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Abstract

Roller ends forced-contact and overmuch roll consumption are the widespread problems in temper rolling
process of thin strip for two-stand UCM temper mill. Fully thinking the equipment and technology charac-
teristics of UCM temper mill, we took the newly-built 1220 UCM temper mill of Baosteel as the research
object in this paper. A model of roller ends forced-contact and a calculation model of flatness for UCM tem-
per mill are established after a great deal of site tracing and theoretical researches. On this basis, an optimal
mathematical model of roll shape which is suited for UCM temper mill is developed. Working roll curve is
the combination of cosine curve and high order curve. The cosine subentry is used to control edge wave, the
high order curve subentry is used to control roller ends forced-contact. Furthermore, the chamfering curve of
middle roller end is optimized. Those are the innovations. Through the above-mentioned technology, pres-
sure distribution between rollers caused by the shift of middle roll becomes more homogeneous, pressure
peak disappeared, working life of roll is improved effectively as well. Relevant technologies have been used
to the practice of 1220 UCM temper mill of Baosteel and have achieved good use effects, which is of further

extending application value.

Keywords: UCM, Temper Mill, Forced-Contact, Roll Shape, Roll Consumption

1. Development of Cambering Technology
for UCM Temper Mill

1.1. Target of Cambering

The intermediate roll should have proper shift for im-
proving strip shape in the process of temper rolling. But
the shift of intermediate roll will make the pressure dis-
tribution between rollers more uneven. Peak distribution
will appear and cause uneven abrasion of rollers. Strip
shape and surface quality will become worse. Roll con-
sumption will increase sharply. In addition, the contact
of working rolls outside the plate width will appear when
thin and narrow strip is temper rolled. The forced-contact
of working rolls will lead to that partial presetting rolling
force is used to metal deformation and others cause the
roller ends squashed which lead to the actual elongation
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is smaller than design value. The product performance
does not meet the user needs. Working roll consumption
will increase accordingly. Due to the requirements of
customers for strip mechanical performance, strip shape
and surface quality become higher and higher and the
cost for rollers compressed constantly as well, the prob-
lems above are bottleneck problems and the focus of
technology research in the temper rolling process of thin
and narrow strip. Therefore, the newly-built 1220 UCM
temper mill of Baosteel is taken as a research object, a
model of roller ends forced-contact and a computational
model of flatness which is suited for UCM temper mill
have been established after lots of field tracing and theo-
retical research. The following three targets are realized
through the optimizing design of roll configuration: 1)
good flatness of rolled strip; 2) without forced-contact of
working rolls; 3) The pressure distribution between roll-
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ers caused by the shift of middle roll become more ho-
mogeneous. Side effects such as peak are disappeared.
Working life of roll is improved effectively [1].

1.2. Development of Cambering Model for UCM
Temper Mill

From the metal deformation model, the strip shape of the
first and second stand in exit can be expressed with the
following formulas for two-stand UCM temper mill:
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where h;, h, are the transverse distribution value of
strip exit thickness in the first and the second stand, H,
is the transverse distribution value of strip entry thick-
ness, L; is the transverse distribution value of length
and used to express the incoming profile, B is the width
of strip.

Similarly, from the model for elastic deformation of
rolls mentioned in 2.2, the transverse distribution value
of strip exit thickness in the first and second stand h,;,

h,;, the pressure between rollers O,uis Qimbi> Domwi s

oy = T (i Hi L BT, Ty ) GD O,mi and elongation & can be expressed with the fol-
oy = (0,004,870, Ty)) (32) lowing formulas [2]:
hli = f3 (TloaTzov Pl’ Slm’ SIW’ADlwi’ADlmi ’Alei > Hi > O »51) (33)
hZi = f4 (TZO’T217 PZ’SZm’SZW’ADZWi’ADZmi7AD2bi’hli’o-21i’52) (34)
qlmwi = fS (TIO’TZO’ Pl’Slm’SIW’ADlwi’ADlmi’Alei’ Hi’o_lli’é‘l) (35)
Qimvi = fe (Tlo’Tzov Pl’ Slm’ Slw’ADlwi ’ADlmi ’Alei > Hi >O11i» 51) (36)
ot = 7 (To05 Tors o Sams Syus ADyyi, AD, . ADy 1y, 01,6, ) (37)
Aompi = fs (Tzo’Tzlz PZfSZmDS2WDAD2Wi9AD2mi’ADZbi’hliDO-2li952) (38)
H,-h,
g=—=2= f9 (TZO’TZI’ Pz’SzmvSzwvADzwi’ADzmivADzbi’hlivo-zli’52’ Hi) (39)

