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A 20-high Sendzimir mill is widely used in cold rolling. The deformation o f  rolls within the roll 
system as a whole is analyzed without pin-pointing upon each roll and impact on the rolling process. 
The mechanical model o f  the work roll, first intermediate roll, second intermediate driven roll, and 
second intermediate idler roll was proposed and the contact force o f  each roll was calculated in the 
rolling process. The finite element model was constructed on the basis o f calculation results, the 
elastic deformation o f  each roll was analyzed in three rolling passes. It was found that the resultant 
force o f  the work roll was the maximum o f all rolls, and the maximum elastic deformation o f  each roll 
was observed in the second rolling pass; the radial elastic deformation o f  each roll would influence 
the plate, its quality, viz. an uneven strip thickness. Each roll is subjected to cyclic stress, so the 
bending deformation o f  roll can reduce its service life, producing the fatigue crack.
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In tro d u c tio n . A  20-high Sendzim ir m ill has a lot o f  advantages, such as large pass 
reduction, low  energy consumption, and low operating costs. Due to a small diameter, high 
stiffness, the 20-high m ill is w idely used in  the ro lling  o f  cold-rolled stainless steel, 
electrical steel, ultra-thin steel plates and high-precision strips. The control o f  strip quality 
and operational stability is an im portant issue o f  current research [1, 2].

M alik and Grandhi [3] predicted the static cross-sectional strip thickness w ith  a new 
com putational method, w hich sim ulates the profile and flatness o f  the strip o f  improved 
efficiency and accuracy, it involves a novel com bination o f  the Tim oshenko beam  finite 
elements w ith  m ultiple coupled W inkler elastic beds. Wang et al. [4, 5] constructed a 
m echanical m odel for the ro ll system  o f  a 20-high m ill in the rolling process, analyzed the 
static pressure o f  the ro ll system  and force conditions in the rolling  process. The results 
dem onstrate that the resultant force o f  the second interm ediate driven roll, second 
interm ediate idler roll, interm ediate backup roll, and backup roll on both sides is 59.5-62% , 
37.7-40.3% , 87.1-88.7% , and 53.9-56.7%  o f  the roll force, respectively. Zhang et al. [6] 
gave the definition and m ade calculation o f  the stability o f  the ro ll system o f  a 20-high m ill 
and listed stability criteria o f  the force analysis o f  the ro ll system. ADAM S w as used to 
sim ulate the deform ation and stability o f  the ro ll system, the resu lt shows that the 
deform ation has little effect on the stability o f  the roll system. Zhang et al. [7] built the 
three-dim ensional elastic finite elem ent m odel o f  the ro ll system  o f  a Sendzimir m ill in the 
roll contact zone by ANSYS, and calculated the com plex deform ation o f  the roll system. 
W ith the m odel, the com plex elastic deform ation and contact stress o f  the rolls were 
correctly evaluated and the plate shape control capability o f  a Sendzim ir m ill were 
analyzed.

Yu et al. [8, 9] used the m atrix to analyze the rolling process o f  a Sendzimir mill, 
w hich is the contact elem ent m ethod (CEM ) w ith two relative coordinates. A lso SMSM 
(Setup M odels for Sendzim ir M ill) software w as used w hereby one can study the strip edge
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reduction during rolling. It w as found that w ith  an increase in the first interm ediate roll 
taper slope and length and reduction in  the shift o f  the first interm ediate roll, the strip edge 
drop w ould decrease and in  contrast, it w ould increase w ith the convexity o f  the w ork and 
second interm ediate idler rolls, or w ith the tensile stress. L i et al. [10] developed the new 
analytical m odel for precise prediction o f  the deflections and radius control. Considering 
the interactions o f  the rolls, the stand and the strip workpiece, the num erical m ethod is 
w idely used to solve the theoretical rolling force, the deform ation and the inherent 
force-deflection relationship. In order to assess the accuracy o f  predicted deflections, a 
series o f  profile m easurem ents was perform ed and to validate the radius control model, 
various control m ethods w ere used in the tests. L iu et al. [11] used the 3D elastic-plastic 
FEM  to sim ulate the cold strip rolling process in  a 4-high mill. The elastic deform ation of 
the rolls, plastic deform ation o f  the strip and the pressure betw een the w ork and backup 
ro lls were considered. B y  w ay o f  sim ulation, the peak value and its location for rolling 
pressure w ere analyzed under different conditions. It can determ ine the effects o f  bending 
force in  the roll and strip w idth on the distribution o f rolling pressure along the w idth 
direction.

