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GAUGE CONTROL METHOD AND APPARATUS
INCLUDING WORKPIECE GAUGE DEVIATION
CORRECTION FOR METAL ROLLING MILLS

CROSS REFERENCE TO RELATED
APPLICATIONS

Reference is made to the following concurrently filed
and related patent applications which are assigned to
the present assignee:

S.N. 215,747, filed Jan. 6, 1972, entitled Gauge Con-
trol Method And Apparatus Including Workpiece Plas-
ticity Determination For Metal Rolling Mills and filed
by A. W. Smith and R. Q. Fox. _

S.N. 215,743, filed Jan. 6, 1972, entitled Gauge Con-
trol Method And Apparatus For Metal Rolling Mills
and filed by A. W. Smith and R. Q. Fox.

BACKGROUND OF THE INVENTION

The present invention relates to workpiece strip
metal tandem rolling mills and more particularly to roll
force gauge control systems and methods used in oper-
ating such rolling mills.

In the operation of a metal or steel reversing or tan-
dem rolling mill, the unloaded roll opening and the
speed at each tandem mill stand or for each reversing
mill pass-are set up by the operator to produce succes-
sive workpiece (strip or plate) reductions resulting in
work product at the desired gauge. Generally, the
loaded roll opening at a stand equals the stand delivery
gauge on the basis of the usually justifiable assumption
that there is little or no elastic workpiece recovery.

Since the operator provided initial setup conditions
or the initial roll opening settings provided by an asso-
ciated computer control system operative with model
equation information to calculate the setup screwdown
schedules for the rolling mill, can be in error and since
in any event certain mill parameters affect the stand
loaded roll opening during rolling and after setup con-
ditions have been established, a stand automatic gauge
control system must be employed if it is necessary that
the stand delivery gauge be closely controlled. Thus, at
the present state of the rolling mill art and particularly
the steel rolling mill art, a stand gauge control system
is normally used for a reversing mill stand and for pre-
determined stands in tandem rolling mills.

More particularly, the well known gaugemeter or roll
force system has been widely used to produce stand
gauge control in metal rolling mills and particularly in

tandem hot steel strip rolling mills and reversing plate
mills where experience has demonstrated that roll force
control is particularly effective. Earlier publications
and patents such as an article entitled Installation and
Operating Experience with Computer and Pro-
grammed Mill Controls by M. D. McMahon and M. A.
Davis in the 1963 Iron and Steel Engineer Year Book
at pages 726 to 733, an article entitled Automatic Gage
Control for Modern Hot Strip Mills by J. W. Wallace
in the December 1967 Iron and Steel Engineer at pages
75 to 86, U.S. Pat. No. 3,561,237 issued Feb. 9, 1971
to Eggers et al, and U.S. Pat. No. 2,726,541, issued
Dec. 13, 1955 to R. B. Sims describe the theory upon
which operation of the roll force and related gauge
control systems is based. Attention is also called to U.S.
Pat. No. 3,568,637 issued Mar. 9, 1971, U.S. Pat. Nos.
3,574,279 and 3,574,280 issued Apr. 13, 1971, and
U.S. Pat. No. 3,600,920 issued Aug. 24, 1971toc A. W.
SMith, which relate to roll force automatic gauge con-
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trol systems. In referencing prior art publications or pa-
tents as background herein, no representation is made
that the cited subject matter is the best prior art.

Briefly, the roll force gauge control system uses
Hook’s law in controlling the screwdown position at a
rolling stand, i.e., the loaded roll opening under work-
piece rolling conditions equals the unloaded roll open-
ing or screwdown position plus the mill spring stretch
caused by the separating force applied to the rolls by
the workpiece. To embody this rolling principle in the
roll force gauge control system, a load cell or other
force detector measures the roll separating force at
each controlled roll stand and the screwdown position
is controlled to balance roll force changes from a refer-
ence value and thereby hold the loaded roll opening at
a substantially constant value. The following well
known formula expresses the basic roll force gauge
control relationship:

h=So0+FK

1)
where: » _
h = loaded roll opening (workpiece delivery gauge or
thickness) : ) .
So = unloaded roll opening (screwdown position)

K = mill spring constant

F = roll separating force.
Typically, the roll force gauge control system is an ana-
log arrangement including analog comparison and am-
plification circuitry which responds to roll force and
screwdown position signals to control the screwdown
position and hold the following equality:

AS =-—-AFK

(2)
where:
AF = measured change in roll force from an initial
force
AS = controlled change in screwdown position from an
initial screwdown position.
After the unloaded roll opening setup and the stand
speed setup are determined by the mill operator for a
particular workpiece pass or series of passes, the rolling
operation is begun and the screwdowns are controlled
to regulate the workpiece delivery gauge from the re-
versing mill stand or from each roll force controlled
tandem mill stand. By satisfying Equation (2), and the
assumptions implicit in Equation (1), the loaded roll
opening h in Equation (1) is maintained constant or
nearly constant.

As the head end of the workpiece strip enters each
roll stand of the mill, the lock-on screwdown position
and the lock-on roll separating force are measured to
establish what strip gauge should be maintained out of
that roll stand. As the strip rolling operation proceeds,
the roll stand separating force and the roll stand screw-
down position values are monitored and any undesired
change in roll separating force is detected and compen-
sated for by a corresponding correction change in
screwdown position. The lock-on gauge LOG is equal
to the lock-on screwdown LOSD plus the lock-on force
LOF multiplied by the mill stand spring modulus K.
The workpiece strip delivery gauge G leaving the roll
stand at any time during the rolling operation is in ac-
cordance with above equation (1) and is equal to the
unloaded screwdown position SD plus the roll separat-
ing force F multiplied by the mill spring modulus K.
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The gauge error is derived by subtracting the lock-on
guage from the delivery gauge. The following Equa-
tions 3, 4 and 5 set forth these relationships.

LOG = LOSD + K*LOF

3)

G =SD + K*F

(4)
G — LOG = GAUGE ERROR = [SD — LOSD] +
[(F-LOF)*K] )

One mill condition which can cause steady state
gague error is an incorrect operator setup. Thus, the
screwdown position and the stand speed setup at a par-
ticular stand results in a head end stand delivery gauge
which may or may not equal the head end gauge de-
sired from the setup values. If the roll force control uses
a head end lock on roll force reference, the stand is roll
force controlled to continue rolling the actual head end
gauge unless the screwdowns are externally offset to
produce the correct steady state gauge.

The initial screwdown position calibration is a direct
electromechanical measurement technique made at the
beginning of work roll life and if desired new “initial”
calibrations are made at various subsequent time points
in the work roll life. In'any case, the predetermined ini-
tial screwdown calibration is subject to change during
mill operation and any such change. requires screw-
down offset for correction of the roll force control
operation. Typically, calibration drift is caused by
changes in roll stand heating, stand speed (bearing oil
film thickness), roll wear, differential leveling opera-
tion of the screwdowns for shape control and possibly
by changes in other mill conditions.

When the initial screwdown calibration does drift,
changes occur in the screwdown position at which roll
facing occurs thereby making the unloaded roll open-
ing correspondence with screwdown position differ
from the initial correspondence by the amount of the
calibration drift. As a result, the actual loaded roll
opening, i.e. the actual gauge, differs from the ex-
pected value calculated with the use of an unloaded roll
opening which is based on the erroneous calibration.
The difference represents a gauge error condition
which is correctable by a screwdown offset or, more
specifically, a screwdown recalibration. If the mill
spring constant changes, the actual loaded roll opening
differs from the expected value calculated with the use
of a mill stretch which is based on the erroneous mill
spring constant, and the resultant gauge error condition
is normally similarly correctable by a screwdown offset.

To provide steady state gauge error correction, the
well known monitor gauge control system is usually
employed to produce screwdown offset for the roll
force controls. In the monitor system, an X-ray or other
radiation gauge is placed at one or more predetermined
process points and usually at least at a process point
following the delivery end of the mill in order to sense
actual delivery gauge after a workpiece transport delay
from the point in time at which the actual delivery
gauge is produced at the preceding stand or stands. The
monitor system compares the actual delivery gauge
with the desired delivery gauge and develops an analog
feedback control signal to adjust the operation of the
reversing mill roil force gauge control system or one or
more predetermined tandem mill stand roll force gauge
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4

control systems to supply desired steady state mill de-
livery gauge. In this manner, the conventional monitor
system provides for transport delayed correction of
steady state gauge errors which are caused or which are
tending to be caused by a single mill variable or by a
combination of mill variables. _

In operator controlled mills, some steady state gauge
correcting load can eventually be taken off the monitor
system by screwdown recalibration, and the like, be-
tween workpiece passes if steady state gauge error
tends to exist along the entire workpiece and persists
from workpiece to workpiece. In this manner, some re-
duction is achieved in the length of off gauge work-
piece material otherwise associated with monitor trans-
port delay. Similarly, corrective monitor system opera-
tion caused by head end gauge errors can be reduced
by changes in the operator or associated computer con-
trol system provided setup from workpiece to work-
piece. ' '

A background teaching of stored program digital
computer system operation can be found in a book en-
titled Electronic Digital Systems by R. K. Richards and
published in 1966 by John Wiley and Sons.

A more detailed description of computer program-
ming techniques in relation to the control of metal roll-
ing mills can be found in an article in the Iron and Steel
Engineer Yearbook for 1966 at pages 328 through 334
entitled “Computer Program Organization for an Auto-
matically Controlled Rolling Mill” by John S. Deliyan-
nides and A. H. Green, and in another article in the
Westinghouse Engineer for January 1965 at pages 13
through 19 and entitled ‘“‘Programming for Process
Control” by P. E. Lego.

SUMMARY OF THE INVENTION

In accordance with the broad principles of the pres-
ent invention, a system and method for controlling -
gauge in a metal rolling mill employs means for detect-
ing at least one error condition representing gauge
error and means for controlling screwdown position at
each of one or more predetermined rolling stands of
the mill. Means are also provided for determining the
total amount of screwdown movement (position
change) required to correct the error condition at pre-
determined mill spring constant and workpiece plastic-
ity values. In roll force gauge control, the roll force is
detected and the determined error conditions is a
gauge error.

There is calculated a correction in relation to a gauge
error or X-ray gauge deviation measured after the last
roll stand which correction is for selected roll stands
previous to the last roll stand. This calculated correc-
tion is determined from the rolling of an initial work-
piece strip for adjusting the roll opening settings of the
selected roll stands before the subsequent rolling of an-
other workpiece strip similar to that initial workpiece
strip. A selected number of previous roll stands are cor-
rected while the last stand is roll force gauge con-
trolled. This correction is determined by a mass flow
relationship with the speed of the last stand and the
speed of the corrected stand, the measured gauge devi-
ation and a predetermined weighting factor.

A digital computer system is preferably employed to
make the error correction screwdown movement deter-
minations as well as to perform other mill control func-
tions. The computer employs a programming system
including an automatic roll force gauge control pro-
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gram or AGC program which is executed at predeter-
mined intervals to calculate the desired screwdown
movement required at each roll force gauge controlled
stand for gauge error correction including that stem-
ming from roll force error detection at that stand.
Screwdown movement for correcting roll force error is
made on the basis of calculations which use selected
workpiece plasticity and mill spring constant values
stored in data tables in the computer system memory
or otherwise determined by the computer system. -

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a schematic diagram of a tandem hot
steel strip rolling mill and a digital computer system au-
tomatic gauge control therefor arranged for operation
in accordance with the principles of the invention;

FIG. 2 illustrates a mill spring curve and a workpiece
reduction curve for a given rolling mill stand and the
manner in which roll force screwdown correction is de-
termined in relation to a change in the stand load force;

FIG. 3 illustrates a mill spring cruve and a workpiece
reduction curve for a given rolling mill stand and the
manner in which roll force screwdown correction is de-
termined in relation to a change in both the stand load
force and the stand screwdown position setting;

FIG. 4 shows an illustrative mill stand deflection
curve and product deformation curve to show the re-
quired screw movement to correct a determined gauge
error;

FIG. 5 shows a graphic representation of typical PW
plasticity values, such as could be included in the use
table as loaded into the computer control system mem-
ory or such as could be included in the adaptive table.

FIGS. 6A, 6B and 6C show an illustrative logic flow
chart of an AGC program operative with a tandem hot
strip rolling mill;

FIGS. 7A and 7B show an illustrative logic flow chart
of an X-ray routine program operative with the AGC
program shown in FIGS. 6A, 6B and 6C;

FIG. 8 shows an illustrative logic flow chart of a feed
forward routine program operative with the above
AGC program shown in FIGS. 6A, 6B and 6C; -

FIG. 9 shows an illustrative logic flow chart of a feed-
back routine program operative with the AGC program
shown in FIGS. 6A, 6B and 6C;

FIG. 10 shows an illustrative logic flow chart of the
adaptive routine program operative with the X-ray rou-
tine program shown in FIGS. 7A and 7B; and

FIG. 11 shows an illustrative logic flow chart of the
head end routine program operative with the X-ray
routine program shown in FIGS. 7A and 7B.

GENERAL DESCRIPTION OF THE AUTOMATIC
GAUGE CONTROL SYSTEM AND ITS
OPERATION

There is shown in FIG. 1 a tandem hot strip steel fin-
ishing mill 11 operated with improved gauge control
performance by a process control system 13 in accor-
dance with the principles of the invention. Generally,
however, the invention is applicable to various types of
mills in which roll force gauge control is employed.
Thus, the invention can be suitably adapted for applica-
tion in hot steel plate reversing and other rolling mills.
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The tandem mill 11 includes a series of reduction
rolling stands with only two of the stands S1 and S6
shown. A workpiece 15 enters the mill 11 at the entry
end in the form of a bar and it is elongated as it is trans-
ported through the successive stands to the delivery
end of the mill where it is coiled as a strip on a down-
coiler 17. The entry bar would be of known steel grade
and it typically would have a thickness of about 1 inch
and a width within some limited range such as 20
inches to 80 inches. The delivered strip would usually
have approximately the same width and a thickness
based upon the production order for which it is in-
tended.

In the reduction rolling process, the successive stands
operate at successively higher speeds to maintain
proper workpiece mass flow. Each stand produces a
predetermined reduction or draft such that the total
mill draft reduces the entry bar to strip with the desired
gauge or thickness.

Each stand is conventionally provided with a pair of
backup rolls 19 and 21 and a pair of work roils 23 and
25 between which the workpiece 15 is passed. A large
DC drive motor 27 is controllably energized at each
stand to drive the corresponding work rolls at a con-
trolled speed.

As previously described, the sum of the unloaded
work roll opening and the mill stretch substantially de-
fines the workpiece gauge delivered from any particu-
lar stand in accordance with Hooke's law. To vary the
unloaded work roll opening at each stand, a pair of
screwdown motors 29 (only one shown at each stand)
position respective screwdowns 31 (only one shown at
each stand) which clamp against opposite ends of the
backup rolls and thereby apply pressure to the work
rolls. Normally, the two screwdowns 31 at a particular
stand would be in identical positions, but they can be
located in different positions for strip guidance during
threading, for flatness or other strip shape control pur-
poses or possibly for other purposes.

