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ULII,è i,.! 

Stssitofto Matal Industrias Ltd haa two hot and tuo oold «tri» «Ills. 

»o. I hot strip »ill, built In 1962,  la the first »ill in Japan to which a 

computer control systa« designad and built in Jap« was introduca*,     io. 

2 hot strip mill, which starts« ©parati©» In 1969, is s fully autotatsd 

•nd ooKtputertscd aill with »any special feature*, suoh as closely coupled 
roughing Rtfttttfs, olosely coupled dowtiooiiers, ste. 

Mo. 1 eoli strip «ill MM constructed in 1963 st ths Wakayas* Stool 
•orko mê He. 2 sill began operations u 1971 m% fcashis* Steel Works.     Io. 

2 »ill is * hydraulic tarnt«» eold «ill, with technical featurss snob as 

intorotat»d tsfisicn control» autonstio gauge control, and computar control. 

I* this sapor, ths different forms of local automation and eowputsr 
e©»troi of theso «ilia is explained in detail. 
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1    Automation oí Hot Strip Mill 

The dotai 1 j. of    equipment of  two hot »trip mil In in Sumitomo are 
shown in Table  )•    The one in Wuki*yama Steel Work» which began its 
operation in lt2J2 wa*> one oi  the moat • «dern hot strip   mi   Is in the world 
at that time.    Ever mirice,  van out» auw..ution u>«i terns have  been added in 
accordance with the progress of technology.   The author« are proud of the fact 
that the mill iß the first one in Japan  on which a computer control'«ys ten 
accomplished by native technology was successfully introduced, after 
the several years of .joint researca with Hitachi, Ltd.,  the Manufacturer 
of the electrical  equipment of the  two hot strip sills.*' 

No. 2 hot strip «ill was brought  into operation in April,  I960.    In 
the construction of this latest type hot strip «ill, the company in- 
corporated a vari«?ty of technical   innovationc of a noteworthy charaoter In 
recent years.    The computer control system was naturally introduced 
asking effective use of experience in Vakayaaa and it ha« been controll- 
ing the rolling of all slabs,  including plain carbon steel,  low-alloy steel 
and stainless steel,from the very first bar after roll change.2) 

first. 

1-1   Local Automation 

1-1-1   furnace are« automation 

The slab  located ¿n correct position is pushed off the charging 
table« onto the furnace apron where it can be picked up by the walking 
bean and transported into the furnace.    It is necessary to know the 
position of the slab pushed in and transported just before in order te 
determine the pusher stroke of this tiae "L° (rig. 1).    Proa the previ ou« 
pusher stroke "11" and distance transported by walking beami "12", L can 
be calculated by the following equation, 

L =  (11 • 12) - (W • 0) 

where, V is slab width and D is intervals of «labs, both of which are 
given by decade thumb wheel «witch or by computer.    Inf ora« ti on of 11 «mi 
12 ie calculated by detecting the movement of pusher and walking beam. 

When a slab reaches the furnace exit, it is detected by a photo-cell 
sensor and pause« to «ove and wait for discharging,    the extractor for- 
ward stroke "LI" can be calculated by the following equation, 

LI « 11 • V - 0( 

where, 11 i« the distance between the backward end of extractor and th« 
leading end of the «lab at the exit (Fig. 2).   After completion of going 
forward, the extractor lifts the «lab and withdraws it.    This backward 
stroke "L2" is calculated by the following equation, 

L2 * 12 + Ï 
ti 

where, 12 is the distance between the leading edge of the «lab and the 
center of table roller. 



(  )    thowa exteneion already accoapliahed. 
IHM Wfcücayame KsnlúKi 

TYPE 8o" semi-continuous 70" full-continuoud 
Reheating furnaces 2-120 t/h pusher type 

(2-120 tA pusher typo) 

2-3OO t/h walking beaa 

Kougher 

Ni lie 

Gages 

1-VSB 

1-2 high mill,  fwo past 

1-4 high, «ill 

(Width gage) 

1-VSB 

>2 high «ill» 

5-4 hi^i »ill» 

Width gage 

Thickness jag« 

Fiaiaher 

nuaber f>-^ high «ills 7-4 high mills 

poi#er 

1-6 std - 4500 kw 

Hercury 

Ward Leonard 

1    6 std - 8100 kw 

.7 »td - 6O75 kw 

Thyrieter 
•we »peed 7V; «/«is 325 e/«ia 
•»Ci««   # 1 

dews    #2 

•otor   «3 

#4 

«5 
•6 

•7 

DC 55kw *2 O» (ftyrister) 

DC 55** *2 CP (Tayrister) 

DC 551« «2 Ct (Thyrister) 

DC 55kw x 2 Ward Leonard 

DC 55kw * 2 Ward Leonard 

DC 55kw « 2 CP (Thyriater) 

DC 75kw * 2   Thyriater 

DC 75V* » ?   Thyristor 

DC 75ktfH¿   Thyri»fc«r 

W 77«:wx2   ThyrieWr 

PC 79«» x 2   Thyri«t«r 

DC 75kw *2   Thyri«t«r 
DC 75kw » ¿   Thyristor 

Work roll 

change 
porter bur 

(double C-book) 

1,11                           •• —1 

Turn table type 

»1-»7 
MC »4, »5, (»2, «3, »6) «2 #3 «4 »5 #6 »? 

Gages 
1 - Width gage 

1 - Thick»««* gaga 

(1 - Thickness gage) 

1 - Width gage 

2 - Thickness gage 

Loopsr hydraulic pneuaatic 
Crop shear •anual control autooatie control 

Down 

Coiler 
¿-two wrapper roil typ» 

(1-two wrapper roll type) 
'-three wrapper roll 

type 
Automatic 

Position 

Control 

" •    .„••-_ 

(C-Ficisher screw position) 

(ú-Finish<»r apeerH 

(¿-Xray ^.i^t») 

(1-Width gng«) 

(u-Siar-   (JUidc) 

SSÏPE3 TO fable 2 

Computer Control 

1 
(Finisher ß«»t-up) 5*t-up & Control, of all 

the equipment 
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t-t--    E-m^hi-r autom-it »ou 

He  r«iu^h«T .-¡   •«Hhiifii   i.-.,  fully auiO'natmi,  while  the reversing 
roughing »ill «if W'aküv,íB¡-v  i* operated on aeni-autouatic    Though the 
mil)  at W«l«ayawii Hid hüen eqitioptut with card program control system from 
¡h«? first time,   it *** AlMiii'lotiot1  iwt'auHi»  fhe handling of card» was .very 
t rPuM.w»o*>e and tht ;ioto»a*.u   r« versili»; time was long co« pa red with 
i vjni.ij   operation-    lie cunrul   Myntfrn *Uì» revised &o that the «crew 
p ait ion«,  #«lc,ir position* and  t.iLle speeds 101   three?  or five pasaos can 
I» • prevtonni? givKu by druido  tr.ui-b wheel  britches and  the  initiation of 
the  pofutiwi control  t»ns  loit   i»ir  <»j era tor' ß work. 

the 1-5  ail U-u *»u,,ii«ifi ¡nil!   M. Ki-duoia vre closely coupled having 
&   I« op«.T bt'tvt'itn  .iwm.    ü'ii   the o^uatinn in u.su.. 11 y  carried out under 
Autwaalic Current îtftgolath.% -*y«-,ti>ia »   thout  utting  the  loopor. 

