o Wi  RAERT 1L
2 BHER R S i B~ DI B THRS E B L
WS EBAMSEBCEIN TE2D LB S HEX
(EAJ + BE{O R ThH O Thif % 2 Z3EHRA LT HAT
RELIDE B RREOEBRE—ATHFE SR O ER
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Structure Mill Plant, The Imperial Government Steel Works

110 ZXF—E 2 HH \HpiE 2
FiTh b0 Z\iES BBEILOERLE O X IERE & <> 63252 6 RS Lico D TIRRRD BEA K 2 i

& 2RV EFCIESCHTIHLUTH 3, WEBROCIDIFO B E B LIt LD TR 3,
(I % & &t = 7,000 HP [3#.5E L THY 5,300 kW Th 5o £50) BT

A n s =K%t TR E KK 5B H0m M RIFSEDIEF (Z LK% D AR —FTE% 0 50 JhZE 55 kWh¥
BELTED2T-DTH 3D LB LEZRETOMATE B33 E RS WMICAEZMEAI R —EHMI HET
BT EECH TR0 Ul 1B LR AR E H Do B (IR T 6 IR OTHEIEE TH 5 25

EEaXB B Ciil# D3O TH O T 1 L BIHAIT
B —E IrTEFBHEER @ﬁufht&?& (If;tm‘:F*Taﬁjmu,’bf\

smrmETeeme e B & —HRRCEG Y —F Uy HTh BT

A i

WEMNOMED 6 LB LA SBRCH A
AENEDERBZKDINS L D TH Do
1—7,000 HP — EHFREHE ¢ » B EH#

TR 2% 900=1,800V
B 2 Mhikic T 0 — 80 r.p.m.
/558 Rgkic T 80 —180 r.p.m.

€ K2 (3,150A #156) 633 t-m

T B AT S (9,500A HIE) 180 t-m
Preliminary Test for Transportation R 7% 5 (13,000A #17% )240t-m
The artificial load consists of concrete blocks and is 63.5 t
in weight. The test is carried out for the purpose of 1—7,000HP 25+ 4 7 » =T B
insuring the safety of the railway of 30 pound
narrow gauge which connects Hitachi = W 3,300V
- Works to the Government Railway
_ x B | 500r.p.m.
BE = A=+ AHBIBRHIR © s BB E BT Y WA 2

3—2,000 kW 500 r.p.m. & %S F 48
EME#4 600V Ep 3x600=1,800V
AL +1,800 V->0——1,800 V TI3¥%X

J—7 3 4%4 ~n
A /& GD?= 480 t-m?

# B )M 500r.pm.-75FE 400r.p.m.
Thso MBCTDIMS ML OIEET 2

One of Double Armatures of 7,000 HP M'ill Motor, 15 Y TS — %
Forwarded on February, 28 th Being
Loaded on Special Trucks KALEA — A

etk
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Diagram Showing Roll Mill Simply Operated by Induction

Motor Equipped with Fly Wheel
A 2 > F(stand) 2 730 UEHE T NE SR HEDOMN S &
SN Bo 0TS L WIS L OWIS &4 1 2 7 — Bk
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Diagram Showing Roll Mill Operated by Ilgner System

o BEARAT DR IE LT\ 2 UTAS 3 FIASE
BAHEEY L LOMHTH %o IS0 FR0H) 7 21
(BN AR TN L AT L % S U TR C IR
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BRAE(Z & ML 0 a2, HOBRILIEE B0
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BRST 5 ERSETH 20 6 HITH—H % 75 LD 8
D TR EB L 5 L85 & Moo BIAL DM
IPNTHRO 4 L2 F — DT UTH TILERE LT
S AL 5 5 BB A KIS 3
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Diagram Showing the Operating Cycle of Reversible Mill

K Point of Rolling in
KR Speed up
RO Speed constant
0 Point of interruption of power supply
IT Poinut of rolling out
K’ Reverse acceleration
K/H# Normal acceleration
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+ 4 2 L (SEEHERERD AT Y4 s vk
B B LI Do HIFILKEY 4 7 v ERE
HEILF O EPX B & ILBIE R § % o Wi i
D S DRREERIL Y 4 2 v BORBEECHE 5 %0 45 /\[
WLl Arrr—REB)e -1 s wﬂiﬂiﬂ?‘fi*ﬁﬁl@i
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Diagram of Connections Showing Indirect Control
Scheme for Mill Motor on Ilgner System