A conventional screwdown position detector or en-
coder provides an electrical representation of screw-
down position at each srand. To provide an absolute
correspondence between the screwdown position and
the unloaded roll opening between the associated work
rolls, a screwdown position detection system which in-
cludes the screwdown position detector 33 can be cali-
brated from time to time in the manner previously de-
scribed. :

Roll force detection is provided at each of predeter-
mined stands by a conventional load cell 35 which gen-
erates an electrical analog signal. At the very least,
each roll force controlled stand is provided with a load
cell 35 and in many cases stands without roll force
gauge control would also be equipped with load cells.
The number of stands to which roll force gauge control
is applied is predetermined during the mill design in ac-
cordance with cost-performance standards, and in-
creasingly there is a tendency to apply roll force gauge
control to all of the stands in a tandem hot strip steel
mill. In the present case, a roll force gauge control sys-
tem is assumed to be employed at each of the stands.

Conventional motorized sideguards 37 are located at
predetermined points along the mill length. The side-
guards 37 are operated during mill setup on the basis
of the widths of the upcoming workpiece 15 thereby
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defining the sides of the workpiece travel path for guid-
ance purposes.

The process control system 13 provides automatic
control for the operation of the tandem mill 11 as well
as may be desired for associated production processes
(not indicated) such as the operation of a roughing
mill. Preferably, the process control system 13 com-
prises a programmed process control digital computer
system 39 which is interfaced with the varoius mill sen-
sors and the various mill control devices to provide
control over many of the various functions involved in
operating the tandem mill 11. According to user prefer-
ence, the control system 13 can also include conven-
tional manual and/or automatic analog controls for
backup operation in performing preselected mill func-
tions.

On the basis of these considerations, the digital com-
puter system 39 includes a finishing mill on-line roli
force gauge control computer system, such as a Prodac
2000 (P2000) sold by Westinghouse Electric Corpora-
tion. A descriptive book entitled Prodac 2000 Com-
puter Systems Reference Manual has been published in
1970 by Westinghouse Electric Corporation and made
available for the purpose of describing in greater detail
this computer system and its operation.

The computer processor is associated with well
known predetermined input systems typically including
a conventional contact closure input system which
scans contact or other signals representing the status
of various process conditions, a conventional analog
input system which scans and converts process analog
signals, and operator controlled and other information
input devices and systems 41 such as paper tape tele-
typewriter and dial input systems. It is noted that the
information input devices 41 are generally indicated by
a single block in FIG. 1 although different input devices
can and typicailly would be associated with the com-
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puter system 39. Various kinds of information are en-

tered into the computer system 39 through the input
devices 41 including, for example, desired strip deliv-
ery gauge and temperature, strip entry gauge and width
and temperature (by entry detectors if desired), grade
of steel being rolled, plasticity tables, hardware ori-
ented programs and control programs for the program-
ming system, and so forth.

The contact closure input systems and the analog
input systems interface the computer system 39 with
the processes through the medium of measured or de-
tected variables. The present invention is largely in-
volved in the functioning of the automatic gauge con-
trol computer system, hereinafter referred to as the
AGC computer. In one typical invention application,
various mill signals are applied to the AGC computer
input systems. These mili signals include the following:

1. A roll force signal from the load cell 35 at each
stand proportional to stand roll separating force for use
in roll force gauge control.

2. Screwdown position signals generated by the re-
spective detectors 33 at the stands for use in roll force
gauge control.

3 Screwdown motor speed signals generated by re-
spective tachometers 49 at the stands for use in pro-
grammed regulation.

4 Stand speed signals gencrated by respective ta-
chometers 43, with the speed signal used for calcula-
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tion of acceleration compensation and for calculation
of time delays in monitor operation.

5 A gauge deviation signal from an X-ray gauge 47
at the delivery end of the mill for programmed monitor
gauge control through the roll force control.

6 An entry temperature signal from a mill entry tem-
perature detector or pyrometer 45; the mill entry tem-
perature for the head end of each workpiece 15 is
stored.

7 Width signals supplied by sideguard follow potenti-
ometers for mill spring constant calculations, etc.

It is noted at this point in the description, that the
measured head end roll force is stored and used as a
reference for roll force gauge control functioning at the
respective stands if the AGC computer is in the lock-on
mode of roll force operation.

A contact closure output system would normally be
associated with the digital computer system 39. In the
operation of the AGC contact closure output system,
various control devices are operated in response to
control actions calculated or determined by execution
of control programs in the AGC computer.

To effect determined control actions, controlled de-
vices are operated directly by means of output system
contact closures or by means of analog signals derived
from output system contact closures through a digital
to analog converter. The principal control action out-
puts from the AGC computer contact closure output
system include screwdown positioning commands
which are applied to respective screwdown positioning
controls 55 in operating the screwdown motors 29 for
screw movement, and speed control signals which are
applied to the respective speed and tension control sys-
tem 53 to cause a change in drive speed to compensate
the force on the strip for a change in thickness being
made by a screwdown movement.

Display and printout systems 51 such as numeral dis-
play, tape punch, and teletypewriter systems are also
associated with the outputs of the digital computer sys-
tem 39 in order to keep the mill operator generally in-
formed about the mill operation and in order to signal
the operator regarding an event or alarm condition
which may require some action on his part. The print-
out systems are also used to log mill data according to
computer log program direction.

Generally, the AGC computer uses Hooke’s law to
determine the total amount of screwdown movement
required at each roll force controlled stand at the cal-
culating point in time for roll force and gauge error cor-
rection, i.e., for loaded roll opening and stand delivery
gauge correction to the desired value. The calculation
defines the total change in the unloaded roll opening
required to offset a new mill stretch value or other roll
force and gauge error causing condition. The predicted
corrective screwdown position change value is em-
ployed in a screwdown position control program in the
AGC computer to define the screwdown motor posi-
tion-time profile to be followed in making the correc-
tive screwdown movement.

During rolling operation, the on line gauge control
system operates the stands to produce strip product
having desired gauge and proper shape, i.e., flat with
slight crown. On line gauge control is produced by the
roll force gauge control loops at the stands and the pre-
viously noted screwdown monitor gauge control sys-
tem. ‘
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In the monitor system, the X-ray gauge 47 produces
the previously indicated X-ray deviation signal which
indicates the difference between actual strip delivery
thickness and desired or target strip delivery thickness.
In other cases, it may be desirable to employ an abso-
lute thickness measurement X-ray gauge signal to form
a basis for monitor control actions or, more generally,
for screwdown offset control actions.

To effect on line gauge control in the closed loops,
the programmed AGC computer system operates on
the screwdown position detector and load cell signals
from each stand as well as the X-ray gauge deviation
signal to determine the control actions required for
producing desired strip delivery gauge. Screwdown
motor speed is in this instance also applied to the com-
puter system 39 in order to provide for programmed
screwdown positioning control. In effecting control
operations, the AGC computer employs an AGC. pro-
gramming system which forms a part of the total pro-
gramming system for the computer system 39. The
AGC programming system includes programs oriented
to controlling the AGC computer system hardware and
programs oriented to developing the control actions.

In FIG. 2, curves are shown to illustrate the applica-
tion of Hooke’s law to a rolling mill stand and to illus-
trate the unique basis upon which the process control

system 13 and in particular the on line AGC computer-

gauge control system provides improved gauge control
speed, accuracy and stability and other operating bene-
fits. A mill spring curve defines the separation between
a pair of mill stand work rolls as a function of separat-
ing force and as a function of screwdown position. The
slope of the mill spring curve is the well known mill
spring constant K which is subject to variation as previ-
ously described. When a correct screwdown calibration
is known and the screwdowns are positioncd such that
the empty work rolls are just facing, the unloaded
screwdown zero position is defined. The zero screw-
down location mill spring curve is indicated by the ref-
erence character 61.

At the correct calibration condition, the indicated
theoretical face intersect represents theoretical roll
facing and it is for this theoretical condition that the
screwdown position is assigned to a zero value. Under
the correct calibration condition, roll facing actually
occurs when the screwdown position is at a slightly neg-
ative value because of the nonlinearity of the lower part
of the mill spring curve. A definition of the screwdown
calibration as being correct for the indicated theoreti-
cal condition is, however, convenient and appropriate
for mill operation.

When the screwdowns are opened (positive move-
ment) the unloaded roll opening increases as reflected
by a change to the right in the graphical location of the
mill spring curve as indicated generally by crve 67 such
that the theoretical spring curve intersect equals the
new unloaded roll opening. With screwdown closing,
the mill spring curve is shifted to the left in a similar
manner.

At any particular screwdown position and with cor-
rect screwdown calibration, the stand workpiece deliv-
ery gauge equals the unloaded roll opening as defined
by the screwdown position S, plus the mill stretch
caused by the workpiece. If the screwdown calibration
is incorrect, i.e., if the number assigned to the theoreti-
cal roll facing screwdown position is something other
than zero because of roll crown wear or other causes,
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the stand workpiece delivery gauge equals the un-
loaded roll opening plus the mill stretch plus or minus
the calibration drift.

The amount of mill stretch depends on the character- |
istic reduction curve for the workpiece. As shown in
FIG. 2, a reduction curve 65, for a strip of predeter-
mined width represents the amount of force required to
reduce the workpiece from a stand entry thickness
(height) of H,y. The workpiece plasticity P is the slope
of the curve 65, and in this case the curve 65 is shown
as being linear although a small-amount of nonlinearity
would normally exist.

Desired workpiece gauge H, is the initial condition
IC produced in this case since the amount of force re-
quired to reduce the workpiece from H,y to H, is equal
to the amount of roll separating force required to
stretch the rolls to a loaded roll opening Hp, i.e., the in-
tersection of the mill spring curve at an initial screw-
down opening S, indicated by mill spring curve 67 and
the workpiece reduction curve 65 lies at the desired
gauge value.

As shown in FIG. 2, if the stand delivery gauge in-
creases by a gauge error amount GE to Hy during a
workpiece pass to produce a present condition PC, in
this instance because the workpiece plasticity de-
creases and because the workpiece entry thickness in-
creases to Hy,y as represented by the reduction curve
69, the stand screwdowns must be closed to a value
which causes a future correct gauge condition FC. At
the condition FC, the intersection of the mill spring
curve and the new reduction curve 69 lies at the de-
sired gauge Hj as provided by a spring curve location
indicated by the reference character 63. In other
words, corrective screwdown closing causes the un-
loaded screw opening to be reduced by an amount A
Sux to a new value which adds with the new mill stretch
to equal the desired gauge H,.

As shown in FIG. 3, after the stand screwdowns are
moved from the initial position S;, to another position
S,, the force error FE and the related gauge error GE
must not only take into consideration the change in
force from the initial value Fg but also the change in
screwdown from the initial position S,,. The correction
required in the screwdown position is A Spr to produce
the desired gauge Hp, and the new screwdown position
S, is

Sal =$,—A Skr

(6)
where:
S, is the present unloaded screwdown position
A Sgy is the required correction in the screwdown posi-
tion.

In accordance with the present invention, A Sgp is
calculated to enable roll force gauge control operation
in accordance with the following programmed algo-
rithm:

ASpr=[K/P+1]*GE
(€]
A Spr = required screwdown correction

where:

GE = gauge error

K = mill spring constant (in/10°lb)
P = workpiece plasticity (in/10lb)
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Equation 7 is derived with reference to FIG. 3 as fol-
lows:

GE = FEK = gauge error

(8}
A F = GE/P = expected change in roll force resulting
from corrective screwdown movement. (9)
ASgr=AFK+AFP=AF * [K+P] (10)
A Sgr = GE/P * [K+P]1=GE * [K/P + 1] an
In order to calculate the predicted amount of screw-
down movement required to correct a gauge error, the
gauge error GE is calculated as follows:

GE = [Fx — Fg] K + (S, — Si0)

: (12)

In providing for the gauge error calculations Equa-
tion 12 defines the difference between the present roll
force Fy and the reference roll force Fj, (either lock on
or absolute as predetermined) in relation to the stand
mill spring constant and subtracts from that difference
the amount of change in roll force caused by screw-
down movement made to correct previous roll force
error. For the condition PC shown in FIG. 2, §,=S§,,
in Equation 12, but in general S, would typxcal[y have
some value other than S, as shown in FIG. 3.

Corrective screwdown movement in the predicted
amount produces further roll force change and FE be-
comes zero if the system behavior corresponds to pre-
dictions and if no new roll force error develops during
the period of correction. If the system does not behave
as predicted, FE does not become zero and in effect a
new roll force error PE is generated to the extent that
the executed screwdown movement in the predicted
amount fails to correct the stand delivery gauge.

It is also noted at this point in the description that the
screwdown reference S, used as a base for determining
the gauge error GE in Equation 12 is updated as fol-
lows:

Sio (new) =S, — Sy + Sprp -

(133
where:
Sy = Screwdown offset produced by conventional
X-ray monitor operation
Sgr» = screwdown offset produced for roll force error
anticipated by feedforward action.
These quantities are considered more fully i in the dis-
closure of the above referenced U.S. Pat. No.
3,561,237. By way of explanation, the screwdown ref-
‘erence S0 can be up-dated in accordarce with Equa-
tion 13 as changes occur in Sy and Sggp in order to pre-
vent the stand roll force gauge control system from re-
sponding to roll force changes caused solely by screw-
down movement required by external screwdown offset
system control for screwdown calibration, head end
gauge error correction in the lock on mode of opera-
tion, anticipatory mill speed change compensation, an-
ticipatory roll force error compensation or other gauge
error correcting purposes. If conventional X-ray moni-
tor is not employed in the system 13, the corresponding
term Sy can be omitted from Equation 13.

Generally the operative value of each stand spring
constant K is relatively accurately known. It is first de-
termined by the conventional work roll screwdown
test, and it is recalculated prior to each workpiece pass

* an the basis of the workpiece width and the backup roll
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diameter. Each resultant spring curve 61-is stored for
on line gauge control use.

The form in which the spring constant K is stored can
vary. In the present case, the slope of the linear part of
the spring curve is stored as a single value. The nonlin-
ear part of the spring curve is estimated by three
straight lines of increasing slope with the respective
slopes stored as three separate spring constant values
which are corresponding force range. As future mill
data returns from computer data logging demonstrate
presently unknown relationships which may define on
line variations of the mill spring constant as a function
of certain mill variables, provision can be made for pro-
gramming on line calculations of the mill spring con-
stant in accordance with such relationships under dy-
namic mill operating conditions.

The operanve value of the workpiece plasticity P at
each stand is also relatively accurately determined. In
the present case, P tables are stored in the computer
system 39 to identify the various values of P which
apply to the various mill stands for various grade class
and gauge class workpieces under various operating
conditions and at various operating times during the
rolling of the strip 14. The plasticity values are stored
in the table as a plasticity for a product with a width of
unity, typically in inches/10® pounds/in wide. The val-
ues in the table, PW, are divided by the width of the
product being rolled to obtain the appropriate value.

Hot strip mill gauge control using programmed digi-
tal computer evaluation of the roll force feedback in-
formation involves the combination of a number of
process control operations. Roll force, screw position,
and mill spring information is used to evaluate the
gauge of the strip as it is worked in each stand, and an
X-ray gauge is used on the strip as it passes out of the
last stand to evaluate the absolute strip gauge produced
by the rolling mill.

A multi-stand and continuous hot strip mill requires
a gauge control system to maintain uniform gauge.
Typically a hot strip mill will roll a single strip simulta-
neously in all of its stands. Therefore the gauge control
system used with the mill should be able to determine
gauge errors leaving each of the stands as quickly as
possible, and it should be able to make corrections to
those gauge errors in as many stands as may be neces-
sary.