I- i-3    Automatic crop »iieur 

The gstwr*! arruimenerit <.•    ttu; nyuim is shown  in Fig. 3.    Two 
• electable seduti oi autowiitic control arc provided : one operates on a 
pre-set   length oi «tt ba  Is nmi  t' <: other on a width deviation basis» 
Usually   the  length of cut »«nia  is used. 

1-1-4    Lo »pet 

Both bet *tnp will»' »n r¡if  company have pmu-aa^ic constant tansies 
looper». flit  one in K*»hima  is mv *i> in Fi?. 4.    Befering to the Fig. 4, 
•he ratio oi ten* i on "I"' to the fo.ee oí air cylinder "P" is derived M 
Tallevs, 

t/P   - 04/(OE  - ÖD) 

, .;.-i._-, Ux - ÏJ-3¡i.$   , ài =  -;¿¿-*-an/í * C)oos£   , ~*Ô * tSi'tan« • Oeosst?. 
i he Véiiue of t/V i* etj»uil  to l. 5 recardless of the loo per angle  $. 
Truro i«re a number of different designa of I JO por» available and electric 
•yix»  i-> often u :cà  in Japar. 

1- i-G    Automatic ga^o cont ol 

HIP gaugeraeter  type automatic gauge control   (AOC)  is applied to six 
«ofg »»ven of the finishing mi il «t-nds, F2 through F7 (Fig. 5),    It 

operate« on the so called "Lecfc-on" «ode with following compensator 
circuiti» «*uch a*»,  (a) Menitor by X-ray thickness gauge installed at the 
delivery ot F7 stand,  (i>; oi » fil» compensator on e»"h stand, U) fail 
Mid eoBpen.Hwtor,  (d) Gauge vernier.    Fig. 6 is the gage traces of this 
«yate* showing that «trip gage variation is controlled within the Unit 
oi   • 30 fffii. 

Though the abMinod ni 11 stiffnesn "C" which is used in the control 
circuit and in -hown in tho block diagra» of Fig. 7 should be, as is well 
known, equal to actual «ill *UrfnoM "M", *»C" is often set upa little 
larger than "W for the aako of stabil issati on. (Theoretically speaking, 
thf system ia within 6.Lability boundary if only "C" is not samller than 
H«Q/<M * Q), where Q shows thr- rradient of plastic curve of strip.) Sines 
<»•<» response of serewdown anoulu be as high as possible in order to sake 

asa 
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mamau« use of   Gagemcter AÜ€ *y»teM,  hydraulic sercwdown nym-tern will he, 
rile futu.,.,   in-tailed in hot  .trio .ill..       There .,•• sot* .»»pita oí 
Indraulu   hot   etrii> «ill.-» in Ji.pan. 

The AGC nyetem of Kaahima niu» provided in hardwmrt* eqmpaent , 
while tho AGC  of hot atrt|. mill*_recently  constructed hav*  been 
provided in program»«« software  (rig- 7)> 

1-1-6    Down coi lei  area automation 

The automatic initiation of coiler deceleration can be done a« 
follow«.    A»  is show« in F'í- "»   *h* r«,llwl1« equation existe, 

, Jvdt 2 OL 

where, L is equal to the distance between the laut stand of finishing 
«ili and pinch roll, V is line »p*sed of »trip, <* is decelerati©» rate, 
Vc ia creep «peed of down coi 1er and C in « constant.    Wien the tail end 
of atrip Just left the last «Und,    the integration in the above equation 
commences and the deceleration m initiatod when the value of the *'*tf* 
hand aide of the equation Just became equal  to "L"  (Fig.  9).   The «•«»* Of 
automatic stopping the coil  tail «nd at a fixed point is a« follows. 
Firstly, during the period of tail end of atrip traveling fro» the peti- 
tion "V" to "A" in Fig.   10,  the coil diameter can be calculated by 
counting pulses developed fro» pulse generator (1) and (2).    Secondarily, 
the coi 1er revolutions which correspond    to the distance between the 
position »V» and »S« ara deVnvLr.*!,  which parfait« automatic atopping. 

The banding oi a hot coil  is automated but the coil «arking ia still 
hand-operated in Kashiaa, though there arc a few reports in Japan that 
the marking har* successfully bvcoe» automated. 

t-1-7    Position regulator 

The preset control system  is used to set up roll speed, roll epening, 
aide guide opening, and other various auxiliary driven in »1110.    the 
preset system in Kashiaa consists of three groups for roughing •ilia, 
finishing «ills, and down coiler  (Table 2).    Table 2 lists the i tees which 
la preset by this syste«.    These preset ite»* are, when classified by 
control system, ariven into two systems.    In one I Table 2-1.1, the set 
value which  is output of a digital switch or «et-up computer is proviiedi 
with setting change-over timing (such as setting the speed).    In the other 
(Table 2-2),  the set value is received and positiontag i« controlled with 
this set value (such as setting th« roil opening).     This «yates use« both 
digital and analogue computing system«.    Specifically, in« digital «ystem 
(Kig. 11)  is adopted for positioning amohines which require highly precise 
positioning,  and the analogue system (Fig.  Vi)  ia used for other purposes. 
Actually,  the digital syatem ia adopted in positioning the roll opening 
of finishing mills.    The preset control »yate« is being operated very 
effectively and satisfactorily at Kashima.    «specially,   the position 
control system maintains high speed and high accuracy controls,  improving 
amooth setting change-over operation,  reducing required manpower, and 
ameliorating rolling «ill quality. 

