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Abstract：The elasticity deformation of rolls was analyzed by means of two—dimensional fmite element method(FEM)with、，ari—  

able thickness·Three typical mills were used as objects for analysis．A thorough study was done on the control capabilities of these 
mills on the sU'ip shape．Th en the strip shape control capabilities of the three mills was compared synthetically

． 
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1．Introduction 

The proportion of strip production has become very 

important to assess a country’s steel industry leve1．In 

tIlat case a good strip shape is necessary for strip 

quali~．Controlling hot wide strip shape at strip roll— 

ing is a difficult and significant problem．At present 

choosing the type of hot strip rolling mills an d build— 

ing the automatic control model of striP shape are the 

two main methods to control strip shape quality in hot 

rolling[1—4】．In this article，based on the analysis of 

15o0一mill，1700一mi ll，an d 2150一mi ll。which are the 

three typical mi lls in hot wide strip rolling，their strip 

shape  control capabilities were researched．This can 

be a reference for building a strip shape control model 

an d choosing the type of hot wide strip rolling mi lls． 

2．Calculated model of elasticity deformation 

e typical mi lls in hot wide striP rolling are 

15o0一mi ll，1700．mi ll，an d 2150一mi ll，because 1500一 

mi ll is close to 1420一mi ll and 1580一mi ll，1700一mi ll is 

simi lar to 1780一mi ll an d 1800一mi l1．an d 2150一mi ll can  

represent 2030一mi ll and 2350．mi ll，which are big wide 

striP mi lls．Two—dimensional finite element method 

(FEM)with variable thickness is used as a main tool， 

to an alyze the striP shape control capabilities of the 

three mills[5—6】．Th e purpose is to research on the co— 

effi cients ofthe strip shape  control model as shown in 

the following equation．Th ese coefficients follow strip 

wide changing． 

CR=KRFP+Ka~BF+KcwCw+KcbCb+ DwDw+ 

KDbDb+ sFrSFr+Ci (1) 

where Ca isthe stripcrown， KaF the rollforce effect 

rate， KaF the work rollbending effect rate， Kcw the 

work roll crown effect rate， KCb the backup roll 

crown effect rate， KDw the work roll diameter effect 

rate， KDb the backup roll diameter effect rate， KsFr 

the work roll shift effect rate，an d Cin the entry strip 

crown．P is the roll force， BF the work roll bending 

force， Cw the work roll crown，Cb the backup roll 

crown， Dw the work roll diam eter, Db the backu p 

roll diam eter, an d SFr the work roll shifting dis— 

tance． 

As shown in Fig．1．a two—dimensional FEM an aly— 

sis model has been advanced by Chen『71．Th e basic 

idea is to combine the work roll an d the backup roll 

into one entity,so that the distributed contact pressure 

between the work an d backup rolls is converted into 

the internal forces that are to be determined．Th e 

model is two—dimensional although with different 

thickn esses in Z direction．Each element has its own 

thickn ess according to the ordinate distance from its 

roll axis an d radius R．T’llis specialized finite element 

model can  predict the roll gap profile and the contact 

pressure distribution．It enables the actual mi ll condi— 

tions to be taken into account．Its validity has been as— 

certained by testing． 
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3．Comparison of the strip shape control ca- 

pabilities of three mills 

The work condition limit of a rolling mi ll is always 

considered，and the maximum，the intermediary，and 

the mi nimum conditions are chosen．Th e rolling force 
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is considered to distribute evenly，that is，a =1．0． 

First，the conventional work roll is analyzed，where 

the wear profile an d therm al crown are not involved， 

because they are included in the equivalent roll pro— 

file． 
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Fig．1． Two·dimensional FEM analysis mesh of a 4-high mill roll system． 

All kinds of calculated parameters of the three mills 

ale shown inTable 1．BW is the strip wide．The nnm- 

ber of work conditions am ount to the param eter prod— 

uct KRF， KBF， Kcw， KCb， KDw，KDb，and sFT， 

which need to be calculated in the mode1．At the outset 

Co can be calculated when BF=0，Qs=1．0，C ：0， 

Cb=0，an d SFT=0． Co is the basis of calculating 

other param eters．Subsequently CR is calculated． 

Th ese model parameters can be readily calculated 
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from the following equations． 

KM= AC (2) 

AC=CR—Co (3) 