There are two gauge error detection systems used for
this purpose to consider: (1) X-ray and (2) roll force.
X-ray gauge measuring devices should be placed after
each roll stand; they are accurate, but they are expen-
sive, difficult to maintain, and can only detect errors
after the workpiece strip has passed the provided dis-
tance between the associated roll stand and the subse-
quent gauge measuring X-ray device. On the other
hand, the roll force gauge error detection system is
much less expensive, and can be more easily imple-
mented in all roll stands; it detects errors in the work-
piece strip gauge as the strip is still passing between the
rolls, thereby allowing more immediate evaluation of
required corrections to the roll stand screwdown posi-
tion setting. Unfortunately, the roll force system pro-
vides only a relative evaluation of the strip gauge, since
it measures how much the strip gauge has deviated
from the gauge of the head end portion of the strip.

A practical combination of the above two gauge
error detection systems is to use roll force feedback in-
formation to calculate fast desired corrections to errors
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in strip gauge, and to use one X-ray gauge measuring
device after the last roll stand to evaluate the absolute
gauge of the strip coming out of the last stand. The fast
corrections are calculated from the roll force feedback
information, combined with the detected stand screw-
down position and the predetermined modulus of elas-
ticity of the rolling stand. The slower X-ray device
gauge error evaluation is used to calculate simulta-
neous monitor corrections to several stands so that the
absolute value of the strip gauge leaving the rolling mill
may be brought to the desired value. The output of
each of these systems is a screwdown correction gauge
in the respective positions of the screwdowns of each
of the stands.

FIG. 2 shows the linear approximations of the mill
deflection curve 67 and the product deformation curve

65 for a typical rolling mill stand operation. The un-
loaded roll opening S;y, sometimes called the screw-
down because of the screw and nut system used for ad-
justing the roll opening, is the strip gauge that would be
delivered if there were no roll separating force. As the
stand roll force increases with a constant roll opening,
the delivery strip gauge increases, since the mill stand
stretches or deflects. This is shown by the line 67 with
slope K. The product deformation characteristic is
represented by the line 65 with slope P. If there were
no force exerted by the roll stand on the product being
rolled, the strip gauge would not be reduced and the
delivery strip gauge would be equal to the entry strip
gauge. If the roll force is caused to increase, the prod-
uct is plastically deformed and the delivery strip gauge
decreases. The slope of the mill characteristic line 67
is called the mill spring modulus K, and the slope of the
product deformation characteristic line 65 is called the
product plasticity P.

The delivery strip gauge is determined by the equilib-
rium point IC where the force exerted by the mill stand
is equal to the force required to deform the product.
Changes in workpiece strip entry gauge and/or changes
in product hardness result in a change in stand roll
force and delivery strip gauge. The gauge error correct-
ing control system must move the screwdown to cor-
rect for these resulting error changes in strip gauge.

The main advantage of using the roil force gauge
control system is the ability to detect error changes in
strip gauge the instant they take place as the product
is being rolled in the roll stand. A shift in strip delivery
gauge or thickness can be caused by a change in entry
thickness, or a change in hardness as usually caused by
a change in temperature. This change in delivery gauge
can be immediately detected by feedback information
monitoring of the roll separating force on the roll stand.

FIG. 3 illustrates the operation of a gauge error de-
tection system, with the mill spring line 67 and product
plasticity line 65 representing the initial lock-on condi-
tion of operation and the mill spring line 63 and plastic-
ity line 69 representing the future condition. As com-
pared to the original lock-on conditions, the screw-
down system has moved in the closing direction and the
roll separating force has increased because of a harder
cold portion of the workpiece strip passing through the
roll stand. ,

The required gauge error correction in screwdown
position is not only dependent on the strip gauge error
but also on the stand mill spring modulus and the prod-
uct plasticity values. In FIG. 3 there is illustrated how
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the gauge error GE is removed by a screwdown correc-
tion A Sgr. The screwdown correction A Sgp is larger
than and approximately twice the size of the gauge
error GE, since this correction operation will actually
result in an increase in stand roll force because of the
greater reduction taken. Relatively soft workpiece strip
products require a screw correction A Sge very nearly
the same as the gauge error GE but relatively hard
products require a larger correction compared to the
gauge error. The necessary screwdown movement A
Sgr to correct a determined gauge error is determined
as follows in relation to FIG. 4. The screwdown correc-
tion A Sgr can be determined by the realtionship:

Ser =X+ GE

(14)

where: :
X is the amount of roll opening change and hence strip
delivery gauge change due to the stretch of the roll
stand '
GE is the gauge error.

The roll stand stretch X can be determined by the re-
lationship:

X =K* AF

15)
where: A F is shown in FIG. 4 and is the change in roll
force when the gauge error GE is corrected.

From the illustration shown in FIG. 4, it is also seen
that

GE=P*AF
(16)
A F=GE/P

’ : (9)
now combining Equation 9 with Equation 15 will give

X =K* (GE/P)

(17)
and combining Equation 17 with Equation 14 will give

A Spr=K* (GE/P) + GE
(18)
A SRF = GE* (K/P+ 1)

(11)

The screwdown correction A Sgr is shown in FIG. 4
in relation to the gauge error GE, the desired gauge H,
and the present gauge Hy.

FIG. 5 shows a graphic representation of typical PW
values stored for a seven stand tandem hot strip mill.
The six sets of values cover the range of thicknesses
rolled from 0.050 inches to 0:250 inches. This could
be an illustration of a use table as loaded by the opera-
tor into the computer storage memory or it could be an
illustration of a learned table provided by the adaptive
program,

The main roll force AGC program, as illustrated by
the flowchart shown in FIG. 6, and the associated X-ray
monitor program, as illustrated by the flowchart shown
in FIG. 7, occupy the same task priority level, with both
programs being initiated by the well known analog
input signal scan operation. The roll force AGC pro-
gram operationally maintains a constant workpiece
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gauge based on the initial mill setup parameters pro-
vided by the operator, while the X-ray program backs
up the roll force. AGC control by monitoring the final
product gauge and making desired adaptive corrections
as needed.

When a workpiece strip is being rolled, the roll force
AGC program corrects deviations from the initial or
head end exit gauge of each stand, by adjusting the
screw opening of the stand. A deviation in the exit
gauge of a stand from its initial or head end lock-on
value is reflected in a sensed change in the roll force of
the stand from its initial value. From the exit gauge
error when scanned and determined every 2/10 second,
a gauge error correction to the screw opening is deter-
mined and made by adjusting the screwdown position
of the respective roll stand.

The main AGC program also includes a subroutine
for making corrections to a stand’s entry gauge by feed-
“ing back determined gauge error under specified condi-
tions to the screw opening of the previous stand, this

" feedback program subroutine is illustrated by the flow-
chart shown in FIG. 8. This feedback routine correc-
tion is normally made to the screwdown setting of a
previous roll stand, when the screws for a given stand
have reached a maximum or minimum limit and re-
quire further movement in a direction that would cause
the limit to be exceeded, so a portion of the desired
gauge error correction determined for that given stand
is fed back to a previous stand such that the previous

stand can help with this desired gauge error correction-

needed in relation to the operation of that given stand.
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The flow charts shown in FIGS. 6, 7 and 8 are written .

in an effort to be substantially self-explanatory to per-
sons skilled in this particular art, with the functions to
be performed at each step of the flow charts being set
forth accordingly.

In FIGS. 6A, 6B and 6C there is shown a flow chart
to illustrate a preferred embodiment of a suitable AGC
program operative with a tandem hot strip rolling mill.
At step 10 a determination is made to see if the auto-
matic gauge control or AGC program has been selected
and desired by the operator to be functional. The AGC
program is run shortly after the head end of a work-
piece strip has entered that stands of the rolling mill,
and for each roll stand the initial lock-on roll force,

lock-on speed and lock-on screwdown position setting -

is measured and saved in memory storage. At step 12
a determination is made to see if this particular scan is
not an X-ran scan; for a typical rolling mill installation,
there may be seven roll stands to be scanned plus a scan
of the X-ray device located after the last roll stand in
relation to the provision of analog input signals to be
scanned by the digital computer system. This step 12
procedure relates to the organization of the analog sig-
nal inputs; if this is an X-ray input signal scan, the pro-
gram goes to the X-ray subroutine at step 14, and if this
is not an X-ray scan and instead this is an AGC pro-
gram run in relation to one of the drive stands the pro-
gram goes to step 16 to determine if roll force has been
selected by the operator for this stand, ie., stand N,
where N can be each one of the roll stands in sequence.
Step 18 is provided to see if automatic scan has been
selected by the operator for this stand. Each of steps 16
and 18 must be satisfied, or the program goes to step
20 for reset of a head end software flag and to step 22
for turn-off of the AGC light for that stand on the oper-

35

45

55

60

65

16

ator’s control panel. The operator has a roll force select
switch by which he initiates the roll force AGC pro-
gram operation. At step 24 a determination is made to
see if the screwdown positioning mechanisms for this
stand have been calibrated. If they have, at step 26 the
program checks to see that the workpiece strip is in this
stand, and at step 28 to see if this is the first scan made
on this particular strip. Each of these conditions has to
be satisfied for the AGC program to run through for
this stand as desired. For the first scan on this strip, the
measured lock on force for this stand, the lock on
speed and the lock on screwdown position is saved at
step 30, since these parameter values will be later
needed for control purposes.

At step 32, the measured lock on roll force for this
stand is used with a predetermined look-up table of mill
spring modulus values provided in storage, in relation

to the well known nonlinear mill spring characteristic

for a typical roll stand, to determine the value of the
mill spring modulus K to use for subsequent calcula-
tions in relation to the lock on operation of this stand.
It should be noted that the upper portion of the mill
spring characteristic curve is well known by persons
skilled in this art to be substantially linear as shown in
FIGS. 2 and 3 above an initial lower portion for the typ-
ical roll stand and in accordance with the disclosure of
U.S. Pat. No. 2,726,541 of R. B. Sims. At step 34 the
stand mill spring modulus K is corrected in relation to
the known width of the workpiece strip. At step 36 the
exit gauge class for this stand is determined, such that
at step 38 an adaptive learned look-up table operation
will provide the average plasticity PW for this gauge
class. At step-40 the plasticity constant P is calculated
in relation to this determined average value PW divided
by the known width of the workpiece strip. At step 42
the desired hardness correction in relation to known
grade of the strip being rolled is determined by a prede-
termined table look-up operation with operator pro-
vided values of same. At step 44 the plasticity P for this
stand is corrected for hardness.

At step 46 the stand screw position is read. It should
be noted that if the present scan was not the first scan
on this particular strip at step 28, the program then
went to step 46, through NOT HEAD which is refer-
enced in the program listing operative with the digital
computer. At step 48, if the stand load cell is ON, the
strip gauge error. is calculated at step 50 in accordance
with above Equation 13. At step 52 the desired screw
position correction A Sgp is calculated in accordance
with above equation 11. At step 54 a check is made to
see if the desired screw correction A Sgp is greater than
an operator determined minimum response deadband
value; if this screw correction is not greater than this
deadband value, at step 56 it is made zero, and is this
screw correction is greater than the deadband, at step
58 the running average gauge error is calculated. At
step 60 if the screw correction is not within the opera-
tor defined maximum correction limits, the program

_ advances to step 62 where the screw condition is set to

equal that maximum correction limit and the feed for-
ward subroutine is entered by step 64 to feed forward
some of the needed gauge error correction from the
stand to the later stands of the rolling mill. At step 66
a check is made to see if a feed forward correction from
a previous stand is approaching this stand, such as
would happen in relation to a skidmark. If it is, a deter-
mination is made at step 68 if the skidmark is about to
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enter the present stand. If a skidmark or like condition
is approaching the present stand it is desired to begin
the movement of the stand screwdown mechanism. At
step 66, if there was not a feed forward correction ap-
proaching this stand, there might have been such a cor-
rection already in the stand and the program then goes
to step 70 to check if there is a skidmark in the present
stand. If a skidmark is not in the stand and there is none
approaching, the program goes to step 72 for the calcu-
lation of the new desired screwdown position for this
stand. If there is a skidmark in this stand, and perhaps
the stand screws hav already begun to move, the step
74 is provided to determine if this has happened. If it
is the first check, the screws are told to take off in the
desired direction at full speed at step 76 for the purpose
of skidmark correction. At step 78 a check is made to
see if the end of the skidmark has arrived at this stand,
and if so the screw correction of-set is removed at step
80. The counter is set in accordance with the known
number of counts required to get the skidmark through
this stand, and at step 81 if the skid counter is not zero
the counter is decremented during each scan as re-
quired for the desired operation of the stand in relation
to skidmark correction.

If there is not a skidmark in this stand at step 70, the
program goes to step 72 where a screw correction, such
as A Sgp is to be calculated for this stand, and this cal-
culation is made to see where the screws should be po-
sitioned to remove the gauge error at this stand. At step
82 a check is made to see if this new position will put
the stand out of operator desired limits. If it will be out
of limits at this stand, the excess screw movement will
be fed back to an earlier stand at step 84 after setting
a software flag at step 83. If the new position is not out
of limits at step 82, a check is made at step 86 to see
if the previous stand load cell is OFF and not operating.
At step 88 the load cell of this stand is checked to see
if it is operating. Now the screwdown position refer-
ence calculation is begun, and at step 90 a determina-
tion is made if the tail end of the workstrip has as yet
dropped out of the previous stand. At step 92 a trans-
port time delay is checked, and at step 94 if full com-
pensation is desired then this compensation is added to
the screw position at step 96. Otherwise, partial com-
pensation is made at step 98. The program then goes to
step 100 to calculate the actual new position of the
screws for this stand. At step 102 the percentage
change from the lock on screwdown position is calcu-
lated, and at step 104 a check is made to see if the cal-
culated actual position is within operator provided
screw positions limits for this stand. At step 106 the
screw position movement for this stand is held within
desired limits if necessary. At step 108 if the previous
screw position for this stand was zero, an AGC indicat-
ing light for the operator is turned at step 110; other-
wise the direction of screw movement is determined at
steps 112 and 114 with the looper going in respectively
the opposite direction at steps 116 and 118. At step
120 the position regulator for this stand is told to move
the screw positioning drive as desired, and at step 122
the new screw position reference for this stand is saved
in memory for subsequent operations. At step 124 if
the workstrip is still in the previous stand, the program
ends, otherwise a desired subroutine in preparation for
the next workpiece strip and reset the stand screw posi-
tions in relation to the position of the tail end of the
workpiece strip is performed at step 126.