Recently,  the use of computers in automati oc systems  is being 
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•ictively  HiuduHl and  ,«,«  portion  contrai, an    ol t-u carried out  usine 
•imc*pMter  iKif.   13).    Po* iti« runtroj   is effected bv the to liai 2 
procedure.    Computai,on   is mad.  for   the •.,uatio«  heio* "u, wiich So 
-ietiote*.  the  command  v.iJue and Sd   th-.* feedback value. 

¿Í»      3»  - Si» „ 

Th«m computation i* »ade for au,tur   spcf#d Vs ^ f , 
t|0n  »• I*ven t'< the nnUr control   ^.ten. ,Mtwc 

V% c h /3T' 

*fc«r# K  is H coiìntunt débrident on the motor ratine,   the ntr rali« »r 

T.z:.v •ec"""":*'4'1*"and ,he '"«"" «—?-^.íüS2i,f 

t-2    Computer Control 

Í-2-I    Rxporioncu in Valuyanai ,1* '8; 

The computer control «*«t*r. for th« hot «trip ni 11 «t th. Maim.... 

at the Hitachi »ark., HiUchi.  Ltd.,  th. MITAC 72» clt£l  £L£¡^ 

¡Sä -r h î:;;r- -^tîT^^^Axsr irugraM«.     ntje ot   the «OMt   impurtant   USIMI wki^t» «...«   u_ .,      1 
the application of « c«.pu.er control «TT«! !\•Í ** J«1«1*»"* l« 
elioni as «uch a» p„**ihle H?t ? , * ¡T '°* to r#duce *»• **•• 
«*t J on. uf »hT^li. *••"»* Ujr,   the pi»«,  ÄCOp#, and apeciri_ 
cm ont» ui   the contro J  «vs^n art» c'ari fi «.ri      «.,„•„_ j     J *^, u 

un deliberately a,»J  *|„.ir .„...?£ L/ll     À  ,%8t!" <le"i«n" •»"• «»««n 
chart, for th. .»bfa»au!.¡[ Voi     i       •    r#fci>rd,Kl in «*ocun«nu and on fio* 
-«I* after      «¿uS iVj'    »   't^*** "*""•    ^«»i«* *• to be .ttrtod 
undertake ÎepaT-ï «      Z "J    -inlîïïX" ^ "~ Ch<in'' -* «"• U 

'«  th« fio* chart.    Second,   the gLrn'   o^raiion^J? "*•? M rfC?N*d 

protra«, which e*tUMt their funfuoul a ^ r * **mÍMm *hole 

»» highly benêtic,ai for both th. ^doTfnd [¡Toe^r OP*mU•     li 

program*, aoftware •.v.t«.«   -íi      ^    . it8^^ff a»«' «djustinf the 
Purpose Li ITZZ l^Tui^iiiiT^    *> »cco-pii^lhi. 

y-tei deX      C,Str0? 8^tC    U u—,ly con-triia in the order of 

pia».     Jn the  latter half of the .yutea de.i«n, 
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vltH   irr"   T1 >m  X"   ',!,:,!:H'i   J"  ^.».^nu.»   ,.rJf.-.rn,,M M,. eh will   function 
,.„.. r-t-  r'-r». V T A  ,i;;   J«««»">ining tiu- hardware system, 

'"' '   cl•••" ts'    '-''J-'-il',.   •««.•«   Ut» ìUirorj"   thi>   rimiri...m,- •'.«..   i.i'H*.f,p tin.  >«wlw   ir...  ,i      ,  .,,,       ,      . U«M" ,   uu   proclaim-., 
-vs »,-       rírl   •,   V *••»»—.;».,...',>   io  ¡.)aimin|{  the   software 

••.Eu-Hint«d ami ,;ll;c;l'
¡ ;;;,;;; ;::v:,,/-,n^7,Bií S(,nK,,rf-are 

•>*t(|i.   a.  wei:   .,«   ...  U..-Í  , •    r-Mi        ' ^C)ntU;^   °r   the 
«•->   no,   ù.-  «la-ii^r:        t   ,   :    . " ;:, :';/•«;•;.->—;- and restraint«  that 
ci eure."  up on  t,!C  ^,, r ,   ,, ,     !., " V"'     "--^   '-  °1   the  n^tem  „ 

>.y « r.ow c.ut.   LM,7 ,:„„ ,,.,,,.* íV/.'.'í " ^'Tf^V*Ay de*cribftd 

'!.«• «ia«l.,r  fio-. ,;,.r,       •„  ( .,., „; "   ,     '   T'   lrt as4»'-'«W«i  to nuke up 

- corete u, ;:,„ ;rrr;,i;,::,i,,,.,
i
o':°',in« »';'•• ««« *«* 

<>pvS  of  Hen«,,« ,,..•!     .   >„    :,:,,!';   f 'nn,,lM   "•»"•«»tted   fro«, variou« 

•atlouH  labte, ,„,• desi ,.,!«.;. ',,. w,,"",,  l." . "'"'''  5Mn*,,,|.
l,ulJt  into  the  computer, 

tinned  either •,, „  r..„t«..,.f ',,-  ,   !f '''*' Ür'   and eaCh  task  is 

»vsidont area *h«r* ui ,. f,  ,. !V   •'„ ' V"'"   '•"'"•' 'S,"i,g''  "' to  ' t* nori- 
as  th.-  .annoti,   dn».  ' M M,,--,, i h.," ^^Z^tVo„"t"•1 ."»W  euch 

what   l.-veifi rfh(K!i,i  |„. „.,,,,.,,..,.   .t '      ""l"atl°" Jb «"-•qMtrod,  such as 

•-<<,   r^pc.tivHy,  ,„;! „„^ 'i\p    Ztv' "V*"**  ÍBU'rrUpt ^  t0 8 

for the outpulK of  i y vt-, vi* ',-'••   .„,'. ,.,„'   '','-,•¡•
m',  P*' -^-Hinç should be used 

construction «.,,,, n,   .o, „^   t , ^ t",rui »""""•    Uut' ^enenco  in the 
••Mrvmely   ,fiefui   „, ',, ,,u , „:    ¡ ;| ', J.' J ' . " ;?ri   h-  '"^'-'  thai   it   i. 
•!>•? ootapuior CMiir;.I  s.s(l.„ ',.¡   '..,   .'..,,"  "' S4 in van ou« functions of 
"f   '«''»lawtiun ¡•ii-res.;",,...   f",.r      .,!",.   '"••':      ?ur   o*ùmp!»., dosk Rimuldtion 
mur   íioul.ilul   r, ohi, ms   u-   ¡r"',;,,,"   *•'"•"*  >'f   4 ¡K   mil.   lí,„, miiy   reaolve 

iwiicivd  undf-r iio,mi;  -, ..,..!•, UV» ' ' Hì.?',- I "•,° "'     •""  b';ckUí) í,l'0Cüssing. 
'-•'-   I.-"«.!.,, v,h»,h uv  o ../'.T., " ,"r  r\• *«*•** «t  thl„ «tage  to 
^•rc*«i,.£ ere  i,.   ,i,, ;ür!.  .I;.,!.;,;«;,   l;;^!"">  î^^ssing.     After 

