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Tne Current tendency of the hot strip mill in Japan 

1. Introduction 

Before the oil crisis happened in 1973, Japanese steel inàustry went on 

to make thier production facilities more proãuctive installing high 

performance equipment in order to meet the demand from steel consumers. 

Since the oil crisis, however, the situation of the steel industries 

are changed 7 because of the recession of the world economy and also 

thier nature which the steel plant does have to require the huge amount 

of energy on thier steel proàuction process. 

Having the said back ground, the new designs and the improved operation 

techniques have been under development to meet the requirements from 

below-mentioned criteria and some of them are already tried in the 

practical operation. 

The new tendency of the hot strip mill in Japan is mainly depend upon 

the save of energy, material and labor force. 
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2. The tendencv of the lavout 

The recently ordered hot strip mill to Mitsubishi Heavy Industríes,Ltd. 

have been planned out as 3/4-contínuous hot stríp mill by the below 

lísted maín reasons. 

(1) Economization of investment cost for mecha.nícal, civil, a.nd elec-

trical equipment. 

(2) Equalízatíon of the production capability between roughing train 

and finishing train. 

(3) The better flexibility of the selection of pass number on roughing 

train. This will aim very much the rolling of the low alloy steel 

and high tensile steel. 

(4) The better flexibility of the temperature control of the slab on 

the- roughing train. 

3. CÀL"T"Tent technioues 

3-1 In order to save energy:-

.Among the equipment and facilities for hot strip mill, the slab reheating 

furnace is the biggest energy consumer a.nd also is acting as the principal 

equipment for · the slab temperatu:re control. 
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Therefore, the saving the energy on the slab reheating furnaces are 

most effective ways to achieve the energy saving in the hot strip mill. 

In accordance with these condition, the following techniques are already 

developed and applied. 

(1) Direct rolling the hot slab from slabbing mill. 

(2) Hot charging the slab to reheating furnaces. 

(3) Low temperature extracting the slab from reheating furnace. 

(4) Temperature controlled rolling. 

3-1-1 Direct rolling the hot slab from slabbing mill. 

The several m.ills, more than four mills are rolling the slab directly 

from the slabbing m.ill wi thout reheating in the furnace, i.n arder to 

achieve this operation, the slabbing mill a.nd the hot strip mill are 

to be located in tandem as shown below. 

Slabbing Mill 

1

. Slabbing Mil! Slab 

--t:;:::;:::3-±1;~E::;::~3]8E= 

Hot Scarfer 

Connecting 
Table Hot Strip Mill 

Slab 
Transfer 

Furnaces 

Finishers Coi ler 



The hot scarfing machine located on the rear side of the slabbing m.ill, 

will be operated automaticaly for the conditioning of the slab. 

Tne automatic inspection device for the defect on the slab suxface is 

under development at this time. 

As a benefit of the direct rolling the hot slab without reheating i n 

the f-urna.ce, the energy consumption of the reheating furnace will come 

down to approximately 80,000 - 100,000 Kcal/ton instead of the 360,000 

- 400,000 Kcal/ton. 

3-1-2 Hot charging the slab to reheating furnaces 

Another major operation technique to save the energy consumption in 

the furnaces is Hot charging the slab having temperature arround 

o o 
500 C - 700 C at entry end of the furna.ces. 

ln this case, the slabbing mill or continuous slab casting machine 

can be installed in any place and the slab transfer between hot strip 

m.ill furnace charging end and them are required. 
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.3-1-3 Low temperature extracting the slab from the reehating furnaces 

It have been almost common sense to extract the slao from the reheat ing 

furnace and feed to the rolling mill at 1,250°c in the temperature º 

No,.., however, from energ:y saving anã i.mprovement of the quali ty of t:Oe 

steel, lower extraction temperature became common, which will be 

a_-r-round o 1,150 e. 

As the advantages of this operation, 10% of the fuel may be saved and 

the tensile strength of the steel may be increased maintaining the grain 

size within the range under 8. 

For the latter pu.rpose, of cou:rse, the temperature control throughout 

rolling are also essentially required. 

3-1-4 Temperature controlled rolling 

As stated on the bottom half, the i.mprovement of the tensile strength 

of the steel can be done, controlling the temperature of the bar in 

roughing train or finishing train. 

3-2 In order to save the material 

'I'he most effective mean to save the material is the i.mprovement of yield 

and control of dimensional accuracy of the product. For this pu.rpose, the 

following technique are developed and i.mproved. 
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(1) Automatic gauge control 

(2) Compensation of Backup Roll eccentricity 

(3) VJ.inimize of Head end mark on the bore of coils 

(4) Automatic width control 

( 5) Vi.inimize of necking of strip 

As the future step, the followings are envisaged for the better yield 

of the hot strip mill 

(a) Precision crown control 

(b) Minimize of edge drop of the strip 

(e) Change over the thiclmess in one strip 

(d) Looper less control on finishing train 

3-2-1 Automatic gauge control 

The automatic gauge cont rol on the hot strip mill have been dane 

employing the electrical guage control system, MHI have, however, 

developed recently the hyd-grease type gauge control system which 

are installed on the top of the top back up roll chock as conpact 

assembly having better per formances such as quick response, stead.y 

operation, less maintenance etc, and applied to tbe 186 inches 

Japanese plate mill in successfull operation. 
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Of course, MJil is also ma_~u.facturing another type hydraulic A.G.C 

system consisting of the fluid cylinder, servo valves and inductsyn 

for the constant roll gap control. The ideal arrangement of hydraul"i c 

will have also been .studied . 

3-2-2 Compensation of the Bacr. up roll eccentricity 

Tne eccentricity of journal and roll barrel of Eack up roll come from 

roll grind.ing can cause cyclic variation of roll gap dueto it's 

revolution. This will cau s e the thiclmess fluctuation of the strip 

up to today, This cyclic f luctuation of roll gap could not be compen-

sated by Automatic gauge control. 

Mitsubishi Heavy Industries, Ltd. h ave recently developed the compensation 

control system to eliminate t he influence of the back-up roll eccentric-

ity utilizing the load signal from load cells the position signal of the 

roll rotation and computor system. 