20

25

30

35

40

18

In relation to the X-ray routine at step 14 of the AGC
program flow chart shown in FIG. 6A, there is shown
in FIGS. 7A and 7B a flow chart to illustrate the opera-
tion of this subroutine. At step 170 a check is made to
see that the operator has selected the X-ray monitor
operation. At step 172 a determination is made that the
provided time delay for the next correction has ex-
pired, and at step 174 a check is made to see that a par-
ticular X-ray device is selected in the event that two
X-ray devices are provided after the last stand. At step
176 a determination is made that the X-ray device is
measuring strip gauge. If any one of the dterminations
at steps 170, 172, 174 an 176 is negative then the pro-
gram exits. At step 178 the operator desired target or
nominal workpiece strip gauge is read from storage. It
should be understood that gauge is herein used to mean
the same as workpiece strip thickness, and it is com-
monly also spelled gage by persons skilled in this art. At
step 180 the percent deviation between the desired
nominal gauge and the X-ray device measured actual
gauge is now determined. At step 182 a limit check is
made, and if it is too large a flag is set and an alarm
message printed at step 184 and the program exits. If
it is not too large, at step 186 a check is made to see
if this is the first scan on the workpiece bar or strip; and
if it is, a flag is set at step 188 and the program ends.
If this is not the first scan on the bar, at step 190 a de-
termination is made to see if this is the last head end
scan on the bar. At step 192 the last head end scan flag
is set. At step 194 the program goes through a predeter-
mined adaptive routine, to be later described, and after
that the program goes through a head end routinc at
step 196 to adjust the screw position setups of the re-
spective roll stands for the next similar workpiece strip.
At step 198 the actual head end gauge is determined.
At step 200 a check is made to see if the operator has
selected lock on gauge control operation, and if not at
step 201 this gauge becomes nominal guage. At step
202 a check is made to see if the percent deviation is
greater than some operator predetermined limit value,
such as 10 percent. At step 204 a look-up table opera-
tion is provided in relation to operator provided values
to reapply the desired or nominal strip gauge. At step
206 a new percent deviation is determined in relation
to this new desired strip gauge.

At step 208 the last stand speed is determined, and
a mass flow relationship including proportional integra-
tion of the established gauge error is the desired func-
tion to be performed here on a selected stand by stand
basis, generally three such stands are selected by the
operator. At step 210 the last stand is addressed, and
now the correction of the selected stands occurs. At
step 212 a check is made to see if the selected stand has
calibrated screws, and at step 214 a check is made to
see if the X-ray monitor operation has been selected by
the operator for this stand. At step 216 the X-ray cor-
rection is determined for the selected stands, including
the proportional integration function. This operation is
continued for all selected stands. If the checks made at
step 212 or 214 are failed, then the stand drive number
is decremented at step 218 and a check is made at step
220 to see if this stand is number zero. At step 222 the
correction is limited. At step 224 if the stand roll force
gauge control system is turned off, then an X-ray cor-
rection is output for this stand at step 226; this permits
providing only the X-ray correction with the roll force
system turned off for a given stand when desired by the
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operator. Step 228 is for incrementing the number of
corrections. At step 230 a check is made to see if
enough stands have been corrected. At step 232 a
check is made to see if this stand under consideration
is the first stand and at step 234 the last stand is ad-
dressed. At step 236 a determination is made of the re-
quired time delay to wait for the strip to pass from this
stand to the next stand before the next correction is to
be made in relation to the selected stands for the cor-
rection. This is a function of speed and distance in-
volved. :

In relation to the feed forward subroutine at step 64
of the AGC program flow chart shown in FIG. 6C, in
FIG. 8 there is shown a flow chart to illustrate the oper-
ation of this subroutine. At step 250, if this is the last
stand no gauge error correction can be fed forward in
the direction of strip movement, so the subroutine
ends. If this is the first sign of a skidmark at step 252,
a counter is set at step 254 and a flag is set at step 256.
The direction of the skidmark is determined at step
258, for example, to see if a soft spot in the strip has oc-
curred, and at step 260 the required transport time
delay is calculated in relation to the strip speed through
this stand. At step 262, if this is not the first sign of a
skidmark, the counter will be incremented each time
the program runs. At step 264 the previous screw cor-
rection is made the new screw correction and the pro-
gram then ends. At step 266 the transport time delay
calculated at step 260 is saved, and at step 268 the
stand that feeds forward is addressed.

In relation to the feedback subroutine at step 84 of
the AGC program flow chart shown in FIG. 6B, in FIG.
9 there is shown a flow chart to illustrate the operation
of this subroutine. At step 270, if this is the first stand
no error correction can be fed back to an earlier stand
so the program ends. At step 272 the preceding stand
N-1 is addressed, with the present stand being stand N.
At step 274 the desired flags are picked up, and it is
now desired to check why the feedback subroutine was
entered. At step 276, it is determined if the roll force
load cell of the previous stand N-1 was faulty, and if so
at step 278 the desired feedback correction applied to
stand N-1 is calculated. If the roll force signal was pro-
vided at stand N-1, then at step 280 a check is made to
see if the stand N-1 screw positioning mechanism was
properly calibrated and if so the feedback correction is
calculated at step 278. In general, the feedback subrou-
tine can be entered if stand N went into screw position
fimits as well as if the load cell of stand N-1 was faulty,
and steps 276 and 280 are related to the happening of
one of these events. At step 282, the stand address in-
dexing is set up, and the subroutine exits back to the
AGC program shown in FIG, 6C.

In relation to the adaptive routine at step 194 of the

X-ray program flow chart shown in FIG. 7A, in FIG. 10

there is shown a logic flow chart to illustrate the opera-
tion of this subroutine. An adaptive routine will be
done to calculate the mean plasticity value and a stan-
dard deviation for each such plasticity value for this
workpiece gauge class and for each roll stand. At step
300 there are determined the last stand speed and exit
thickness; the exit thickness as measured by the X-ray
device and the last stand speed are needed in order to
establish the mass flow relationships. Digital speed
measurement circuitry is used to determined each of
the stand speeds. Now the mean plasticity value and the
standard deviation for that value are calculated for

-
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each of the stands, starting with the address of the first
stand at step 302. Is this stand calibrated is checked at
step 304. If it is not, the adaptive program exits to the
head end routine. Using mass flow at step 306 from the
stand speed, the exit gauge is determined. If this stand
is the first stand at step 308, the program goes to step
309 because of inability to mass flow the first stand in
relation to stand zero to determine the entry gauge and
the program therefore cannot calculate plasticity value
for the first stand. If it is not the first stand at step 308,
the program goes to step 310 to read the nominal width
of the workpiece strip, so the width is read from opera-
tor input thumbwheels and a calculation is made of the
plasticity constant PW at step 312. The side-guard posi-
tion could perhaps be fed back as an indication of
workpiece width. A validity check is made at step 314
to make sure the calculated plasticity value for stand N
is positive, which it should be and if it is not positive the
program exits to the head end routine. A determination
is made of the gauge class at step 316 for storage. At
step 318 the mean plasticity or average plasticity value
for this gauge class is determined, at step 320 the stan-
dard deviation is calculated and at step 322 it is stored
away according to gauge class of workpiece product.
At step 324 a determination is made to see if this is the
last roll stand, and if it is not the program goes back to
step 309 for processing each of the stands of the rolling
mill. If this is the last stand at step 324, the program
exits to the head end routine.

In relation to the head end correction routine at step
196 of the X-ray program flow chart shown in FIG. 7A,
in FIG. 11 there is shown a logic flow chart to illustrate
the operation of this subroutine. -

The speed RPM_ of the last stand is read at step 400.
The weighting factors are initialized at step 402 and set '
up to index through each of the stands, with the head
end weighting factor being set equal to 1 and the other
selected stand weighting factors being set respectively
equal to 2 and 3 for the purpose of providing the de-
sired three/thirds, two/thirds and one/third relationship

for three selected roll stands, for example, going back

from stand 6, to stand 4 -and then to stand 2. At step
404 the stand number is decreased and at step 406 a
determination is made to see if X-ray gauge deviation
correction is selected to monitor the operation of this
stand. If it is, at step 408 the desired correction is deter-
mined for this stand. If it is not, at step 410 the stand
number is decreased and step 412 checks to see if this
stand is equal to zero. This operation will give the de-
sired three/thirds, two/thirds and one/third gauge devi-
ation correction relationship for the respective selected
stands. When the stand weighing factor WF equals
zero, the program subroutine will exit or end. After the
function of step 408, the program goes to step 414
where the stand number is decreased, and then step
416 decreases the weighting factor and step 418 checks
to see if the stand weighting factor is zero. If not, the
program goes back to step 406. At step 408 the correc-
tion for this stand is determined by the relationship:

CORRECTION = (FPM5/FPMy5) (X-ray Gauge
Deviation/weighting factor)

. (19)
where the weighting factor for the higherst stand num-
ber is one and for the lowest stand thenumber is three
and the ratio of last stand speed is with this stand speed.



3,802,236

21

The monitor switch is provided for the operator to se-
lect the X-ray correction function or not.

Functionally, the main roll force AGC operates when
the analog scan program initiates the roll force AGC
program level each time a stand’s roll force or an X-ray
deviation is scanned at periodic intervals of every 2/10
second.

In order for AGC corrections to be made to a given
stand, the following conditions must exist:

1. ““AGC Master” must be selected as determined at
step 10.

2. “Roll Force” must be selected for the stand as de-
termined at step 16.

3. The stand must be in the automatic mode as deter-
mined at step 18.

4. The stand’s screws must be calibrated as deter-
mined at step 24.

If any one of the four is not met, the AGC program ex-
ists without making a correction.

If a strip has just entered the stand as determined at
step 26, and this is the first scan check on the strip as
determined at step 28, “‘lock-on’ or initial values for
the screw position and roll force are established at step
30, and values of mill spring constant and product plas-
ticity are selected.

Each time a stand’s roll force is scanned by the ana-
log scan program, its new value is checked against the
initial lock-on value and any deviation in roll force is
directly related to an error in the stand’s exit gauge at
step 50 which is in turn directly related to a screw
opening correction determined at step 52. If the screw
correction is within a preestablished deadband at step
54, it is ignored at step 56. Otherwise it is checked to
determine if it is greater than an operator provided
maximum limit at step 60. If the screw correction does
determine if it is greater than an operator provided
maximum limit at step 60. If the screw correction does
exceed the limit, a correction is made not only to this
stand but also the next stand. Correcting the next stand
(N + 1) from this stand (N) data is called feed forward.
If a large screw correction is required on stand N, the
time required to move the screwdown mechanism to
make the correction may be long enough to cause a
section of the strip to pass through the stand uncor-
rected. To catch the uncorrected portion, a screw
opening correction is made to the next stand (N + 1)
in anticipation of the arrival of the section. This correc-
tion is made T seconds after the distrubance is detected
in stand N, where T is slightly less than the transport
time between stand N and (N + 1). Likewise T seconds
after the disturbance disappears from stand N, the cor-
rection is removed from stand (N + 1). If the screw cor-
rection for the stand under consideration is within pre-
determined limits at step 60 no feed forward correction
is made.

The new position of the screws is calculated at step
72. Before a screw is corrected, its absolute position is
checked at step 82 to see if it is presently at one of its
minimum bound or maximum bound. If the screw is po-
sitioned to one of its limits, and the correction will
cause it to exceed that limit, a feedback correction is
determined at step 84 to the entry gauge of this stand
(stand N). )

The following conditions must be met before a feed-
back can be made from stand N:

1. Stand N is not stand 1 as determined at step 270.
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2. The load cell for stand (N—1) is not on or'stand N
is out of limits as determined at step 86 and at step 82.

3. The load cell for stand N is on as determined at
step 88. '

4. A feedback from stand N is not already in prog-
ress.

If all conditions are met, the feedback subroutine at
step 84 and in accordance with the flowchart of FIG.
9 is entered.

The feedback routine makes three checks on stand
N-1:

1. (N—1) is not O at step 270.

2. The screw for stand (N—1) is not at the same limit
as stand N at step 274, i.e., if stand N is at its up limit,
stand (N—1) is not at its up limit.

3. The screws for stand (N—1) are in calibration at

step 280.
If all three checks are true, a feedback correction to the
exit gauge of stand (N—1) is made. A predetermined
time delay is initiated so that no further feedback can
be made to stand (N—1) until the present feedback cor-
rection reaches stand N. The time delay is equal to the
transport time between stand (N—1) and stand N.

After all corrections have been made to a stand, the
net direction of the movement of the screws is deter-
mined at steps 112 and 114 and a signal is sent to the
looper stand speed controls at one of steps 116 and 118
indicating that direction. If the screws are moved down,
the looper preceding the screws will tend to be moved
up. If the screws are moved up the preceding looper
tends to move down. Any looper movement causes cor-
responding speed correction to an adjacent stand to
maintain constant looper height. Each time a screw-
down is moved, a speed correction is sent in anticipa-
tion of the looper height change.

The function of the X-ray monitor program is to pro-
vide a reading, in absolute units of measure, of the fin-
ished product gauge. The roll force AGC system is
based on changes in screw position (and therefore
product gauge) rather than absolute position and for
that reason, there may be a discrepancy between de-
sired gauge and actual gauge. The X-ray provides a ref-
erence for this comparison.

The X-ray information is used in one of two ways. If
the last stand roll force is inoperative or failed the cali- -
bration tests for other reasons, the last stand is posi-
tioned by the X-ray monitor. On the other hand, if the
last stand is being positioned by roll force AGC, then
the last three stands, whose screws are calibrated, are
corrected to produce the desired gauge.

In addition, the X-ray monitor program at step 194
updates a table of average values of product plasticity,
P and makes head end corrections at step 196. The
head end routine calculates an offset for this stand,
based on the X-ray deviation, to add to the initial stand
screw positions for the next similar strip which is to fol-
low the strip being rolled. This procedure allows bad
initial screw setups provided by the operator to be cor-
rected in relation to subsequent strips which follow.

It is generally known and understood by persons
skilled in this particular art of applying a computer con-
trol system that a combined hardware and software
process control system comprises a special purpose ex-
tended control computer machine, and is provided
when a general purpose computer is operated under
the control of one or more software instruction pro-
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grams. Such a process control system can be built if de-
sired using hardware or wired logic programming in re-
lation to the functional steps set forth in the flow
charts, in view of the recognized general equivalence of
"a software programming embodiment and a hardware
programming embodiment and a hardware program-
ming embodiment of substantially the same control sys-
tem. However, when an involved industrial application
such as here described becomes somewhat complex,
the economics tend to favor the software approach due
to the greater expense and lack of flexibility when hard-
ware logic circuits, such as well known NOR logic cir-
cuits, are wired together to provide the desired circuit
arrangement built up of such logic circuits to perform
the sequential program steps set forth in the illustrated
flow charts.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

When the tail end of a strip drops out of a stand, the
AGC program operation must prepare the stand for the
next strip by resetting its screws. If the next strip is to
be the same gauge as the previous strip, and if during
the rolling of the previous strip the initial screw set-up
resulted in an immediate X-ray gauge deviation, that
error should be taken into consideration when setting
up the screws for the next strip. This is accomplished
by calculating a correction for each of selected roil
stands which is added to the screw position reference
for the next strip’s initial screw set-up. The first X-ray
guage reading on a strip is ignored since it may have
been taken on the initial head end portion of the strip
which is usually distorted. When the X-ray scans a new
strip for the second time, the head end corrections are
calculated and stored for the next strip. The X-ray cor-
rections are based on the gauge deviation reading from
the X-ray device, in most applications and no correc-
tion is applied to the ‘last stand. Only stands whose
X-ray monitors are selected are corrected, with a pre-
determined limit such as three stands being selected.

The function of the head end routine is to enable the
computer system to aid the operator in the initial set up
of each roll stand in the rolling mill. The AGC pro-
grammed computer system is operative such that the
operator dials in the desired screwdown position refer-
ence for each stand by means of a thumbwheel, and the
computer system sets the screw openings of the respec-
tive roll stands to those position references. Then a
workpiece is rolled and the head end of that workpiece
will end up being at whatever gauge corresponds to
those reference screw positions. One problem is that
the operator does not consistently get those reference
screw positions correct on the first try, and each roll
stand commonly ends up rolling a workpiece gauge that
is excessively heavy or excessively thin, so the operator
provided set ups need to be changed. Under the prior
art gauge control system operation the operator would
eyeball the desired change for each stand by himself,
but those changes in and by steps of successive approxi-
mations the operator would arrive at a set of positions
for the respective screws for that particular product for
that day that would resuit in reasonably good delivery
gauge from the rolling mill at the front end of the subse-
quent bar.