Cho et al. [12] proposed the new  m odel, w hich can be used for m ultihigh m ill to 
precisely predict the deformed profile, it can also be used in analyzing the deform ation of 
ro lls o f  a 20-high Sendzim ir mill under special conditions, such as rigid outer ro lls and 
no-roll shifting. B y  com paring w ith the finite elem ent simulation, the prediction accuracy 
o f  the new  m odel is proved. Shin et al. [13] proposed the num erical m odel based on the 
contact elem ent method. The num erical m odel considers the relationships betw een the 
actuating forces, roll deflections, thickness profiles o f the inlet and outlet sides and the strip 
shape, it w as found that the proposed strip shape prediction m ethod based on the CEM  can 
characterize the changes in  position o f  the shape actuators. Zhang et al. [14] investigated 
and developed the sim ulation m odel and software tools, w hich are used to analyze the strip 
shape control perform ance o f  a 20-high Sendzim ir mill, the ro ll system  and deform ation of 
the plate rolling o f  20-high Sendzimir m ill at a silicon steel factory w ere sim ulated and 
calculated. The results show that the shape control ability o f  dual A SU  is about 2.3 tim es as 
m uch as single ASU. The sm ooth transition o f  the cone angle o f  the conical section o f  the 
first interm ediate ro ll can reduce the peak value o f  the contact pressure betw een ro lls by  
using the quadratic parabola as the roll shape curve, etc. Wang [15] analyzed the structural 
im provem ents o f  a 20-high Sendzim ir mill, w hich is used for rolling a BA  stainless steel 
plate, in  some detail.

A  ZR-22BS-42 Sendzim ir m ill at a silicon steel factory w as taken as the object o f  the 
study. The m echanical m odel o f the w ork roll, first interm ediate roll, second interm ediate 
driven roll, and second interm ediate idler roll was developed. A ccording to the calculation 
results o f  the contact force among each roll, the finite elem ent m odel o f each roll was set 
up, and the effect o f  the deform ation o f  each ro ll on the control o f  profile quality and 
operational stability o f the mill w as analyzed. The results are o f  im portance for the design 
and strength check o f  m atching rolls and rollers o f  the roll system o f  the m ill [16, 17], the 
design and optimization o f  the mill pressure adjustment mechanism and convexity adjustment 
device. They can also be used for the design and m anufacture o f  a new  mill.

1. M odel.
1.1. R o ll Structure. The roll system  structure o f  a 20-high Sendzimir m ill is shown in 

Fig. 1. The rolls o f  a 20-high Sendzimir m ill are m ounted sym m etrically in  eight plug 
bearings w ith the frame o f  a 1-2-3-4 pyram idal arrangement, it consists o f  2 w ork rolls S  
and T, 4 first interm ediate rolls O, P, Q, and R, 6 second interm ediate rolls I, J, K , L , M , and 
N, and 8 backup rolls A, B, C, D, E, F, G, and H. I, N , K, and L  on both sides o f  the m ill are 
the second interm ediate driven rolls, the m otor pow er is transferred to the mill through a 
universal jo in t shaft. J  and H  are the second interm ediate idler rolls, each roll rotates due to 
the friction against each other. The rolling force is applied by  the w ork roll, passing the first
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Fig. 1. The roll system structure of a 20-high Sendzimir mill.

interm ediate roll, the second interm ediate roll to the backup roll, w hich is a m ultipoint 
supported beam  structure, and the roll force is evenly radiated over the bracket.

1.2. The W ork Roll. The location o f  the w ork roll S  and its stress diagram  are 
depicted in  Fig. 2. Pnp is the roll force, a is the roll force arm, v is the direction angle of 
the roll force, PA is the contact force betw een the w ork roll S  and the first intermediate 
roll O, a  a  and p  A are the direction angle and geom etrical angle o f  PA, respectively, PB 
is the contact force betw een the w ork roll S  and the first interm ediate roll P, a b  and p b 
are the direction angle and geom etrical angle o f  Pb  , respectively, and mi is the roll 
friction arm o f  the w ork roll S  and the first interm ediate rolls O and P

Fig. 2. The work roll S.