The trial achievement of t hi s cont rol had taken the place in Japanese 

cold mill in last y ea.r,a.fter several trial achievement, it has been 

proventhat th~ system is quite stable and effective to eliminate the 

in.fluence of Eack up roll eccentricity from strip thiclmess. 
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3-2-3 Yú.nimize of Head end mark, on the bore of coils 

When the heavy gauge strip is coiled up on the downcoiler mandrel, 

first few wraps have to suffer from the printing or deforma.tion àue 

to the step of the strip head end. 

ln order to release this problem, Mitsubi~hi Heavy Industries, Ltd. 

haà applied 3-step exp2.nding mandrel for downcoiler, on the past design. 

However, recently head end mark on the cooled strip became more 

severe ã.ue to incre,~sing the needs to roll hard thicker material 

for line pipes. 

As a solution for this, re9ently MHI have developed new design 

which is providing the pneuip.atic spring between unit roller beping 

and it's frame having spring force variable control to establish 

adequate sp:i:,ing- force accor .ding_____:tlQ__the stri_p thiclmess in arder to _____ _ 

minimize the contact force of unit roller to coiling strip. 

3-2-4 Automatic width control 

According to the installation of the continuous slab casting machine, 

The width step variation of the slabs are grouped into several pattern 

to minimize the changing of the casting moulds_ Therefore on the hot 

strip mill, the width of the slabs have to be adjusted to the specified 
1 

strip width. 
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.And also heavy thick slabs are introduced to bring the mill productivity 

higher, therefore on the eaging mill, edging force have to be adjusted 

to maintain slab width constant, because of the fluctuation of thermal 

distribution. 

From above demand, MHI have developed the heavy duty edging míll having 

below specification for heavy continuous cast slab rolling. 

3-2-5 Yti.nimizing of necking of strip 

When strip tension in between last mill stand -arrl mandrel are . .fluctuat ed 

by some reason such as different acceleration or deceleration performance 

of each drive, the width deviation will be happened, which are called as 

the necking of the strip. 

F':rom actual operation, i t c.an be said that the necking of the strip 

will be happend frequently on the strip having the sectional a.rea less 

than 2,000 
2 

IIllil • 

Therefore, in order to avoid this necking, Down coiler mandrel drive 

will be equipped with change-over type gear drive to select best 

possible inertia for the tension control of the thin gauge material. 
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Reference data 



Heavv Edcin~ 1-'T.ill 

Slabs to be rolled Iviax. 350 mm thick 

Jv.ia.x. draft 100 mm 
i -------
' 

Edging speed 70 m/min 

-·· ·· - - ·- ·--·------------'-----------------1 

Roll adjust mechanism Hyd.-Mechanical 

Roll adjusting speed Max. 80 mm/sec 
i ,--------------~--+---------------í 

RAWC 

·i 
Normal roll adjust 

' 

Screw-nut sliding 
by Eyd.raulic 

by Mechanical 

1 

i 
1 

1 
! 

--·---------------------------

: Adjusting force Ivia.x. 500 tons 

!. -- · ---------------------------
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SERl·:.ES AGC system à.eveloped by Kaschineme.brik SJ..CK Gmbli in 1'.'est 

G€rma~y , he.s been successfully put into practice.l use in rcllin6 cills 

e.nd at present 12 units are being operated satisfactorily ar;d 2 units 

are under manufectt.:..re. 

ln order to meet new requirements for rolling mills, our lü tsubish i 

Beavy Industries, Ltd. (}llil) is now ready to start the manme.cture of 

the SE.RY.ES .AGC systeo unà.er a license from SAC".t:.·, in s.ddi tion to the 

hydraulic AGC eysteo ~hich he.s been developed and been me.nu.factu::-ed 

up to the present by our campany . 
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l. Fes. tu:-es 

The SER.Jo~S .AGC sys tem m.e..inly consis ts of mein eylinà.ers i:.nc 

intensifier cylinciers. . The main eylinder is controlled ·oy t:rie 

intensif'ier cyli.nà.er :u.sing ,.grease e.s a .mediur:i • 

.b.s ti:le me.ir: cylinà.er .is of a · t;reE.Se . cpere. tion type, i t has e 

high capability of aealing so a.s to enable it to ma.ke a high 

pressure operation, and tberefore ~hen the system has been applied 

to respective ki.nàs of rolling mill, it can make tbe best use of 

the follo~ing feetures. 

(1) E.igh respo~siveness 

Because this system has a good responsiveness of about 2 times 

as high as that of t be electrically operated AGC system. it 

ce.n be ex:pected that ÍI:'.!provement is mede in the st:::-ip tl:1icbess 

accuracy. 

( 2) LGC rolling under a high load 

As the grea.se operat i ng pressure in tbe me.in eylinder is 

allowed to be ra.ised up to~- 450 kg/cm2 • the AGC rolling 

ca.n be performed u.nder a .high ioad . 

(3) Variable m.ill modulus control 

Rolling can be ce.rried out at the optimum m.ill ~od1...lus selecteà 

accorà.ing to ti:le c.haracteristics .of each stand. 

(4) Unje.mcing function 

.J6.l!llUng of the m.ill rolls ca.n be easily .releaeed by the pull 

back of the ma.in eylinders. 

------------MITSUBISHI HEAVY INDUSTRIES, LTD.------------



(5) Uaptability to existing rolling ~ills 

As tbe main cylin.àer.is .installed ·at the upper pe.rt of t he 

mi.11 ·housing; it -can be aà.d.ition.a.lly insta.lled -e~sily ,:i t h ot!t 

changi.ng the pass-line, thet 1s, by only ·some ·adju.stmect o~ 

tbe roll ga:p. 

(6) Decrease of investment cost 
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As a fle.t cylinder is adopteà for the !IlÁin cylinder, t his 

systec ce.n ma.ke the height of the l:lill housing lo~er asco~­

pe.red vith other type hydraulic lGC systeit.S and moreover, it 

does not require to provide duir.my blocks for fixing securely 

the location of the pess line. Therefore this system ca.n serve 

also for the saving of investment cost. 

(7) 1'ia.intenace 

As the me..in • cylinder is instclled · a t the upper part of t l:..e 

mill housing, its enviromental conditions are relatively good 

as co~pared vith othe r type hydraulic ÃGC systems and also its 

removal can be me.de easily, whicb facili tates the ms.intenance 

work. 

------------MITSUBISHI HEAVY INDUSTRIES. LTD.------------
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2. Construction 

The me.in - cylinders_e..nd - the infensifier cylinders are assembled in 

the cross frame .,rhich 'is installed under the screw-clown · screws e.nê. 

is :ra.nging from tbe work si de . to ·-tne drive ·sià.e of . ·the . rolling 

mi.1.1. Tne cross •:frame is aleo -proviàed, · by the -manifold type 

f'itting:l!lethod, .. rith -"t.he :piping .e.nd ·eq_u.ipment for p:.pot cylinder 

opere.tion. 

