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1 Introduction

Seamless tube rolling control techniques at Chita
Works were first developed around 1978 at the time of
constructing the 16" seamless tube mil, with a numeri-
cally-controlled rolling technique firmly established in
operation. In 1982, Chita Works introduced a process
computer system to its 7" seamless tube mill, and has
since continued the efforts in developing the control
technique for rolling.

The introduction of a control system into the existing
mills involved many rigorous limiting conditions. In
addition, since the 7” seamless tube mill, contrary to the

* Qriginally published in Kawasaki Steel Giho, 18(1986)2, pp.
160-168

Synopsis:

New process computer system has been developed at the
7" seamless tube mill of Chita Works following the 16"
seamless tube mill. The former system has realized highly
automated control for each mill through the development
of on-line gages and rolling controf models. Optimal con-
trol model for the piercer, cross section profile control
model for mandrel mifl and adaptive elongation control
mode! for the stretch reducer are mainly described. New
bulge gage has been applied to mandrel mill control. The
accuracy of the tube dimensions and standardization of
rolling operations are markedly improved by applying the
high-level software and hardware to rolling process. An
outline of the automatic computer control system, its per-
formances and the results of its adoption are discussed in
this report.

16" one, required fast rolling speed and constituted a
complex process consisting of a multistand continuous
mill, the development encountered many difficulties.
However, through various favorable factors such as
technical transfer from the 16" seamless tube making
techniques, active use of ample operation expertise
gained in the past, developments of new sensors, and
making of accurate control models which reflected
model mill experiments, it was possible to construct a
highly-developed process-computerized rolling control
system in a comparatively short time to establish rolling
control techniques at Chita Works. Supported by high-
ly-reliable hardward and software, the control tech-
niques produced noticeable results in the standardiza-
tion of operation, improvement in guality and produc-
tivity, and energy saving. This paper reports an outline
of the rolling contral system, and the sensors, and con-
trol models used in the system.

2 Environment of System Development
2.1 Layout of Rolling Line

A layout of the rolling line of 7" seamless tubes is
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@ Billet conditionig line Bar circulation system
@ Billet charging table @ Walking beam furnace
@ Rotary hearth furnace Stretch reducer
@ Billet centering machine i Cooling bed
® Piercing miil G Cold saw
@& Plug circulation system @ Electric room
@ Mandrel mill @ Computer room
Fig. 1 Layout of 7" seamless tube mill line

shown in Fig. 1. Long billets transported from Mizu-
shima Works are cut into smaller billets by the billet cut-
ting line at Chita Works. These cut-out billets are
charged into the doughnut-shaped rotary reheating fur-
nace. Fach heated billet is pierced by a piercer and
becomes a hollow bloom, which in turn is fitted with a
mandrel bar and rolled on the 8-stand full-float mandrel
mill to become a shell. The mandrel bar, immediately
after rolling, is pulled out of the shell and reused in circu-
lation. The shell is reheated and reduced on the 24-stand
stretch reducer into a tube of a prescribed outside dia-
meter. The tube is then cooled on the cooling bed and
cut into a specified product length by the cold saw. Thus,
almost 700 pieces of steel material are staying in the roll-
ing line at all times.

Tuble 1 Comparisen of process features between 7"
and 16" seamless tube mills
i Elonga- } Rolling | Rolling ‘Cycle Con-
Mill type | tion length | speed | time | trol
ratio {m) (mfs) | (s) | loop
77 mill
Piercing Cross roll — 10 1.4
mill
Mandrel | Multi 2.0~
mill stand 4.0 26 5.5 15 84
Stretch Multd 1.0~ L
reducer stand 4.5 b4 ‘ 7.8
16" mill
Piercing Cross roll - 9 1.2
mill
1.2~ .
Elongator | Cross roll 2.0 13 1.2
Plug mill | S0gle 1A~ g9 | os0 | 25 | a4
Reeler Cross roll; 1.0 19 0.9
Sizing Multi
mill stand 1.0 19 3.0
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2.2 Features of Rolling Process

A comparison of rolling processes between 7” and 16”
seamless tube is shown in Table 1. The features of the 7"
seamless tube process are the width of dynamic range of
rolliing control, a high rolling speed, and a large number
of control loops.