where 0, and @, are the pressure between in-
termediate roll and working roll in the first and the sec-
ond stand; @, and 0,,; are the pressure between
intermediate roll and back-up roll in the first and the
second stand; S,,, S,,, S, and S, are the bend-
ing force of working roll and intermediate roll in the first
and the second stand; AD,,;, AD,; and AD,; are the
roll configuration distribution value of working roll, in-
termediate roll and back-up roll in the first stand; AD,,;,
AD,,; and AD,,; are the roll configuration distribution
value of working roll, intermediate roll and back-up roll
in the second stand; 6, and &, are the intermediate
roll’s shift value of the first and the second stand; T,
T, and T, are the back tension, middle tension and
front tension; P, and P, are the total rolling force of
the first and the second stand.

During the optimizing process of cambering, if the
actual datas of H; and L; existed, then the actual
datas should be used. Or the distribution of incoming
crown can be considered as conic and proportion crown
can be considered as 0.01 as a rule of thumb; the incom-
ing profile is good and the value of L; is zero. The
back-up roll can be considered as plain barrelled roll,
that is to say the value of AD,; and AD,, are all zero.
And then, after a simple analysis, for a specific rolling
process of two-stand UCM temper mill, on condition that
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the back-up roll is plain barrelled roll, if the rolling craft
parameters P,P,,T,,,T,,T,,,B , the bending force of
working roll and intermediate roll and the shift value of
intermediate  S,,,,S,,,,S,n,5,,,0,,0, etc. are given,
o,,; the transverse distribution value of front tension in
exit,  Omui> Qimbi> Jomi» Jomsi the transverse distribution
value of pressure between rollers, ¢ the elongation can
be expressed with roll profile parameters of working roll
and intermediate roll uniformly after coupling Equation
(31) to Equation (39).

0, = fi (AD,,;,AD,,;,AD,;,AD,; ) (40)
Qi = T11 (ADyyi, AD, i, AD, i, AD, i) (41)
Qumsi = f12 (ADyi,AD,,, ADy i, AD,, ) (42)
Oomui = 13 (ADy,AD,,;,AD, 1, AD, ) (43)
Uomoi = F1a (ADyyi» AD, i, ADy i, AD,yi ) (44)

& = f,5(AD,;,AD,,;,AD,;i,AD,) (45)

It should be noted that the pressure between interme-
diate roll and working roll and the pressure between in-
termediate roll and back-up roll in the first stand have
nothing with the working roll shape and intermediate roll
shape of the second stand. For the convenience of ex-
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pression, the form of Equation (37) and Equation (38)
are similar to Equation (39) and Equation (40)

Actually, according to the production characteristics of
two-stand UCM temper mill, the working roll configura-
tion curves and back-up roll configuration curves of two
stands are often designed to the same curve. And then,
Equation (40) to Equation (45) as follows:

O, = flé(ADwi,ADmi) (46)
Gy = fi7 (ADy;, D) (47)
Qimpi = flg(ADwi,ADmi) (48)
o = Tio (ADwi,ADmi) (49)
o = 0 (ADwi,ADmi) (50)

e=1, (ADwi,ADmi) (51)

Based on field experiments and theoretical research,
shown as Figure 3, the form of working roll configura-
tion curve is shown in the following Equation (52) [3]:

D, (x)=D, —a*[l—cos(bw %D—C*(%J ' (52)

where D, is the original working roll diameter, L, is
the face length of working roll, a is the crown value,
b, is the cosine phase coefficient of working roll con-
figuration curve, C is subentry coefficient of working
roll’s high order curve, kK, is subentry index of working
roll’s high order curve.