The m echanical m odel o f  the w ork roll S  is given by:

p a  sin(P a  + « a ) =  p b sin(PB -  v + « в  )> (1)

Pnp = PA cos(P A + v - a A ) +  PB cos(P B -  v +  « B )> (2)

a P np =  P A ( R S sin « A -  m 1 ) +  PB ( R S sin « B -  m 1 ) - (3)
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1.3. The F irst In term edia te  Roll. The location o f  the first interm ediate roll P  and its 
stress diagram are presented in Fig. 3. Pe  is the contact force between the first intermediate 
roll P  and the second idler roll J, a e  and <Pe  are the direction angle and geom etrical 
angle o f  Pe  , respectively, PF is the contact force betw een the first interm ediate roll P  and 
the second driven roll K, a F and <pF are direction angle and geom etry angle o f  PF , 
respectively, m4 is the rolling friction arm o f  the first interm ediate ro ll P  and the second 
interm ediate idler roll J, and m2 is the rolling friction arm o f  the first interm ediate roll P  
and the second interm ediate idler ro ll K .

Fig. 3. The first intermediate roll P .

The m echanical m odel o f  the first interm ediate ro ll P  is shown as follows:

PE sin(pE + a B -  a E ) =  PF sin (pF -  a B -  a F ), (4)

PB = PE cos(pE + a B -  a E ) + PF co s(pF -  a B -  a F ), (5)

PF (R P sin a f  -  m2 ) =  PB (R P sin a B + m1 ) + PE (R P sin a E + m4 ). (6)

1.4. T he S eco n d  In term edia te D riven Roll. The location o f  the second intermediate 
driven ro ll K  and its stress diagram  are illustrated in  Fig. 4. PK is the contact force 
betw een the second interm ediate driven roll and backup roll C, a K and <pK are the 
direction angle and geom etrical angle o f  Pk  , respectively, PL is the contact force between 
the second interm ediate driven roll K  and backup roll D, a L and <pL are the direction 
angle and geom etrical angle o f  PL , respectively, M K is the drive torque, m3 is the rolling 
friction arm in the second interm ediate driven ro ll K  and backup ro ll A , and m5 is the 
rolling friction arm o f  the second interm ediate driven ro ll K  and backup ro ll C .

Fig. 4. The second intermediate driven roll K.
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The m echanical m odel o f  the second driven roll K  is expressed as

PK sin(pK  + a K - a F ) =  PL sin(p L + a F - a L ) , (7)

Pp = Pk  co s(pK + a K  - a f  ) + Pl co s(p l + a f  - a l ), (8)

M K = PF (R K sin a F + m2 )+ PL (R K sin a L + m3 )+ PK sin(RK sin(RK sin a K + m 5 ). (9)

1.5. The S eco n d  In term edia te Id ler Roll. The location o f  the second intermediate 
idler roll J  and its force diagram  are shown in Fig. 5. Pj is the contact force betw een the 
second interm ediate idler roll J  and backup roll B, a  j  and p  j  are the direction angle and 
geom etric angle o f  P j , respectively, PJ  is the contact force betw een the second 
interm ediate idler roller J  and backup roll C, a  j  and p  j  are the directional angle and 
geom etrical angle o f  PJ  , respectively, while v1 and v2 are the m echanical m odel position 
angles o f  the second interm ediate idler roll J  for O and P, respectively.

Fig. 5. The second intermediate idler roll J.

The m echanical m odel o f  the second interm ediate idler roll J  is shown as follows:

Pi  sin(p j  + a k  + v3 ) -  p j  sin(p j  - a j  -  v3 ) =  0  (10)

PDE -  PI  cos(p j  + a  I  + v3 ) =  PJ  cos(p J  - a  J -  v з ) , (11)

PD (R J  sin a  D -  m4 ) + PE (R J  sin a  E -  m4 ) =

=  P[ (R J  sin a  j  + m 5 ) + PJ  sin(R J  sin a  I  +  m5 ), (12)

Pde  = jP D  + PE -  2Pd Pe  co s(1 8 0 - ^  -  V2 ), (13)

v3 =  v1 + a D -  PE  • (14)

2. C alcu lation .
2.1. P aram eters a n d  R o lling  P lans o f  the R o ll S ys tem . For this study, a set o f  rolling 

param eters o f  a ZR-22BS-42 Sendzim ir m ill at a silicon steel factory was chosen [5]: the 
m ill pow er is 4000 kW, the base rate is 257 m/m in, the m axim um  rolling force is 6200 kN, 
the strip width is 1020 mm, the inlet thickness is 2.22 mm, the outlet thickness is 0.75 mm,
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and the coil w eight is 15 t. The highest speed o f  the first rolling pass is 450 m/min, second 
rolling pass is 800 m/m in, third rolling pass is 800 m/min. The m axim um  reduction o f  the 
first rolling pass is 34%, second rolling pass is 28.1%. A ccording to the rolling plans, the 
param eters for each roll are summ arized in  Table 1, the rolling plan o f  different rolling 
passes is given in  Table 2.