The 7" seamless rolling line was constructed in 1971,
and the mechanical and electrical control systems are
both two-decade old. [t is another feature of the present
rolling control system that the system was developed on
the basis of such existing facilities.

3 Outline of Control System

3.1 Functions and Aims

Various functions of the control system which was
developed this time are shown int Fig. 2. Main functions
are
(1) Piece Tracking: Tracking is performed in two ways.

One is tracking of materials over the entire processes
ranging from billet charging to the rolling line. The
other is tracking of tooling such as for the mandrel

1 On-line data-link fo central computer

]_.__

» Rolling items entry
» Transmission of actual rolling data
- Piece reject data processing

Lot trace system |

+ Piece & tooling tracking
« GO & STOP control for each piece
at billet charging and furnaces

Rolling control system

- Piercing mill + Automatic set-up

- Adaptive control
of dimensions

+ Realtime tension
control in rolling

- Mandrel mill

+ Stretch reducer

Operator's guidance by CRT display }—

« Rolling items
* Plece tracking map
+ Graphic display of on-line gage data

Fig. 2 Functions of computer control system
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bars.

{2) Rolling Control of Mill: Adaptive-control and learn-
ing models have been developed on the piercer,
mandrel mill and stretch reducer using models

Purposes Terms

Computer control system

Development of
on-line gage

Development of
rolling control modei

Iiiece tracking I

Integration of pulpits ]

Productivity

Plug bar circulation
system of piercer

Labor saving Automatic rol} changer

of stretch reducer

Fig. 3 Purposes of computer control system

based on the plasticity theory, thereby achieving
full-automatic rolling.

(3) Data Transfer to central computer: The rolling
schedule and actual rolling data are mutually hand-
ed over between the central computer and the
control system,

(4) Operator Guidance: Mill setting values, measured
dimensions, and tracking maps are displayed on
CRT screens (o support operators.

Next, tasks which were set up at the time of develop-
ing the present control system are shown in Fig. 3. Tasks
for improving the existing facilities such as unification
of the operator rooms and introducing of piug bar circu-
lation of the piercer, which were carried out in paraflel to
improve the effects of introduction of the control sys-
termn, are also shown in the figure for reference. The aims
of the present system lie in improvement in quality and
vield, enhancement of productivity, and labor reduc-
tion. In addition, full standardization of operation is
important as a basic task.

3.2 Hardware Configuration

Taking into consideration the features and functions
of the 7" seamless rolling process, hardware configura-
tion shown in Fig. 4 was decided. Points taken into con-

Central computer
FACOM M-380Q

7

Global .
HIDIC 80E memory HIDIC B0E
Traclkitng PIO ‘_ - | Horizontal load shared and
simuiater - multi process control system
panel - - - High speed I
Tracking sensor private PIO
Data free way ZMBPS
/f f Stama:—(m -%

e

Length
gage

02

Weigher

Station [

Screw down
APC

Round Rotary Piercer Mandrel mill
hillet hearth Di N
furnace lameter gage

x24 [ H-04

U, 929 Sl

Reheating  Hot stretch reducer Cooling bed
furnace
Pyrometer
Diameter] gage

— Qtatmn >

Stat ion

. @), du d@

Fig. 4 Basic system configuration of 7" seamless tube mill
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sideration when the hardware configuration was made

were as follows:

(1) To reduce process computer load in piece tracking, a
horizontal load sharing system, in which the control
functions were distributed into the real-time system
and off-line system, was adopted.

(2) Sharing of functions between electrical equipment
and the process computer was reviewed for achiev-
ing simplification.

{3) On-line gages used for inter-piece adaptive control
were connected to the data freeway, and on-line
gages used for intra-piece optimum control were
directly coupled to DDC, thereby permitting opti-
mal sharing of rolling process information within
the control system and ensuring real-time control.

Through adoption of the hardware configuration and
by paying careful attention to the software configura-
tion, the process computer load factor has never exceed-
ed 60%, even when the rolling line is operated at a eycle
time of 135 sec. All control models also respond within

0.3 sec or below.

4 Development of On-line Gages

In constructing rolling control system, whether it
may be used for seamless steéel tubes or other steel
products, the use of on-line gages is indispensable. In the
present system, on-line gages shown in Fig. 4 were
developed and introduced.