Gree..se is filled between t he me.in cylinder and the i~tensifier 

cylinder, end by using t ~e grease as a mediu~, the position of the 

ma.in cylinder is controlled by hydraulic control of the piston 

position of the intensifier cy linder. 

J..s the pressure intensifying r atio of the intensifier cylinder is 

selected to about 2 times~ t he working oil pressure for the intensi­

fier cylinder becomes 25 0 kg/cm2 at the highest for the 450 kg/cm2 

maximum working grease pressure of the main cylinder, and · there:fore 

this ·sEID:ES AGC system ..he.s a -universali ty in selecting the hyc.raulic 

source equipnent e.nd ·the ·e lect:ro- hyd.raulic -eerv-o-valve. 

ln designing the SEID'i.ES unit, importance must be attached particula.r­

ly to the resistance age.inst t he vibrations originating from the 

:rolling load, e.nd in this :respect, considerations are given e.s shown 

below. 

(1) Especially, as for the ~ea.r of tbe sliding eurfece between the 

ma.i.n cylinder· and · the plu.nger, ·:the bush construction is adopted 

so -that maintena.nce .(replacement) can be carried out easily. 

Similar considerations are given also to the intensifier 

cylinder, etc. 

-----------MITSUBISHI HEAVY INDUSTRIES, LTD.-----------
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(2) Intensifier cylinder e...~d position detecting device 

Especially, in the case of a rollin? lllill ~hich is subjected 

to la.rge impacts, a vertical type a.rran~ment is adopted for 

the intensifier cy linder and the position detecting device so 

that une:x.pected abnormal l oads · will not act on the cylinder 

rod and the detecting rod . 

further, the detec t ing rod is p~ovided with a guide dar:iper 

to slacken the influence by the impact load. 

(3) The vibration resiste.nce becomes a problem ~lso for the piping 
; 

perts. 

In this respect, h owever,, a me.nifold block construction is 

adopted to decrea.se the number of joints es far as possible. 

As for the deta.iled cons truction of the SERKES unit, please 

refer to the following page. 

- - - - -------M!TSUB!SHl HEAVY IND,USTRIES. LTD.-----------
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SDX&S J.GC sr:rra 
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- Syste• Control l>iacraa -
3o.nw-dovn ao tor 

[ Oporati~g panel íl 
Preaaure detector 

Load cell 

- - - ------- - - - -- - - - --
Screw­
cloYD 
aotor 
eontrol 
,anel 

B.ollillc torce 
'l'otal Dif'ference 

Intenaitier e linder r­
t 
1 --------- . --- - ---"7"T- ---- lJÍ-1~ lc:~f :u :~~J 

------------------, '1 
--.,'--~---------~------7 1 l 1 üj 1 1 1 

Poaitioa 4otec~ : : j -rr-----
nlu tca_ 1 1 1 : 1 

_____ J __ ..J 
Pua- lloll aetting ~CC 

~::1nc ~i•u.l~ 1m1-
-{E] ~ ~ ~ oil circu.i t ahut-ott 1 1 ~ - - - - - - ____ _.,_-~--~ 

11&4,ll qliDder _,- r~r- - ----- ---
L.,. ___ _. 1 

Jlill ••11 S7• tea Quiclc 
aoclulu PP reaet ~a• -

-~ õºt o o 
' 1 ectro-

-----....... -1~h·yd-raulic 
________ _;_...,1aerTO-

TalYe 1 

' --~J 1 
1 

______ I -------' 
1 

Unlo..t relief T&lTe 

I tor unj~:.:.~ -~ 1 -
L - ---,- =- ~ 

E%pla.nation of ayste• control diagraa : 

Aa ahown in the aboTe figure, the ~d.raulic load.ing control 

ayatem conaists of mechanical deTicea, hydraw.ic deTicea 

and electric control dericea and it ia an integrated control 

r.,atem vbich h&a simplified the conatruction ot the • echanical 

dertces and increased their efficiency and alao haa • ade the 

1 
1 
1 
1 
1 
1 
1 
1 
L_7 

1 
1 
1 

beat w,e of the higb reaponeiYeneas of the hyd.raulic servo deTice. 
t+Tank 

ln the SEBMES A~::: ayate11, greaae ia tilled. between the aain cyliader aJMl tho 

intenaifier cylinder a.nd all the poaitioning o! tho aaia oylinder ia carried out 

by aetting the poaition of th• intenaifier cylinder tnro~- .,..ase t- m.1 ; .._ •-- •-na as-on. 

j 

!lydraulic 
lo.dine 
control 
panel 

Loacl­
cell 
control 
panal 

1 1 
L_ ___ _J 

--.--
1 

1 

1 
L_ 

----~--~---' 

'

crow-
ACC own Retal-

la orr Rrce in 

_2 __ ~-~í _)1 
fllain c7l. ~~pletion 
~f~~ ff:ft preparation 

o o o 
- -+--+--.J 

For the poaition control, the eontrol operation {calculation) ia carried out in the 

hy1lraalic loadinc eontrol panel 17 tA• Ht input &Ali t.Ae poai tion teed back aienal 

fro• the poaition detec,or which ia ,inctly eoanecte4 to the inteneitier cylinder 

piaton, and then a control aignal ia put out to the electro-hydraulic aervo-Talve. 

'f'h• electro-hydraulic een-o-YalTe performs the control of the intenaitier cyli::-.der 

piaton to Üle apooi!ied poaition b7.....,. ot oontrellinc the oil tlow rate to the 

i.Dtea.aifier cylinder •Y ita contrcl aigaal. 

!'or th• •~ eontrol, the control oporatioa . (caleu.lation) ia carried out by the roL­

inc force eicnal &Jld tu at.rip t.àick.ne- e\eTiatioa aicn,a.l !ro• the load cell or the 

preo.ure detecter (detection o! ~•ae pnaaure in the -in cylinder) and then a 

control signal ia pllt out to the electro-hydraw.ic aerYo-YalYe. 