T a b l e  1
Rolling Parameters o f a ZR-22BS-42 Sendizimir Mill

Roll type Nominal diameter 
(mm)

Minimum roll 
diameter (mm)

Maximum roll 
diameter (mm)

Hardness
(HRC)

Work roll 63.5 58 73.5 60-62

First 
intermediate roll

102.0 96 105.0 58-58

Second 
intermediate roll

173.0 170 173.0 58-60

Backup roll 300.0 297 300.0 68-74

T a b l e  2
Rolling Plan for a ZR-22BS-42 Sendzimir Mill

Rolling
pass

Rolling
force
(kN)

Inlet
tension
(MPa)

Outlet
tension
(MPa)

Inlet
thickness

(mm)

Outlet
thickness

(mm)

Yield
strength
(MPa)

Rolling
speed

(m/min)

1 3390 15 161 2.22 1.645 68.9 450

2 3720 112 197 1.645 1.043 92.3 630

3 3670 157 218 1.043 0.75 103.9 705

2.2. Calculation Process a n d  R esults. Since stress relationships for the roll system of 
a 20-high Sendzim ir m ill is rather com pound, m ore accurate calculation results can be 
obtained w ith computer. The iteration m ethod is applied to each rolling parameter, 
assum ing that the roll system  is in the initial position, taking the rolling param eters and 
rolling plans as the initial conditions, and setting the calculation accuracy at x  = 0.001 [18, 
19], the results can be processed w ith MATLAB software. A ccording to the flow  chart, the 
m agnitude and direction angle o f  the contact force betw een rolls in  different rolling 
processes are given in Tables 3 and 4, the calculation results o f  the rolling friction arm  m 
are shown in Table 5.

T a b l e  3
Contact Forces between Rolls in Different Rolling Processes

Rolling Pa , Pb , Pd , Pe  , PF , Pi  , Pj  , Pk  , Pl ,
pass kN kN kN kN kN kN kN kN kN

1 2254.5 2130.55 1026.4 460.3 1380.8 751.2 1150.9 503.3 1275.7

2 2542.5 2274.30 1220.4 460.2 1492.5 753.2 1252.6 511.2 1285.3

3 2510.3 2241.40 1220.4 460.5 1490.7 750.5 1253.8 511.2 1288.1
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T a b l e  4
Direction Angles of the Contact Force between Rolls in Different Rolling Processes

Rolling a  a , a B ■. a  D ■. a  E ■. a  F , a I , a  j  ■. a  K , a  L >
pass deg deg deg deg deg deg deg deg deg

1 2.331 2.331 0.253 0.253 5.643 0.112 0.112 0.112 5.643

2 2.675 2.675 0.25 0.25 6.182 0.112 0.112 0.112 6.23

3 2.573 2.573 0.25 0.25 6.082 0.112 0.112 0.112 6.18

T a b l e  5
Rolling Friction Arms in Different Rolling Passes of the Rolling Process 

on a ZR-22BS-42 Sendzimir Mill

Rolling pass m.1 , mm m2, mm m3 , mm m4 , mm m5 , mm

1 0.1238 0.1390 0.2002 0.0958 0.1418

2 0.1293 0.1463 0.2128 0.0768 0.1266

3 0.1291 0.1449 0.2106 0.1001 0.1462

3. A nalysis an d  D iscussion.
3.1. F inite  E lem en t M odels .
3.1.1. Sim plified M odel. A ccording to the calculation results o f  the magnitude, 

direction angle, and related param eters o f  the contact force in  each roll, the finite elem ent 
m odel for each roll was constructed. In order to sim plify calculations w ith  the finite 
elem ent m odel, speed up solving appropriately, each ro ll m odel w as sim plified as follows: 
the structure o f  every ro ll is assumed to be a beam  structure. Considering the lateral m otion 
o f  each ro ll in  the rolling process, the length o f  the line load o f  each ro ll is equal to the 
length o f  the axial contact o f  each roll. A ll transition fillets and cham ferings o f  the core 
shaft o f  each roll are ignored. The sim plified m odels o f  the w ork roll, first interm ediate roll, 
second interm ediate driven roll, and second interm ediate idler ro ll were used w ith 
HYPERW ORKS software.