To improve the accuracy of the rolling control model,
it was considered to correctly measure the bulge width
during the mandrel mill rolling as shown in Fig. 5, and
the development of gages which can satisfy the follow-

Objective lens

Hollow hloom

Bulge

Uppe; roll

Mandrel
har

Lowe_[ roll

Fig. 5 Cross section profile of shel! in rolling at
mandrel mill

ing conditions was undertaken:

(1) Since the distance between rolling machine hous-
ings is 50 mm, the gage must be able to measure
within the distance of 50 mm.

(2) When the rolling roll is changed, the entire housing
must be changed. Therefore, the gage must not be
in the way of the housing changes.

(3) The rolling speed is 5 m/s maximum, and the meas-
ured value of the bulge is required at every 200 mm

-Slit for measuring diameter

- Slit for synchronous signal
- Rotary drum
Synchroncus amplifier ynit

Silicon photocedl

1.66 my
166 ms
Synchronous pulse train
l\k Pulse width of

upperside diameter
by scanning

Collecting lens

Penta-prism

Fig. 6 Schematic structure of bulge gage and its basic measuring principle
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Rolling time (s}

Fig. 7 An example of No. 4 stand outlet bulge width

distance. Therefore, the gage response must be
40 m/s or below.

(4) The measuring accuracy must be within £0.5 mm,
because the gages are used for mill control.

(5) The measuring environment is the hot rolling atmo-
sphere with splashing of roli cooling water.

To satisfy the above-mentioned conditions, compact
gages structured as shown in Fig. 6 were developed. An
actual measuring example using this bulge gage in the
hot rolling line is shown in Fig. 7. The measuring result
gave an accuracy of +0.5 mm and a response of 35 ms,
which completely satisfied the initial development aims.
Further, this technique for the bulge gage was applied to
the measurement of outside diameter of the hollow-
bloom on the piercer delivery side, resulting in an effec-
tive utilization of development techniques.

5 Development of Rolling Control Model

5.1 Piercer!

The piercer is a piercing-rolling mill which is located
at the upmost-stream of the seamless tube rolling
process. Therefore, the improvement in the dimen-
sional accuracy of the pierced hollow bloom facilitates
operations at downstream rolling mills, with full oppor-
tunities of the improvement in the dimensional accu-
racy of the final product.

At the piercer, the plug’s outside diameter is first
selected by the rolling schedule. Then, the gouge (barrel
roll distance), the lead (plug tip position), the shoe dis-
tance, and the feed angle must be determined (refer to
Fig. 8). The basic concept of the set-up model which
determines these conditions was obtained by adopting
the concept? which had been developed for the 16"
seamless tube mill at Chita Works. Further, with the
aims of improving the dimensional accuracy and achiev-
ing standardization, the plug which is used in circula-
tion is tracked, and the tracking result is reflected on the
adaptive control shown in Fig. 9. In the following, the
concept of the model is explained.

As shown in Fig. 8, Egs. (1) and (2) become valid
geometrically.

No. 16 June 1987

Rolt

Ly — E
- _¥_ o — D — e s D
Heo Plug l

- A3 ; !
. Shoe

Fig. 8 Concept and notations of piercer

Actual diameter
of hellow bloom

Actual weight
of billet

Actual length
of hollow bloom

Actua! wall thickness
by mass balance model

Set up values
by geometric
mode!

Adaptive
coefficlent
modification

Shoe distance
maodification

Plug tracking

l

Decision of
gouge & lead
distribution

Piercer

Fig. 9 Block diagram of piercing mill control model

%+(LP-—L) tan B, = ty +—12)—‘3 -------- (1

Dy=alH +2(Ly — L) tan 3]
+b[E +2(Lp—L)tanfy] -+ - )

: Quutside diameter of hollow bloom
fy: Wall thickness of hotlow bloom
Dyp: Effective diameter of plug
Ly: Effective length of plug
E: Gouge distance
L. Lead distance
H: Shoe distance
B>, 85 Delivery-side angles of roll and guide-shoe
a, b: Coeflicients
In general, the feed angle is determined by a facter
other than hollow-bloom dimensions; hence, items
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which require controlling are lead, gouge, and shoe
distances. The outside diameter of the hollow bloom,
when pierced into the same size, is strongly affected by
the shog distance. In piercing a billet into a hollow
bloom, the dependability of the shoe distance on out-
side diameters changes, as shown in Eq. (3), depend-
ing upon the amount worked, namely, the wall thick-
ness of the hollow bloom. Therefore, the wall thickness
of the hollow bloom is used as control parameter. Next,
the shoe constant which corresponds to the mill con-
stant in fiat products rolling is defined, and a feed-back
model which uses this shoe constant as control gain is
employed to control the outside diameter of the hollow
bloom.