In accordance with the present invention, the AGC
programmed computer system still cannot do much
about the front end of the first strip or bar, since it does

24

not have enough learned information at this time, bu
the AGC computer system can replace the operator
function in the successive approximations for obtaining
better and more correct gauge in the head end portion
of the subsequent similar bars.

When the head end of the first workpiece strip has
passed through all of the roll stands and enters the
X-ray gauge positioned after the last roll stand, a delay
for a short predetermined time period is provided and
then the head end thickness deviation is measured at
the X-ray. This deviation is used as an indication of
how satisfactory the initial operator provided set ups
were. Then a gauge deviation correction is calculated
in relation to the initial operator provided set ups, and
this gauge deviation correction will equal the head end
gauge deviation at the X-ray gauge times the mass flow
relationship with the stand to be corrected, times a dis-

_ sipative constant. The determined gauge deviation cor-
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rection is then applied to the stand screws and the
screw position for the next strip will equal the screw po-
sition for the previous strip plus or minus this deter-
mined correction, depending upon the gauge deviation
being negative or positive in relation to the desired tar-
get gauge. The full determined correction would be ap-
plied to the selected stand having the highest stand
number, while the screws of the selected stand having
the middle stand number would receive a fractional
correction such as two/thirds of the full correction, and
the screws of the selected stand having the lowest stand
number would receive a fractional correction such as
one/third of the full correction. If desired, more than
three stands can be corrected, such as five stands of
correction being provided in this manner instead of
three.

This AGC program can be operative with a smaller
digital computer gauge control system having no pro-
cess model equations to determine the initially pro-
vided respective stand screw settings or stand screw-
down schedules, so the operator can be using his own
skill and knowledge to set the initial screw setting for
each stand and then the here disclosed control system
becomes operative to quickly correct these initial man-
ual stand screw position set ups.

The here described head end correction routine uses
a mass flow relationship to determine corrections ap-
plied to the operator provided screwdown set ups, and
is operative with the smaller computer and provides a
head end correction for only selected roll stands based

- upon the measured X-ray deviation for the head end

portion of the workpiece. This X-ray gauge deviation
is determined by the X-ray device positioned after the
last stand, and is equal to the difference between the
operator desired target gauge delivered by the last
stand and the measured actual guage delivered by the
last stand. An average X-ray measured gauge deviation
is assumed to apply for the whole strip, and it is being
used in relation to the whole of the next similar work
strip.

A digital speed measurement for each stand is pro-
vided, and the head end correction operation uses that
digital speed measurement for each selected stand to
calculate the mass flow relationship delivery gauge

error for stand N to correct the screwdown set up for

stand N for the next similar workstrip. The latter set up
lock on screwdown setting values are for selected
stands for the rolling of the next similar workstrip in re-
lation to the gauge error measured from the last stand,
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and this gauge error is distributed among selected pre-
vious roll stands. The lock on X-ray measured gauge
deviation is measured and applied back by mass flow
relationships to correct the head end rolling of the next

26

instruction program listing is included to provide an il-
lustration of one suitable embodiment of the present
control system and method that has actually been pre-
pared. This instruction program listing at the present

workstrip. The measured gauge error is ratio applied 5 time is a more or less development program and has not
back to the selected roll stands by mass flow and been extensively debugged through the course of prac-
weighting factors. The lock on screw setting for next tical operation for the real time automatic gauge con- -
workstrip is determined by the operator and then cor- trol of a tandem rolling mill. It is well known by persons
rected by the here described gauge error corrections. skilled in this art that most real time process control ap-
This X-ray gauge deviation feedback correction is ap- 10 plication programs contain some bugs or minor errors,
plied every 2/10 second for the entire length of the and it is within the skill of such persons and takes vary-
workstrip and provides a screw position correction in ing periods of actual operation time to identify and cor-
addition to the operator selected screw position. rect the more critical of these bugs.
’ A person skilled in the art of writing computer in-
GENERAL DESCRIPTION OF INSTRUCTION L5 struction program listings, particularly for an invention
PROGRAM LISTING such as the present roll force automatic gauge control
. . . . system and method for a tandem rolling mill must gen-
In the Appendix there is included an instruction pro- . erally go through the following determinative steps:
gram listing th'at has been prepared to control the roll Step One — Study the workpiece rolling mill and its
force automatic gauge control operation of a tandem 29 operation to be controlled, and then establish the
rolling mill in accordance wnth.the her.e disclosed con- desired control system and method concepts.
trol system and method. The instruction program lis- Step Two — Develop an understanding of the control
ting is writtcn in the machine language of the PRODAC system logic analysis, regarding both hardware and
32000 digital computer system, which is spld by Wes- software.
tinghouse Electric Corporation for real time process 25 Step Three — Prepare the system flowcharts and/or
control computer applications. Many of these digital the more detailed programmer’s flowcharts.
computer systems have already been supplied to cus- Step Four — Prepare the actual computer instruction
tomers, including.customer instruction books and de- program listings from the programmer’s flow-
scriptive documentation to explain to persons skilled in charts. This instruction program listing included in
this art the operation of the hardware logic and the ex- the Appendix was prepared in relation to the pro-
ecutive software of this digital computer system. This. _ grammer’s flowcharts shown in FIGS. 6 and 11.
AGC DATA FILE 0001 BIN
S — oove ABS .
0003 1T YAGG DATA FILE!
0304
0005 FILES ARE EJTHER X'CG' R X'60°
0006 » IN LENGTH
0007
0008 » REVISED 3/31/71
0009
0010 «  THE EBLLEBWING IS A COMPLETE LISTING 8F THE AGC DATA
0011 = FILE ENTRIESS
ooiz
1000 0013 FILE BRG X'10001
1000 00i4 FLSIZE BRG s NUMBER BF WORDS IN THIS DATA FILE
1001 0015 FWPFLS  ORG $+] REL+ADDR¢BF FWDJPROFILES B/A
1002 0016 RVPFLS  BRG §+1 REL1ADDR8F REVs PRCFILES B7A
1063 0017 FXDCBN BRG $+] REL+ADDRe BF FIXED PEINT CONST'S
1004 0018 REVENT  BRG s+4 ENCODER REVBLUTIBN CAuNT
1005 0019 REFENC  BRG +1 REF« N ENCEDER UNITS
1006 0020 FBENC  OKG $+1 CURRENT ENCEDER RLADING IN GRAY
1007 0021 BFFSET  BRG s+l CALIBRATION OFFSET
1008 0022 CALPNT  BRG $+1 ENCBDER CALIBRATION POINT(2 N5S)
1009 0023 8RS $+1
100a 0024 ENCNB 8RS $+1 IBA INSTR.T3 INPUT ENCOREADING
1008 0025 WKDATA  BRG $+1 SPEED PATTERN INFO
100C 0026 CLREG  ORG $+1 CLBSED LBOBP REGISTER NJYBER
1000 0027 ZERGCH  BRG s+l ZERB ERRSR €O IF INCLLDED
100E 0028 ENGREF  BKG $+1 REF»IN ENGINEERING UNITS (2 wDS)
100F 0029 6RG $+1
1010 0030 BINPT  BRG $+1 LOC/BF BINARY PT IN FIXED PT.WDSe
1011 0331 CALFLAG BKG $+1 DRIVE IN CALIBRATION FLAG
1012 0032 PFLCAL  ORG $+] S+DyPREFILE CALIB'TN FLAG
1013 00:}3 PROFIL 8RG $+1 AUXILIARY SeDe PRUFILE INDICVTR
1014 0034 PRELEC 8RG $tl PRESENT ACTION PTe BF S» 2D «PROFILE
1015 0035 SPDPAT B8RS $+1 SPEED PATTERN MASK
1016 003¢ INTOLY  8R& s+} TIME DELAY FOR INT,STUP DLLAY
1017 0037 INTCNT  ERG $+] INTYSTER CHUNT=COWN W8RD
1018 0038 TIMMAX  BRG s+1 MAXe ERRBR T8 CeO» TIME
1019 0039 ERRTIM 6RO $+1 CBUNT=DEwN WORD FCR £&RYR T8
1044 _00%0  ZEF{AG_ . BR3 s+1 a ZERO ERRSR FLAG
1018 0041 TOFLAG BRG $+4 TIME 8UT FLAG
101¢ 0042 CBNFAC  BRG s+l CONVERSIBN FACTER FePr MBDE (2 wp$)
101D 0043 8RG s+l
101E 00&4  ZERSFF 8RS s+) MECHe OFFSET FePes MODE (2 wlS)
101F 0045 B8RS s+l
1020 0035 TBLENC  BRG $+1 TELERANCE [N ENCOCER UNITS
102y . ..._ 007 ANTPAT BRG $+1 NUMEER BF ANTICAIPATE PTS IN PRUFSs
00438 EJE
00ky THIS SECTIEN 1S ALWAYS REGUIRED
0G50 » FBR ALL DRIVES IN AN AGC SYSTEM
0051
1022 Q052 gCODIG ©BRG $+1 NUMEER EF BCD DIGITS [N Tw REF
0353 » ADDRESS 8F FIRST wGRD FOR STAND
0554 » IN MCI TABLE
..loe3 0095 MLl _.___@RG 341
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AGC DATA FILE
1024 0056 PRSET BRG $41 FLAG INDICATING PRESET wAS JUST LONE
0057 = REQUEST FER BID TS FRESET PREGRAN
0038 = IF FLAG IS o1
1025 0059 REBID8  ORG s+l ’
ofe0 PESITION REFLRNCE FOR MBVING SCREWS
0051 = BN STRIP 81T BF STAND
1026 0082 RESET 8REG $+1
0053 STRIP IN STAND FLAG
ice7 0954 sIs 8RG $+1
1pe8 ¢85  FB3 B8KG s+l FaBe FRBM PREVISUS Ge3 SELBNDS
1023 0066 FEEDBK  ORG s+l GURRENT Fstsy IN ENCODER UNITS
0067 CALIBRATIEN REJECTIGN FLAG
1024 G088 KHTCALIB ORS s+1 ’
00u9 . « MAXJMUM SLSYN SPLED IAN RPM
12 . 0370 wMAXSPp  BRG $+}
16ec 0071 SELPAR  BRG s+ SELSYN POWER CB LECATISN
op72  » ADDRESS OF THUMBWHEEL REFERENCE
102p 0073  TwMCl BR3 [ 239
0074 SPEED IN #MPy
102e 0075 SPEEDM  ER3 3+
0075 CALIBRATIEBN SPEED
102F - 0077 CBRSPEED BKRG s+
0078 » CALIBRATIEN FBRCE
1030 0079 CORFERCE ORG s+l
1031 0080 BRE $+) SPARE
1032 0051 BRG s+1 SPARE
1033 0052 ORG $+1 SPARE
1034 : 0583 8RS $*1 SPARE
1035 00&4 8RG $+1 SPARE
1036 [¢]s}:3-] BR3 $+1 SPARE
1037 0086 BRG s+1 SPARE
1038 0087 8RS s+l SPARE -
1035 0088 SRS $+] SPARE
1034 . 0089 8RG $+1 SPARE
1038 _.0030 BRE o s#1 SPARE —
0091 EJE )
0052 = THIS SECTIBN IS BNLY REWIRED
0933 . — FOR DRIVES UNDER AGC CONTREL
0034 ToEe SCREWS
0095
0096
0997 » NEGe LIMIT FBR XRAY SCREW CHANGE
103¢C " 00385 NEGLIMT BR3S $+i
o093 PpSe LIMIT FER XRAY SCREw CHANGE
103D 0100 POSLIM  9RG $+4
0idy MAX SCREW CHANGE F8H AGC
ic3¢ G102 MAXDELTA BR3 s+1
0i33 « REAL SCREWDOWN LBCK-SN
103r 0104 REALSOLE ERG s+l
0185 SPEED LBCK~CN
1040 0106 SPEEDLS BRG $+1 :
0107 = PULSES PER REVBLUTIEN
1041 0108 PPERREY ORG s+l
0i09 » - CLLASS TABLE P3INTER
1642 CilC CLASSY  6RG s+l .
ofiy » CARD/PT FER THIS LBEPER
1043 : cii2 CARDPT  BRG $+1 .
ciis » CHANNEL N8B,y FBR THIS LEYPER
1044 0114 LBOPCHNS BRS s+}
0115« GAIN FBR THIS LEBPER
1045 cile LBBPGAIN B8RS s+l :
cii7
o1is
0iig THESE SLETS ARE UNIQUE T8 USINER
0120
0121 = ' THIS IS ROBLL SPEED ReFERENCE [N
0122 =« METERS/MIN
1046 0123 SPDREF  BRG s+l ’
oigs » N& 8F BCD DIGITS IN SPEED THUMBWHEERL
1047 0125 - SPDDIG ~ 8RG $+1
oige MC1 WORD FOBR SPEED
1048 ) 0i27 MCISPD  ORG s+]
o eies o« 'REBIDg! FLAG FEBR SPEED PRESET
1049 0129 RBDSPD  ORG $+1 :
0130 .
0i31
ciz2 o« AVe GAUGE ERRBR WEIGHT FALTER
104A 0133 AGCWF BRG s+l
0134 ANALBG SCAN FBRCE
1048 . 0135 ANFORCE ORG $+1
0i36 « AVERAGE GAUGE ERRER USED BY FEEDBACK
104C 0137 AVERR 8RS $+3
- 0133 . TRANSPBRT TIME DELAY F8R FEEDBACK
104D 0139 BACKTIME BRG $+1
G140 » RBLL CIRCUMFRANCE IN MILLIMETERS
104t 0i%1 CIRCUM  8RG $+1
oi42 TAILEND CBMPENSATIBN VALUL
104F 0143 CBMPEN = 8RG 5+1
vles  « DEADBAND CALCILATED &Y CALIE. PRUGRA
0i45 IN ENCSDER UNITS .
1050 oi4o DEADBAND HRG s+l .
1051 0147 DELTAS B8RG s+l CHANGE IN S.De FOR TRIS STAND
0i48 = STAND T9 RECEIVE FEEDEAIK
1052 0189 FO8K 8RS $+1
) 0150 FEEDBACK CBRRECTIBN TG PBSITIBNING
1083 0151 FEEDBYT ORS - s+l
0is2 e $K1D TRANSPORT TINME
1054 0153 FEEDPTIME 8RS $41
0f54 » FEEDBACK IN PRBGRESS FLAG
1055 0isvs  fFlIP 8R3 $+1 '
FE-1- 3 FBRCE LBCK BN