In Eq．(2)， ，M is the instance of effect rate，AM  is 

the instance of param eter change．In Eq．(3)，AC is 

the difference between CR an d Co．CR an d Co are 

the strip crowns corresponding to the instan ce AM ． 

Table 1． Calculated parameters of three mills 

3．1．Effectofstripwidthon strip crown 

Somers【8】predicts that roll deflection，and there- 

fore strip crown，increases with an increase in roll 

force．As the roll force is proportional to the strip 

width，it can be expected to have a greater strip crown 

f0r the wider products that ale rolled．Finite element 

analysis shows that the strip crown decreases with an  

increase in strip width reaching a certain extent．As 

shown in Fig．2，this strip width inflexion approxi— 

mates from about 70％ to 80％ ofthe roll barrel length． 

In that case this result is the sallle as Ginzburg’s【9一 

lO]． 
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The maximum strip crown of 1 50o—mil1 is close to 

tIlat Of 1 70o—millin these three mills，as shown in Fig． 

2．However 2150一mi ll’s maximum strip crown is 

greater than those of the other mi lls．It can be identi— 

fled that the wider mil1 has the greatest strip center 

crown，and the strip crown also increases with in— 

creasing strip width．After a certain strip width the 

strip crown decreases． 

E 
i  
＼  

BW ／mm 

Fig．2． Variationin strip center crownwith stripwi dthfor 

three hot strip mills． 

3．2．Effectofrollforceonthe strip crown 

The effect of roll force on the striP center crown 

can be shown by the effect ofthe roll force parameter, 

RF．As stated earlier,the relationship between the 

roll force effect rate and the strip width is simi lar to 

the effect of strip width on the striP crown．First．it in— 

creases with an  increase in striP width．Second，it de— 

creases with an increase in striP width reaching a cer— 

tain extent．As shown in Fig．3．the roll force effect 

rate of 2150 mi ll changes rapidly an d is greater than 

those of the other mi lls．The maximum roll force ef- 

fect rate of 2150一mi ll is twice as much as those of 

1500一mi ll and 1700一mi l1．It shows that the effect of 

the roll force on the striP crown is greater when wide 

strips are rolled at the wider mi l1．However 1 500一 

mi ll’s roll force effect rate is simi lar to that of 1700一 

mi ll’s with an increase in strip width． 

3．3．Effect of bending force on the strip crown 

Roll bending is one of the most common methods 

used for continuous strip crown control during rolling． 

M oreover,it is the main measure of the strip control 

mode1．At present．work rol1 positive bending fcIrces 

are applied to the work rol1 chocks in hot rolling．The 

effect of the bending force on the strip center crown is 

shown by bending force effect param eter, KBF，and is 

in opposition to the effect of rol1 force．Positive rol1 

bending causes the strip profile to become concave． 

As shown in Fig．4 the work roll bending effect rate， 

KRF，increases almost linearly，with an increase in the 

93 

strip width．B W _Furthermore the max imum bending 

force effect rate of 2150一mil1 is greater than those of 

the other mi lls．W hen the sanle wide strips are rolled 

the effect of bending force of the wider millis smaller． 

Tl1is indicates that the wider mil1 needs a great bend— 

ing force to get the sanle strip crown． 

至 
童 
军 
E 

BW ／mm 

Fig．3． Variation in roll force effect rate wi th strip wi dth 

for three hot strip mills． 

BW ／mm 

Fig．4． Variation in roll bending effect rate wi th strip 

wi dth forthreehot stripmills． 

3．4．Effect of work roll crown on the strip crown 

The effect of work roll crown on the strip crown is 

shown by the work roll crown effect rate， K ． 

W ork roll crown effectively chan ges the no—load roll 

gap profile and modifies the roll contact conditions 

between the work rolls and backup rolls．It is one of 

the most common methods used for correcting a strip 

profile．This crown is for the whole wclrk roll length 

and different from the strip crown．The effect of the 

work rol1 crowns of the three mi lls with an increase in 

strip width is shown in Fig．5．Th e work rol1 crown is 

equa1 to-150 Bm．As shown in Fig．5，2150一mil1 has 

the maximum work rol1 crown effect rate．However,at 

the sanle strip width the rate of 2 1 50一mil1 is smaller 

than that of 1 700一mi l1．It indicates that the work rol1 of 

a wider mi ll can  use a big crown to reach the salTle 

crown adjusting capability． 
3．5．Effect of backup crown on the strip crown 

The effect of backup crown on the strip crown is 

一 -Ⅲ11一＼ 
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shown by the backup roll crown effect rate， Cb
． As 