Vnrio,.«   l_.vp.-e* <f ,„.•„,.., iflL, ;.li;,'wtft'j';;;
,.,¡íí,í,fr'a:* Codin« ,s  parted. 

cociinu.     l-.„!., r,.-; of  lh<       ;   ,,..;,'      ,;        •••    rc  l,,S"" «" the completion of 

•*•"« *-«t or „n, n,,iri.,, ?".•;;„,;;; .'.''."••Tr",,t;,,al!y starts^th a flm 
•<-K«I  «y-st-om.     r,.,,.^ oi   j(   '.' n !     °,UiaM UJJ  *'>  1eslj«t. the fully cieve- 

• 1-     rroKres*,..,  ,„  (h':s ,..„,,„.,.       !"),?,'   ounu-°!   ->^*"n tor the  rolling mill 
^•'huiirinr  i^ ,,t.,ri,.:j,  ......    ,,..'=  „    ;   *,°'"l-»!'--t-«n  o»   Cojin!i fop a  UaJti   iu 

-•h-e^u..,!   ,.„  ,,„. t01 ¡A  ;!,;).,ín • <:^;!.^,on ^;t   'MD.    The teat procès« 
-in«...   l-imt,,,! ,»r-rt,,,,M,     ,„;„'?  ,. Jp "J' '""   Ft ''   t^-'T)  *hich   t*Ht8 a 
il", data   linkBße !,o.wv.,    v. ",..,',?"'V'      " "^'^r'U. ot  the SOT i« checking 

*;'^< -»*k of CUM.!,,!,,,, -i,."'Unt'|'74',1",i^ W"h the ,a&k 0f d»ta 
"i. calculate replis. T!- i'.yt ', 'L '' "

K!
 

t;'sk ,,f »»tput sending 
"•.-• crrui.,ctcu u,V, Uw \(,n-..,,./*, ' " 1 türPi«"í ^f m real-tùie, 

••:^'H .v,,em „,,,„,.„„. sor, .fu; ^J"14"1* **""• <^^) of the HITAC 
íc-í.- 4ie vuriou*. ispe, f.¿ ,;„,,-, .,il,.»... f,;

l,V'"' ;l^i:t,rt prograa« in theae 
M»nint»r.     r.-ogi a :,s   i„  „   ;0.-l-'n^T  • "'""   U,t   r,'C4:t'HS  i,lPu« -output 
M"",'«r iivs!«.^  T»Mo)  411   ,.„. j,M.;r' :   :^"' a"    -««l«rvi«t.ü  un-ler the Prore«« 
•«  «U-hucççjnv imdci   ti,,, p^.   ,     ¡|,t   ,'.'„',/', "fi"'r;B i""'"^-«'»-    The first stage 

-•  I   |:-..'Md,„.xtenv,J   im   .,,.(jt.;    ,;.     ' ,|    ^^^'^^  'rcst   (GOT)  which  accepts 
>   "»t-  su..-c«ssiveiv .-.i.   .,,   ,  „   .,   !',  ;M'S  ,,»r|,l^P*mcllfig  task«   to start 
'II   proKra.,H rt,v; „tor..!   ln  ,t¡ :,•'". ' ^    h"  l-°*Plc«o H.y^tem.     In  the 

«•»MS-   to work  ,,,  r-ai-time,  and 

'u;   i 
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are initiated with »anual   pM^domU-rrupt  »ignal»  transmitted from snap- 

T<*t (RIST),   *uos««|u,..n   to the GOT,   u-«*, pnculointerrupt. .reated by the 
mil    line simulator  inste«.! of  manual   interrupt* for the special  purpose 
of toting  the   probi.» of  „».n*.     The  ol.j.ctfve of  th« J        olu 
pro«-*»,* oí   one   .lai, on  th, «„tire «HI   nue, .suaulating the ¿«toínV 
interrupt, .signals u i r.|. manual   ni.rt.al«.- The obicttivo oí   th». RTST .8 to 
..«.late ^er.J   .jab«  ,„ a „u-atio,,  M.i!.r  U „.  actual     ouTL Let 
atton.    Ihc abov—«otio,,*l  te.,u. a,-<.  oil-Unc te«t« becau«i th e e<Zter 
IH not Unke«   to  th« ,ctua.   .-oiliog .ill   lin«, and   thexr object*.Hi* 
t .    eat programs „nd  UaK.g.. between computer rtt,J   lu p. i iLri      nnuT- 
outpu    devices ,uch as typvw, iter.,   card ,wd.,( aad carV puïch      ¿fUr 
introducng the  oootn I  corr.puu-,   „ysU-. llllo tht. miiU  fi„ Hd u.^ 

ali % rr:,^: ST
-
;;? ^r *f the "»•«« - co-sirs 

system   a ïinkÎÏÏ        ,        : er th* ««PI»»»"«» of function, of the 
system, a linkage tent   m haguxi with  vano«« tvpes ot sensors    outnut 
devlCe«,  and portion regulators in-t.ll«! along the »mÌi^e      îïïîr 
eo.pl.ting the linkage  test ai  least unco, an ¿UnoTest  (Ili)  il ¿«m 
la  th« initial   p.««, of the OLT,   output Unkagc iZ the c—Sor tolLT 

Main functions of on-line «:o«putor control of a mili ar* activated  i. 

with thi.    Í;    \ * OÍ  pro«ra*8 »ctually move, in accordane* 
with them,  the   interrupt» «uat  occur at correct ti.es.    The system sust 
conduct «any operat»on. for sverai  »lab., continuo"*!;.    1* ^êh a T*L> 
errors can result alier maav  P, ugraas haw. been exceed       It it Lu!       ' 