1056 " 0157 FHRCELH BRG $+1




AGC DATA FILE

1657
108
1059
1654

T10s8
1c5¢
1650

108t
105F
1060
1061
1062
1063
1064
1068

1066
1067

1068

10e9
1073
1072

1673

1078

107¢
1070

107€
1086

1087
1088
1089

108A
1088
i08¢c
108D

108E
1036

10387
1098

1093
109a

1098

109¢
1090
10¢E
109F
10A0
10a4
10a2
10A3
1044
10A5
10A6
10A7

10A8
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29 30
Cla8 FIRST SCAN SN STRIP FLAJ
0159 FRSTSCAN BRG $+1 .
0160 FLAG FBR FIRST SCAN &N SKjD
Cis1 FRSTSKID 8RG $+1 ’ :
0162 » FLAG FBR FIRST SCAN 8N TAlL
G163 FRSTTAIL BRG $+1 o
0184 = GAUGE ERRER
G165 GE BR3 s+1
o166 » FLAG FBR HEAD END BF STRIP
0167 HEADEND B8RS s+ .
0168 e GAIN BN PRSPERTIONAL INTEGRATER
ci%3 U1 8RS s+
0i70 = MILL MBOULULS FER STAMND
Uizl K 8RS s+1 .
0i72 « STAND LIMIT FLAG
0i73 « +1 WHEN IN uP LIMIT
0174 « 0 WHEN NBT IN LIMIT
0175 « -1 WHEN IN D3sN LIMIT
Gl76 LIMFLAG 6RG s+ .
0177 « FLAG NBT TO SAVE HEAD END
0178 MANCSMP BRG $+1
0179 » MAXIMUM ALLBWABLE % CEVIATIEN BF K
0130 MAXK ORG s+l
0i81 = MAXJMUM REBLL SPEED h RPM
0182 MAXRPM  B8RG $+1
0i83 SKID DIRECT]ION FLAG
0184 MOVEUP  BRG s+l
0ids » STRIP VELECITY IN METERS PER MINUTE
0186 MPM 8R3 s+1
0157 = LD PBSITIBN REFERENCE
01838 BLDREF 8RS $+l .
0i89 » ADDITIONAL SCREW PESIT]ON CHANGES
0190 @THER 8RG $+1
0191 '« PLASTICITY
0192 PLAST GRS s+1
0193 PLSCHL gKa $+1 INPUT CHANNEL FER PULSE TACH
0194 REFERENCE FBR PESITISN PRUGRAM
0195 PBSITIBN BRG $+1
0196 # TABLE 6F Pw VALUES
0197 # IN UNITS BF ENCEGpER yNjTS#DECIMETERS
0198 « PER KILOTON
0139 PTABLE ORG s+l

- 0200 8RS s+8

- 0201 PULSE 8RG s+] CURRENT PULSE READING

0202 = TABLE 6F Pw MEAN VALUES
0203 PWTABLE ORG s+l .
0234 8RS $+8
0205 « ROLL DIAMETER REGISTER
0206 RDIAMREG BRG s+l
0207 » ) RBLL DIAMETER READ B8Y THIS PROGRAM
0208 RBLLDJAM BRG $+]
0209 » NUMBER OF SAMPLES B8F EACH Pw
0210 SAMPLS]Z 8RS s+i
0211 8RG $+8
oziz « . SCREW DBWN LBCK BN
02i3 soie BRG $+1
02i4 » SECOND SCAN 4N STRIP FLAG
C215 SCNDSCAN BRG $+1
ozi6 » SCREW FEEDBACK
0217 SCREW 8RG $+1
ozl » DISTANCE T8 NEXT STAND
02ig IN MILLIMETERS
0220 SEPARATE BRG s+
0221 = DELTA & OF PREVIEUS SCAN
0222 sSKIDS 8RS s+ :
0223 » LENGTH BF SKID MARK
0224 SKIDS]ZE @8RG $+}
0225 & MILL REVBLUTISNS PER MINUTE
0226 SPEED BRG s+}
o227 = SQUARED STAMDARD DEVIATION 8F PA
0228 STANDEV BRG $+1
0223 BRG $+8
0230 # TAIL, END CBMPENSATION FLAG
0231  TAILCYMP 8RG $+1
0232 » TALL END COMPENSATIGN THANSPERT TIME
0233 TAILTIME 8RG s+l
0234 POSITIONING RZFTRENCE FUR TEMP
0235 « COMPENSATIEN
0236  TCHMPVAL, BRG s+l
0237 « TEMP COMPENSATION 8% STRIP SUT 5F 4
0238 TCBMSBS @RS s+l
0239 » CALCULATED 2uTPUT GAUGE
0240 _THICK 8RG 341 .
0241 EJE
0242 THIS SECTIBN IS REGUIRED FBR ALL
0243 = CRIVES IN THE SYSTEM)
0244
0245 L1 BRG $+] FEEDBACK PRIPSRT. INTe CONSTANT
0286 (2 BRG $+1 FEECBACK PR3PIRTs INTs CENSTANT
0247 1.3 8rR3 $+1 FEEDBACK PREPBRT. [MTs CENSTANT
0248 L4 ORG s+l FEEDBACK PROPERTe [nNTa CONSTANT
0243 FXDBFF  ORG (14 FIXED PTe BFFSET
0250 FXDMUL  BRG s+l FIXED PTe MULTs FACTUR
0221 FXDSHF OGRS s+ TORAY +X COL
0252 PROFwA  BR3 PE FOWARD FRUFILE A
0233 PRURVA  BRG e+1 REVEKSE PRUFILE A
0254 GPTFLGS &RG s+l SPEED LIMIT BPTION FLAGS
0255 REVLIM  ORG $+] REVERSE PBSITIBN LIMIT
02356 FWDLIM  BRG $+1 FERWARD PESITIEN L1117
0257 SPEEDS  ERG s+ FORWARD/REVERSE SPEED LIMITS
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GAUGE CLASSIFICATISN TABLE F9R
EXIT GAUGESs VALLE IS IN ENZSDE
UNITS + &CC (THE MECHs OFFSLY :~

TABLE 6F FERCES FOR SELECTING !\'S

31
AGC TABLES
0258 TTL 1AGC TABLES!
icco 0253 BR3 X'1ccot LES
0260 N i
0261 =
0232 =
0263 -
0254 100C)
0265 # DRIVE | DATA
1CCO 098BA 08 1 BA A 260 DAT 2490
1Ccy  Ok28 G8 2 25 A 0267 DAT 2600
1CC2 G+98 (B 2 96 A o258 DAT 2710
1008 G2l SE 3 0% A 263 DAT 2823
1CCs GE72 08 3 72 A G273 DAt 2330
1CC5 OueA T8 3 EA A 271 DAT 3050
1006 0C62  C8 & 62 A cz72 DAT 3170
10C7 OL48 08 5 43 & w273 ‘DAT 3400 )
C274 s DRIVE 2 TATA
1CCe U74% 00 7 44 A ¢e7s DAT 1860
1CC9 O7AD 00 7 AU A o276 DAT 1965
1CCA 0B16 0B 0 15 A 0277 DAT 2070
1CCB  0B87F 08 0 7F A c278 DAT 2175
1CCC 0BE8 08 0 E8 A 6279 DAT 2280
lecb 0951 08 1 B A 0280 DAT 2385
1CCE 0SBA 08 1 BA A 0281 DAT 2490
ICCF 0ABC 0B 2 8C A oz82 pat 2700
0283 DRIVE 3 DATA
1CDO 0596 00 5 96 A 0284 DAT 1430 .
1CDL 0604 0O 6 0% A 028% DAT 1540
iCh2 oe72 Q0 6 72 A 0286 DAT 1650
1CD3  0eEO0 00 6 ED A 0257 DAT 1760
1CD4 O74E 00 7 &4E A 0288 DAT 1870
1CDS ©07BC 00 7 BC A 0289 DAT 1980
iCbe Q700 00 7 DO A 0290 DAT 2000
1CD7 GBEE 08 O BE A 0231 CAT 2190
0292  » DRIVE 4 DAFA
1C08 O4CE 00 4 CE A 0293 DAT 1230
1CD9 0528 Q0 S 28 A 0294 DAT 1320
1CDA 0582 00 5 &2 A 0295 DAT 1410
1CDB 05DC 00 S DC A 0296 DAT 1500
1COC 0636 00 6 36 A 0297 DAT 1530
1C00 0690 0O 6 90 A 0238 DAT 1680
1CDE Q6EA 0D 6 EA A 0299 DAT 1770
1CDF 078A 00 7 8A A 0300 DAT 1930
0301« DRIVE 5§ DATA
1CEQ O42E 00 % 2t A 0302 PAT 1070
1CE1 O47A 00 % 7A A 0303 DAT 1146
1CE2 04C6 00 4 C6 A 0304 DAT s222
1CE3 0512 00 5 12 A 0305 DAT 1298
1CE4 O0b%E 00 B 5E A 0306 DAT 1374
1CES OUSAA Q0 5 AA A 0307 DAT 1450
ICE6 DBFA 00 5 FA A 0303 DAT 1530
1CE7 0690 00 6 90 A 0309 DAT 1680
0310 « DRIVE 6 DATA
ICEZ 03DE 00 3 DE A 03ii DAT 990
1ces 0420 00 4 20 A 0312 DAT 1056
1CEA Q462 00 % 62 A 0313 DAT 1122
1CEB Q%A% 00 4 A4 A 0314 DAT 1188
1CEC  Q%E6 Q0 4 €5 A 0315 DAT 1254
1CEpD 0528 00 S 23 A 03ie DAT 1320
ICEE 056E 00 5 6E A 0317 DAT 1330
1CEF OQ%FO0 00 5 FO A 0318 DAT 1520
0319 » DRIVE 7 DATA
1CFO 03C0 00 3 €0 A 0320 DAT 950
1cFl 03EE 00 3 EE A 0321 DAT 1606
1CF2 04iC 00 & 1C A o322 DAT 1052
SCF3 044A 00 & 4A A 0323 DAT 1098
1CF4 Q478 QU %78 A 0324 DAT 1144
ICF5 04A6 00 4 ad A 0325 DAT 1190
1CF6 04D8 00 4 DB A 0326 DAT 1240
1CF7 053C 00 537 A 0327 DaT 1340
: 0328 ;
0329
1000 0330 8R3 X11D00?
0331 »
0332 IN UNITS OF METRIC TONS
0333 «» FIRST ENTRY 1S SMALLEST
0334  » ADJUST IN FIELD
ipoo 18 5 00 A 0335 FORCEY £QU $ 1EL
0336 URIVE 1 DATA
100G .- 0060 00 0 00 A - 0337 DAT o
1001 0258 Q0 2 58 A 0338 DAT 600
1Boz 0480 00 4 BO A 0339 DAT 1200
1DQ3 0708 00 7 04 A G340 DAT 1800
1004 0960 08 1 62 A 0341 DAT 2400
1005 0888 08 3 B3 A 0342 DAT 3000
0343 DRIVE 2 DATA
1D0s 0CDO 00 0 0D A 0344 DAT o
1007 0258 00 2 58 A 0345 DAT 600
1008 O4BO 00 4 BY A 0346 DAT 1200
10039 0708 00 7 08 A 0347 DAT 1800
1D0A 0960 08 1 60 A 0348 DAT 2400
1003 OQu8BE 08 3 B3 A 0343 DAT 3000
0350« DRIVE 3 DATA
1p0C 0000 - 00 0 Q0 A 0321 DAT 0
100D 058 QU 2 53 A 0352 DAT 600
1DOE (4BO0  CO # BD A 0353 DAY 1200
1DgF Q708 Q0 7 03 A 035¢ DAT 1800
1010 ©9e0 08 1 60 A 0355 DAY . 2400
1011 ouBd® 08 3 B3 A 0336 DAT 3000 :
0327 DRIVE 4 DATA
1012 0CO00 00 0 0V A 0358 DAT 0
1D13 0258 00 2 53 A 0359 DAT . 600
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DRIVE 5 DATA

__DRIVE 6 DATA.

DRIVE 7 DATA

TABLE OF K'S FBR FORCES
IN ENCODER UNITS PER KILBTIN
ADJUST. IN FIELD

DRIVE 1 DATA

DRIVE 2 DATA

DRIVE 3 DATA

DRIVE 4 DATA

ORIVE 5 DATA

DRIVE 6 DATA

DRIVE 7 DATA

YAUTOBMATIC GAUGE CHNTRSL®

33
AGC TABLES
1014 0«30 Q0 + @) A 0350
1015 G708 00.7 03 A 0351 g:; %388
1016 0550 08 1 65 A 03£2 DAT 2400
1C17 czp8 08 3 g3 A 0353 DAT 3000
C3§h -

Cls 0CO0 00 0 0J A 0355 DAT 0
1019 058 00 2 55 A - G356 DAT 600
1014 Cebl 00 & By A 0387 DAY 1200
1018 o708 00 7 03 A 0353 DAT 1300
10IC 0560 08 1 69 A 0359 DAT 2400
1D1C OBBE 08 3 B3 A 0370 DAT 3600

w0371
IDIE 0C0C 00 0 02 A 0372 DAT [}
1C1F 0238 00 2 53 A 0373 CAT 600
102G 0#BC 00 4 BZ A c374 DAT 1200
iczi Q768 00 7 05 A c375 DAT 1800
1022 Uued  C8 1 g5 A G375 DAT 2400
1023 opbs3s 08 3 Bs A 0377 BAT 3300
0378
122« 0COC 00 D 00 A 0373 DAT [o}
1025 0258 Q0 2 55 A 0320 DAT 600
1026 0480 0OC 4 8J5 A 0351 DAY 1200
1027 Q768 Q0 7 @8 A 0332 DAY 18600
1028 0960 03 1 60 A 0343 DAT 2400
1029 OBB&E 08 3 BH A 0354 DAT 3000
0385
[EET
1040 0357 . BRG XT1p421
0388 »
0389
0390
1040 - 18 5 40 A 0331 KTABLE EQU $
. 0332
104G 0C30 00 9 55 A 0393 DAT 80
1D4l OCAD 00 0 AD A 0394 DAT 160
1042 Q0AQ 00 0 AD A 0395 DAT 169
1043 0CAO 00 0 AD A 03% DAT 160
104s 0CA0 00 0 AD A 0397 DAT 160
1045 GCAO 00 0 AD A 0398 DAT 160
0399 » -
1D46 0C50 00 0 50 A 0400 DAT 80
1047 OCAD 00 C AD A 0401 DAT 160
1045 OCA0 00 0 AJ A 0402 DAT 160
1042 0CAD 00 0 AD A 0423 DAT 160
104A 0QUAD 0G0 AD A 0404 CAT 160
1D48 0CAD 00 0 AU A 0403 DAT 160
0406
104C 0G50 00 ¢ 53 A 0407 DAT 80
iD4D 0CAD 00 0 A) A 04Db OAT 160
1D4E 0GAD 00 0 AD A 04d9 LAT 180
1D4F  OCAD GO O AQ A 0410 DAT 160
1050 O0GAD 00 0 AD A o#il DAT 160
1051 0GAD 00 9 Ad A okie DAT 160
) 0413 »
1052 0G50 . 00 0 50 A 0414 DAT 80
1D53 ©CAQ 00 0 AU A 0415 DAT 169
1054 OCGA0 00 0 AD A o4le DAT 160
1CES O0CAG 00 0 AD A 0417 CAT 160
1DS6 0CAD 00 0 AG A 04ls DAT 160
1D57 0CAD Q0 0 AD A 0419 DAT 160
) N 0420 » ’
1058 0C50 00 0 50 A 042l DAT 80
1053 0QUAD 00 0 AJ A c4e2 DAT 160
1ID5A 0CAQ 00 0 AO A ca23 DAT 160
1DEB OCA0 00 0 AD A 0424 DAT 160
1C5C 0CA0 00 0 AD A 042% DAT 160
1DSD 0CA0 00 0 AD A 0426 DAT 150
0427 =
1DSE 0050 00 0 50 A o428 DAT 80
IDSF 0CAD  00.0 AD A 0429 DAT 160
ID60 0CAD Q0 0 AD A 0430 DAT 160
1D61 00A0 00 0 AD A c431 DAT 160
1D62 O©GAD 00 O AQ A 0432 DAT 160
1063 0CAD  CO 0 AD A 0433 DAT 160
0434
1p64 0090 00 0 52 A 0435 DAT 80
1065 0QGA0 00 0 AD A 0436 DAT 160
1066 0CAD 00 0 A A 0437 DAT 160
1067 GCAD 00 O AD A 0433 DAT 160
1Des QVAO 00 0 AU A 0439 DAT 160
1D69 QCAD 0 C AD A 0440 DAT 160
AUTBMATIC GAUGE CBNTRBL
0441 TTL
0442 »
G443 «
0444«
0555 .
V446w
G447 »
Q443 »
0449
0450 »
0451 #
0452 »
cé53 »
4300 0454 8RG x'4100!