In Equation (52), the cosine subentry is used to control
edge wave, the high order curve subentry is used to con-
trol roll forced-contact. Obviously, it is easy to describe
working roll configuration curve shown in Figure 3 and
Equation (52) if a,b,,c,k, are given.

Allow for the actual working ability of grinder, in
practice, the intermediate roll configuration curve can be
expressed with the following Equation (53) (as shown in

Figure 4):

b X <(L/2-1,)
D, (x)= D_MLMJ X >(L/2-1,)
Z (54)

where D is the original diameter of intermediate roll,
L is the face length of intermediate roll.

So, relevant roll profile parameters can be expressed
with a,b,.c,k,,d,l,,k , therefore, Equation (46) to

Equation (51) can be expressed with Equation (55) to
Equation (60) further.

o, = f(ab,.c.k,.0,1,,k)

s Mo Vs Ry s

(35)
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Figure 3. The Schematic diagram of working roll curve.
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Figure 4. The Schematic diagram of intermediate roll curve.

Qi = T3 (3,0,,,C, K, 8,1, ) (56)
Uimoi = 24 (8,D,,,C. K, 8,1,,K) (57)
Oomui = Fa5 (@,0,,5C. Ky, 5,1,,K) (58)
Uomsi = F2 (2,0,,,C. Ky, 6,1, K) (59)

¢=f,(ab,,ck,.d1,.k) (60)

In this way, on condition that the parameters of mental
deformation model and roller system model such as roll-
ing force and tension etc. are known, the optimizing ob-
jective function of working roll profile and intermediate
roll profile can be expressed with the following formulas
for a single specification product and the equipment and
production craft characters of UCM temper mill [4]:

F(X)=aF (X)+(1-a)F,(X)

<Ky (61)
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where o is weighting coefficient, ¢_. is the mini-

mum elongation ruled by product program.
F, (X ) is objective function of shape control,

max (o, )—min (o)

R (X)= i

=1,2,--
TZ]

’n’

F,(X) is overall objective function of pressure be-

tween rollers:

(X)= Gy (X )+ Gy (X )+ Gy (X) + Gy (X)

F
g 4
+{max[ Gy, (X), Gy (X ),Gamy (X ),y (X)] -
~min[ G,p,, (X), Glmb(X),szW(X),szW(X)]}

Gimw (X)) is control objective function of pressure be-
tween intermediate roll and working roll in the first stand,
Glmw(x ) = glmw(x )+ gllmw(x ) .

Oimw (X)) is the indicator function of pressure’s degree
of uniformity between intermediate roll and working roll
in the first stand,

M mw 2
Z qlmWI j ‘

M =1

n Nmw
Gimw (X ) = ﬁ\/z (qlmwi -

i-1
qlmwi
i=1
Oimw (X)) s the indicator function of peak pressure be-
tween intermediate roll and working roll in the first stand,

nl&[max (qlmwi ) —min (qlmwi )} )

M mw

Gy (X) =
qlmwi

i=1
Gimp (X)) is the target function of pressure control be-
tween intermediate roll and back-up roll in the first stand,
Glmb(x)= glmb (x)+gllmb (X)
Oimp (X)) the indicator function of pressure’s degree of
uniformity between intermediate roll and back-up roll in
the first stand,

Mmb

n
Gims (X) = —nlmblmb \/z [qlmbi
2 Gimoi .
i1

Oimp (X)) is the indicator function of peak pressure be-
tween intermediate roll and back-up roll in the first stand,

Nimb
Z qlmblj .

Imb i=1

1—mb[max (qlmbi ) —min (qlmbi ):| .