7:^: ir^rs rually- *• ^ -*• ^ -^. H.*    tl 
g attumn as  lar as possible ar.d  to lo« «imifir»«t data that  can be analysed  1 i*»>.       r,.-  *i • 8lf"*I1cant 

tho OLM arc clarifying LsuT «    r  , tU*k-    Pr«ttlc«l «»«* of 
• Mproprietry of o  task and amone task«    «mi»««.. -<   *    . 
in« «tati» of  i  •»«i, .< w»"K»,  sequence« ot  task noveaenta, wait- 

-.Ml core aharimc      In artï Î J    ÎÎ o1  tl,,ln«"» Aevellof ef taaltó, 
operatiL HÜ f«  ,       ** **;«•.   tho ent.re hlntory of ta«k procuriÍng and 

line real-tiiÌ iy8te- !id    i,   ? î ° bU P,*°blW"" lnVOlved in  th« ««' 

thorough'in 17 "'i ?** ^  ^  task linka*- *•« checked  out 

by  ulti*    înci ¡ ÎÎIln:    ri?*'   ll WOUld glV° n° ClU# to ílf0b1-" c*^ 
fundaaenfal ïoîi« ^    ^"    ^^r:f ' t^^ T  T^"1 ^^ ^ * 
Pro««, and core «har^° 'ft.1;;       «»£Z 1    ¡S>  ^.TS^.S 
induco« a chon». of «veats and «tart« corresponding tlaS «uLaa^iy ^ 
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rhe MLS object, i ve   i»  ti.  u«i.vtj   «mtwarc   in an almost  perfect condition 
by setti i up the problr-ma  c.ti..««»il hv  timiny in a  stage earlier than delivery 
nie chrtiMctcriMU*  ni   MK.S  .^  .f «J .,»  .-irjy  g. «¿p uf  probi •„••* caused by 
urning and   thfir 0,1 1     dilution,   Ui?  re pea tab i I i ty of the same timing, and 
(3)  substantial  rt"Ujttiui»o   ir  ;!,.•  ,'i"i.i  'lobupging period.     The MLS 
HiBiilute«  circun»;   ,m;^  -*!u r<   «»VOîVI   HU(»H íH-I- «inc-snively  running on 
a will   line.     IV spa cui,   better  two  «lab¿   ib   initially given as a  tine 
interval,     another kiid  uf   1 im-   i ittnul  be tweet,  twe  interrupt« of a slab 
moving 01» .1 Ml"   \\r.<.  ,* ^o-ei  ie   ,  (,«,-table ..K .t  predetermined time 
different.-,     li. th    t..hie.   «  ,10,1a,,   nuhiber  i* also stored which corre- 
spond« with  each  inteiruj.t   t    .»   inter« a • . 

The s* thoaaiir.il  nml*»!    H   füiitó-r * ¡up of liaUyama  i« fundamentally 
The same with   ¡lmt   it  Kar-b;«   ,  w'u.-li   IK tte-.erihcl next. 

1-2-2    Cuaputer Control   in  k'¡*>hima. 2) 

The computer u*eri  i., tin- I'.l TA(-Tlf-o.    n h.ia a tore aenïory of 32,768 
word* „nd o drt« mer.-.ry  ';f   131,fJ* word*.    Th«  range of control« of this 
computer extend« from tin- entrance *id_» cf  the» reheating furnace» *o the 
coil neighing scale.    Tbt  combusti 4> of   the reheating furnace  is not yet 
controlled by the comput« r   «Fir.   tf).    Whin a  «¡ab «tops on the table for 
the slab weight scale,   the  p»i.-»h--r operator has  to check to see if the 
slab nuabe- painted m,  th*   «lai   comeides with   the number displayed by UM 

computer.    Then the COB^^T determine« the  furnace number into which the 
«lab should be charged and £ivf.-*» the pufchinrç stroke. 

The extractor cu.it ¡ol   .unction j* M-milar to U« puaher control 
function.     The extractor stroke add the   furnace tro« which  the »lab should 
be discharged an  deter*< iw<l.     rj,e extraction   ùçnai   is given by «ill 
pacing function, which oorurol.s  the spaeinr on a. time scale between the 
Uli end of one «lib an«;   :!u   1,  ad of th- next at   the entry  10 the finishing 
mili,  this  internal  being aOict-d :¿   the operator 

The roughing »ill    ,ei-up function «Jetsrmiae.j tho horizontal roil 
opening and edging .-nil   «i*iung,  ^ veil  a*,  the table speeds between the 
stands.    In the N'.    ;  *.taivd    which u* closely  coupled, a D.C. aotor is 
usci, and  the computer i* used here iI00 to sot the mill **peed.    Of 
:ourse,   it also set«» tho *i«lth Rl ><ge 'Wtl  ¿.ho  thickness gauge at the delivery 
side of th*i No. 6 st„ud. 

The chief purp"«» oi   finishing tù 1 !   «.Hup function is to set the roll 
gaps,  the roll speeds,   tuo aide guiJct,,   the width and thickness gauges. 
In addition to these settings,   the computer U also used to select the 
deacaler and  to perform »citings such ;.«  the  table speed at the entry to 
the finisher,   the acceleration rate, ihe deceleration rate,  the maximum 
speed,  the  looper pmaeure,  and  the ioopor height.    As a rule,  the calcu- 
lation« for these setting*» are carried  out twice for each »trip.    The first 
calculation  is «mde when  tho htrip n-hch*e the  pyrometer on the delivery 
«Id« of the rough In* mill  using the tempo rature measured.    When the strip 
reaches the finiahing entrance,  the roll   gap alone  is again calculated In 
order,  to compensate tor the difference between actual and estimated travel- 
ing time or  the st~ip.    1hi>;  i     -he second calculation.    If the operator 
must change  the finishing  thirWa* or  the rollini? speed when the strip 
has reached the entrance of   the fin inning mill,  he tan demiu«! recalcula- 

10ns by keying In lh» changed conditions on  the computer console.     In 
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these setup calculation«,   th • «tandard   luad distribution pattern« ara 
used, but the operator can u*<? the potentiometer on the operator console 
to change  the  loa<l distribution  ii   iho  shape  is poor.    The setup calcu- 
lation  im perforated according to the  riow chart in Fig.  if>. 

The coil»r setup function i*> for netting the roller side guide,  the 
wrapper roll gap, and  tin.  pinch ioli  gap when there ha* i.een a size change. 

There are two kinds oJ   temperature  control.    The first controla the 
finishing temperature.    The computer selects the finishing roll speed and 
the spray  between the »tand«.    The speed and spray section are excuted 
every  fire »econds from the atrip head to the tail.    The other type 
controls the coiling temperature. 