Beaide the aboTo, tàe S6RMES AGC eyatem haa the following m&in control function.s. 

e.. Yariable aill aodulu J.GC control o 011 circui t ahut-of! control 

e llell "ttin« o Monitor J.GC control 

o Unj amming operation 





aaujahr Anlage Gcrüstobmossungcn 
No. Ycar MIII Type MIII Sizo 

(mm) 

1 1971 Koltbond- 465 (/) X 14 20 (/) X 165 o 
Rcvorslorgerüst 

2 1!)72 Sgorüstigo 505 (f, X 1350 (/J X 12 60 
Kolt-Tandomstraílo 

3 1972 6gorüstlgo 585 ~ X 1410 q, X 1525 
Alu-Koltbandslraíle 

4 t973 2gcrüstlge 600 (/) X 1420 (/) X 1320 

DCR-Slra0e 

5 1973 J<oltband- -430 (/) X 1270 (/) X 1220 
Rovorslcrgcrüst 

6 1973 K:iltbond- 535 (J) X 1525 (µ X 1030 
Rovorsiorgorüst 

7 1974 5gerüslig o 460 (/) X 1250 (/) X 1070 
Knlt-Tanclom strnlia 
(Gerüst 1) 

B 197~ 7gc rüst ige 
W:irmbandfertig strnílE 

675 (/) X 1300 (Í) X 1700 

(Gerüsl '-' 5 + 6 + 7) 

!) 1974 4gorüslige 500 rf> X 1420 (/) X 2030 

Kalt-Tnndemstralle 
(Gcrüst ft 1) 

10 1975 Ka ltb:ind- 420 (f)...x 150:J (/) X 2250 

Rovcrs lergorüst 

11 1975 B lcchslrol3o 995 (/) X 2030 (/) X 2000 

12 1975 Kallband- 150 (/) X 300 (/) X 250 
Revcrslergerüst 

13 1976 5gr.rüstige 585 (/) X 1350 (/) X 1220 
Knlt-Tandomstral)o 

14 1976 BlechstraBe 950,;Sx2100~x3700 

·-·- -··---·- - ------- ·--· -- . .. .. ·-· ··-- ·--------·--·- ·------· 

Froduction records of SEHHES AGC aystcm 

--·-------··· ·---------·--- -·-· -· ·· - ·-· •·"--- · . - · .. ' .. •·· -·- - ··-------- - - ------

Gcschwindigkeit Nominalo W;ilzlasl Kcnngróílc Hcrslcllcr Auftraggcbcr und O rl 
Mill Spccd Roll ing Load SERMES-Sito Ouild()r Customor and Location 

(m/min) (KN) 

600 

1800 

2300 

2130 

680 

1000 

1370 

720 

1200 

105 

300 

10,7/50 

2000 

18 000 

24 oco 

20000 

16 000 

18 000 

18 000 

18 000 

20 000 

20000 

25 000 

94 000 

2 000 

12 000 

565 X 12 

565 X 10 

610 X 9,5 

565 X 12 

650 X 12,5 

565 X 12,5 

520 X 13 

650 X 20 

650 X 10 

650 X 15 

101 t x 25 

177,0 X 0,75 

565 X 12,5 

------ --- -
CLE / SACf< íl;issolsloln AG / W.ork Nouwicd / BRD 

CLE J . J . Cornaud / Onsso -lndro / Frankroich 

CLE / ME STA Alcon / Warrlck Works /Indiana/ USA 

SACK Hoc~ch Hüttonworko AG /Dortmund/ !3ílD 

SACK TEílNI SpA / Tornl / llnlion 

SACK Uslno do Gustav Bool SA. Lo Louvicro, Dclg ion 

MESTA Altos Hornos de Moxlco, Monclovia, Moxico 

SACK August Thysscn-Hüt lo AG, Work Oruckhau5cn / BRD 

SACK Stnhlworke Poino-Salzg lltor AG, Wor k Solzglttor / BRD 

SACK 

M ESTA 

CLE 

SACK 

Avcsta Jernverks AB, Avcsla, Schweden 

Oc thl-e-hem Stcol Corp., Burus Harbor Plant. USA 

lrsld-Parls, Fronkrclch 

CORNIGLIANO, Gonuo, ltalion 

360 77 ººº 1000x20 S/\CK /\ugust Thys sen-llütte AG, \'lerk Buckinqen/ BRD 1 

'~ 
\]1 

··-· · -· • -- " ----·· ----· - ·· ·-------- - 1 
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(1) Installation poaition 

(2) llain opcrating mcmbers 

(3) Strength of electric­
ally opernted acrcw­
down device 

(4) AGC rolling lond 

Comparison tablo of varioua kinds of AGC oystoms (1/2) 
SEfü1ES AGC sys tom 

Usunlly the cylinder is 
instnllcd in tho window 
upper pnrt of the mill 
housing. 

Grcnao operntod mnin 
cylinder and hydrnulic­
nlly opcrated intensifier 
cylinder 

Hydraulic AGC systcm 

Usually tho cylinder is 
installcd in the window 
lowor part of the mill 
housing. 

Hydrnulically opernted 
cylinder 

As the electricnlly operntod acrcw-down device does 
not work nt tho time of AGC rolling, high lond does 
not work on the screw-down 1,orm eenr aet. 

Dccnusc the mnx. working 
preesure of the main 
cylindor is 450 kg/cm2, 
a high load rolling cnn 
be cnrried out. 

Becnuse the max. workinG 
preasure of tho cylinder 
is 350 k&/cm2, this sys­
tem is inferior to the 
SER11ES AGC system. 

Elcctric AGC systcm 

Usunlly this aystem is 
installcd on the top of the 
rnill houning. 

D.e. motor and screw-down 
acrcw 

As the electricnlly opernted 
ecrew-down device performs 
tho AGC rolling, a high loo.d 
design io required for thia 
system. 

As the rollin6 lóad is limi­
ttcd by the otrength of the 
driving meéhnnism such as 
l'TOrm & uheel; sérew & nut, 
etc., .thin systcrn ls · inferior 
to the 'othors in •tho hieh 
loo.d ·rolling. 

1--------------f---------------1---------- ------i---------- - ------1 
(5) AGC opcration 

rcsponsivencos 

At ponition control 
A t Bl0H.A con trol 

As the main cylinder is 
controlled by the intcn­
sifier cylinder, using 
grcase as the medium, 
this syetem is inferior 
to the hydrnulic AGC 
syatom in tho point of 
rcaponsiveness. 

30 rnd/Gcc 
10 rnd/sec 

As the cylinder ia cont­
rolled dircctly, this 
systcm is most cxcellent 
in the roaponoivoness. 