Nimb

Z Uy o

i=1

gllmb(x):

G,y (X)) is the target function of pressure control be-
tween intermediate roll and working roll in the second

Stand G2mw( ) meW(X)+ gZ’mw(X)
Oyme (X ) s the indicator function of pressure’s degree
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of uniformity between intermediate roll and working roll
in the second stand [5],

n2mw M mw
Mo ; q2mwi -
Z q2mwi
i=

Usmw (X ) s the indicator function of peak pressure be-
tween intermediate roll and working roll in the second

Gamu (X) =

M mw 2
z q2mW|j .

omw =l

_Momw [max (o ) — D (s )] )

M mw

Z quwi
i=1

G,m (X) is the target function of pressure control be-
tween intermediate roll and back-up roll in the second
stand, GZmb (X ) = QZmb (X )+ g;mb (X) :

Usmp (X)) is the indicator function of pressure’s degree
of uniformity between intermediate roll and back-up roll
in the second stand,

stand, g, (X)=

n2mb

N mb
—\/Z {qubi
z o -
in1

gmb(x):

Mmb

Mmb 2
Z q2mb| j

Ny =1

Uamo (X)) is the indicator function of peak pressure be-
tween intermediate roll and back-up roll in the second

n .
z—mb[max (Ao ) — 0 (G )] .

Mmb

stand, 9., (X )=

2 i
i=1

where Kk, is allowable transverse maximum peak value
between rolls, n is number of transverse strip element,
N, 1s number of strip element between intermediate
roll and working roll in the first stand, n,,, is number
of strip element between intermediate roll and back-up
roll in the first stand, n,,, is number of strip element
between intermediate roll and working roll in the second
stand, n,,, is number of strip element between inter-
mediate roll and back-up roll in the second stand.

Obviously, the optimal setting of working roll con-
figuration curve and intermediate roll configuration
curve is aimed at improving strip shape quality and
managing roll forced-contact at the same time, making
the pressure distribution between rollers become more
homogeneous, reducing the peak value of pressure be-
tween rolls, improving working life of rollers. It should
be noted that production site, in practical, often m kinds
of specifications are choosed for optimization, and ac-
cording to the portion of total amount to weight, the
more often produced the product is, the weighting coef-
ficient is more larger. So, the objective control function
for the optimization of roll contour can be expressed as
follows [6]:
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o

—
>

~
vV

> &} nin
Gt (X) < Ky
gllmbj(x)
o (X)
gémbj( )

X ={a,b, ck 5.1,.k}

s My Vs Ryys

IA

(62)

IA

I(b
Ko
K

IA

where f; is weighted coefficient of output, which is
depend on the portion of each specification output share
in all output.

So, the comprehensive optimization of working roll
configuration curve and intermediate roll configuration
curve translate into seeking a suitable roll configuration
curve parameters ={a,b,.c.,k,.5,1,,k} , which
minimizes G(X) .

1.3. Application of Cambering Model in UCM
Temper Mill

Working roll, intermediate roll and back-up roll are all
flat roll at the beginning of putting into production of the
newly-built 1220 UCM temper mill of Baosteel. The
phenomenons which Elongation does not reach the stan-
dard and strip shape is unqualified were often found in
production. In order to solve the shape and mechanical
property problems, relevant theories introduced in 3.2 are
applied at the base of Section 2 and the working roll and
back-up roll configuration curves are optimized. More-
over, the new roll shape has been put into field operation
in 2010, a significant effect have been received. Not only
the strip shape has guaranteed, but also the mechanical
property has the users’ request. At present, this roll shape
has been adopted regularly by field as process planning.
Relevant circumstances are introduced in details as fol-
lows:

1.3.1. Cambering Scheme of 1220 Two-Stand UCM
Temper Mill

Based on calculations, working roll adopts the roll con-

figuration curve illustrated in Equation (63), intermediate

roll adopts the roll configuration curve illustrated in

Equation (64), back-up roll adopts flat roll [7].

_ 651 2X
D, (x)=D, -1.82:107 *[l—cos[ﬁl—n
b

6
_s2.10°+ 2
: )
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D x| <150
B 32
Dm(X)— D—2*15*10_6 *[M] |X|>150
150

(64)

1.3.2. Introduction for Test Results of Field
Comparison

To further analyses the roll shape reconstruction effect of
the newly-built 1220 two-stand UCM temper mill of
Baosteel, as a contrast, take the second stand as the ex-
ample, working roll and intermediate roll adopt the roll
configuration curve illustrated in Equation (63) and
Equation (64) respectively, back-up roll adopts flat roll.
0.15 x 718 mm was choosed as specimen to do the
forced-contact test (related equipments and process pa-
rameters as shown in the following Table 1). The value
of contact width, actual rolling force and strip shape be-
fore and after roll crown optimization were given though
test. After the forced-contact test, the production of this
specification proceeded with the elongation of 1.0% until
roll changing. The length of rolling this moment was
recorded in the following Table 3. The value of the in-
dicator function of pressure’s degree of uniformity and
the indicator function of peak pressure are computed as
well, shown in the following Table 4 [8].