AH = yry(Dy* — Dyl v (3)
where AH: Shoe distance control amount
y: Constant

Dy*: Measured hollow bloom outside diameter
The follow bloom wall thickness is affected by the
plug’s effective diameter as can be seen in Fig. 8 or Eq.
(1), if the gouge and lead distances are constant. Plugs
are used in the circulation after their diameters are
matched, but plug wear amounts are not uniform,
depending upon the piercing conditions and the num-
ber of times of use. Namely, in actual cases, respective
pieces are pierced by plugs having different diameters.
In the following, the concept of the control model of
hollow-bloom wall thickness is explained.
First, actual wall thickness ¢4* of the hollow bloom
which has been pierced by the j th plug is obtained by
Eq. (4).

ty*(j) = %(DH* _I/(DH*)2 _ AW ) 4

7 puln®

where /*: Measured hollow bloom length
Wy*: Billet weight after scale loss duc to rotary
furnace is taken into consideration
p: Density of steel at piercing temperature
Next, wall thickness compensation value 4ry* which
has taken into consideration the effects of plug’s effec-
tive diameter and the mill constant, is obtained {from the
actual wall thickness by Eq. (5).

Aty(j) = ty*) + % -- —g—
—(Lp—L)tan By - ovovens (5)

The value Aty(f) is constantly tracked depending
upon the number of times of use of the plug which is
recirculated. Since the parameter which can control wall
thickness is gouge or lead, wall thickness correction dis-
tribution coefficients a;, a; (@, > 0,0, < 1) can be used
for obtaining Eqgs. (6) and (7).”
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Fig. 10 Typical example between computer mode and
manual mode

AE(j x j) = eyt (G) + (1 — a)4L(j) - -(6)

AL x j) = aydtq(j) + (1 — @) AL() - (T)
where (j x j) indicates that the same plug will be used
at the next piercing chance in the plug circulation.
Figure 10 shows that as a result of piercing with the use
of this control model, the deviation in the hollow bloom
length is nearly halved compared with the result in
manual piercing.

5.2 Mandrel Mill*"

It has been said that the full-float mandrel mill is a roll-
ing machine whose rolling phenomenon is the most
difficult to explain for the following reasons:

(1) Since it is a three-dimensional rolling machine of
the multi-stand type using grooved rolls, operation
parameters are many in number and wide in the
degree of freedom.

(2) Ttis impossible to observe or control the behavior of
the mandrel bar during rolling, and fluctuations of
bars to be used in circulation cause external dis-
turbances to the rolling operation.

(3) The rolling time is shorter than that of flat products
rolling, and the process is a continuous non-steady
rolling at top and botton of the shell,

In developing the control model of this mill, the
authors went back to the basic principle of rolling. First,
the roll pass was improved, and pass shapes were made
into numerical formulas. Next, the lubrication system of
the internal surface of the shell and the mandrel bar was
improved. Thirdly, a roll distance zero adjustment sys-
tem was introduced in which pre-load was added to the
roll, in order to minimize deviation of roll distances. The
zero adjustment system reduced the scatter of the roll
distances by a standard deviation of 0.1 mm and

KAWASAKI STEEL TECHNICAL REPORT



improved roll setting accuracy. Through these improve-
ments, the control environment was enhanced.

The roll pass at Chita Works was designed to reduce
the wall thickness at the first-stage stands and to correct
uneven thickness at the last-stage stands. Now the atten-
tion was focussed on the rolling load and shell cross-sec-
tion mean wali thickness, and the difference between
maximum and minimum values of these two factorsina
single piece was measured. The result of mesured value
for No. 5 stand is shown in Fig. 11. Similar result was
obtained at No. 6 stand. As a result, it was confirmed
that rolling load and wall thickness showed a good cor-
respondence. Thus, to make the mean wall thickness of
a single piece into a prescribed value and to make uni-
form the wall thickness distribution in the circumferen-
tial direction, a model was developed which would set up
roll distances at the time of no load operation, so that
rolling load would be predicted to make roll distances
during rolling of all stands meet prescribed values and to
make the respective odd-numbered and even-numbered
wall-thickness-finishing stands into optimum values.
Figure 12 shows the outline of the control modei for the
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w 0dr
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S 03t
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=
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Range of roll separating force (t)

Fig. 11 Relation between wall thickness and roll sepa-

rating force

shell cross section. In the following, the concept of the
model is explained.
First, the total rolling amount is obtained which is

Roiling schedule (Nominal dimension}

V.