30 ro.d/sec 
30 rnd/sec 

Thc motor itself ho.s a large 
inortin, nnd therefore thcre 
is n limitation in tho 
rcsponsivencss. 

7.5 ro.d/nec 
4 rad/sec 
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(6) Sotting nccuracy of 
roll gnp 

(7) Tnpcr rolling 

(8) Unjomming function 

(9) Mnintennnce itcms 

(10) Largo apnre porto 

Comparaon tnble of various kinds of AGC ayatelll3 (2/2) 

SER~!ES AGC aystem I llydrnulic AGC ayotem Electric AGC ayatem 

Setting accurocy cnn be raised by mo.king fine odjust­
ment with the cylinder aftor aetting of roll gop by 
electricnlly opernted ocrew-down dcvico. 

In the cose of plnto r9lling, toper rolling cnn bc 
corried out within thc atroke ra.n~e of the cylindcr. 

Dy the pull-back of the cylinder, unjnmming of rolla 
can be carried out enaily. 

Mnintennnce for the wear 
pnrta in tho SEID!ES uni t. 
o Bushea ond packingo for 

the ench cylindor 
o Posi tion detectora 
o Piping porta 

Naintehnnce of the rela­
tive parta of tho cylinder 
o Buah0a and pnckinga for 

the cylinders 
o Pooi tion detectoro 
o Piping parta 

Mnintenartce of hydraulic working dovice 
o Control of working oil . 
oMnintennncc of the servo- valve and filter 
oNointenance of thc hydrnulic aource equipment 

o Buaheê tmd pnckinga for 
the SERHES unit 

oPosition detectoro 
oSorvo-vnlve 
o F'il ter elemen t 
oOthers 

o Cylinder a.asembly 
o Posi tion detector a 
o Servo-vul ve 
o Fil ter ·clemen t 
o Othorn 

Settine accurncy ia decided 
depending on thc der,ree of 
nccuracy of setting by the 
electricnlly opernted screw­
down dcvico. 

Tnper rolling ia reatrictcd 
by thc ahortage of cnpacity 
of the AGC acrew-down motor. 

In tho AGC àcrew-down motor, 
roll unjomming copacity can 
not be expectcd. 

Periodical inopection for 
the wenr of mcchnnical parta. 
o Screw-down worm · gcnr seta 
o Scrcw-down ocrews nnd nuts 
o Boo.rings 
o Clutcheo, etc. 

o Scrow-dOlm worm cner seta 
o Screu-down screwa nnd nuts 
o Bearings 
o Othero 

.__ ___________ _._ ____________ __._ ______________ _.___ ________ ~--~ 
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1. Preface 

Recently, demands for thickness accuracy of rolled products have become 

increasingly strict and severe from the standpoint of improvement of 

yield, and ·the hydraulic push u ,p ·system developed as a countermeasure 

for the above and excellent in controllability, is exhibiting its 

noticeable effect. 

ln this respect, if the spring constant of mill (mill modulus) is raised 

by control, it is effective for preventing product thickness variations 

dueto incoming strip sheet, however, it has a reverse effect on varia-

tions of product thickness due to ro,11 eccentricity of mill i"Lself. 

Therefore a control system for removing the influence of roll eccentrcitiy 

bas now become one of important subjects of development in the field 

of steel industry. 

For this reason, our company has developed a roll eccentricity compensation 

control system as explained hereunder on the basis of our measurement s , 

researches and experience of actual test and operation concerning tbe 

roll eccent_ricity in the past. 

Our roll eccentricity compensation s y stem has two modes. ln mode 1, 

the roll eccentricity is detected before start of rolling on the rolls 

being rotated in contact condition and this data is used for roll 

eccentricity control during rolling; off-iine detection of roll eccentricty. 

ln mode 2, the roll eccentricity control is made tbrough detection of 

roll eccentricity during rolling; on-line detection of roll eccentricity. 

A combined ;use ·of the two modes wi 11 permi t effective compensation 

control of tbe roll eccentricity. 

Fig. l shows system control. diagram. 

------------MITSUBISHI HEAVY INDUSTRIES, LTD.------------
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2. Roll eccentricity of mill 

ln a 4-bigh mill, roll gap causes variation due · to eccentricity of 

backup roll at every revolution of backup roll, as its one c yc le, 

-...·hich resul ts in lack of uniformi ty in product thickness. 

2.1 lnfluence of roll eccentricity 

lf the gap variation dueto roll eccentricity is deemed as B, the 

amount of variation to be shifted to product thickness be_c?mes KB 

(K is an influence coefficient) in no BISRA control conditions and 

tbe variation is decreased to a few tenths. 

However, in case the BISRA control is being carried out, product 

thickness is influenced by roll eccentricity of nearly 100~, for the 

following reason. 

2.2 Relation between BISRA control and roll eccentricity 

ln tbe BISRA control, the mill is deemed as one spring and roll gap 

is controlled by detection of rolling force, defining "iucrease of 

roll ing forc e = e::~sion· of roll g-ap" e.nd "decree.se of rollinc 

force = contra.ction of· rolJ.. gap". 

On the other hand, in the roll eccentricity it can be said that 

"increase of rolling force= contraction of roll gap" and "dec r ease 

of rolling force= expansion of roll gap". 

ln other words, tbe BISRA control and the roll eccentricity are 

inversely related with eacb other. 

Consequently the roll eccentricity compensation control is particularly 

important, '\<,ben the BISRA control is carried out. 

-----------MITSUBISHI HEAVY INDUSTRIES, LTD.----------,---
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3. HHI roll eccentricity compensation control system (patent pending) 

This system has been designed after full considerations and examina-

tions of characteristics of roll eccentricity, and its principle, 

action and cbaracteristics are sho~n belo~. 

3 .l Control principle 

1) Mode 1 

Before start of rolling, the rolls are rotated in contact condi­

tion under a certaín rolling force. The variation of the rolling 

force is detected along with the rotation angle of the top and 

bottom backup rolls and memorized by mini computer. The ro~a~io n 

angle is detected by the pulse generators connected to t.he top 

and bottom back' up rolls. 

Tbe separation of roll eccentricity waves of the top and bottom 

backup roll~ is acbieved by simple calculatíon on a mini 

computer from the above data. 

During rollíng, tbe separated eccentricities of tbe top and 

bottom backup rolls are combined in contrast with the rotation 

angle and converted to roll eccentricity compensation signal. 