shown in Figs．5 and 6，the use ofbacku p roll crown is 

much less common than  that of work roll crown
， as 

backup roll crown only modifies the interface condi— 

tions between the backu p roils an d the work rolls
． It 

has little effect on the no—load roll gap．The backu p 

roll crown ofthe three mills is equal to 15O txm．2150一 

mi ll has the maximum backu p roll crown effect rate as 

shown in Fig．6．However,at the sanle strip width the 

rate of 2150一mi ll is smaller than that of 1500一mi l1． 

This indicates that the backu p roll ofa wider mi ll can  

use a biger crown to reach the sanle crown adjusting 

capability．M oreover,this crown must not have a 

negative influence on the interface conditions between 

thebacku p rollsandthework rolls． 

BW ／mm 

Fig．5． Variation in work roll crown effect rate、 th strip 

width for three hot strip mills． 

量 

量 

BW ／mm 

Fig．6． Variation in backup ro ll crown effect ra te with 

stripwi dth forthreehot stripmills． 

3．6．Effect of work roll diameter on the strip crown 

Th e work roll diameter effect rate， KDw，shows the 

effect of work roll diameter on the strip center crown． 

First，the effect ofwork roll diameter ofthe three mills 

increases with an  increase in strip width．Second，it 

decreases with an increase in strip width reaching a 

certain extent．As shown in Fig．7 this strip width in— 

flexion approximates from about 7O％ t0 8O％ of the 

roll barrel length．1500一mill has the maximum work 
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roll diameter effect rate at the sanle strip width
． as the 

work roll diameter of 1500一mi ll is smaller than  those 

Of 1700一mi ll an d 2150一mil1．As the work roll diameter 

decreases，the resistance of the roll stack to deflection 

is lesser under a rolling load，resulting in a greater 

strip crown ． 

量 

阜 

呈 

BW ／mm 

Fig．7． Variation in work roll diameter effect rate 、 th 

stripwi dthforthreehot stripmi lls． 

3．7．Effect of backup roH diam eter on the strip 

cro W n 

Th e effect of a backup roll diameter on the strip 

crown can be shown by the backu p roll diameter ef- 

fect rate，KDb，as the backup roll diameters are usu— 

a1lv 1．5 tO 2．5 times greater than the work roll diame— 

ter．With respect to the deflection，it becomes obvious 

that the effec t of backu p roll diameter on the strip 

crown is more sensitive than that of work roll diame— 

ter on the strip crown．Th e eflfect Of backu p roll 

diameter ofthree mills with an increase in striP width 

is shown in Fig．8．As shown in Fig．8．2150一mi ll has 

the max imum backu p roll diameter effect rate．How— 

ever,at the salrle striP width the rate of 1500一mill is 

greater than  those Of 1700一mi ll and 2150一mi l1．Th e 

work roll diameter of 1 500一mill is the smallest．As the 

backup roll diameter decreases，the resistance of roll 

stack to deflection is lesser under a rolling load．re— 

suiting in a greater strip crown． 

量 

阜 

呈 

BW ／mm 

Fig．8． Variation in backup roll diam eter effect rate with 

strip wi dth forthree hot strip mills． 
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3．8．Other effect factors on the strip crown 

The conventional work rolls and backup rolls are 

analyzed in roll deformation．By shifling work rolls 

there is no inf1uence on the striP crown when the striP 

width changes．If continuously variable crown(CVC) 

rolls and linear variable crown(LVC)【ll1 rolls are 

an alyzed，the shift work rolls have a great influence on 

the parameters ofthe striP control mode1． 

4．Conclusions 

(1)Two—dimensional FEM with variable thickness 

is an  effective facility for analyzing the elasticity de— 

formafion of rolls． 

(2)The common coefficients of the strip shape 

model are used as objects for analysis．The strip shape 

control capabilities of three typical mills，which fol— 

low the strip width chan ging，were compared．Hence， 

it offers a reference for building the strip shape mode1． 

(3)The results of the strip shape control capabilities 

of these three mi lls will serve as a useful reference for 

choosing other types of hot wide strip rolling mi lls． 
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