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The Electric Drive for the Cold Rolling Mills

By Osamu Tazuke and Ichiro Nishi
Hitachi Works, Hitachi, Ltd.

Abstract

There are many kinds of equipment necessary in connection with cold rolling :
continuous tandem cold strip mills, reversible cold strip mills, temper mills, shear-
ing, slitting, pickling, electrolytic cleaning, tinning line equipment, etc. And it is
an established practise to use D.C. motors for the drive of these outfits, because
their speeds need to be controlled both finely and automatically to compensate for
proper tension or loop of the strip. As the total driving horsepower requirement
frequently exceeds 10,000 HP, the automatic control by means of a proper amplifier
is usually employed for the driving motors. In the cold strip mills the strip must
be held always on gauge and highly productive, and there tend to occur many
troubles, causes of which are difficult to locate and control in many cases.

The following are the summary of the writers’ experimental research on this
subject as well as the general operation and characteristics of the automatic control
systems which take the vital part in the operation of the cold strip mills.

(1) The strip is always subjected to the back and front tension and the wind-
ing coil is built up during rolling. As the coil is built up the speed of the winding
reel motor must be gradually reduced and the unwinder motor speed increased. If
rolling speed and tension remain constant the tension horse power is also kept con-
stant, so the writers suggest to control automatically the output of the winding reel
motor or the current to be constant by using a rotating amplifier. But as there is
some variation of current, the amplification constant of the rotating amplifiers should
be very high and its time constant should be also very small to prevent unstable
state of automatic tension control system. However, as the effect of tension upon
the gauge of strip proves comparatively small, it is sufficient to control the tension
within 1~5% error.

(2) The no-load loss of the winding reel motor varies according to its speed,
then, if current of the motor is constant the output of the motor will decrease as
its speed goes up, making it necessary to compensate the no-load loss. For such
compensation the writers recommend to increase the generator voltage gradually so

that the motor speed may go up.

G
Ul

> =Yy

z



Ly
g

=
m

B s #F & = & A1k A ¥ £ T Al &5 8 &

(3) As the diameter of the winding coil decreases, the speed of the unwinder
motor will increase, which makes it necessary to give it accelerating torque to keep
constant tension. DBut in case of general cecld strip mills the accelerating power
turns out very small for the tension power, which means the necessity for the com-
pensation of it. However, for the temper mills this power becomes comparable to
its tension power and needs compensation.

(4) When the reel, main roll and unreel motors are accelerated simultaneously
on equal voltage there arise some phase difference between each speed, or accelera-
tion lag, because each moment of inertia is not the same, so the tension tends to
change during acceleration or deceleration. Each generator is to be given an appro-
priate IR compensation against this effect.

(5) It happens to accelerate or decelerate during rolling and the accelerating
torque of the reel wvaries according to the coil diameter, so in such case it is
preferable to adjust the value of forcing according to the coil diameter to have a
proper accelerating torque for the reel. The accelerating torque of the reel is not
a simple function of coil diameter, however, as the deviation of tension has very
small effect on the strip gauge, and in view of the simplification of control, adjust-
ment is either committed to the field current of the reel motor or not effected at
all in some cases.

(6) The tapered tension control, which is easy with the continuous tandem
mills, offers very difficult problem in case of the reversing cold strip mills.

The field control range of the motor for the cold strip mills is generally 3~4.
It is preferable that the driving motors have some margin of capacity according to
their use, and generally should be able to stand 125% overload for 2 hours and 200%
torque. The GD? of the motors for cold strip mills should be as small as possible,
but the smaller GD* increases the difficulty with commutation and wventilation, so
the design and manufacturing should be given serious consideration.

Hitachi, Ltd., with which the writers are engaged, recently completed the 16.5”
—49"Dx42"L. 4 high reversing cold strip mill drives to the order of the Nippon
Teppan Ltd. The rolling speed is 1,350 FPM, strip is 37” wide and 10t coil, and
the motor capacities are 1,600 kW for the mill and 550 kW for the reel. For the
electric drive, the HTD-type rotating amplifier is made best use of in many ways,
namely the automatic tension control for the reel, no-load loss compensation by
means of fields booster voltage, and 7R compensation for acceleration lag. These
controls are proved very effective. In addition, a forcing generator is used for
forcing, whose voltage is precisely proportional to acceleration degree of the mill

and has no time lag. The oscillograms of these characteristics are given on the
following pages for reference.
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Fig.1. Reversing Cold Strip Mills

m007 Ovs Sra i o i
() @ é 6
—— [ ¥ 7 o)
$2K 5 Z v 7 adiGEA N TE R B X
Fig.2. Five Tandem Cold Strip Mills
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Fig.3. Process of the Cold Treatment
A Y g X — AR T O S EER T, DHIETER

DY =~ L AEETHIEIND Z L%\, FARY
9 Z—HHOFELH S0, SO P Y =—DCHIT
AV 9 Z—%FHRT, AV 9 P LEEET 5861055,

&%irﬁELm®%m IR LT, 15 &%
%\&mu,ﬂﬁﬁ BD a4 Nu DD EEL TR

T 5hHR &, ~ﬁ£bf%‘ , el LT
BB A E fIﬁTﬁ&&D,ﬁﬁm&&AE%

ENFCBRD, & O CIREEERIC = 1 V2% E R

L, & 24 VO &2 EFicinde L CGESIHICHR
e 2B O TH A0, BRIEFEOBICIIr — v 7 e y
MR CHRR A R 2, VEEMESETD b eI R LEAS T
X5 X5 T5, FIEEEEAOEN LEZ —EC KD

7oy, EHE— 7R S . e BRSSO TR O
L@f@,ELﬂn—w#ﬂ”ﬂ LTl H DT,

MifflZ2 b Y 3 HaDE\N,

T4 v =vEZEIFREREOSH YA Y ¥ T 55
w,%ﬁ&WHP%wxvfﬁahik,@%%®ﬂ4
RO F CEEIC A Y FT5REH DH D, FITIRE
YAYBERRVWENS, S OHRTIERA Y RO
ok, B L, ST SO Tl 7e 2 A M LlEr
45,

LoSNETHIFIE Ule 2 4 A2 BERT S50 R0 2 03
hhﬁﬁﬂmxwﬂgCtm¢fﬁﬂyﬁﬁ%@¢ﬁbmEi
TDORENSIHERMYNECRTLEBO L 51T/t 5,

I AHEEICKLELESIHNEFIE

v IR PR AR C fe b BT N LB TRl EAERE C

Hinb, HTFoBSKHEREHC OV TERS

(1) SEEEHEKIEOEE

(A) Elvs T EAEEE

EAR@EEZR O X 5T, FEFEOIAAT SR
YOERca 4 By 2 A, EvFu—i, 7F 9 bF
—®HTH, A NAE Y 7 AXFE L RADED LZFITH
B Lot fq)nacme&H&iumw¢t
OiFEFREER CHEEh, =24
- DT L ¥

Vv, v wv—a N
zbwﬁvw%Wquf@ﬂhi%u. LD,

37 s



SRR (N A

Al it 5 8 &

dA4 B EINZ)

Pi il

£ ?D%JU

b

S 7 R

%/,3,5 N AEEAME

%2 4 FINZEE 515 |

BIREINZ N

%ﬂ—w®%biﬂﬁ@y7;%#%wf D, SEA

E@%ﬁ%ﬁkLﬁéhé&H@%hﬁv; FH3Eh,
%%ﬁ@]%ﬁ ﬁﬁ%fiﬁjﬁh—f& %:ISJ”< Jl IZirot

W5, ZEEA ﬁ%‘@%tiﬁbﬁﬁﬁ@h L D EiEPIR)
i, FREFRLETCEE Y 52 5 X S el 5, FLE
BEO MM EMEATTZ T, o X h iEiEsh

-—ﬂ/EE"F XGRS D . MEIRIREL TN TR R

Tiof, {RARHIERANAE X TEET %,
ﬂi’iﬁ,ﬁai 200 fpm/s [EIEIET, 1,600 fpm D FAE
BETIXIEGE ORI 7~8 WEEThL 5,

IR, BRSO 2 4 VEERILREIZELRD, ¥EERR
fI GBS, K24 VEEE L EFERO LA
ADEFTh, = /1’ VELE, $@TE, FLER X UVEIK
FZADEMRMCLDETFES, &,

W=z=2A41EE (t)
b=gil W % (m)
D= ¥ 7 AEE (m)
k=22 X D
EThHE, BV IR TEZBRLS

w
bD,?