4100 41A3 40 1 A3 A 0455 PAT BEGIN~}
4101 0000 00 0 00 A 0456 DAT Q
4102 00CO 0857 DAT Q

00 0 00 A

THIS PRAGRAM MBRIFILD 3/15/71

THIS PROGRAM.CBNTROLS' THE GAUGE of
THE MILL BY THREE PR2CESSEST

OIRECT ACTISN BASED 8N RELL FERCL
CALCULATIONS 8F THE GAUSE ERRYR,
FEED FORWARD T8 HANDLE SKID MARKS, .
AND FEED BACK TH HANDLE STANDS wHICH
GY BuT BF LIMITS. THE PREBGRAM ALSO
SUTPUTS A CERRECTIEN TO THE LOGPERS.
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THIS DATA MYST BE DEFJNED BY PROGRAMMER

35
AUTBMAT JC GAUGE CHNTRSL
4103 0CO0 G0 0 02 A 0458 DAT o
4104 QCC0 0D O 0D A 04595 DAT o]
41C3 0GOC GO C 0 A 046G DAT ¢
41C6 000 00 0 00 A 0461 DAT o
4107 0GUC GO O 09 A 0452 DAT o
4iCs 0CO0 00 0 0J A 0453 DAT 0
41G9 0UCO 00 © 00 A 0454 DAT 0
410A Q000 GG 0 0D A 0455 TAT [}
4108 0000 00 0 O A 0466 DAT [+}
410C 0CO0 00 0 07 A 0467 st [
4105 00600 - 00 0 03 A 0b58 CAT 0
41Ce 0000 00 0 07 A 0459 DAT 0
430F  QUOUL 0G0 00 A 0470 D DAT 0
047} EyE
0#?2 -
0473
0474 #
0475 &
0476 »
0477 =
0478
000t 00 0 01 A 0479 DIGLAEP EGU 1
0480
0481
#310 4001 40 0 01 A G482 AGCNUM  DAT Xt4003 !
0483
4111 OO0JF .00 0 7F A 0484 AGCPAT  DAT X1IF
0485 - » ) .
4112 000% 00 O 04 A 0486 AGCREG DAT 4
0487 = -
4113 $8F3 18 0 F3 A 0488 AGCMREG DAT X1318F3¢
0485 =
#114 0000 00 O 00 A 0490 AGCPAT1 DAT 0
43 -
4115 0020 00 0 20 A 84§ BITPATL DAT X201
) 0433 =
0494 «
4316 0800 08 0.00 A 0495 BITPATZ2 DAT X 18001
0496 » S
0497 »
4117 0100 00 1 00 A 0498 BITPAT3 DAT x1100*
: 0439 = -
4118 01C0 00 1 00 A 0500 BITPAT4 DAT x'1001
050[ » ;
0592 »
4119 0002 00 0 02 A oSga DELAY DAT 2
0504
#$1a 1000 18 5 00 A 0505 FBRCEP  DaT FBRCEL
0500 .
0537
0508 » .
0509
4146 40 1 1B A 0510 GABETBLE E£QU [ ]
118 0078 00 O 78 A 0511 DAT 120
411C OC8C 0D 0 &C A o5i2 DAT 140
411D 00A0 00 O AQ A 0513 DAT 160
“11E 0084 00 O B4 A 051% DAT 180
411F 0GC8 GO 0 C8 A o515 pat 260
4120 00DC 00 O DC A 0516 DAT 229
4123 OQOFO 00 0 FO A 0517 DAT 240
4122 0104 00 1 0% A 0518 DAT 260
4323 0118 00t 18 A 0515 DAT 280
8124 012C 00 1 2C A 0520 DAT 300
4125 0140 00 1 40 A 0521 DAT 320
4126 Q1S4 00 1 54 A 0s22 DAT 340
4127 0168 00 1 68 A 0523 DAT 360
4128 017C 00 1 7G A 0524 DAT 380
4129 0130 00 1 S0 A 0528 DAT 400
0526 =
412A 0BOC. 08 0 00 A 0527 GAGEBIT} DAT X'800!*
0528 »
4128 2000 20 0 00 A gggg GAGEBITZ DAT X'2000t
*
412C - .00FO 00 O FO A 0531 HARDBITS DAT X1FOt
B 0532 =
4120 18F1 18 0 F1 A 0533 HARDREG DAT X118F11
0534
0535
0536 #
05?7 -
G538 «
0539 »
05§§ .
0541
0542 e
#12E 40 1 2E A 0523 HARDTABL EQU s
0544 «
412E 0OG64 00 O 6% A 0545 DAT 100
. #l2F 0065 00 0 65 A 0546 _.DAT 101
4130 0066 OC O 66 A 0547 OAT 102
4133 0067 00 0 &7 A 0548 AT
43132 0068 00 O 63 A 0549 gAT %82
4133 0G69 00 0 69 A 0550 DAT 105
4134 006A Q0 O 6A A 0551 DAT 106
4135 0068 00 0 63 A 0552 DAT 107
4136 006C 00 O &C A 0553 DAT 108
4137 006D 00 O 6D A 0554 DAT 109
0555 «
4138 0COC 00 0 00 A 0556 INDEXSIZ DAT [}
0557 =

0558«

BUTPUT SySTEM FOR LOEPERS
Q FOR DIGITAL SYSTENMS
1 FBR ANALBG SYSTEMS

AGC LJGHTS CC8 BIT PATTERN
AGC LIGHT CCB REGISTER
MASTER AGC REGISTER ADDRESS
AGC LIGHT BFF 'CCB PATTERN
AGC MASTER CCI BIT PATTERN

ROLL FBRCE cCcl BIT PATTERN
(PER STAND BASIS)

AUTB STATUS CCI 817 PATTERN
(FER STAND 3ASIS)

TAIL END COMP, CCj 817 PATTERN
FEEDFORWARD TIME TB ADVANCE MBVING §
SCREWS IN TENTHS OF SECHNDS

POINTER TO FBRCE TABLE

TABLE OF ACCEPTABLE LBCK ON GAUGES

*yr_

T TADJUST INFIELD

XRAY | MEAS ccl BIT PATTERN
XRAY 2 MEAS cCl 8IT PATIERN
'HARDNESS CCI 81T PATTERN

HARDNESS CC] REGISTER ADDRESS

TABLE 6F X CORRECTIBNS T8 P FBER
HARDNESS -

FIRST ENTYRY 1S FER NB CORRECTIBN
SECBND ENTRY IS FER SMALLEST
CORRECTIGN -
PERCENT SHOULD BE GREATER THAN 100
ADJUST IN FIELD °

1003 N8 CORRECTION

SPEED DJFFERENCE FACTHR

PROPBRTIGNAL INTEGRATHR FOR XRAY
. FEEDBACK
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37 38
AUTBMAT[C GAUGE CENTROL
4139 003C 00 0 3C A 0559 J2 DAT 60
4134 0078 00 0 74 A 0560 J3 DAT 120
4138 0C96 00 0 96 A 0581 Jk DAT 150
0562
413C 1040 18 5 40 A 0553 KTABLEP DAT KTABLE PBINTER T8 K TABLE
0554
0565 = MAXy ALLBWED % CHANGE IN SCREWDEWN
0556 = (FREM LBCKBN)e FEERBACK BCCURS
0587 « WHEN REF REACHES 'LIM]T!
4130 000A 00 0 0A A 0588 LIMIT DAT 10
#13E 0C80 00 0 83 A 0969 LBBPSET DAT X801
0570 « MAX INITIAL XRAY DEV BEFBRE LaCK
0571 » *BN BCCURS
413F 000C 00 O OC A 0572 MAXALLBW DAT 12
0573 MAXIMUN GAGE IN PERCENT
4140 0019 00 0 19 A 0574 MAXGAGE DAT 25
0575 » MAX WIDTH 8F MILL PRSDUCTS
0576 IN MILLIMETERS
4141 0A2E 08 2 28 A 0577 MAXKIDTH DAT 2600
4142 0000 00 0 00 A 0578 MUNPATBF DAT 0 MBNs HOLD LIGHT GFF CC8 PATTERN
4143 0000 00 0 00 A 0579 MBNOFPAT DAT o) MBN, LIGHT QFF CCO PATTERN
0580 = MENe HBLD CCI REGISTER ADDRESS
#l44 18F7 18 0 F7 A 0581 MHBLDREG DAT XT18F7?
0582 » MINIMUM GAGE [N PERCENT
4145 FFE7 FB 7 E7 A 0583 MINGAGE DAT *25
0v84 & ° MEN]TOR DEADBAND [N %
4346 O0COA 00 0 0A A 0585 MBNDBAND DAT 10
0586 # MBNITOR BN [ I1GHT MASK
4347 0800 0B 0 0D A 0SE7 MONONMSK DAT X1800!
0588 = MENJTOR BN LIGHT PATTERN
4148 0800 08 0 00 A 0589 MBNGNPAT DAT x'800!
0530 .
4149 4001 40 0 01 A 0531 MONBNUM DAT X'40011
0532 « MBNITBR BN LIGHT REGISTER
4l4A 0004 00 D 0% A 0583 MENONREG DAT 4
0594« NUMBER 8F DRIVES
4148 0007 00 0 07 A 0595 NBBFDRVS DAT 7
) 0596 o XRAY MBNITBR BN CCI BIT PATTERN
414C 0100 00 1 03 A 0537 GNBJTPAT DAT xt100° )
0598 = TEMPBRARY REFERENCE FBR STRTPES
414D 0000 00 0 09 A 0555 PBSITN  DAT 0 .
0600 » NUMBER 8F TeDe FBR XRAY SCAN
4l4E 0004 00 O 04 A 0631 PROGRAMN DAT 4
0502 « PULSES PER REVBLUTIENS
41aF 0C64 00 0 64 A 0503 PULPREV DAT 100
064 = i M8Ns HBLD CCI BIT PATTERN
- 4150 0200 00 2 0% A 0635 GAGEPAT DAT X1200!
! 0606 » ESTIMATE BF TIME FOR SCREWS 78 P8S.
: 0607 » IN TENTHS OF SECBNDS
4151 000A 00 0 0A A 0608 SCRDELAY DAT 10
05609 FBRCE ADJUSTMENT TASLE BASED BN
08I0 = SPEED
4152 40 1 52 A 0611 SPEEDTAB EQU s :
4152 0000 00 0 00 A osi2 CAT 4]
4153 0000 00 0 Q0 A 0613 DAT 0
4154 0000 00 0 Q) A 06l4 DAT 0
4155 QUO0 00 0 00 A 0518 DAT 0
4156 0C00 00 0 09 A 0616 DAT 0
4157 0000 00 0 00 A 0617 DAT 0
0618 = MBNe SELECTED CCI BIT PATTERN
0619 » (PER STAND BASIS}
4158 1000 10 0 00 A 0620 STDMBNBT DAT X13000¢ )
0621 » THICKNESS CCI REGISTER
4159 18EE 18 ¢ EE 0522 THREG)  DAT X'18EE!
4154 18F0 18 0 fO Ve23 THREG2  DAT X' 18F01
- 0624 » 'MBMITIME' TIME FUNCTION
4158 0003 00 0 03 A 0625 TIMEFUNC DAT 3
0826 « NUMBER 8F ENCBUER UNITS PER MILLIMET
415C 0050 00 0 50 A 0627 UNITSPMM DAT 80
Q628 WIDTH CBRR FACTBR FER 1K)
415D 0032 00 0 32 A 0629 WFACTR  DaAT 50
0830 » - . WIDTH cCl REGISTER
415 1903 18 1 03 A 0631 WIDTHREG DAT X114903¢
R ) 0632 » . DISTANCE BETWEEN XRAYS IN MM
416F 0096 00 0 96 A 0633 xDIST DAT 150
0634 » XRAY | MEASe CCI REGISTER ADDRESS
4160 18F7 18 0 F7 A 0635 XRAYIREG DAT XV18F71
T 0636 » - ' XRAY 2 MEASe CCI REGISTER ADDRESS
4163 18F7 18 0 F7 A 0837 XRAYZREG DAT X'118F71
’ 0638 & - ) HEAD END DELAY TIME
4162 0004 00 0 0% A 0539  XRHDTIME DAT 4
) 0640 » XRAY § SLCTs CCI BIT PATTERN
4363 0400 00 4 09 A 06&1 XSELBIT) DAT X1400!
o ) 06dz » XRAY 2 SLCTy CCl BIT PATTERN
4164 1C00 10 0 00 A 0643  XSELBITZ DAT X'1000¢
’ ) 0biks  w : XRAY § SLCT. CCI REGISTER ADDRLSS
4165 18F7 18 0 F7 A 0845 XSELREG1 DAT X148F71 .
) 064s  * XRAY 2 SLCTy CCI' REGISTER ADDRESS
4166 18F7 18 O F7 A 0647 XSELREGR2 DAT X'48F7!
0648 » XRAY MBNe BN CCI REGISTER ADDRESS
4167 18F7 18 0 F7 A 0649 XRONREG _DAT __X'18¢71 R
0650 EJE
0651
0632 THIS DATA IS INTERNAL TG PROGRAM
0653 »
0654 » AGC L]GHT CCO MASK
4168 0000 00 0 09 A 0655 AGCMASK DAT 0
0656 AVERAGE GAUGE DEVJATIBN
4169 0G00 00 0 00 A 0657 AVERDEV DAT 0
0658 AVERAGE MBNITBR DEVIATIGN N
0653 = ENCBDER UNJTS
“16A 000G 00 0 QU A 0660 AVERAGER DAY 0
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39 40
AUTOMAT JC GAUGE CONTRSL
TR e BARR RIS
ogg; - STAND CALIBRATIEN STATUS AS DETERMIN
[V} w
4168 0U0J 00 0 00 A 06€3  CALL DAT 0 BY THE FEEDBACK ROuTINE
416C GGOC 00 0. 00 A 0584 CAL2 DAT 0
: 0655 STAND CBMPENSATIEBN FAGTOR
416D 0000 00 0 0T A 0666  COMPF DAT 0
0667 INTERNAL TABLE INDEX
416 0CCO 00 0 03 A 0658 CBUNT DAT 0
04653 AVER. AUSG! BN wEILG A
4leF GLOD 00 O 03 A 0670 LEVWE]GF DAT 0 VERAGE GAUSE DEVIATION WEIGHT FACTO
4170 0CO0 00 0 02 A 0871  DGE DAY [ TEMP STORAGE 8F GE DBLE PRECISION
4171 0600 00 0 02 A 0672 DAT 0
o ” 0673 & DRIVE NUMBER CALCULATED BY PREGRAM
#4372 QLCS 00 0 €O A G674 DRNE DaT i
«173 Lo 0C 0 CU A 0675 F3DEV DAT 0
“37« Gulv  OC O 0D A 576 FILEADR DAT 0
«17% 0C0U9 G0 0 Ou A 0b77 FRSTX DAT o
0578 » NEW GAUGE
4174 GLDG 50 O 00 A 0575 GAGEREAP DAT 0
4177 GLSO 00 O 03 # 0635 GAIN DAT 0
oozl » XRAY GAUGE DEVIATION IN ENCEDER UNIT
4175 OLS0 36 0 03 A 06x2 GAUGEDEY DAT 0
0583 HARDNESS
4179 0000 00 0 00 A Ct84  HARDNESS DAT 0
0685 » HEAD END IMPURTANCE WEIGJTING FACTHR
4174 0CO0 0O O 03 A 0686 HEADWF  DAT 0
4170 0000 00 0 0J A 0687 INDEX DAT 0