3.1.2. M eshing. The hexahedral grid w as used in m eshing each roll. A fter m eshing the 
w ork roll S, 198,018 nodes and 187,090 units w ere received. A fter m eshing the first 
interm ediate roll P, 308,534 nodes and 294,510 units w ere obtained. A fter m eshing the 
second interm ediate driven roll K, 559,143 nodes and 539,858 units were formed. A fter 
meshing the second intermediate idler roll J, 601,007 nodes and 581,217 units were 
produced.

3.1.3. Constraint and Load. The roll material is 9Cr2M oV steel, the Young m odulus is 
210 GPa, Poisson’s ratio is 0.3. Four constraints w ere established in  two end faces o f  the 
w ork roll S, first interm ediate roll P, and second interm ediate idler roll / . e x c e p t  for the 
m otion and rotation along the z axis direction. Because the second interm ediate driven roll 
K  is connected to the m otor through a universal jo in t shaft, its axial shift should be limited, 
so five constraints, except for the rotation o f  z axis w ere established. Stresses are applied to 
each roll, and their calculation results are presented in Tables 3 and 4, and the finite elem ent 
m odels for the ro lls are shown in Fig. 6.

3.2. R esu lts  a n d  D iscussion.
3.2.1. The Work Roll. The problem  is solved w ith a Hyperworks 12 Model. The elastic 

deform ation in three rolling passes o f  the w ork ro ll S  is increased 30 tim es (Fig. 7). The 
resultant force and elastic deform ation in the first rolling  pass are the smallest, while the 
largest ones are in the second rolling pass. The m axim um  elastic deform ation is 6.939 mm
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c d

Fig. 6. Finite element models for the rolls: (a) work roll S; (b) first intermediate roll P; (c) second 
intermediate driven roll K; (d) second intermediate idler roll J.

Deformation (mm) Deformation (mm) Deformation (mm)

a b  c

Fig. 7. The work roll S. (Here and Figs. 8-10: (a) first rolling pass; (b) second rolling pass; (c) third 
rolling pass.)

in  the first rolling pass, 9.905 m m  in the second rolling pass and 9.784 m m  in the third 
rolling pass. Since the w ork roll accepts the rolling force and the largest resultant force 
directly, the elastic deform ation o f  the w ork roll is the largest o f  all rolls. Two w ork rolls 
are in  direct contact w ith the plate, accepting the m ain rolling force. They have the smallest 
diam eter but largest rolling force in the roll system, so their deflection is the largest. The 
radial deflection is m aking the strip thickness uneven, w ith thin m id-portion and thick 
edges. Therefore, in  order to m inim ize the bending deform ation o f  the w ork roll, its 
stability can be enhanced by im proving the flexibility and the rigidity does by  changing the 
structure, m aking it difficult for the bending deform ation to arise in  the rolling process.

3.2.2. The F irst Interm ediate Roll. The elastic deform ation in three rolling passes of 
the first interm ediate roll P  is increased 30 tim es (Fig. 8). The m axim um  elastic 
deform ation is 2.026 m m  in the first rolling pass, 4.331 m m  in the second rolling pass, and 
3.909 m m  in the third rolling pass. The force o f  the first interm ediate roll is sm aller than 
that o f  the w ork roll, and the rolling force falls greatly as a result o f  passing through the 
w ork roll, so the deform ation o f  the first interm ediate roll is sm aller than that o f  the w ork 
one. The elastic deform ation o f  the first interm ediate roll can be transferred to the rolled 
plate through the w ork roll. The axial roll adjustm ent m echanism  o f  the first intermediate 
roll can prevent the thickness uneveness, four first interm ediate rolls are flat, one end o f 
each roll has a conical surface (conical roll o f  the two first interm ediate rolls at the top are 
located on the operation side o f  the m ill and conical roll o f  the two first interm ediate rolls at 
the bottom  are located on the transm ission side), and the other end is flat, the first top 
interm ediate roll and the first bottom  interm ediate roll adjust the length o f  the coincident 
parallel part by  axial m otion in  its relative or opposite direction, nam ely cooperate w ith the 
convexity adjustm ent m echanism  to com plete the shape adjustment. H orizontal adjustm ent 
is used to eliminate the strip edge waviness that is caused by the bending deform ation o f 
the w ork roll in the rolling process, through the axial roll shape adjustm ent system, the 
coincident parallel length o f  the two pairs o f  the first interm ediate rolls get changed, 
consequently, the shape o f  the strip edge was improved. Therefore, through im proving the
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Fig. 8. The first intermediate roll P.

accuracy o f  the adjustm ent system o f  the first interm ediate roll, the roll strip shape can be 
controlled in  rolling, before and after rolling.