It

k:]/'fo_lszl el v s s pemiema 8 b (1)
INERRTHEESHDOL 51 s, &l
BRI D 24 VEED ’Tﬁ:u i U2 2 TP < ABES
& % DT, EIHED E’éﬂ] LLD BIRES, K IEES T &
% AT HERE T, HE% HEmlE L T
%o XD ktaiﬁﬁfﬁi%é;::; b FL b —##121,000~3,000HP
T 3~4 THBHH, GRILLID6< bzt b
Dis
S DELIL AR AT ONTHEL 7 B
&L,
LICHDTRRAE EHICETER

f;li

.‘J \--‘
b, RE

“F- ([(r F J‘_f-‘": % 5 F
/‘r-J.ilr 1 5 +T* D gtk 2 7

G4 X

4 Rl s ) R B EH B K
Fig.4.

Four High Reversing Cold
Strip Mills

= K tF

EOK & B B o #f W OB K OV H
Fig.5. Coil Build-Up Ratio of the Steel Strip
on the Reel

THEFREZEL T4, 18, 12T 1l5% &
Tmf%ZhZLﬂm¢Lm:ﬁ#ﬁww,Hﬂ&nz?mﬁ§
1 RAD 25T OFEREET 5
X5,

PERHIERNY, TAZRE 24X EHD, WFEE
HIZHAWHLNED, FTEENREL AL, &0
SR AN B LOERE 7 ADEIEDTID, 24 MRIER]
2R AN BIBE ORI % o IRIEEICIOMEE, {5
1k, FEE L, EESERE, AR, BN,
ESEIA, B LAE, HETHHEE, ETiERsT, ZFEOE
fEmalls & DB R ), WEERT, Bk, EREA
TERa [T ENXRODFTEFEITE T 5 & L%\,

(B) e Ak

C OFEEECIIEE LB — AT, &REEREC

TRIEOERBEE~HEFEL, AQiazf R o 2 A,

,J z 5_ ':;; =1 ’_)L’;z‘jf

e ) e



YA i

TR REE 2500, FRES RV A X v FRRCER T
27, Z2ROEFHRELRHBEARAFZ VY VDO EALTITH,
IO EIC X D RO IS C—EfEZfT5 4
i%%QDAZXme%@iﬁ§Lﬁﬁb@mf&k
HIZA 2 v FlCEN 52 5 L 5 BEEDHEY S
ﬁﬁlm;/bmamﬂmﬁﬁﬁ }@wcit«m@
TN B L D, IREE AL 35
D) T gR—H DT LS, *tﬁﬁﬁﬁﬁﬁﬁ
D TSI EAEE D% & & KFEVNETH 5.

(2) =T HIfH &R D #

Al AR, BIBROENIN—E T EMEA
AREINE B S EEART—EL b WDOT, ik
HIET HlcoHREC e — L ETaiEEA 17 5 BEDL D
5, BMEAORBEIIEX, BAME LITHLNH, BT
arsd Ay, ZAAHME I TEDH L 5 ICERIER DTG
s, ETHEEs AL LS B D, 3,000 ipm
LIFoREE I eB B HEAR L L, AR, 7
EO3E(EL T HOYEET, Fhll SESEL T
febvAF—FNhRE L, BLAOFELIEE6RKD X 51T
WP S VLR WS . Z OFIEI iR —f A LT
5EEBLITAETES L S el 54 0T, £FE
BRI RO REBEELE L, EAOBEXCHCT S, H
HETOL XL 2 50BEEEICERTL 2 7 v 72 A
i, IEEROBHEAYREGMICIEEST S X 5 HHT 5.

fo B HE TR AR AGT DRI )H@HWJ Wi
A b5y, FEFEETAET f’“FH]L HIAHETT,

DS ST N TFE T )
REIE—FCHES D 30% LI Fi@Eseanb, (EhI
HEL EOIETR I NBZ L2 TH MBI iLig
o IESIFRHIEEE X U TR /RETIETH & 2 0 BHK
FEELZ L, 2ARARVNT VA= INDAR XY FHO
iﬁﬂ@ﬁ%imazéu%mﬁMEﬂf SIS
BoBWmcHEATBRNT 5, FoEEC X YRR, =
A VFEEDNAHWAZED, Uiz o CERUi o BN ZE
Hn 6, G EE DR 2N T s 505, T T —h%
PR 2 BIEE T 5 . IEIERNESER Y, 1/10~1,20 1
F X .5 X 5 e G EER T EC E O R 27T
hEEIC ARSI I EY 52 50T, IEoERRZZEZ T
Dﬁﬁﬁmmfﬂénﬁﬂ,ﬁ?w%ﬂi@%ﬁ@%@
B OEEL, BEER2D LCERT S
O D 728 D ORI HAERE S L)'I“Tfiéilf,fﬂ%xu_ B % U
1_dﬁmumwﬁkiLFFﬂNAMFhEQJEWﬁ%
HBTH AN, EiLhOBEIFEICER REmEZ T & %
LW%ﬁﬁmyL“u,dufﬁ%gh%hﬁ=aﬁwigéﬁﬂﬁ*
Bl el eEkED 30% BECTTA 2385, &
FoR RIS U TR B i 2 gl 3 2 8

i)cf)"n‘- >N A

'Lﬁ’JIIr

oW oW E

B B B X &
1
|
Y
!
q\
i
FOK v o~ Al X E T A E SR
Fig.6. level Control of Screwdown Motors
TN,
(3) FTHFEEEREDE S H

AR ERRIC L, A7 - oERERRE -,
TohbrmEN, 80 % L < 35Dl b LB
AR DT %,

(A) %xbm;%ﬁﬁ®ﬁ@ﬁ%

IE—E e blE, ZEEEEO F L2k 24 AVEERIT
e U, EEXTELLG3 B00 0, K DI DIVTE A 1
T Lo CHET 5. 5,

=@y OHE  (m/s)
F=ginrOiS;  (kg)
E,=5lEEoEE ] (V)
I =3I EEEOEm (A)
=7 I B O IER T ()
w=2H Y L ORI B O AR,
Tieh b & B, BEHOF (W)
V, =% B EREECmTFEE (V)
E3HUX

1,000 -
102 F =V I¥ (1I%,1+w)
W = DU (2)
fov L, REOFFSIIEREE, TORSIIEesEED
Mt Th:5.
ﬁﬁﬂﬁ%ﬁﬂ@ﬁiiﬁﬁﬁfi”?iLiﬁ,
1,000 5
? B R 3