2) Hode 2 

From the rolling force variation si"1el just after start of 

rolling, a roll eccentricity signal for one cycle is separara~ed 

and calculated by computer. 

The separation is carried out by utílizing the fact that the period 

of roll eccentricity coincides with the period pf backup roll 

revolution. ln the 2nd cycle, control is carried out by putting 

out tbe eccentricity signal sought out in the 1st cycle, in 

synchronization with the revolution of backup roll, and also if 

any rolling force variation dueto rol) eccentricity remains, it 

------------MITSUBISHI HEAVY INDUSTRIES, LTD.------------
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is calculated from the rolling force signal. 

ln tbe 3rd cycle, control is carried out with a signal wbicb has 

been obtained by means of compensating the eccentricity signal 

sought for in the 1st cycle by the signal sought for in tbe 2nd 

cycle. ln the sarne method control is carried out in and after the 

4th cyc le . 

3.2 Cbaracteristics of MHI roll eccentricity compensation system 

As mentioned above this system bas adopted the method of separating 

and extracting the roll eccentricity control signal by computer 

from the rolling force signal, and bas the following features. 

1. lt is not necessary to provide any special equipment at the 

mill for the detection of roll eccentricity. 

2. Tbe detection of roll eccentricity, before start of rolling, 

is done automatically by mini computer. 

3. Since this system has adopted a method that the roll eccentricity 

signal calculated by computer is compens.ated at every ecceni.ri c ity 

compensation control cycle, a signal of bigb accuracy can be 

obtained. 

4. The main point of roll eccentricity compensation control is 

tbe detection of eccentricity signal. Effective roll eccentricity 

compensation control can be expected by the combination of 

two roll eccentricity control modes. 

------------MITSUBISHI HEAVY INDUSTRIES, LTD.------------
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4. Results of actual test 

~e made operation test of the roll eccentricity compensation system 

to affirm the effects of the roll eccentricity control in Kashima 

\..·orks of Sumi tomo ~letal Industries and obtained good resul ts as sho'\l."Jl 

in Figs. 2 and 3. 

Fig. 2 shows the results of the roll eccentricity control in mode 2 

witb the rolls being rotated in contact condition. The measurements 

indicate that the variation of rolling force dueto the roll 

eccentricity was reduced from 88 to 20 tons or to about one-fourth 

tbrough roll eccentricity control. 

The rolling condit1ons during this test are as follows: 

1) Rolling force 1,000 tons 

2) Rolling speed 200 m/min(e.t l;o.l st'd) 

3) Hill modulus on BISRA AGC : 2,100 tons/.an 

Fig. 3 shows the results of the roll eccentricity control in mode 2 

during rolling. The measurements indicate that thickness deviation 

owing to the roll eccentricity at No.l stand was improved from Jlf­

to 16fÍ' at the delivery side of No.2 stand through roll eccentricity 

control. 

Tbe rolling conditions during this test are as follows: 

1) Rolling force of No.l stand 1,000 tons 

2) Rolling speed of No.l stand 398 m/min 

3) Material thickness 2.3 mm 

Product thickness 0.5 mm 

The effects of the roll eccentricity control in mode 1 will be 

measured in Kashima Works on and from July 22. 

Note: Since patent is applied for tbe method and system of the roll 

eccentricity compe1 sation control described above, please refrain 

from disclosing any information contained to a third party. 
-----------MITSUBISHI HEAVY INDUSTRIES, LTD.-----------
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Study on the Arrangement of Hydraulic Screw-down Equipment 

in a Tandem Hot Strip Mill anda Suitable Looper 

There is a tendency in recent years to adopt hydraulic screw-

down equipment in rolling mills: in tandem hot strip mills 

as well as in tandem cold strip mills and plate mills. 

In this paper the authors discuss the arrangement of hydraulic 

screw-down equipment in a tandem hot strip mill and the kind 

of looper suited to the mill in order to obtain referential 

data for the design of a tandem hot strip mill. 

The results can be summ-arized as follows: 

(1) A tandem hot strip mill having hydraulic screw-down equip­

ment in the last two stands has the sarne qage variations 

as that having hydraulic screw-down equipment in all 

stands. 

(2) In order to make tension variation smaller it is neces­

sary to use a new type low inertia loooer. 

-----------MITSUBISHI HEAVY INDUSTRIES, LTD.-----------
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1. Introduction 

Recently a hydraulic screw-down system is used in rolling 

rnills, not only in the tandem cold strip mill but also in 

the pla te mi 11. This tren d is also seen in the hot strip 

mill. The reason is as follows. 

A motor screw-down system is no longer sufficient in both 

rnechanical strength and response characteristic because 

of the increase in AGC load and skid-mark ternperatúre 

difference dueto lower slab heating reqúired by energy 

saving and the reduction ·in skid-mark period du~ to - larger 

product thickness. 

There are, on the other hand, the requirements for higher 

product thickness accuracy and larger yie l d . 

For references in planning construction of new or improved 

hot strip mills in the future, studies have been made on 

how to arrange hydraulic screw-down stands and the suitable 

kinds of looper, using a :-. àynamic simulator of the hot 

strip mill developed j ointly with Mitsubishi Electric 

Corporation. 

2. Simulation model anã conditions 

ln evaluation with the simulation , problems are specifica­

tions of an object to be studied, validity of the 

mathematical model and specifications of the disturbances. 

2.1 Specifications of a rolling mill 

Tables 1~3 show main specifications of a rolling mill, 

specifications of screw-down equipment and specification 

of looper. 