In the mathematical model of finisher setup,  the estimati«« of roll 
fore« is of prine importance.    In order to calculate roll  force,  theoreti- 
cal method has been adoptad,    loll  force is predicted by the following 
formula, making use of resistance to deformation of steel, 

P --  t.lSRfai-b. fft'Cll - h)   -Qj, 

where P is the roll  force, Kf„ is the mean yield stress, b is the strip 
width, and A»  is the deformed roll radius.    H and h are the entry and 
»*it thickness of each stand, respectively, Qp m the roll fore» function. 
A study of resistance to deformation ha« been conducted for a long time 
by various investigators and it  in accepted that resi«tance to deforma- 
tion of stool at an elevated temperatura i« a function of tho temperature, 
reduction and strain rate.    An experiment has been carried out in our 
laboratory to measure resistance to deformation of steels of various 
carbon content with a drop hammer tester and caa-plastometer.    An es- 
perimental formula was compiled by regression analysis,    rig.  16 shows 
tho comparison between the me mured and calculated rolling fores. 

Fig.  1? is the X-ray chart of order change from  1.6 to 4.6 mm in 
finishing gags. 

2   Automation of Cold Strip Kill 

the equipments of two cold tandem mi Un in Sumitomo aro compared with 
regard to automatic operation (Table Î).    Compared with tho mill of 
WakayajM, that of ftmahima ha« boon fully automated,introducine various 
»utomjtie systoms recently developed, which are described in detail b•l«*?, 

•ecently, NKK in Japan has developed tho fully continuous tandem 
cold mill, which had been the dream of cold rolling.7) 

a-1   Coil Handling 

In Fig.  18 is shown th« sain equipment fro» entry to delivery of the 
cold tandem mill at Kaehima. 

2-1-1    Automation of entry equipment 

thon a coil arrive» at the nearest position on the conveyer to tho 
•ill, tongs of transfer crane are lowered to catch the coil.   During this 
displacement of tongs, outer diametor of this coil is »eaaured as i« shewn 
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CD   Tongs ar» lowered. 
(2) Position "A" i« à**«efcté toy lÈmU «•&• 
(3) Position "B" i» d.t«et»d by photo ooll. 

(OD of coil i« ae«Bur«d tor ton««' 
dieplacwwnt fro« A to B) 

Fig. 19   MEAflURaifflfT OF OUTER DIAMPT» OF COTI 
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[       «wWfjBf imm**ü Mwn» mat* j 

ni &  ummm or coa en MU sum* UNE 

(1) Cradle roll of soil positioner begieß to be 
elevated by photo cell signal una coil is 
aupportsâ on it.    (position A) 

(2) Coil is transferred from A to B by ooil positioner. 

(3) Tail end of coil is detected by anti-clockwia© 
rotation of coil,    (position B) 

{k)    Coil is rotateti clockwise to feed the tail to 
aagnet. 

Fig. 21    ENTRY EQUTFWBIT FOK PTCKIVING AND OPSIIHC ÛT 

con. 
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in Fiff.   19.    Tin* value  is used to determine the height  ut coil positioner. 
Then the coil   is   L i I ted  i»y  transfer  crun«' ami centrally  pos i t i onetl on  the 
conter  Li ru«  of   tli<; mill   by  mean« of a   pulne generator attached to tongH 
(F»g.  20).     The coil  i*.  transferred and lowered on  the cradle roll of the 
toil  posi lioner.    After the tie-band  of the coil   is cut and removed,   the 
coil   is transferred  to  the  opening pofeition.    Fro»» this action to holding 
the «trip head end by a magnet  is explained  in Fig.  21.    After the pre- 
ceding coil   trailed out   of »ill,  the strip head end  is dropped to the 
normal  par.« line,   then the coi L rotation by cradle roll  and the coil move- 
ment for the pa)   off reel are begun at the same time,  unti i the «trip head 
end entera  into So.  1 stand roll  bite,  and the coil   is supported hy the 
nay off  reel  mandrel. 

2-1-2    Awtomo i ion of delivery  equipment 

The principle of the automatic «topping of the coil tall end at a 
certain position in th« same as that of the hot strip mill mentioned 
previously  in this paper (Fig.  9).    Just before the tension reel stops« 
the elevating coil car is pushed up and touches the coil  in order to pre- 
vent the tail  from flapping.    Then the tension reel mandrel  is collapsed 
and the coil   is transferred onto the delivery coil conveyer by the coil 
car.    The delivery conveyer,  together with the coil,  is then carried for- 
ward, and the coil weight  is measured automatically by  the coil weighing 
•»cale which  is located under th-> delivery conveyer line.    After that, the 
coil  is banded by  the full automatic banding Bachine. 

2-2   Hydraulic Mill 

Tli«' position controlled hydraulic mill  is highly appreciated and the 
six cold tandem mills, which have been constructed within the recent 
several years in Japan, are ail of hydraulic type.    The one of Kashina, 
which was manufacture«? by Mitsubishi Heavy Ind., Ltd.,   is shown in Fig. 22. 
For measuring the cylinder movement,   load cells are mounted in the tension 
bar system which connects the cylinder to the housing top beam.    The 
cylinder is 900 mm in diameter, and a stroke of 55 mm is allowed.   Load of 
1,330 tons per cylinder can be applied.    Initial roll gaps are set by 
tension bar, while roll gap correction during rolling is done giving the 
signal directly to servo amplifier.    Roll gap correction range is • 3 mm. 
(The range of extension of bar is from 2.75 tan to 8.75 mm).    Fig. 23 shows 
response to a step change in screwdown position of this «ill under the 
condition of kissing *»ork rolls.    The timi   to reach the first crossover is 
about 50 msec,    for 50 urn change in cylinder position.    These hydraulic 
screwdown responses are compared with the conventional mill with electric 
motor screwdown system in Fig.  24,8)    In Fig. 24,  the hydraulic screwdown 
mills are classified into two types according to its feedback system, that 
is, the one is hydraulic screwdown with electrical feedback such as Loewy 
Robertson type^{ IH I type, which is manufactured by Iahikawajima-Harima 
Heavy Ind. Co., Ltd., and MHI type, which is adopted at Kashima as is men- 
tioned above.    The other is hydraulic screwdown with mechanical feedback 
such as HYHOP, which is manufactured by Hitachi, Ltd. 10) 
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A.ii'.1^'» ¿î» ,f T»:t.flom MiU 

¿-3-1    Aut.obiatic   ihn-.-idinf 

On« of  the ^un-jtion of automatic threading in the automatic operation 
of guides and   ipr.»yh during the strip head paese«* through the sill, and 
while    H »' «trip tail (iO*»e out  of the «ill.    The other is the automatic 
«tearing of  the «tr*p head,  for which the ateering sensors are located at 
the exit of No.   1 and No.  2 »tauri.    Wien the sensor* recognise the devi- 
ation of strip head ito» Mill  center line,  levelling signal of screwdown 
is actuated in order to insert  the strip head  into the entry guide of the 
next stand. 