2

(J) .1'\: C Em 'i: (Y J:‘:—-'-lt{ J ’Zj-" ‘;.:._)a F 71)‘_‘%73: E)LL.I
E

- ‘i;i;"-f‘i*o D, Lichi-oCEEHEAZ TS CICEGE

OB R Y —E I THUL L. — ), Z2EPIEEIE
?%Hﬂx;hfi&zﬁw%,iﬁﬁfﬁwmuﬂiﬁﬁﬁﬁ@ﬂgﬁ&-

—r
fJ,

2EE O, P2, HED

1T='J'f;-_ wXRdH5EETH ({7\ Hﬁ_‘) DL H gf-?\ﬁ\

ARY % /3: Jifi.l'z!%ff’i‘%i( gl T‘ Z 109 & 37iuE, &KX

il AR OB
(B — 1) <1,009%

X 7ch, 1,000~2,000HP oo H2EFEC 1 2,000~3,0002%

e T 1 - —
™ J’Eiu_.{lﬁf:"’) o j?) i

Vo e F
k‘——"x:i-. f-:‘.} o

DIk %

[l =R e - gy gPl o

s [ ——



H sz & W@ s B O B s £ & ] 55 8 &
(C) ZANEFEIVNZINWEZFICELLIE 2
B RA BT BT, 2HPOPEREEC D& 5HiA
1 th&gﬁmﬁmﬂ4w&#ﬁ¢# (2R B
BT 506, ZORDIMBEILZNEL S,
g D =% %WpZl0 =2 4 LEA  (m)
§ ?ﬁ] dD =4t PR 5 2 A AEFE (m)
= D=4 FZ7 A0OBEFZ (m)
E2 N:%ﬁﬁﬁﬁﬁ (rpm)
& =R TR L7 2 4 L DA OB M
= % (kg-m?)
. D=4 L& A 7RSO 2 1
(kg-m?)
2 = MIEE T =a4 AEENEDTBI-DICEL A
STHR LHRAESEO LA, s, BEEg b2z (kg-m)
Fig.7. Output, Torque and Speed Character- K, K, K, Ki="% %
istics of the Reel Motor
AU, 4 ECER LR S8 O&EIT
kL5 endb. FEETT, #m%@mmﬂé 1k A=K, T {(D—AD)— DV =K, ED- D..(4)
Z X AR LT O HERERE T BT 50 Th 5 4 2
,%ﬁ%kﬁét%mi%b&fﬁ%i@%vﬁM% N:&g ............................ (5)
PNEETH S, BiFicHlHciiBRORE L +1~29,
GD2=GD2+K;(D*—D1H).covvoiiaoss (6)

BT LD 5% <HbuwDLohh b, EHOEXR
*i@ﬁﬁﬁﬁiﬂ%ﬂﬁ@ytaéﬁﬁm$%i%;;wﬁ%
wHLLTL\,

(B) SEHHBEEFOMARHL

RO HRHREOERD I L AEERHL ORI
DNWTH2 D, @) RITBWTHL w—EbiX, [ #
—EBETHUEF 3 —~E L BN, ZHPAERICHUE
FISHE BT A 720 w 1 T—E T\, —RcE#
PO 7 95 THEE#I83 &, PRI iﬁ%:@:k A3,
FAH R YO BERE ST 5 HZARDHREL,
M HSTERIEIRD & E 12 w OFLIIIESEI O 109 L 1
ChBISEZ &Y, BCERY—EICT 51Tl
EENCTHZENTE I, THERETS-D &
ICE R BRI S U CRBEE L &
&a%@%®Kﬁ%@MLLM%Oﬁ%@ﬁfﬁ¢@u
I B L L CERT 5206, MICToBEZ T
REL B, S 2 ORFIEIC LIE s FRE R O s

?})3‘ Lba

e

r_'l

dV, 352, dV, I PEEHEOEEICEL < kT
WETE RS, TRAREDI BB G, 4V, 1AL

L DEzRE e B, F AR BN O FRem{EE P
BEARD L D KRE WL 5 G, mLﬂfﬁEaﬁ
LTH YV —ABEVEDLZ b5 5, HEERES:
BRECISTIFEL S THZ L) mmuﬁwf
AHIcDITiL 4V, OFEHRKREE I DIT/e b, L
LEGERD X 5 IR DBk X IE3 B L
AN~ DT, HllEA TS tﬁammJVgﬁ%@
PO ST 272 RIIEL TV Z

(4) ~ (6) H b

T -K, -2 g
dt

45 100
(7)) E=hobhxbhkidie, TiIZ2A2EBRCRLE
mfom,Mmmqmmﬂpmgﬁmgi%@i%@@
ks +Cd 0.5% FETH

24Ky (Di—DH}. ... (7)

=4 J_'JPL/E :-t 1{1 L LD&ET

74 B AWLuﬁkaxIJPLTVﬂ—w)Vﬂi%Qﬁl
D 40~50% IZiET5H 205006, ZOE L alE

TAHVENED.

(D) JmdENE L OEEDEND
HMEeE P 7 DEE % — BT S Iedicly, SBEEKH
BRI IECYEE s v v 2 &, B ZIEEE T DI
VBETe b v 7 OFn# S LiciHiuE e bigwv, 2D
7F =y FetroT, EIBIMOINTIEEIC LTS
BitwBmTs k545, L LEEHELEERE
THHEF 25510, [BHEOEC X 50120 EEOEN
MEL XS & LEMEETM#EL Th, 3FHDOHEED

(AR ERD , HEOENNLLBEBERS L, EIHT
(X2 HANEL, BEERNIERE THRUXI T 2 72D

il & D HEE DN cffﬂiﬁ: L& 9 &LT EBENCHD
SR B 5 100 ENhA, L0 T, HEE
M®k5ﬁ$WﬁuTLfH T FRREBEEREDAL
2D 5 L5 HIET 50350 5 5, 4, $8RICTRT
Lﬂr,~}[ﬂéi,iﬁy;£+i*ﬁm:%@ﬂ:ﬁﬁL,
BEEY T ET L5654 225,

q

Tv

'||

SR J—



& WM ow E

(V)
(V/s)

{\' _Trj lIz’.:;h_—’ {“':F-T
FERME L O LA
r=kMmEgoEE  (Q)

E
E

H

T =@EkEo rrr  (kg-m)
¢ =TRAEL DL
“.=BEIEOREINEL  (s)

BIF o= o E I BT A T L D
T, = IEHRMERR O LRl (s)

< e <
>
0 <

-«
S

!
|
-

e - nt

FR:

B 35 -t e BB
| i‘ﬂ{'p,.ir.r_ {C.%h’

% 1

EEEAE 0 OM: EiEE

o 8 [X]

Fig.8. Skeletcn Diagram ol Speed Ccntrol by
the Ward Leonard System

7 — ¥ v > —

é.z"_ /Vo
:__‘._'.
.|
I.ii x
A
|
P
]
- T s
- 03 I
Ey . EHuFEROFEELAED Tm: IS J“‘ﬁv}‘c_j*ﬂhf ERL
N: IF[. aLHL,.fI{‘ R .fI_*'Hf’ T » -{—-[:Jliﬂfik?:ﬁx' BmED I lr[;]-}:‘:r.-li]
2

[
Ir: INEGEHRIC & AxBEEO N SIS T
EOXK EH m | # B o m o #H i h
Fig.9. Acceleration Lag of the D.C. Motor

Ey: HEHERERRE f.:@in;if B
N: & s i U\
Fiofl % @ =
510 (9 Wik o BIN I BB D s
L A R i
Fig.10. Speed of Windin> Reel Motor !

and Strip Tension During Accele-
ration or Deceleration

E!}‘ = E!’Jt
dN GD?

T = = —= ol
dt 357 1
_E,—kygN
T
GD?r
T o= e e e Tt el Rl s S
" 375k ke (8)
1>
dN | 375k kyp* 3’75k b
2 E
dt T GD?r g GDr ol
%, bRA R
t.
N=. 2(_5{15 — B % T (9)

tleh, Thbo NI E, R LEIKOX ST 7,
FPENRS, Lichy > CEiEED GD? I X O FERE D
ARSI R E W IR G B ORI T Ao L < 7
5. %1288 9 BOFEEIEN B,

EIr Gy

(10) XD A ZAIHGERILE s, AL & N & off
T, (LRI EE S RBIEEE X D B A, 37eb b
RO N MZEZ IR HEAE BB D <, 2SR AT EIEE
D 7w EV/NZE ZILZDORFHEDT D, BIOEO X 5
10 B A HEEED O ET S A5, INEEE
ﬁﬁﬁﬁﬁ%Pw?t@ﬁbb»?&ﬂMﬁibﬂyﬁwwa%
Bk, IEHNEIUEZRCHEGIEE R ZESTY — b
W T & B AR R SRR G ERE U, SRS HEiES
Mmﬁﬁﬁ%ﬁumﬂwﬁ&%ﬂmﬁmiém%,ﬁﬁ
KIEERNC I LT B0 ThR A, RO #FHIRES
(= XD AR i*"J)ija’U})be\La FIEEINTWD