------------MITSUBISHI HEAVY INDUSTRIES, LTD.------------
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T2.bl e 1 

N~in specification of rolli!!G r::.i ll 

j~ tand No . 
1 I te~~-. . - f.;l i'.° 2 

.. _ 
:/.:4 1 

::'5 /; 6 ;': 7 :·.=:; 1 

! 
Rcll ~ia~eter (r::.:::) 762 7E2 762 762 1 762 7 62 762 i 

' lfotor output ( k \·:) 9000 9000 9000 9000 9000 9000 1 7400 j 

: ' 1 1 1 ' í 

ll5/ 300!ll5/300ill5/300!ll5/300 il52/395 jl 90/ 495 ;212/ 550 ! I•ioto:r speed 
• • ' • • 1 

1 Retuc~~c~ ratio 1 - 2 1 i 1 
1 

:; • 14 • 02 1 l. 3 5 I ! 
i 

1,::.11 ccn3 'tê.n-:: ( t/ iiJli":) 1 500 600 600 600 600 600 

Tabl e 2 

Specificê. tions of screw- do~·~n equipt:lent 

!'-íotor scre;;-à.own 

Itert 

I-~otor 
Reiuction r2.tio 
S cre,•: leaà 
Back- lash 

Specification 

' 
: 2sets:::75/150k',.'::;:515/1030rpm 

1 ~,3~~ 
! ± 15 µ 

Cyl inde r di ameterl 
:.: stroke 920xl0 :clI!: 

\ Hydraulic sc r ew- do·,rn Cyl inder me.ximum 
!)US!1 

4000 t/stand 
2 (pressure 300 ~6f/cm) 

! Servo-valve Im0G 72- 101 

Table 3 

Speci=ic~tio~s of loopers 

Ite:n Low ine:-tie. looper 
. l 
! Conven tional looper 

I-íotor 2setsx37 . 5k·,.'x44rp!:l_ lset::75k~-.'::515r pm 

Reduction gear ?fone ll.6 

600 
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2.2 Mathematical model 

ln order for the dynarnic simulator to be used generally, 

the mathematical model is in detail, as follows. 

( 1) Rolling theoretical formulae 

For total roll force, torgue and forward slip ratio, 

considering the tension, Sims' formulae are used. 

For mêan flow strees, Shida's formula is used. 

These are all solved as non-linear equation. 

(2 ) Control systems 

Control systems constitution is shown in Fig. 1. 

Each control loop includes non-linear friction, back ­

lash, saturation, dead zone and various minor loops, 

so that the simulation is in high accuracy even for 

small and large amplitudes. However, the present 

purpose is to examine the effects of arrangement of 

hydraulic screw-down equipments and the performance 

of loopers comparatively. ln the constitution, only 

screw-down control and looper control systems are 

thus involved. 

2 .3 Simulation conditions 

With the simulation, a system is ~valuated only by strip 

gage variation and tension variation; strip shape is not 

considered. 

(1) Screw-down equiprnents arrangement 

To compare the performance between the hydraulic 

screw-down equiprnents arrangement and the looper, 

·7 cases of motor and hydraulic screw-down equipments 

combination in Table 4 are simulated. Mill rigidities 

------------MITSUBISHI HEAVY INDUSTRIES, LTD.------------
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T2ble 4 

ii. :-rE.n,z-e::ie::t of scre,•;-5.o:•:n equip:nents 

·-....-._ 3-:::..ncl --s~. Case -...... 

1 

2 

3 

5 . 

6 

7 

Fl 

T, 
.t'; 

.. 
L'. 

E 

., 
;·! 

E 

f.2 ' ?3 ?4 

r-: r-: r-: 

.:::. 

1·'. 

J-.; 

J,; J-.; r-: 
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are all 3000 t/mm with motor and hydraulic screw-

ãown stands controlled. ln Table 6 are shown 11 

cases of rnill rigidities and screw-down stands ar-

rangernent combination. 

( 2) Rolling condi tions 

Conàitions are shown in Table 5. Strip temperature 

is in steady state in each stand, except the portion 

of skid rnark. 

(3) Disturbances 

The value is obtained with other program. 

For disturbances in a hot strip rnill, there are that 

of temperature such as skid mark and thermal run-down, 

entry strip gage variation, oil film change and roll 

eccentricity. Of these, skid rnark and roll eccen-

tricity are severe in the strip gage control system. 

However, the roll eccentricity is eliminated with a 

roll eccentricity controlling device. In the present 

study, only the skid mark as in Fig. 2 considered. 

(4) Response characteristics of screw-down eguipments 

For step 200 /- entry gage variation, control gains 

in motor screw-down equipment and hydraulic screw­

down eguipment are so adjusted to give response char-

acteristics in Fig. 3. Response wave-forrn in motor 

screw-down eguipment is distorted dueto back-lash 

of screw and reduction gear, non-linear friction of 

screw and dead zone suppressing the self-excited 

vibration caused thereby . 
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( 5) Response characteristic of looper 

For 0.3 rprn roll speed step decrease in No. 2 stand, 

the tension between No. 1 and No. 2 stand shows 

response characteristics in conventional looper control 

system and low inertia looper control system as in 

Fig. 4 ~ 

3. Simulation results 

Simulation was made with large computer CDC CJBER 173; 

the results were output with a plotter. Fig. 5 shows the 

results of simulation in the case of all hydraulic screw-

down stands. Reading maximum deviations (P-P: · peak- to peak) . 

value) from the plotter output, results are presented in 

Figs. 6 to 11. The computing time (excluding the plotting 

time with a piotter) is about 60 times the actual time. 

3.1 Screw-down equipments arrangement and exit gage deviations 

To have an indication of proper screw-down equiprnents 

arrangement, exit strip gage deviations will be exarnined 

comparatively between 5 cases: i.e. no screw-down AGC, all 

motor screw-down stands, all hydraulic screw-down stands, 

former-half hydraulic screw-down stands, and latter-half 

hydraulic screw-down stands. As seen in Fig. 6, in the 

case of all sarne screw-down stands, the exit gage deviation 

in each stand decreases down the stream. In the case of 

latter-half 4 hydraulic screw-down stands, the curve first 

in motor screw-down stands shifts to that in hydraulic 

screw-down ones. 
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Then, in the case of former-half 4 hydraulic screw-down 

stands, curve is the opposite. 

Results are concluded as follows. 

(1 ) # 7 stand exit gage ó.eviation in latter-half 4 

hydraulic screw-down stands and in all hydraulic 

screw-down stands .are similar. 

(2) There is the following relationship between # 7 stand 

exit gage deviation and screw-down equipments arrange-

.ment. 

All motor screw-down stands~2 / 3 x no screw-down AGC 

All hydraulic screw-down stands 

Latter-half 4 hyãraulic screw-ãown stands 

~ 1 / 3 x no screw-down AGC 

(3) ln certain could strip mills, hydraulic screw-down 

equipment is used only in # l stand. This positioning 

of hydraulic screw-down equipment is not .useful for 

strip temperature disturbance such as in a hot stri? 

mill. 