3.2.3. The Second Interm ediate D riven Roll. The elastic deform ation in three rolling 
passes o f  the second interm ediate driven roll K  is increased 350 tim es (Fig. 9). The 
m axim um  elastic deform ation is 0.443 m m  in the first rolling pass, 0.699 m m  in the second 
rolling pass, and 0.686 m m  in the third one. As com pared to the first interm ediate roll, the 
diam eter o f  the second interm ediate driven roll is larger and the rolling force is greatly 
reduced by passing through the w ork roll and the first interm ediate roll, so the elastic 
deform ation o f  the second interm ediate driven roll is smaller than that o f  the w ork and first 
ones. The elastic deform ation o f  the second interm ediate driven roll w ill be transferred to 
the rolled plate through the first interm ediate roll and w ork roll. M oreover, four second 
interm ediate driven rolls are arranged on both sides o f  the rolling m ill, they are connected 
to the m otor through a universal jo in t shaft, w hich is the source o f  the rolling  m ill power, 
so the deform ation o f  the second interm ediate driven ro ll w ill affect the stability  and 
accuracy o f  the transm ission, lead to the vibration o f  the rolling mill. It m ay lead to the 
direct failure o f  rolling. So the control o f  the bending deform ation is also o f  great 
importance.

Fig. 9. The second intermediate driven roll K.

Fig. 10. The second intermediate idler roll J.

3.2.4. The Second Interm ediate Id ler Roll. The elastic deform ation in three rolling 
passes o f  the second interm ediate idler roll J  is increased 400 tim es (Fig. 10). The 
m axim um  elastic deform ation is 0.130 m m  in the first rolling pass, 0.564 m m  in the second 
rolling pass, and 0.274 m m  in the third rolling pass. The force o f  the second intermediate
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driven ro ll on both  sides is larger than that o f  the second interm ediate idler roll, so the 
elastic deform ation o f  the second interm ediate idler ro ll is sm aller than that o f  the driven 
roll. Its elastic deform ation w ill also affect the rolling plate thickness through the first 
interm ediate roll and w ork roll. Two second interm ediate idler rolls are symm etrically 
arranged in the m iddle o f  the rolling mill, the second interm ediate driven ro ll and second 
interm ediate idler ro ll are contacting directly, the driven ro ll conveys pow er to the idler roll 
through friction force, and the idler ro ll also transm its pow er to the other ro ll by  friction 
force. Since the second interm ediate idler ro ll is the first m edium  o f  pow er transm ission 
and in order to prevent the distortion o f  pow er in the process o f  transm ission, it is also very 
im portant to control the deform ation o f  the second interm ediate idler roll. The reduction in 
hardness o f  the interm ediate ro ll or increase in hardness o f  the w ork roll, i.e., the 
im provem ent o f  the hardness difference betw een the m iddle ro ll and w ork roll, can 
contribute to the quality o f  the plate and prevent from  transferring ro ll body defects to the 
plate.

C o n c l u s i o n s

1. The w ork ro ll is the first to accept the largest resultant force, the next ones are the 
first interm ediate ro ll and second interm ediate driven roll, while the second interm ediate 
idler ro ll accepts the sm allest force. The m axim um  force and elastic deform ation o f  the rolls 
are observed in  the second rolling pass.

2. The ro ll rotation  during the rolling process can induce their radial deflection, w ith 
their offsetting relative to each other. Their bending deform ation would affect the plate 
quality, causing the waviness o f  strip edges.

3. Due to the sym m etry o f  the roll system, 1/2 or 1/4 o f  the rolls is often taken as the 
object in parallel studies, but stresses are not actually distributed symmetrically. Inaccuracies 
in  arrangem ent and coordination, differences in  m anufacturing and heat treatm ent lead to 
the differences in  forces, so that forces o f  the rolls O and P  are 2144.57 and 2180.03 kN, 
respectively.

This study is not restricted to a 20-high m ill, it also creates the theoretical basis for the 
design and im provem ent o f  m ultiroll m ills w ith other roll numbers.
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