¥ r |'|

(i

£ N F

i) £ B & 0 & B3

By R ¢ - BB ¢

i) & K B R



1]
[
Tl

T B AN OK

}:i'T ilof- /f ds
1) 5 ==

gl

A5 8 &

b, %T@E@@i#*f¢<&%0:@ﬁ%m6%
fﬁfﬂjiﬁﬁiﬁww WEEMHEE L, 1EER
IS DBEEE RS
IR #H{E 72T\, T PfL@JJf"H EEEH:@[WF wiEE e

HEOTHET AT EHREF L,

HEAERE, SIS, HEAEIEHO 3 B0FEREEAL
BISEGRE Ay C—FHIC LT 1568, £EEDHENES
SElC LR R CHENE T 50T, BEWL ) »F
BEECOWTHHEE L EENNRETE S,

(E) 73—y v 7 2ot

R 1T 5 BREEEE T, LRI 3E
T LBEIDIE N [EEEERO I (BT EB IR R
S5 5HHTAC L NUETHY, che7t—v
VI EMLTWAED, ZOENSER T L EFRES
ESINRSIDEEN L 12 505, INEEE R E BT
LU ENTEF Ly,

BB TIETE O EIRENE, 224 AiEE
PEMETH H), 2EEROBRHTRALHDOERER &
DGR, MEZT &b b, 244D GD? |
BERDICLIZACETY, BEERCEIARD L & LI
BED, TOEEXMETT50T, MEEERILz AL
EECISLEETS. 4,

HP=EEeEmilis HP)
L.=m #H B W (A)
TV=END L ZOEIMEEK 2 (kg-m)

T,.=/m# b2 (kg-m)
K;=% % (rpmxm)
& T UL,
T _GD*xN
‘e 376z,
nﬂ:;i;§f>d@7
N:E}
B e (10) b
doe T4,
I, Ty
. K2V, GHh_KDL“KDO
375X T2THP-7(- V, D S
............ (12)
DRERZE G S AT ODWTEIE L~ R L BNED
X f:t:f‘;:zjf;: f-é*f$f)fg 7 F — v FOETEZECITI A A
BIXO2AAVERECIEL, HOX 582 50 L5
73, ﬁgjﬂﬁpﬁiﬁiifiﬁi’k%”ﬂ¥iﬁﬁﬁﬁjJ DG, TR

]
IEL <FIETHZ xSk LEEIGE L < HEA
2 - DR RN u:ﬁttﬁ,

-7 r o
fJ: G)j'\[—-l J".;_,_);‘(')IJ] VJ)SZF-OTJ& {

c & ZAXFNBETNC L D T 5 0,

N Tt ffa T s A e S s -
V) =X ﬁi:’:i’l:l-:'ﬂlljﬁiv) :;C kf]: i) . é'_ :L; Fo'®) )

-

——

=

P
T

T

e
a

5 .iLiﬁtt

LZXT Y AN01E?

FEDT

E

0 V% 20 /A 50 7
JMINBERE n

Fig.11. Acceleratmg Current of the-_ Winding
Reel Motor

H)Eﬁﬁﬁc&aﬁﬁmﬁﬁm
Lﬂﬁﬁﬁuiﬁ\kéﬁm#%5®ﬁ,mﬁﬁ$mﬁ
HHFFEN 2% { MWTEAORE AR, Tihbb
R NHEYTTS &b b, L LEEHNOEZDE
LT ER Do C, EEEESHEEC X ) B
DEALZFIET DX EEBRTIEFITRE 7 b v 2 244
B3 5LDT, FMELERE G i,
AR T, SAZ Y FOBEBE MV 7133 L A EELE
ML ZITIERENTWSOT, ERESHEY BB h
ITH5ZLHTE, —REAHVBRS,

Il SREEZE#AE RES B

(1) SAREHEC LI EESEEY

FAEEE B EIFE ClIIERE = — VI X DPSE S b 73,
2 — )L OHIEB IO v — )L EEORTHZ E 23S L FH
TREZ LD ENEE LY, BEZOEXZEETS
HDOLDTEASHWDLDLE D

&Lﬁiﬁﬁ%ﬂh

AHhs, N
=PRI TR, ERO I,
VICEDEEDLD, ZOHARRILELIREVEEIR
B HEAOERTEERHCTH S 2 218w, b
HAERE AR IR & kR 18% BEORMGZ &
DN 3~4 BETHLM, BEITLD 6
b b, BIPUHEER VDR TWAE

(2) .%51‘. E! :F‘E *{%{1)

7o JHHC
< HWLWDE O
ZEEA R T,
IFAEEE B ENEClE, A Y Y 2 — A B3RDTIE
3 LISk O AN BRFE: & DIXETORE, HEED
ITJ::‘LG—) r’) 2 H::-U)i—ﬁ— 50/0 ”]LI:LJ}JJ‘\|11 (_.V:)tj ZD
LMEBSHEEEETIL, Ak, &L, By

(Z X Ao E A REGIEZ T 2 87 BT,



~ TE ot = s 25
(5 iE-TJ S 13 =8 Pl
Falt
Lr
- L X ]
L]
- o @
r_ 4 o0geo0y 999 @
% 12 [ i
- i @s ee @ @

AT A EEED o RRHEmE S ;

Fig.12. ]
Field Control Range of the

L i == = —=fl A-H=
4% B =
%J{. 1'1 [__tl—i «-"<IH o I"lu
L ] L J -
L ]
L ]
L] [ ] L3

Reel Motor

200

ey =

I (3) T &
I,ﬁﬁ??!tﬁifxi'l,a"f{Jf[
K Motz T EREEIRE I HRN D flT\J_L_J
ETH D 2N AT

e ._. T 'r‘_.,. » -, _‘_’ 'l _)\,

SER ’)\ Ji 70 T O
ﬂfiﬂﬁﬁ)ﬁﬁzﬂf
=K

&z I

-.-'—‘r{

Sl |:T1

) j’; (&
12T/ NE
P ) A o B Y 2, —B 0 i - W SR gy b2
/14 J; ’ \._.Au'n—m-a,l‘:{l_ﬂé: 1L,"(L”félu L ?Il_.li_ L/ *,TJE}\UL— ?ICC f;;»cl_.)\ CL )
R = I 2 A LIl R R

EEREZDD, BRAMELEEE DS A, 232D

RMS B —RICEBEE L D /NI WOT, e

NG

HE
[E3 H5F Lo\,

Wﬂﬁ;@#Hifjjhﬁﬂ;?ﬁ?2FJ
35,

(3) REHHERLEL GD? ¢ B8 FDGE)

Al EAERE T, 8D ORI DRBRENEL e b
MBI A2 L, FREEEENREL L0 5
JNEGE b v 27 333 EEEIEE SR 0T, IEEDRER
(ZEELNBEOEBROFI &N E L Ind, —T, 74—
T LSRR T 5 Z L IEH

==
Hly

2009 w7 &

VI DERLLWPD

"f_"!"

s {x.‘d{'__) ) '}F %:Eﬂiﬁ%ﬂ: }"7- == i/ {E:@‘;J]Lis;nl LL L‘“ _ :
}Jﬂﬁfuj’_t HREA 77 —ORELSLTVOT, HEH %

cL < 1—; ":J f_f-‘!}liu-t kj.”{“j(‘lﬁ tTrJ:r ffj t(’ -juéi’\/‘lf{f:“jé) ’Z) o
A PSR 2 & BEIEE D G EM: D 5 b o e 58|
'ﬁﬂiﬁﬁﬁi&?ﬁ, BRI A Gl o R E L LD
, JHBGEREEIZTE < $ 5 7= BREEED GD? 7Kg
o M HEAEERIC D\ T L AT