2-3-2    InUTstund  tension centro! 

On the conventional  tandee» cold sill such as the Mill at Wakayaaa, 
the interetand tension control Means th* tension liMit control, naaely 
Maintaining the interstand tensions within a desired liait.   However for 
the advanced »ill at Kashiaa,  the above Mentioned control systen is set 
aside, and a new interstand tension control ay atea, which Maintains the 
interstand tensions at target values, is adopted.    That is, this tandea 
Mill is unique in that it is teneion-regulatod rather than speed-regulated. 
By this new system, troubles such as atrip breakages or pinches caused 
by abnormal  tension have been decreased, and it also has relieved oper- 
atore of a par?  of  their strained work. 

Two Methods are possible in order to Maintain the interstand tensions 
at target values.    (Nie method  is feeding the tensioseter signal back to 
the screw fruition controller  ind the other is to the roll speed cont- 
roller.   Since it <s feared th»t controlling both gage and tension by »ersw 
position movement  is very complicated especially during strip threading, 
the tension control has been Made independent of gage control, that is, 
interstand tensions ara Maintained at target values by controlling stand 
speeds.    The control of interstand tension between No.  1 and No. 2 stani 
is designe<l to begin es soon as tho strip head end enters into No. 3 stand 
roll bite.    The interstand tension control between No. 4 stand and No. 6 
stand begins soon after the tension between No. 5 stand tension reel is 
established.    Actual step response of the constant interstand tension 
control has been measured, and the tiae to reach the input tension refer- 
ence value has been found to be about 0.5 see.    fig. 25 «hows the typical 
traces for the inter» Und tension control.    In this figure it is evident 
that the each in to rotund tension is constant throughout the rolling. 

As it is supposed that the behaviour or the tandea sill under the 
constant tension control greatly differs froa the behaviour of the con- 
ventional aill without constant tension control,  it is necessary to aake 
clear the fundamental differences between the two.    The transfer coef- 
ficients, denoting the relationship between an input signal and its 
response of the tandea Mill without constant tension control, have already 
been discussed in detail.11'    On this paper, by Mean» of calculating the 
transfer coefficients under the constant tension control, the influences 
on the delivery gage change by screwdown aoveaents are discussed.    The 
following equation shows the influence on the delivery gage change caused 
by input screwdown signal   (AS)j 

«^ J=l *ij-<AS)j 
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when- Ai.)   is .1   trassier coei'f t <• ient   ' ur   the  ease  of  mili   modulus  uf each 
*>tand being  17"   tons/mw and mUiou!    th*^ '.unst un   ten.-uon  control,     in  the 
other hand Xi ,j   i «  a   transfer cooîî i c-n'it   tor   i ht.-  crie  of  eijuivuleut mill 
modulus c4   No.    I  and  No.   -i alami  be ir.:'; 7.000  ti-uf/min and   under   the 
constant  tension control.    Fig.   ut!  show, calculated  results ci'  Aij and 
Xij.    The  roll j a«; condii, i un asm1   in   < h J. ^ cai coiai ¡o¡»   i-> hot   strip gage 
2.6 im«,   final   product   gage O.w .nm,   «trip width 'VKl mm.     'l'ho   result of 
en 1 cu La t inn   is as folloni      Un   ihr  conventional  mill  without  constant 
tension  contro1     f>t:r<'\*  uovemon,   ol"  ou'.y  No.    1  *>cat;d   fau-e»  the   following 
stands dr).ivory   gage  change»,    imi    ¡crew movements  ol   other  stands  bring 
about  inter.stiod  tension change,   scarcely   tfleeting delivery gago a  (See 
Aij).    Under  the  constant tension  control   on  the ether hand  No.   2 -  No.  5 
stand screw move/meni   euusep  the  following bland* delivery  gage  change 
including  finishing gage change   (S«e  ÂÎ2-ÂÎ5). 

2-.V3    Automatic gai,-«  control by X-ray gage feed hack 

No.   1 stand sctewdown control   (coarse control) and No.   »,   5 stand 
roll »peed control   (\^rnier control) are in general   for the conventional 
tandea cold mill  AGC by X-ray   gage  feed back (Kig. 27).    This is natural 
because  of the  fact  that screw   pout ion correction« except  No.   1 stand 
scarcely  affect  the  finishing gage    dismissed  in this paper.    However,  OD 
tilia tandea «ill   under  the constant  tension control, No.   2-No.  4 aland 
acrew position  corroe!i una al feet  greatly  the succeeding   int erstand gage. 
So it   is  posai!»Ic to maintain  t.h«   desired  tnierstand gage  froir, strip head 
end to trailing end  by  interstand »crew correction.    The advanced and 
new AGC  system  of  tin»  t andern mill   consists ol   the   three   feed   back  leopa 
as i* shown  in  Pig.  28.    Kig.  29  i»  tiie gage  trace-* of  this 4GC ayate« 
showing that strip gage variation   is controlled within  the  limit, of  * 5 lai 
(• ().(>&)  from strip head to trailing end, ~ 