Scale loss

Billet weight compensation

r

! :

Wall thickness |, Aiming wall [, | Wall thickness |g . Wall thickness
of hollow thickness distribution Wall thickness of shell
h A
i | 4
¢ - Gage meter )
Cross section | qaviation (_,a]cula‘ted roll - Gag_e meter
area separating force deviation h

Roll rotation

Wall thickness
calculated by

- Roll ga -
speed sap gage meter method
y
N - . - - _J
Bulge Roll separating
gage force
.~ —
Outside diameter Qutside diameter
of hollow Roll gap of shell
L@IOW length ) Mandrel mill C Shell length )

Fig. 12 Block diagram of wall thickness control for sheli
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required for roiling the actual hollow bloom wall thick-
ness {entry side wall thickness) into the target shell wall
thickness (delivery side wall thickness). Next, the rolling
amounts at all the odd-numbered stands and even-
numbered stands, namely, the reduced wall-thickness
amounts are obtained. From these reduced wall-
thickness amounts, a reduced wall-thickness guantity
for each stand is calculated. At the same time, the
reduced wall thicknesses of No. 5 and No. 6 stands, in
particular, are optimized, so that the outlet wall-
thickness distribution will become uniform in the cir-
cumferential direction.

Next, from these reduced wall-thickness amount, the
bar temperature, and the hollow bloom temperature, it
is possible to estimate the predicted rolling load, P (i), of
each stand by regression and learning.

N S T O
Pi) = [a(l) + b(!)(l i — 2))]

% Cp{i)CgCly ++vvrmeevrrmeees (8
Co=fi(Bg) o c(9)
Cy :fz(f?ﬂ) ........................ (10}

where i: Stand number

C,: Learning coefficient of /-stand

a, b: Coeflicients depending upon stee] grades
t,{i): Delivery side wall thickness at -stand
fg: Measured bar temperature
fy: Measured hollow bloom temperature
The rise in the bar temperature due to the circulating
use of the bar will not bring about such great changes as
to require the thermal expansion correction of the bar
diameter, but the coating condition of the lubricant over
the bar surface will change, and as a result, the friction
coefficient between the internal surface of the shell and
the bar surface will change. Since changes in the friction
coefficient affect the prediction of the rolling load, the
bar femperature is necessary as a control parameter.
Also, since the holiow bloom temperature directly
affects the deformation resistance, the temperature is
necessary as a control parameter.
Next, the roll pass distance of each stand, namely,

screw-down position S{i), can be calculated from the
predicted rolling load £(i), using Eqs. (11) and (12).

S(i) =Dy — AG) + 2¢,(i)

P(i) — Py
S (11)
() = 0i =2) — At i) (12)

where Dy: Bar outside diameter
AG: Wall thickness deviation by the gage
meter method

38

At{i): Reduced wall-thickness amount at {-stand
P, Preloaded load value at zero adjustment
M : Mill constant

Now that screw-down positions of tolls of all stands
have thus been determined, the rotation of the roll,
N (i), will be determined next. The roll rotation is deter-
mined by the mass-flow constant law from the relation
between the shell sectional area and the roll neutral
point, so that the inter-stand tension will become an
optimum value.

In the present shell cross section shape control model,
it is considered that the screw-down position of rolls is
main, and the roll rotation is subordinate.

Rolled shells are identified by such measured values
as the shell length .* the rolling load P(i}, and the
bulge width values at No. 4 and No. 7 stands. From the
rolling load, the actual wall thickness of each stand is cal-
culated by the gage meter method.

i) :G(r‘); Dy (13)

Here G (i) is the roll caliber distance during rolling and
expressed by Eq. (14).