141 H O\ - —fa e
SEEEOE S X hkZ s, 5,

Tip

f

— GD*N' (13)
.- Ty, -~ s s e N e s Ew * e s e s oy
375X 72THP - =,
f]_. .r'j.-_';: /7:.‘ “J‘R!}-_E: ‘T ;J| 'Ig_. : i " ;.I— i'J ;i-jb-) -fi{_ .,,: ].iJ |l/l:“l 3 ’J SRR “-.erp

|'T i .:L!I. 1 f s 4 Y i ‘I -,— 2 I[I  — -J'll -
T'f'--[j J[.nh,-_:'n_';tl I“rk r ]j,{ J” r L 1 A~ I_l s O NS Ny HiFV-— HI»'.L'..' =54 _“'.j
f i dkr 3 =t — 3. 3 11 -*i ? _.'_E__i. = =<1, S H ;_-'._}_. Ve

iw‘ P el gl ﬁl,{‘ ,f“f,']'w‘: ‘v M Bu J\, .+::.J"_|_I"I_|' = JIS N3 {
N ! 1. = nr - e Y % . r ]
i LD -~ -:,,_/\.. e LALTR) il Ve e A M i :/ 2 i I_, \__F: 3 ) Vo

T 3 == = ¥ e = i F-
] - ERFa0 ) - T \ 4 f - ™A = — ]

1_li.--l-,l'h/-wl ’:- o ETLJII-JIL' L E % .I_/J (B = r"’l_ : L I 2 [‘"-)“t_l""" ‘/? ‘/'

= 5t T - BHE f===_1 —r B . 5 a8, - VIE,
n o R { | el - | . | La s
S OBENCRPIRY @YD, B/& POXE W & Sl a8 5
—e=_ 1 o ! I P o \ 1 — ! - % r
H=3 . : 3 4k . - 7 r i ; 2
[-—:'-_{J‘f‘.l iJ })'J' ) R .;’ ’ ".":',"' i Ve I‘} Ly ‘? i_ ‘:_-_) e s ;j [-vq 3 "':__.I_' F i, ) ] (JI)
4 |'!"."-1' \"_'TI.'“ :'- 0 T X ) A =] £ 'TL

AP S Y Q) el Ve A X)) /\_1_.-| LA YD) 5

400

0 807 100 7200 oy

A,

T REABREEENE N HP

BB P OEIE B JE o W R 4
1,600 kW, 4750V, +150~330 rpm

D.C. Motor for the Reversing Cold

Strip Mill

1,600kW, +750V, 4-150~330rpm
Drr? );EA{’YIV -:E‘;#L' Lu IC HFJ’-/? [-ﬂ -1\3 _J’. P’ F:)

J_._H:J'E’j b7 —/<‘J L I)rz-gLn +‘ T H‘ «’1— 7‘5\ 7J ;J‘ !’):

GD?EEPT@L&@mlhi%iﬁﬂ@ﬂ 953 %

7RG W'ﬁﬁﬂi%ﬁﬁﬁii?ﬁﬁﬁhiﬁﬂ;&k~?Hﬁi&

“hﬁéx%—fﬂf7%haa%@hméy

> NG
i—-.]
r\.
&

\/\ |

5, [EEOEGRIL
L, 5KE < Ieh L BHEFEAED ,IBE AN 3 H#HIE
L,=1A4D. 585, PEREFE: EhCwah, L

C GD? 'i}htﬁﬁﬂft**

. L 2o+ JUVERHES T T
oy & = VAL I{:r:,'v;__! LA')’Z)

»

> I T BDT,

= Tt . ® r! 1 1 ;‘ f :{'_ i -"‘:.:.-.'-ll": ' = ‘ .d_“'-p-i-“‘\:::‘:

TUANHIN Y B A, sl D et AR R i,
o 1 2 e ? - i e S P o

,;-‘r-&_»l.ul:f }’ ."t',"jﬂ;![lL'

J h = I e a2

[ I lt' ’.:-:-j,g:g—j'-_ L GD? 1 40~

VTR 110 % , 3 J1 ]L._~_ 1 il e '|".. k. i ® 25,05‘ ’

D3 :’/’_').-"]E"\j

125% & /04, 813EIz 1,600 kW, +750V, +150~330
- = 5 By —= O [ R TS e P T S T e e T

rpm, HETFAmMGhEE A EIEERE, 14
2 (REZH8) 1 550 kW -inux’,-+150~4ﬁH)ran %z

}-r_r-qr'Bf' ( FrTp F'
Bz b N



H i W i)

FEL

&5 14 [

B 3 v [ P G A A B T T AR A
550 kW, 750V, +150~600 rpm,
T s -

57l
Fig. 14.
D.C. Winding Reel Motor for the
Reversing Cold Strip Mill
550 kW, +750V, +150~600 rpm,
Double Armature Type

"xi\.
71

|

‘EE{Z,}—F[['_{ i{: J i‘i / L[:Hm fi“i}f’ﬁj‘}'ﬂl{/ﬁiﬁ{ig [’.‘:7’: 5
HIcHITIL, 1EFEE T, 7 v_TEE w2 VEE,

‘5’[1

R E B O ET s YOS, BETAY, w7
AUV Don—, T F ://[/j H, 77 /ffr» :-;'0-) i?j‘ji'ii:f’f: 1_1:5
t_:i-i'*i:-'[ﬁ[ DIEREZI 513D, j&fl’iﬂ_f Ty =4 IRTE, =T
ﬁ%“ﬁiit,v—?ﬂ/? TAERSE & BT 5
EBbPrRIlBE LTI BIWw., E1BE LR
FULFFEAEREREE (11 40°C ZHE L 3505, GD? [Tk
CE LS E 5 B as RMS HP D ReRgay /[ S &

RS REE© x 50°C » L TESRIC B ks < O
XCh D

(4) = & i o 8

SRR ABEREII AR b v 2% 51, 1B H
FEAEBE FIRBI L < (X7 W ANMEEE L s N DT, TOREEL
TR AN B D, —HRICEAR BN LS
HTHD, FROEREE IJ“”"i%iJJJ‘i‘ = O fE R R

XL T LB 5HIRERLS T IOV END Z

75;? 71'415&#'{'/5 AY / -\{)?]6@&—) c]: ﬁ '}: U 7 ’ZE}%E }h oy JH:';.JI[\(
iiﬁ%ﬁétﬁdﬁw&mgmf;Lﬂwﬁu;n@ﬁcw_cpz
DD BEAZEDO BN BT ORI RT L 5 /e

=
C"\-

ﬁﬂﬁ%ﬁﬁéz&%%%a&hu
WirERc LC2GD? %

Ao &G

Rk I E R SR

s
J\‘L: ““‘/]’ o’ 4 I‘

—

& TER i{iéiéf’)“’r:b RN ERE R
“T (E0>, lﬂ e FH O C?*}’{Mﬁ = IEREDEIFIC S KRS
]_E "L. ,

ﬂﬁ*m—’ I EI17B] (a) O L 51T 2 FHICT 54
Kk, (D)DL 53 ERHT CREBTFCEANY Loy

B ok 4E - ) Ht 25 8 &

# 15 ¥
Hﬁff’.t ) PH]
CAi e
600 rpm,

Fig.15. |
Armature of D.C. ndng Reel
Moter for the Revers nz Cold Strip
Mill 550 kW, 4750 V, -+15G~600

rpm, Double Armature Type

g

Ry

AR EEESERD
550 kW, +750V, 4150~
PLEE #%1-17Y

TITT*"

] ‘."l -E

Fig. 16.

Constructicon of the Armature of the

...

Wwindinz Reel Motors for the

Cold Strip Mill

UKL DD, IR R LARCR Y,
- X7 AN R B oy SR {tE iR - = B
PYERT T'j:.-fff_: T\ B LD [I/{I '*—I FOO ] ['H i){,ﬂiﬂk“}é‘“ﬁj 1; &
-z
D o
e =10 3= i S5 o =ity ol o = . - e B R e T i EES S
TﬁEq%;l‘;{-{JFHB};!E'JHJL-‘EJ}J‘, E]_EIL%;FEFF‘JEH Cl¥, Bl ?
=< T Z = HFHE 7 - 26 e 4=
(S ) 20 C L.—fJ'lHJ,H-—[HjJ— /n) )? - ﬂ"_)b'{‘ﬂjhﬂj;ﬁ@ D?‘Ei}_‘::tﬁ".%
L, LR EAZR—& LTEEEYIEL T

BRGSO :'?ﬁ’f: OHEIND L DT, j*.JLe;-*—zgff
ZHE "::m 1B H Ao AL S, FIsEIL
FEAE R S0 = 8 f;";jf“-’ﬁh St e D—BlZRT b DT
Z 0B ErEHEREMER L L, SRR A
X EFRBE SR D 2R L

T



1/1 :‘[_:r it i —[ e : 2 a
Zo = - E Ak
I
| ey
1
i |
i = =1 ]‘“’“’“‘““
= ‘ | -_I,_
| |
:_1 b 1 {

7-}5';”{“(3 Z’}{ﬂ{ffjrfzi’“g ;‘r—y r‘.:.']