2-3-4    Automatic  tfcrov*dowi< control  at   strip head end 

Usuailj >   o linage length at   strip head end   ¡ s 30  '   10 n or more, 
because of absence of  interstuiid  tensions and strew position setting error». 
The advanced gage control avstcm  is developed  to r-due»;   the above mentioned 
olf-guge at strip head   >nd.     The strip position at  No.  4 stand  roll  bite 
when the strip top enters into No.   r> stami roll b\tr,   in  tracked by    the 
computer,  and  when  this [ie.it i on  reaches the  X ray  gage   located at No.  4 
atand   exit    side,       'ilo.   1 .stand anew position  IK corrected according 
to No.   1  stand  A-ray  gage déviation.     The  strip portion where  No. 4 stand 
screw position correction vas i-arncl out    is also tracked  by the computer 
and when  this   position  reaches  the  \-ray  gage  located at  No.   P atand exit, 
Mo.  Ü atand «crew  position   is corrected according  to No.   f- stand  X ray gage 
deviation.    Thii- automatic Hcrekdowtt  control  at strip threading stage  ia 
one of  the  functions  or the  process  control   c-imputer  introduced   to  this 
»ill.    Fig.  ">0 shows  the practical   I races for «his gage  control.    For thia 
example,   eif„gage  length ¡i ».  strip herid end   us  le.;8  than   10 m.     It  is ex- 
traordinary shori   compared w>tli  the- rail!  wi tltoe.t. this control   system. 
For  »his  control,   X-iay  s-:.-e   h.t ,  to  In   always   located  ji   normal   position, 
ihe.i^h   il   iti usuai i,\   hacked  unid   the  throading ol   the  .strip has been 
i ill l.-lied . 
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J-J. H    Oil   film compensation at  acceleration and deceleration 

I 
The ml   i,in thickness of backup roll  bearing» changes according to 

r».il «peed champ during »ill acceleration and dec« 1« rat ion.    Correction 
of screw position a» the  function of nil  «peed  is necessary for Main- 
taining the «trip Kage within  the  toiw.Juice.    Since the 01. fil« thick- I 
nea« chango  is also affected  by   the rolling force,   the srrewdown signal 
for oil  film compensation   is f^d everv o.i second fro« the computer a« a 
function of roll  speed and  rolling force during «ill acceleration and de- 
celeration.    The function has been decided by actual measurement of oil 
fil« thickness.    By  this oil  fil« compensation,  atrip off gage during 
acceleration and doc«]»ration ha« been completely prevented. 

2-3-6    Automatic deceleration 

The autoaatic deceleration of the tandem cold «ill at Ka«hi«a i« 
illustrated in Fig.  31.    Number of turn« of hot coil  is initially «et. 
And analog calculations of «trip length «till existing in pay off reel 
and necessary strip length for deceleration are continuously carried out 
during rolling.    When the difference of the two reaches a certain vaino, 
the décélération command  is   issued. 

2-3-7    Shape  control 

Shape control  is o«tr««eiy «portant for cold rolling.    In recent 

typ», J & L type, AbkA type,   1HI  type and Hitachi  type. 12), 13)    Thou** 

vt^J^r0LTttHB9 mki°* "** °f thm» sha^ «•'»•«•• hav* boo» ^ vestigated,  it  is . tui ryl  vei rulficiWit  for practicaj  cold roiiint.12) 

2-4    Coaputer Set-up 

• <„„.**•Kashim'  \tßnm
t^ the «HI  set-up calculation are screwdown po«i- 

ions,   tension and roll  speed references and gage settings,    flue to thi« 

iai^ntrnir and autfUc «crewdow« control at strip h ,ad end, which 
wa* mentioned prev.ously  m  this paye-   off-gag* length *t strip head ond 
ha. been oonwtìerobly        reduced.    Fig. 32 show« the flow chart ofîï. 
set-up calculât i-.i. which  i« described in detail  below. 

2-4-1    Déterminât i on of draft schedule 

The dn;ft schedule of tunde» cold «ill  im ^^Hy ¿«terminad by ex- 
perience to ensure  .he rolling under prop«, force and load c¡ndUi2 «I. 

¿tiiii:r p 8hapi' aid fher faetora- But the ««»irías^ííí" theoretical approach and developed a method, by which the droft Mhoiiil« 
can be calculated completely theoretically. ¿ thifuÎS»» «»¡ÎSÏÏÎ 
•odej.jnlor.tond «ages and  interstand tension« are theoretic.U?££ 

given.    Since  it   is unnecessary to calculate the draft schedule ««.lim. 
his calculation   is done off-line and the result  is itortd in thTli 
ine computer.    Fig.  33 shows two cases of draft  ¿¿X£ for Ïïe Loo 1 

hot  snip gage and  finish,,,« „g, . OM in Qtm    tp(J ^TJZluJTZt * 
the roll.ng Tore. ,.|   H H,,ndH  Kre  Ul0 ^  £„„  ^    J* co««£o« that § 
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coodit on    hat rollio fore... ,>f No.   1   . No    , Mttmri 
l-   •   J   :   1   s   1  :   1,   the driv*. „0toi    L"      ? ! *re In the rati° of 
rwlrictoü  .n the ratio ..f o.S      1 !   f °f  N°'   !      «•'"•  r' »taiid being 
ih* Combination of typJcul  hot «rip ga^ and Hnl, " *%" 8chedules '»r 
Have  been computed  by   Ul«   G,f-!i„c coÍ«u ,r P,0duct gtt«e' *h*<* 
in the on-lu, cwputar.     If *  «,. B Í »«at.onod above,  are stored 
or for o fJIWi protluct rtiirt  i« «iî    "'"'r    foP a hot "tr4P **«« 
draft schedule  i„ u<c4l^ ^ ^ J?" "   . »— "l«ct.d,   ¿Ï ih« 
% overall  reduction. P      1,IWar  "»'«rpoUiioii according to 

2-4-2    Matetica, nodel  of the ^^^ ^   ^^^ 

auction*.    ThiB weasured f £ .t^T^iî- J1? «••"•« to vario«, re- 
tenperatur. at actual rollio ^* ¿l,"?1'1* * «»i» rata and 
•tr«»» i« Äowt a. fon^,1* 4?ttìte' and «»perentaI fomula for flw 

«hare kn ia flow atreaa    1    •      -*• 
fector «r .traill rate a^*' "; af¿J^JiT^Ì*-: *- i* » .«Uficatloa 

friction featwee« th. work roll 2TSÎ !T-^     at th* c0*ffi'i«»t of 

**„:**£ Aft*r vari°u« £iï££iiïïs 0
v;rie* rordin* *• *• roll- it hu lie«, «¿e cl h coi/fîîriÎ*    * Î ^ the Poetical «ni, 

«• ¡h« rolling ap^d, and    t       ^fíí"IT.    J?CUm "C*rc«1* *»«*• 

«ccor^lB» to the above »«.t^'gjJJ 0f
Th

flÍCLlon ha- «**« «•Pliai 
taeoretically caicuUud.    Bland i íí^    The" the rol"«K force can be 
calculati»* -tfc«, of ^ rola^^ W"" *• elected a9 tho 
for th. o«.lllie center, it ha^« ai* ! IJT^' 
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