It can be seen from Table 3 that the roll forced-contact
has been controlled effectively after roll shape was opti-
mized. Slight roll forced-contact just appeared at the
elongation of 1.2% (this moment, the product mechanical
property has meet the users’ demand). When elongation
increased to 0.4%, the roller ends forced-contact just
appeared if original roll shape was adopted, and with the
increase of elongation, the roller ends forced-contact
become worse and worse, normal rolling was affected at
last. In addition, it can be seen clearly from Table 3 that
the shape quality of strip improved greatly, measured
maximum strip shape decreased apparently, the length of
rolling increased greatly. Last, it can be seen from Table
3 that both the value of the indicator function of pres-
sure’s degree of uniformity and the value of the indicator
function of peak pressure decreased greatly. Combining
Table 3 and Table 4, it can be seen through field con-
trast tests that expected targets such as the control of roll
forced-contact, the improvement of shape quality and the
reducing of roll consumption all achieved.

2. Conclusions
Roller ends forced-contact and overmuch roll consump-
tion exist in the rolling process of two-stand UCM tem-

per mill. Fully thinking the equipment and production
craft characters of UCM temper mill, a model of roller
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Table 3. The value of contact width, actual rolling force and strip shape before and after roll crown optimization.

Elongation & /% 0.25 0.4 0.6 0.8 1.0 1.2
Original roll shape 0 20.5 132 146 173 -
Contact width B, /mm
Optimized 0 0 0 0 0 11
Original roll shape 1020 1750 4420 6540 9300 -
Actual rolling force P /kN
Optimized 1020 1680 3060 3920 4210 4630
Measured maximum strip shape Original roll shape 5.9 8.9 4.0 13.8 19.5 -
| /1-Unit Optimized 32 41 3.8 42 43 4.6
Original roll shape - - - - 26 -
Length of rolling L/km
Optimized - - - - 145 -

Table 4. Contrast of the indicator function of pressure’s degree of uniformity and the indicator function of peak pressure

before and after roll crown optimization.

Elongation & /% 0.25 0.4 0.6 0.8 1.0 1.2
Value of indicator function of pressure degree of uniformity Original roll shape 0.43 052 048 092 1.55 -
between intermediate roll and working roll g, (X) Optimized 0.38 041 037 0.42 0.44 047
Value of the indicator function of peak pressure between Original roll shape 0.79 0.87 0.81 1.24 1.92 -
intermediate roll and working roll g;, (X) Optimized 043 0.51 0.48 0.49 053 0.57
Value of indicator function of pressure degree of uniformity Original roll shape 0.34 0.48 0.46 0.79 1.39 -
between back-up roll and working roll - g,,, (X ) Optimized 028 039 036 043 047 049
Value of the indicator function of peak pressure between Original roll shape 0.72 0.85 0.78 121 1.87 -
back-up roll and working roll g, (X ) Optimized 037 047 045 051 053 0.6

ends forced-contact and a computational model of flat-
ness which is suited for UCM temper mill is established
after lots of field tracing and theoretical research. More-
over, on the basis of this, starting with the roll crown
optimization of working rolls and intermediate rolls, strip
shape, roll consumption and the management of roll
forced-contact are considered as well. A mathematical
model of roll crown optimization which is suited for the
working rolls and intermediate rolls of UCM temper mill
is developed. Relevant technologies have been used to
the practice of 1220 UCM temper mill of Baosteel. The
pressure distribution between rollers caused by the shift
of middle roll becomes more homogeneous. Side effects
such as peak are disappeared. Working life of roll is im-
proved effectively. This technology has achieved good
use effects, which is of further extending application
value.
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