@ T R T o ER R B W I

F10 [ AE
Fic.17. Showinz the Construction of the Double

Armzture Type D.C. Motors

2 500 kW, 3,300V, 60~, 12p, 600rp

""1

Fig. 18.
Strip Mill
1,800 kW, +750V, 600 rpm,
600 KW, 750V,
2.500 kW, 3,300V, 60~,
Syn-hrcnous Motor

9[)

AR F R TR

Bk X 5T, BN EEETILE O TR
BALETH B, B/NEDLOERNT, LA
Vil A OEFE L 7oy — N v A 9 — FIC X 2 HEEIE
;T*i_\:-'}‘]hi *);j;'Lr?L

Hi%@ﬁ@ﬁﬁ

v TR L P & P o (% ‘] == iy Sty | ) = S S o 3
EI9E (a) DX ) f-L-:E-{;J.i'?iﬂ--“.ﬂ;lj;JJIE\J"!lJ' BB, PN

O3 W M OE G fﬁ*’ HE B E iR

& 18 [
1,800 kW, +750V, 600 rpm, & 585 1%
600 kW, +750V, 600 rpm, [ 7% T kS

m, =4 [5] B 55 3 148

Motor Generator Set for the Reversing Cold

D.C. Generator
600 rpm, D.C. (;eneratgr 4 o gsm
600 rpm, 3-¢

By M ]
| ! '
/J | I lr
= i — e, /_,_J,_,\ e g,
! Y / y \ ™
L 5 o ( -;- 14 ) { M) k= 4 ?) [ .
ok =, 4 N S l"&\.‘_:;! \‘-4--/ \\-.: _.-J\
T [ | 1 ]
|
L IS — _ . ,I, —— S (LI I e
(@ RBEBRT R
—_————— o A A
| | | f
! |
| P T, = — ”L\
= ”
| OO OER O, \
L \\"-—.—o-’ \:___,- b~ e \"-—- i
| |
i |
/ 2 -
Ay & ¢ |
i e i |
T | |
| | L |
| = . =3 o -
| | [ af [y *_-\\. /,l_"\\ &
| \ ¥ J \ A5 k:-,'.-f ( ¥ | ,f':’.#r.r }
i M \\___,_./ ___.-'/ \\___,’ e _I—;
| | | ?
| i . ne | b
| 1] 51-' |+ iié fol 4o 1|.T.-_:| B :"':_l-' = :_’_

A« o HaEEirh b
M: WrEEhEs:

(REL . EERELRT

R FEIE T T
{’J?/:%ff.{{]-ﬁ 2 v v : !T—_—_ é:’_"i {;I: ,.':,: ; -_- "‘;‘

B O 5 R
Fig.19. System of Generators

#1906 7

i£ﬁﬂ%ﬁﬂﬁﬁﬁﬁ,é%ﬁﬁﬁu
5E (c) ®X 5 I EFEELE N
Lkﬁumr%¢ TINY o O b A= £ )
DAL, BRI TR
B AR U CEEHEE Y T 5104
ﬁﬁiu, SWEEBDIRE S Ted. Tt
BAFEEL KBEREYVEETHND, &
mﬁﬁﬁﬂkbfmﬁﬁﬁ%kww&ﬂ
NI TAREEMEREEE L IT
G TChD, B RACEIEEAISEEKT
TR HIEOEDY 20% D RiTicd &
HICERITS %

7% 1,310 fpm,

o ::{\-L["- {I 7
13‘" l-lv:.f,\ 1 /Q-.

11 ,\‘CD'/JJ TR
08 L
_49"D % 42"L, FfrilfErho AR
105 _31"Dx307L 4 Tl
3TN T ] HREET

B
o T

16.57
1,660~2,520 fpm,
WSHEI2 v ER— T g ¥ U3 25 (52
Bt = | i e e
|J|l+"r' ‘Jf]’rl

SRR TR RB OB AT IUSEEOE

/’, -\.lf R e l_, o ;-::-_} e };r-' = Ll _.[\____.y.— 1 _]I__ ,v_-:f ".':_‘:_j_: ‘_}I;Jf;::r

AL B TR oila ) (7 B TR R /) 2N SR JEERAK J:{—

3 £ i e 2 s /. -|_ o '—I"-\.—
< ‘ - ) i

‘Hig
RO R & ﬁi—‘:'C X (a) (IREZME) O




H ar

I.'.IL;,L
-~
ELUI.

i A7) B s B T

o
2
1
N
/

Qi

Al 55 8 &

) A BB A ) ARG T —
Aﬁ&(MQJ““i@W- %%%%@Aﬁpéﬂﬂ
L, =R FEEEERT, AEECER L et
ciba@#ﬁ#gﬁﬂa&aom%m@@ﬁwﬁ%%

DFENRENTHY, ELFEREMEEY L T5C
IREETH S0, BECIIERARERETOMELE
AEFEFHISEEEL VEND - - OfEaF75 o L h
WIET B B3, HHEHAFEE IO A LB T

—FA T

S AV AV Y
AAN

>
£ -

5
5
©-

b

() @ ™
.@ ;E

VAAA

G: HirxES PG: 5B
M: BEHBEE B L: EHEFEERT
Ezi [ 4’3“ h B R: AEEEBR2RT
H: [HE s HTD FEErM: E K Shrd

F20K W AMEZEEEEFELF R
Fig. 20. System of Voitage Adjustment for
Reversing Cold Strip Miil

A "fr rT{"T “"“i %,[/

HZibD, ThTh—E—4

b EEIEIEC X 5 OB B EHH 2 7

. "‘l.zd- —r
fﬁ-"&?)ﬁﬂ l ‘I

) o
AT Y o =T X D AR O IR L TR R AR S

EOFEHEIC I V17525, DB ELL) UBDFFE
T ERAET AR L, AEERESAF5 5
Ak 2HEDL D, BIELTERRECINNES 5 7o AR
EEIEE b v 2 2INESE I S A, LN FELEEE O A
Fro3A L L INBERESTET, oo A chH
LT E BICHESY B35 L X% LT
, HHEARIBE LD, BT

%m%@ﬂ®Lmﬁxﬁﬂrﬂ%T itﬂﬁEﬁ
BT HA EE®TEL‘)“KEﬁﬂ¢ﬁEﬁEﬁ%%Q< B
PTE, BERBEOMRENHETLLHIZ, ﬂ@@%
T NERHET T % . Te B O ER OISR BRI Y
ZREMER LTS %,

(B) HEZE

A EAERECLE, EERECI D, O UHNEX
htﬁ%mébtk%a@%mmﬁ%%TLf%ﬁﬁ%
%ﬁﬁlﬁ%ﬁﬁ%%ﬁﬁ%%@? Z DO HEID Tz 3k
e E o TEFIMME AR CIX L FEE)
PO % & 6/5 Léﬁﬁz{_ﬁiuﬁ%u ) R =
TIEERARIEO RHEERN S 52 CHERE LE
ZELT & ¥ F O D@Miﬁﬁf%@a%b L
T Wb B AEREZ TS o CEIE ks
DitEZZFHLTEIE: b %#Ubﬂﬁbuﬁ%ﬁk%
7Y SO THIRL, WENELL ol d ¥, HThe
mudﬂjﬁf -f-%-JJ:“'}‘%”}jﬁ;“’GébZ’afﬁ FTEEed FH 217 5
ifp” IR LR EIR IR 2 A FV B . Ie B A RS
>R R OD%;J B IO
TA = VU T ENEDL ) HIEEEORE YT L EER
RIRET L b L_,Lv—\@"[lf:"l)rﬂﬁ ZaEE T "fgi‘fff’*‘"i“m