(34 15 % — OWHOMS ¥RF 3 SEAEHELTH
2o Vg IEREHOEFTERLL THDICRICHE T2
S DARBAREEN Ly % B Ly #OTHR o OIT%
FEREO) TRl 75 2 B OSME % TR + 3 .
Vie= Iy s VRETKE
—CyoC sNeVRI+XZ

=CoCy N, sinwt) VRIFXE

=Cy ¢ C; N,z VRZ+(2nf )2L2 sin2x ft---

HHC Nuw RIEEOEBAMECLRABRHETH 2,
ISR E ¥ AT & g |

55 N B DTS T 0 O T A G [m] it b

=~ U
5 V.\C X Vg
°

1R

Diagram of Equivalent Circuit of Reversible
Mill Motor on High Speed Excitation System

Vg Voltage of Generator
Vac Alternating Magnetizing Voltage
R Total Resistance of Field Circuit
Ifg TField Current of Generator
X Field Reactance
Eze AlternatingVoltage of Exciter
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Relations Among Exciter Max. Voltage VAc mx,

Max. Speed Nmx and Operating Period ’I‘(:%)
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Flectrical

Fquipment of the Rolling Mill
By Sadaichi MoORISHIMA
Hitachi Works, Hitachi, Ltd.
Abstract
The electrical equipments of the three high roll structural mill which has been installed

in ‘the Imperial Government Steel Works to produce billets of large sizes at the rate of 100
tons per hour consists mainly of a D.C. motor directly coupled with the rolling mill,

an Ilgner converter,
set, and an air cleaner.

control devices, with other accessories such as an exciter set, a blower

‘The reason why the Ilgner system was adopted was to control the speed of the rolling
mill according to the kinds and sizes of products, and to minimize the effec,t upon the
electrical source in case of a sudden change of load.

The D.C. motor directly couplel with the rolling mill has 240 ton-meters in max.
cut-out torque, and 23,600 HP in maximum capacity.

The Ilgner converter consists of a 7,000 HP three phase induction motor,

three 2,000

kW. D.C. generators, a 70 ton fly wheel, a slip regulator and others.
In this article the writer describes the ratings, merits, characteristics, and construction
of the rotating machines under the following heads.

I. Introduction
II. 23,600 HP D.C. Mill Motor
III. Ilgner Converter

(1) % ¥

WOEH D TR R T 2
BT BRHEHEL 3 ¢
D HBo HANAEIZHTH
(ZHAER A RT HERAGE
| koL L LTS h
B CE Dt 408l A LB
FIZ 1 TR 98 1 3 BRAT
BEEE I BEHEIRO 3 (%
FROIEDORBEE G N W2 D TH 20 A 2524
JINZ R 2 KBUE PR TR BEHIY 6 2 L 4 DT, it
Wi RBID 7 > 7§y TR, > — b ovd n
Fx 100t/ hr OERFCEELALTZLDTH b, Wi
DINIKE2EENEFHTI2HEREHR L& 0H
BIDHE & D TH %o 1D TABRIEHE & ol ¥ 2 BE@his
A7 F ~BHREELTRRKRYL 2 L OT AFMEHDO
NI 2l U0 AR 12 20 A% LSRG
W ERO RS

J)ZJ(J

A URER 7 BV A L $2 DO TH B

IV. Other Accessories
V. Conclusion
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M : 923,600 HP D. C. motor to be coupled to the three high roll
structural mill
G1G2G3 2,000kW D.C. ilgner generators
IM 7,000 P 3 ¢ ilgner induction motor
W Fly wheel GD 2,480 ton-m2
RG DBarring gear set
EX Ixciter set
SR Slip regulator

Arrangements of Rotating Machines of the Rolling
Mill Electrical Equipment

8 [l AUFETE 23,600 HP ) i it o A B ke o 4H B
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View of 23,600 HP Double Armature Type Reversing D.C. Motor
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o= [ M X Y Rk 3 XCEET-R 23,600 HP W 5% b B4

Side View of 23,600 HP ;Double Armature Type
Reversing D.C. Motor
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Stator of 23,600 HP D.C. Mill Motor
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General View of Complete Armature
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Pedestal Bearing
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Characteristic Curves of 23,600 HP D.C. Motor
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