. ~ P — P
G(i) = S(i) + m (14)
Next, the wall thickness deviation 4G is calculated.
The wall thickness deviation is obtained from Eq. (15)
using actual wall thickness value ¢(5) and (6) at No. 5
and No. 6 stands, which are wall thickness finishing
stands, and measured shell wall thickness t*

AG = 4G + 2(15* 5 x @%@) (15)

where §: Constant determined by tube size

In Eq. (15), 4G ™" is the wall thickness deviation of
one former circulation, that is, the wall thickness devia-
tion when the same bar was used in the next preceding
rolling. Actual shell wall thickness is obtained by
Eq. (16).

*
rs*:%(w— (DS*P_:W“) ----- (16)

%
sts

Here actual shell outer diameter D* is defined as fol-
lows: Since the outside diameter shape of the shell is
ordinarily an ellipse, the longer side will be the bulge,
and the shorter side will be G(/), namely, the roll pass
distance during rolling. From the circumference ap-
proximation formula of the ellipse, a shell’s circum-
ferential length is obtained, thereby deriving an outside
diameter which has been converted into the true circle.

Next, wall thickness correction value 7.(i) is calculat-
ed for the next following screw-down position correc-
tion at each stand. This value can be obtained by Eq.
(17)** using the formula.
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Fig. 13 Comparison of wall thickness deviation in
cross section after stretch reducer between
manual mode and computer mode

tli) = (i) + % ................... (17)

Through the use of this wall thickness correction
value, a predicted rolling load for the next piece is
obtained by Eq. (8), and the screw-down position of the
roll by Eq. (11). From the screw-down position of the
roll obtained by Eq. (11) and the rolt pass, the bulge
width is predicted, and it is confirmed that the screw-
down posilion is within a range free from the generation
of bulge-type'® flaw. The above procedure is repeated.

The above is the mandrel mill sectional shape control
mode!l. An example of improvement in the wall thick-
ness deviation in the cross section as a result of rolling
with this model is shown in Fig. 13, and an example of
similar improvement in the elongation length, that is,
mean wall thickness is shown in Fig. 14. The wall thick-
ness deviation in the cross-section shows an improve-
ment of about 1%, and the scatter of the mean wall thick-
ness shows an improvement of from 0.5% to 0.3% in a
standard deviation. Further, the generation of bulge-
type {laws has been completely eliminated.

5.3 Stretch Reducer

The stretch reducer means a reducing mill, which
finishes the tube’s outside diameter into the prescribed
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Fig. 14 Comparison of shell length deviation between

manual mode and computer mode

size. Contrary to the mandrel mill, the stretch reducer
has no tool to roll the internal surface of the tube. It has
no screw down system either, because three rolls are
arranged in 12(0° directions as shown schematically in
Fig. 4. According to the theory by Neumann-Hanke'",
the reduction of the tube’s outside diameter using
grooved rolls increases wall thickness and elongates the
tube in the lengthwise direction. To finish wall thickness
into the prescribed thickness value, therefore, it is neces-
sary 1o control the wall thickness while giving the ten-
sion to the tube. To apply the optimum tension to the
tube, the roll rotation must be controlled.'” Hence, an
oplimal elongation control model shown in Fig. 15 has
been developed. In the following, the concept of this
model is explained:

Al the stretch reducer, the tube’s outside diameter on
the entry side and finished outside diameter of the tube
to be rolled are given beforehand. Therefore, the
grooved roll arrangement is determined according to
the outside diameter reduction ratio. Thus, the mean
stretch coefficient can be obtained by the aforesaid
Neumann-Hanke's theoretical formula, that is Eq. (18).
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27(4—1) + (1 —24)
@
ﬁZ(luA) +(1+4)
@
ZO-A+2+14
= ( ) ( ) ............ (18)
P

where Z: Mean stretch coefficient (tube axial-
direction stress/deformation resistance)
1: Wall thickness/outside diameter
.. Radial-direction logarithmic distortion
of tube
¢,: Lengthwise-direction logarithmic
distortion of tube
¢,: Tangential-direction logarithmic
distortion of tube
The mean stretch coefficient is distributed over
stretch coefficients between all stands. From the stretch
coefficients and tube’s outside diameters in the entry
and delivery sides at all stands, wall thickness values on
the delivery side at these stands can be calculated. From
the tube’s outside diameters and the wall thickness on
the entry and the delivery side of a stand, the circum-
ferential speed of the roll is obtained by applying the
mass flow constant law, thereby determining the roll
rotation.
From the rolling schedule, the reference elongation
E, at the stretch reducer is determining by Eq. (19).