I3, ﬂ_ )’J TJIF:L[’E.I—’{_E""'.’ o L

220V ”
G: HRB
M: HGBIE
E: [Fh W% B
B: AMSES
CM: #H{pEBEE
CG: #eBEE TSR
= 21 [
AT a0 4 T TR IE B8 AT Bg
Ta e X
Fig. 21.
Skeleton Diagram of
Cold

the Reversing

Strip Mill



- INAE AU R AR
AT S, HEFREZD ft FEEERER, ¥ — DI
G, IR RE B EIUEIEN LT 5
ﬁﬂ]%ﬁi‘%"ﬁ%?ﬁ&iﬁ I D g =S D, Tich J;J;_-:f,.%ﬁ 2
ROERE, BB & OB AR =B B A

;ﬁ‘—é‘ i’) %) a

SEE e Uic H ARSI Al AR 3 o, 3k
#HEEBEBRIFE LT HL 3ERKOOY),
Jie Uik HTD fllfHio> B BhE Rtk
L, #7388 LRl HLIEEEE T

B AR R
sl OIS A
FA43L#Er 1 HTD

_'F’J‘ : s -

"[\r?’v [}Ib'l‘— |::L

W22 BB OfE ML
Fig.22. Controlling Desk Board

X D HBEWICE R Y 727, 3521EEh1%%G>5§@kH%

BEFEAREX], 3 22 BICIE(E VI O S

I, HL FEECBHEREEEO
ZE) +10% L +0.2% LIF
DEBRESHES 272,
(3) &R 1% A 5L
MY R ENE O BRI HE L
22 O 3 LN b A, HEE
SR O RS T B ks B
DEEL X VAT Hlcd, ES
DOHIMEEZE DS (@) TIXEBTEER Lo
BRI OIETEH B, (b)
TIXTEEEOEER X OB DR
L2t sbih; LichoT
RO WS & iz A
ERILTHS, (0)ik(b) ohRic
EMHHZGFHL2L 0T, £
o IEN O FIEAE IR T A
WS, RESIEE Ay EE BN G
ariL E BB E T B ED, IR
%fm&mo AL S BT
%o AARBEBGA R AR
X () % »j“‘”*JU:m e Y. I
aRElL 2% LI, doM: b B
Tholc, BAURITEZAZL

IoLJ-I

f.\_ r{[ﬂlﬁ JI..L"l}.J c' ,_‘\._lv’l_)} 1'_i‘\/

L|4-L

"
X

RS FATRT

R A Bl R B B o
LR A S U, ik
—ZEDFIEEBRAIMILA . =
B MEIE L TWB
3 HEEE D HIEFR T LT
Lk, B2 (a) 0TI

?JEUH_-FA Z X b IEEEGER E EHE) U'J

_x_ —_—

N |

0 n—‘x[g j-:

{ f4? ) { .- h)

H23® ® H W wF R

FFig.23. Tensicn Control System

F24l |k N1 2 &

ol
e
1

¥ B i A

Fig.24. Oscillogram Showing Sudden Change of Tension

e



=
riffi]

H iz

i
.

RO G2 CEBEYHE S, T2HLLER

O, HTDRM ¢ CF,—B—HTDRG ¢ CF,—
HTDRM o BF, o[E[EH )58 EET B RO H B/ E
ER TS,

(4) BEEELXEE

%@W%Eﬁﬁ®m TR L E A E :
T, TOEICHET A1 EDFEHIREET %Eiﬁm
f%ﬁ#ﬂﬁdﬁﬁﬁLf®f§i”meég_Dhﬁ
B O SR AE R <, L > CHEBAEED
BESECOT, TOBELC LY EEHBSHEROEEE
BERSZ IR TUE I, Leio T 2 Omil
IEEFT B HER R UThS

e ‘I =k
=1 AL

Bijd
e
psst |
>t
A 1
I+
")
!

(&)
T i M = Hi v

_ M: =8

4 <
g § ? G: H &

| ; E.: i

iy § ; H: HTD
| B: R

CM: #% {¢

(5) & =HE @& (&
&2 (a) DL 51z,
T en 7 B Ef A

I R AR H [EsE e ST
B EE O KRS
RIS L 1232 T H HEE s 0 2F 152 ML,

I D A, JEEEDOAI 7 r & ORGSR HIE RS EE A
R LLETTH, 2Dk 1% BTt
HEMEUDHDTnwEE< & M%T%h ? ’

_;_.

\.

j:-r - 7‘_];\#1’:11:\,

"\ e
r{m 4 A LT

lmimug_ AubER i, HESTERE S
B ErEF D ® e % AL, H@ &L 7 18 3R
Flts & Bl EROFIENEE L < e A,

ﬁi_b‘!“’}}‘:i

.

SPANR
27 1N

EAERR DY I FI R B s s o

(6) hn gt = % (8
Mgk, EBEETE M
BRI bV 7 EHE v 2 OFIH,
BTHL D, HEESHETR
T =T b ThdGE s v
7 w5, 2o b 2R
PRI BN D I E Is X 032G D?
ZEP3 %75, HEAEHEE D5
[EZRD, Zhic®: GD? Off%
1112 YO & )= =4t i ey )
UL X Wbl e, EBRIC T3
HRDBE D, (@) Tliztd—v v
IARHEZHT X D FEAEEEE D i ME

;;Z wIEFECIE LR DY, 74 —vv
xu 4 t 7L EZRD Hﬁjjz’ﬂ;’,lf“b@“(?%%ﬁif:

L OIGIET AUNENRLLZE, B
B L OROER D7 }]ﬂ@ﬁﬂ%
Aol

CG: {MrRER

[LEN
1[0 U

HREMBEBD, (b) T,
Eﬁj%‘ﬂl’ "”73[”@?

FG: 72#4—yv g%t
FT: 74—y 5mt 1D, D@‘%‘ﬁ"‘rﬁnﬁ (ZHEEL A 5
Ri,Ro: Wi 4% 4 A%’b MENET 2HER[RRLD, F
IC— 7 A~ v ThbhbLTN
| HEEIC TEREIC Hof) L 7o R b
=25 oy H#E A & F R BH. HE (¢) 1LE#EE LAHEEA
Fig.25. System of Forcing SRS IS EIE CM % CG
o 9 X O vAdr—FViiEL, CG o
ul BEBIDEBRCIY Z2F—v Yy
teel £ & 1 —_ 7 HEE FG %L C CM o
I t-ﬁlj El fqu*'bi,_ FG 34
R R e . 2, . ﬂﬁwﬂﬁﬁf7“$,ﬂﬁh%
3 CM FEORESECIS UI-EBEY
%526 0 Tk T # > = 2 5 % T 405, FG BEILIET

Fig.26.