3 . 2 Screw-down equipments arrangement, looper type and tension 

variation 

To have an indication of how the tension variations are 

with hydraulic screw-down eguipments arrangement and looper 

type (conventional, and low inertia), such will be exarnined 

comparatively between 4 cases: i.e. all motor screw-down 

stands with conventional loopers as in a conventional hot 

strip mill, all hydraulic screw-down stands with low inertia 

loopers as in a future strip rnill, latter-half 4 hydraulic 
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screw-down stands with low intertia loopers as in a future 

strip mill , and latter-half 4 hydraulic stands with con-

ventional loopers . Results are indicated in Fig. 7, which 

a re concluded as follows. 

(1 ) By use of low intertia loopers, in both all hydraulic 

screw- d own stands and latter-half 4 hydraulic screw­

down stands , the tension variations are smaller than 

a max irnum tension variation in all motor screw-down 

stands with conventional loopers. 

(2) In the cases of all sarne screw-down stands, the tension 

variation between stands increases down the stream. 

In latter-half 4 hydraulic screw-down stands, there 

appears a maximum .tension between the adjoining motor 

and hydraulic screw-down stands. ln latter-half 4 

hydraulic stands with conventional loopers, the maximum 

tension v ariation between the adjoining motor and 

hydraulic screw-down stands is several times larger 

than the maxirnum tension variation in all motor screw-

down stands with conventional loopers. 

3. 3 Number of hydraulic screw-down stands and exit gage deviation 

in respective stands 

The number of hydraulic screw-down eguipments in # 7 stand 

varies toward the upper stream from 1 to 4, and the exit gage · 

deviations in all stands are observed. The relationship 

revealed is shown in Fig. 8. Nurnerals at right ends of the 

bent lines are stand Nos . Each line is the variation in 

gage deviation at the respective stand. The bent line at 

bottom, for e xample, shows how the gage deviation in # 7 
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stand changes with the number of hydraulic screw-down 

stands. As seen, the exit gage deviation in # 7 stand 

extremely little changed beyond 2 hydraulic screw-down 

stands. 

3.4 Numi::>er of hyciraulic screw-down stands and tension variations 

Sirnilary to Chap. 3 .3 above, the relationship between the 

number of hydraulic screw-down equipments up the stream 

and the tension variations in all stands was examined, 

which is shown in Fig. 9. 

bent lines are looper Nos. 

Numerals at right ends of the 

As described in Chap. 3.2, 

the tension is the largest between motor ánd hydraulic 

screw-down stands. ln the case of 1 hydraulic screw-

down stand, the tension variation in # 6 looper is thus 

the largest, with decrease of the nurnber of hydraulic 

screw-down equipment, the junction between motor and 

hydraulic screw-down stands moves downstream, so that the 

maximum tension variation itself also rises. 

3,5 # 7 stand mill rigidity and # 7 stand exit gage deviation 

ln the results so far given, mill rigidities in the re-

spective stands are uniformly 3000 t / mm. Actually, 

however, taking into consideration the strip gage devi­

ations and the between-stands tensions, a suitable distri­

bution of mill rigidity in all respective stands is 

necessary. It was examined how the exit gage deviation 

in # 7 and # 6 stand would be with such mill rigidities, 

for cases No, 8 to 10 in Table 6. The mill rigidities, 

in # 4 to# 6 hydraulic screw-down stands are consecutively 

1200, 2400 and 6000 t/mm in all the cases. ln # 7 stand , 
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Table 6. J..rranf(e!!?en t of nill ri&idities 
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the rigidity changes are 600 t/mrn in motor screw-àown 

stand, 1200 and 3000 t/mm in hydraulic screw-down stand, 

respectively. The results are shown in Fig. 10. 

increase of the mill rigidity in # 7 stand, the gage 

deviation in # 7 stand decreases. However, 

unless the rigidity is over about 2000 t / mm the gage 

deviation .in # 7 stand is larger than that in # 6 stand . 

3.6 Tension variation between motor and hydraulic screw-down 

stands and mill rigidity in the hydraulic screw-down stanc 

As described in Chap. 3.2, there appears the rnaximuro 

tension variation in junction of motor and hydraulic 

screw-down stands. It was exarnined i f this maximurn tension 

variation could be reduced by changing the mill rigidity 

in the hydraulic screw-down stand. The tension variation 

between # 5 and # 6 stand was thus observed for cases 

No. 11 to 14 in Table 6: mill rigidities in # 5 motor 

screw-down stand are 3000 t / mrn in all cases, and mill 

ri giditi es in # 6 hydraulic screw-down are 1200, 1800, 

3000 and 6000 t / mm respectively. The tension variation 

between # 6 and # 7 stand was then examined for cases 

No. 15 to 18: mill rigidities in # 6 motor screw-down 

stands are 3000 t/mrn and mill rigidity 

stands is changed similarly. 

' ,I! 
:i.n r. 7 hydraulic 

The results are shown in Fig. 11. As indicated, the maxi-

mum tension variation can be minimized by way of the mill 

rigidity in hydraulic screw-down stand somewhat smaller 

than . that in the preceding motor screw-down stand. 
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4. Conclusion 

From the above results describe d , studies made on proper 

arrangement of hydraulic and motor screw-down stands and 

suitable t y pes of loo?ers are summarized as follows. 

4 . 1 Screw-down stands arrangement 

(1) There is no d i fference in # 7 stand exit gage ae=~ 

viation between downstream 2 hydraulic screw-down 

stands an d all hydrauli c screw- down stands. In this 

case, with s k i d-mark time width 2 sec, the # 7 stand 

exit gage ãe v i ation may b e a bout 1 /2 the deviation 

in all motor screw-down stands. 

(2) Mill rigidity in th~ last stand has Large influence 

on thickness deviation of the p roduct plate . So, 

it must be fairly high. Or otherwise, the gage 

de viation occasionally becomes larger than that in 

the pre cedin g stand. 

( 3) There occurs large tension variation in junction 

between motor and hydraulic screw-down stand. This 

large variation, however, can be minimized by way 

of the hydraulic screw-down stand mill rigidity some­

what smaller than the upstream motor screw-down stand 

mill rigidi t y . 

(4) A front hydraulic screw-down stand is useful against 

an entry gage disturbance, but not so against a strip 

temperature disturbance. Therefore, the means is 
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not effective in a hot rolling rnill, though effective 

in a cola rolling rnill. 

4.2 Suitable looper 

ln motor and hydraulic screw-down stands combination wi th 

conventional motor loopers, the tension variations are 

occasionally several times larger than those in motor 

screw-down stands. By using GD2 about 1 /4 low inertia 

motor loopers instead, the tension variations may be 

reduced below those in all motor screw-down stands. 
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