t(Ds — tg) :
F.o= S8 T TS 19)
"Dy — 1) (

The target length of the tube is calculated from Eq.
(20), and the ratio between the target length of the tube
and tube length /; indicated in the rolling schedule is
obtained. Then the ratio between the target length of
shell I, obtained from Eq. (21) and the measured
length of shell /y* is obtained.
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Next, elongation £’ of the tube to be rolled is calcu-
lated by Eq. (22).

E—E 0(%)(%&) .................. (22)

To find the tube’s elongation ratio, when the elonga-
tion changes, a regression formula shown in Eq. (23),
which uses the stretch coefficient as a parameter, has
been prepared.’* '

& = uZ(E — 1)*?

................ (20)

[TA =

lsa

where 1, v: Coefficients

If the rotation of the stretch reducer rolls changes
linearly with respect to the reference stand, it will be
most simplified. Therefore, the correction quantity of
the roll rotation is calculated by Eq. (24).

ANG) DY —@(ED 1
N~ eE) @9

where AN: Roll rotation correction quantity
N: Relerence roll rotation

When rolling is finished, tube length /.* can be mea-
sured, and therefore, it is so designed that Eq. (23) can
be learned and, further, the accuracy of the regression
formula model can be improved.

The comparison between the target length and the
measured length of the tube, when rolling is performed
according to the optimum elongation model and when
rolling is performed manually by the operator, is shown
in Fig. 16, which clearly indicates that the tube length
deviation, when rolling is performed using the newly
developed model, has greatly improved in the mean
value and the standard deviation compared with manual
rolling.

6 Results of Application

In the above, the contents of various mill control
models were explained. Some of these models were
developed in parallel with the development of sensors,
resulting in some difficulties in process applications.

The application of the computer mode to the mill was
advanced in synchronization with the completion of
mode] development, and was sequentially incorporated
into processes starting from the downstream i.e. stretch
reducer. As an example, the transition of the computer
mode application ratio to the stretch reducer isshownin
Fig. 17. At present, the compuier mode operation has
been firmly established at all mills.
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Fig. 17 Availability of computer mode rolling for
stretch reducer

Partial achievements of these applications were de-
scribed in the explanation of the control models for each
mill, and as a consolidated outcome throughout the
entire operation, the following were observed:

(1) The effect of dimensional accuracy improvement by
the mill control models was so noticeable that yield
improvement was 0.4%, and the bulge-type flaw was
completely eliminated.

(2) The productivity has shown about 10% improve-
ment owing to full-automation of mill presetting
and the adoption of the material tracking system.

(3) Because of item (2) above and the unification of
operalors’ rooms, about 10% labor saving has been
attained.

Further, the fundamental effect was embodied in the
thoroughgoing standardization of the operation with

No. 16 June 1987

the development and the introduction of the control sys-
tems. Through this standardization, the level of the
quality of the operation has been upgraded. Further,
functions such as the automatic collection and analysis
of on-line data have expedited various development pro-
jects and tests at the mill and, in combination with the
aforesaid material tracking system, have greatly contrib-
uted to strengthening of the quality assurance system.

7 Conclusions

With the aim of improving the quality and the pro-
ductivity of seamless steel tubes, a 7" seamless steel tube
rolling control system was developed in 1983 and it has
been sequentially incorporated into actual production
processes. As a result of the aforesaid developments of
control systems, on-line gages and rolling models, a no-
ticeable outcome has been achieved such as a yield
improvement of 0.4%, and the productivity improve-
ment and the labor saving, respectively, of about 10%.

However, the environment, surrounding seamless
steel tubes, has lurned more and more rigorous in
recent years, and to cope with such a condition, the roll-
ing control techniques require further upgrading of
their levels. The authors intend to carry out the develop-
ment of new high-response sensors, development of pre-
cision models and dynamic models which will actively
utilize the plasticity theory and control theory, and the
intensification of the control system in the future.

Finally, the authors express their deep appreciation to
those who have kindly rendered valuable cooperation in
the course of development of the present system.
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