Oscillogram Showing Acceleration and Deceleration |

IEAERSIIE OROHEE 7Y, E1e

S| - R



=S I = S

FG OB RKEL T 20 TEL00 Fv
L TE 205, [EEEAC NN D, 3#E 2

WIXC DPERART IS v SR 5238, HAS
WD AR Tl (0) AR A v, BEEI-
INE RECVL inn i

NAL LY BRI D & F XA T — v rE
bZEZ R B LDT, AL B R0 e FE G T 25 sl
L CHREHEht Ry 3%, F/o=24 g, TR0z
HICHRWE GD? 1% & &k, JH4ENT Ry #mik+
Pl i AT

(7) & B + # 8
FEREFEDIEIFERAZE L o ow,
ﬁ \ﬁmh i @;Ej]f?’) i iL

Iy R
o & ?I’L 2ot *é* Az

MTﬁtH%%IEF®WW ﬁ@%i IR Hfi(E % hn
2B, FTItHhHE21E, HTD RG, HTD MG o BF,
ERR Z OMEETTS . Lo L IR S HSR A oR 2
BT BT WEECHIRE I 7 5 o™,

(8) # B & &

EEE S EEE A, R e, (ke
%, WEIECEOAIGAMES, FRGEE 2 & 23 CE)
TR O s 2 Bk 5, 1B EITE ey
D5 BIEED 1 EMEIE L L &, BEEHRNES
HEEOBEMETF Lic s &, &4~ FEKOE
TEHEET A ZZ B Lz e & k&%,jiﬂawM@%
i BHEE T 5 . SRR PR T AU B BB 558
ﬁﬂﬁﬁ%&ﬁ%bf%@ﬂ@%ﬁ5M%,%@W%M
PACILERGIBIEZEIES €D, ok w — L BHNIR,
AV TR TR 7, kR 2 FHSE, %
TEEZEIS & fT\, BEEHRE O & & 18 e ¥ 3
T DN E L,

ol EAE T SRR O i il & L Cisit 4~
& b DITHEHIIR S X OEBRGHIRSE B S 5, FHfsh
SRS N M L CED AV 2 2Bt v ¥
L, SHEEREIE O EBMEHEER 1 Rl
gb b, EEFSEHERAS L Cabkasc j‘fq_] BT

W%, THEEIET 5w, BIRHESEE & [FE
‘fﬁhﬁﬁﬁ% nﬁ%ﬂﬂL? ,?Wﬁﬁﬁrmiﬁﬁﬂﬁ
59E Bguw X L CHBANCHEHIE 21T 5 . 824K

@ﬁvvmfﬁﬂ*,Eh%ﬁ@&ftﬁ&ﬁﬁfém
A3, SO EEIS LT OILEEHREEO -9
TURAEEREENIIT DL L TWANDLTHD, - nkE
@%%ifﬁbbfmaoihﬁﬂwmﬁﬁEMﬁm
ROFGHZE D LB UVIESHIRE 245 & & 23h
D, ZOBSEEIERRE A SR L & 5 & L [EisHelE g,
TS ER CIC RS BENFET I F b 5 0O

— 49

|

©, RS & [ G B O R IS B
=435
SRR IR SR E O, SRR % T A s

I~ Tk

UCHEEREZ 175 A&, MBS TR
Pt L CHEBMEA 5 ARE B D, MEE TV
N5, gIEREIRORFEI RSO HF T 5

A%, EEHIEEES S HCEE L T 2720 WD ST
WHCH D, FTENE AR IR o K
TP EWE I T2, BEOHR TR EE X 2
%o FIEFIEARITEE U CEEEERC v Bh, i

CREED & ORI L B TR E
AT ERBT L bBS,
EV]%* E]

o TS AR R 5 m C i b EIED O RS S i 2 33

%Wi“ﬁrm%f%b,&mb%lbfﬁi%$%
EF L7201, ieER v, EARD, AR
ML 2, SRR, -ﬁﬁﬁﬁ,MEﬁ@ﬂﬁﬁTmf
w TrmE L, SR —E T 2 X 5 Hliiid 5132,
ok 7 = TR BV, 158 4 BT L
wite 5 It WEBEBREYSIT S Z LREITH .
ED, FSEOBM TSR, REIE &
VT HEVE RS X OBEHIEAE 1T 5 23, HEIER LS
TEFRRE SEBEED/ NIV EBRETH D, it
L OB DT & R O2F G L OREE 140
FL, 2¥E: LT—E LSS Y 548
M5, FIERORHE AT« b 503, HICEiERE

OFEME:, HEMEREEROREL T E L, BbiE

IR EIR T A2 EBFETL Y, EEEE T
Zoh—EEnec LisiTuEe bicws, FREREBE
R D GD? ZfipSi/N& <, Lasd BEFICT %%
MY, FROCEHEHERBEIE Tl L OZERE—EE

BEWC I % O C— e PEREEF 2 A 5,
DL H, ZLJ A7 rUJ = ﬁ%‘i) fl_/-\l]ull iﬁ B }ﬂfﬂ/}lkﬂfr@‘
-f-, Continental Foundry and Machine Co. @ Grant

i, E.W. Bliss Co. » Farrington, Hiegel [i#ET
T HONCHE 2 THEEREE A T 7o H TSR H AL T RA
REITHE, TABRINE, B ARRE, L
AHEAEE, FSGHERCA LE R# o B R ET
2,

)Ry

Z % X B
(1) W.R. Harris and R.W. Moor:
Characteristics of Tandem Cold Reduction
Mills; Iron and Steel Engineer, July 1951
(2) J.H. Schneider:
for Rolling Mill Drive; Iron and Steel En-
gineer, October, 1951

Acceleration

Low Inertia D. C. Motors



H s F @ A ) S

B B R % 5 A fit 55 8 &

(3) H. Ford.:
in the Cold-Rolling Process; Journal of the
Iron and Steel Institute, July, 1947

(4) The Modern Strip Mill:
and Steel Engineer, 1941

(5) B.H. Caldwell: Development in the Design
of D.C. Motors for Rolling Mills; Iron and
Steel Engineer, Appril, 1650

(6) T.B. Montgomery and J.F. Sellers:

Studies for Modern Mill Drives; Iron and

The Effect of Speed of Rolling

Association of Iron

Inertia

and Steel Engineer, February, 1953
(7) HM, A&RE, WA, £,F/N: HxiFz 33 1009

D mqm
*HU

= B E 399416 %

BXF O

ﬁ¢@ﬁﬁ%@7%ﬂ}77%»ﬂm@~&~z%&
2T, BEIFEOBHBEB R HCED THIECTT
, MTESERERKOEEREEHEY ZINEA &
'i‘ ‘éi:i)@n. BSUFOER Py 20t P (358 C %
AL CHER=HBEERE M i< o T s
TEKFHRERY AC OERE HEHEHT 24T
%, EEE M o U, V, W ZfEKCiT—x O =]k
DREIEEFIY 72 v v T IR I 9333, Thbo
ARk A, A TZ08 Az, Ay IXXIROAI < V, W £#FH
BusdEA SR, chbiy 72 vk LTERIT 5, Ds
ot D, (AEFEHERSE T, Kl R O Ry 2T
X 22¢ L, R 120" R X T NFIER P, P [8]D
EELOHRERBERCHAI L TNEING, n, 2 12
U8 7, 7y (3 Dy J2OY Dy ZEIRANET S 1o DG
Th b, SEY AC OEFERIVTED—EETH S & T
R, & R LOBEBEBHRTIHHEELL, TN T 5 D, ]2
X Dy OHEET T I Jeot I Wirsfame, 47y
B A DA VE—~RBEVYADNTRTED X HITEINSL
ﬁaazmmiﬁg®a%Ihww%mﬁ%L:@af
EEIEDTHEMD Dy OIS L, HEDORS
ZXrh A, Ay D V¥~ X VARER/PNETLADITE L

(52 26-12)
(8) mHM, P ,76: HirFfsm 36 477 (13 29-2)
(9) W.E. Miller and F.S. Rothe:
Analysis of Regulating Systems for Mill

Selection and

Drives; Iron and Steel Engineer, December,
1952

(10) J.F. Shellers, R.M. Peoples and A.C. Halter:
Temper Mill Symposium; Iron and Steel
Engineer, June, 1952

(11) FgA: HIL3EH 18 697 (g 11-12)

(12) BRITZE~v v 7 9 2 577 (Mg 25)

BEMEBFAEEE

e

C Ay, Ay DA VY~ X VAR ERELDZDTU V, W
@%m*fhflxﬁbf DO LY, KT
XN EBRABEA LT 2 X D DZNIEARL, DD
Iﬁ}W“* q(ﬁuiﬁrmiﬂ DT, HiLREHT U,
V, W &5 Ay 120t Ay T FFICE D, A
< L:tfﬁﬁﬁﬁf.&fﬁDILﬂﬁ EAEA BEIC T 5 DT,
- OeEEE Py e Py oFEHIEZ e U CEIRDHT
ﬁ~%mxwz B DThbDH, L DIAL THHND
A LA e kR A B 5 A E T L LEED SR
ﬂf&ﬁ>DVWULL®E%WMW & B EE IR
CE BRI E LIESFER L 5, (i)

50 —