|

0688 GAUGE THICKNESS 8F LAST STAND PREOUC
417C 0LO0 00 0 02 A 0659 LASTSTND DAT 0
4170, 0GO0 GO 0 00 A 06%0 . IM0 DAt 0
417t 0C0Q 00 O QU A 0691 LIMl DAT 0
417F 0COO 00 000 A 0692 LimM2 DAT 0
’ i 0693 LAST STANS STRIP VELBCITY
0694 IN METERS /MIN
%180 0000 00 0 00 A 0595  MPMLS DAT o]
. ’ 0635 MBN]TBR TRANSPSRT TIME DELAY FREM
0597 APPLICATION TD TABLE
4181 0CCC 00 0 00 A 0692 MONITIME DAT o]
; } 0699 # NEW MEAN Pw
4182 000G 00 0 00 A 0700 NEWMEAN DAT 0
4133 0000 00 O 03 A 0701  NEWMEANZ DAT 0
41%4 0000 00 0 00 A 0702 DAT 0
4185 0CGO 00 D 00 A 0703 NEWSIZE DAT 0
: ) 0704 = NBMINAL GAUGE
4186 Q000 00 0 03 A 0705 NOMINAL DAY 0
' ’ 0705 81.D MEAN PwW
4187 0CO0 00 0 00 A 0707 BLDMEAN DAT 0
4158 0CO0 00 0 09 A 0768 BLOMEANZ DAT [}
4169 0CO0 30 0 0J A 0703 DAT 0
07ic BLD SAMPLE SI12E
41gA- 0000 00 0 00 A 0711 BLDSIZE DAT 0
T 07i2 = - LAST STAND REQUIRES FEEDBACK
4188 0000 00 0 OU A 0713  BUTBFLIM DAT 0
’ 0714w PERCENT DEVEAT]ON
418C  0GOC 00 0 00 A 0715 - PRCNTDEY DAT 0
: ) i 0716 = PLASTICITY *WIDTH
418D 0020, 00 0 03 A 0717 PwW DAT 0
418c- 0C0 00 005 4 0718 DAT a
0713 K CBRRECT]BN FACTOR
41gF  0UOC 00 O 03 A 0720 PUK DAT [}
0721 : RETURN ADDRESS FE8R FEEDBACK REUTINE
4190 QGO0  0C 0 02 A 0722 - RETURN  DAT 0
4151 Q0000 00 0 0D A 0723 SAVEB DAT 0
o724 ¢ REGISTER STBRAGE
_4192 QCU0. 00 0 03 A 0725 SAVEC DAT 0
4193 0000 00 0 00 A 0726 SCNDX DAT 0
0727 » STAND IMPBRTANCE WEIGHTING FACTSR
T #194 0000 00 0 00 A 0728 STANDAF DAT 0 ’
: . o729 :
4195 0CO0 00 0 00 A 0730 TEMPDRNS DAT 0 TEMPBRARY DRIVE NUMBER
: ) 0731 « TEMPORARY
4156 0000 00 © 0D A 0732 TEMP DAT [}
4197 0000 00 0 00 A 0733 DAT 0
4198 0000 00 0 00 A 0734  THICKREG DAY 0 .
: 0735 = ) AVERAGE MEN[TSR DEV]ATION
0736 # AEIGHTING FLAG
4199 0000 00 0 0J A 0737 wr DAT 0
0738 = AIDTH BF STRIP
419A 0000 00 O 00 A 0739 WIDTH DAT 0
4198 0000 00 0 00 A 0740 XTEHRP DAT 0
419C 0000 00 0 00 A 0741 DAT 0
4190 0000 00 0 00 A 0742 FBXRAY  DAT 0
. #1SE 0000 00 O 0D A 0743 FBRCEADR DAT 0
#1gF 0000 00 O Q0 A 07%4  KTABLADR DAT 0
0745
) 0746
_XIAQ 07%7 RES 9
0748 EJE -
0742 . SHIFT LEFT ARITHMETIC
0000 00 0 00 A 0750 SLA EQu 0 -
) ' 0751 SHIFT RIGHT ARITHMETIC
4000 40 0 09 A 0752 SRA EQU X 140001
’ ’ " 0753 . DOUBLE LEFT ARITHMETIC
8000 80 0 00 A 0754 DLA EQY x180001 .
€000 €O 0 00 A 0755 - DRA EQU X000 DBUBLE RIGHT ARITHMETIC
. 0756 .
0G0% 00 O 0% A 0757 MOC £QU 4
0080 00 0 BO A 0758  KiIX} EQU X801
ocBl 00 0 BL A 0709 Kix2 EQU X'8i1
OOAC 00 0 AC A 0760 Kix3 EQU x1AG!
ouB2 00 0 82 A 0781 Kix& EQU X824
COAD 00 O AD A 0762 Kkix5  EQU X1AD¢

i
|
1
i
H
i
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AUTBMAT C GAUGE CONTROL
0CA3 00 0 A3 A 0753 Kixé EGU XTABY
OUAE 00 0 AE A 0764 KiX7 CEGU XTAE!
QCi3 00 0 B3 A 0755 Kix8 EQU X'331
QCAF 00 O AF A 0756 Kix39 EQY XUAF ¢
00B4 00 O B+ A 0767 Kixio EQY X1B4t
0C8S 00 0 B3 A 0758 KiXx20 EQU X'B5!
00A2 00 0 A2 A 0789  KiIXFF EQu X1A21
COAD 00 0 AJ A 0773 KixFFFF EWu X'AO!
0C48 00 O 45 A 0771 DTAFLES EGU X'481
0043 CO 0 49 A 0772 TMDLYTBL EQU X491
0C4C 00 ¢ 4C A 0773 MESSAGE EQU X'4Cr
0629 00 0 23 A C774 Ss:cce EQU x'291
Q36 00 0 35 A 0775 GRAYBIN ESU X35!
0C38 00 0 33 A 077¢ STRTPES EgY PAEED
0C2E 00 C 2t A 0777  TwHEX EGU X12E"
0778 » ACTUAL, THICKNESS
0773 » VALUE 1S IN MILLIMETERS*100
0620 00 ¢ 92 A 0780 XRAY EQU X130 -
Q781 = DEVICE NUMBIR
ocel 00 0 9l A 0782 XRAYNS EGU X*toit
0783 NUMBER 3F PEINT SCANNED
0092 00 0 92 A 0784 SCANNUM EQU X1921
0C64 00 0 64 A 0785 HEADGAGE EGU X'641 e
0786 EJE
Q787 = INDEX DATA PBBL WITH B
0738 » .
41A9 CAB7 08 2 27 A 0789 BEGIN LDB =D
41AA 3004 30 0 04 A 0790 EDR MOO
410F 40 1 OF A 07391 as8 D
0792 = DETERMINE DRIVE NUMBLR
6733
0734 ANALBG SCAN PRBG HAS STERED DRIVE
0735 = NUMBER IN 'SCANMUM', " IT IS Al =
C796 8 WHERE 8 REPRESENTS THZ XRAY
4lAB 2892 28 0 92 A Q737 LDA SCANNUM
41AC AACE A 2 CH A 0798 STA DRN®
) ) ©7%9
41AD 2004 28 5 0% A 0830 L.DA «AGCMREG
41AE 5C06 58 4 03 A 0501 AND BITPATY
o&l2 « 1S AGC MASTER ON  Nei ZJP NBGSOLX
0593 AND TURN BFF AGC LIGHTS
41AF F215 FO 2 13 A 0204 ZJP N3GBBLX
410 2Ac2 28 2 g2 A 0835 LDA DRNB
4181 48B3 48 0 B3 A 006 su3 Kix8
o 0807 = 1S THIS THE XRAY YES; PuP XRAYPR
4182 BO 3 1F A 0808 PJP XRAYPR
0503 » SELECT MASK
4183 26 2 1F A 0816 LDA =SLA
4164 40 2 BZ A osl1 ADD DRNS
4185 48 0 BJ A 08ia Sus K3 x1
4186 A8 0 03 A 0813 STA G
+187 2§ 0 BY A 0314 LDA Kixi
4188 98 0 03 A 0%is SHF A
0l = MASK FBR THIS STAND'S AGL LIGHT
4189 AAAF A8 2 AF A 0817 STA AGCMASK
0818 PUT STARTING ACDRESS BF DRIVE FILE
c8i9 » . R IN ¢ REGISTER
41BA 2848 28 0 45 A 0#20 LDA CTAFLES -
4183 A¥7 48 2 B7 A 0%21 Su3 DRNS
#1BC 1405 10 1 05 A 0322 Loe A
4150 2905 28 1 05 A 0523 LDA wA
_41BE AAD4 A8 2 D4 A 0824 STA SAVEC
1600 10 0 00 A 0325 BSC FiLE
03256 » 1S RBLL FORCE SELECTED
41BF 2883 2B 6 23 A 0827 LDA MClI
431C3  6LCD 60U 0 03 A o%es ING A
41C1 2905 B85 1 09 A 0829 LDA A
41C2 5C07 58 4 07 A 0530 AND BITPATZ
41C3 F20%  FQ 2 0% A 0831 ZuP N8GBSD
41Ce 72CF 70 2 OF A 0¢32 JHP CHKAUTE
0833
41C5 40 1 C5 A 0833 NBGHBDX EQU ]
41C5 2Co2 28 4 02 A 0#3b LDA AGCPAT
41C6 AAAZ  AB 2 A2 A 0836 S5TA AGCMASK
41C7 7201 70 2 0l A 0837 JMP NEGBBU+]
4108 40 1 ¢c8 A 0833 NBGBBD  EGU %
Qndd o« AGC LBCKS 6% AFTER MAN INTERVENTIGN
41C8  3thHB 3y 6 B9 A Gisad 304 HEADEND
sl » TURN OFF AGC LIGHT(S) BY HUTPUTING
0Rbz o« ZERDS
41C2 ELP2 EB 5 29 A cHe3 85T #51CCY,8
«1CA QCOi 00 0 Ot A CEhY DAT AGCNUMeD
41CB  0L05 00 0 05 A Uses DAT ASCPATLwD
#1cc 0063 00 D 03 A G846 DAT AUCREG~D
41CD 00b9 00 0 53 A 0847 DAT AGCMASK=D
4]CE EDE7 E& 5 £7 A 0848 END SsT “EXIT,B
41CF 7809 70 2 09 A FISE] JuP BEGIN
4109 410F 40 1 OF A G230 LPL
#lD1 43Rl 40 3 EL A
4ipe 0C00 00 0 0J A
4103 4103 40 1 €3 A B
0851 EJE
0852 1S AUTS SELECTED FOR THE STAND
41D4 40 1 D4 A 0333 CHKAUT® EQU $
41p4 2E23 2B 6 23 A 0834 LDA MGl
4105 6005 6C 0 05 A 0835 INC A
4iD6 2905 28 1 05 A 0%56 LDA wA
41D7 538 58 4 08 A c857 AND 8ITPAT3
4108 F2LF  FO 2 EF A 0858 ZuP N3GYSD
0529 » ARE SCREWS CALICRATED
0850« NBI  ZJP  NZGOBD
_._41D9 PE11 28 6 31 A _0BBL . LDA CALFLAG
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41DA

4103
410C

41C0
#30E

410F
41E0

41E1
“1E2

41E3
“igh

41ES
“1E6

41E7
%1E£8
41E2
S1EA
41€8

4LEC
41ED
L3332
41EF
41FD
#1F1
#1F2
41F3
klFs

41F5
41F6

41F7
41F8
41F9

#1FA
#1F8
“1FC
41¢D
41FE
4lfFF
4200
4201

4202
4203
4204
4205

k206
4207
4208

4209
420A

%208
%20C
4200
420€

420F
4210

4z11
4212
4213

4214
42ib
4216
4217
4213
4219
4Z21A

ey

ACEF
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‘B2ED  Bo 2 ED A PuP NCGIED
-
.
ee2? 28 6 27 A LOA SIS
FEFy FO 2 F1 A PN END
-
*
2E5E 28 6 53 A LDA HEADEAD
BAHS 56 2 53 A NJP NSTHEAD
-
3ES3 35 6 53 A STZ HEADEND
-
6ESB 68 6 53 A DCR HEADEND
*
*
EC36 EB3 5 36 A SST ‘%GRAY3IN,B
.
AEB7  AB 6 87 A STA SDLE
-
2E8D 28 6 BD A LDA SPEED
AESD  As & 40 A ST4 SPEEDLE
-
2E4B 28 € 43 A LDA ANFERCE
AED6  AE 6 56 A STA FERCELE
*
2EAD 28 6 AD A LDA FXDEFF
Da4D DO_vagugk MPY UNITSPMM
DA43 D8 2 48 A DIV =100
4687 40 6 87 A ADD sOLB
AE3F A8 6 3F A STA REALSDLO
2AB6 28 2 86 A L.DA DRNG
6805 68 0 05 A DCR A :
DCAB - DO O AB A MPY KiXxé
AEQ4 A8 0 04 A STA 3
4408 40 4 03 A ADD FYRCEP
ARAD  AB 2 AD A STA FBRCEADR
2C2D 28 & 20 A L.DA KTABLEP
4C04 40 0 0% A ADD E
AAAB  AB 2 AS A STA KTABLADR
»
*
*
»
3CSF 38 4 5F A STZ COUNT
2ARE 28 2 A3 A LARGERF DA FBRCEADR
*
-
44SF 40 4 5F A ADD CBUNT
2905 28 1 05 A LDA »A
4ES6 48 6 56 A sud FORCEL®
*
»
8207 B0 2 07 A PP THISFORE
6u5F 60 4 5F A INC COUNT
2CSF 2B & 5F A LDA CAUNT
4EAD 4B O AD A sus KiX9
B20l B0 2 ol A PUP $+2
72Fs 70 2 F6 A JMP LARGERF
28AD 28 0 AD A LDA KEXS
ACSF A8 4 5F A STA CBUNT
-
2A90 28 2 9D A THISFERC LDA KTABLADR
445F 40 4 BF A ADD COUNT
2905 __ 28 1 05 A LDA *A
AESD A8 6 50 A STA K
-
»
.
.
»
244F 20 & 4F A LDE WIDTHREG
2832 28 D 82 A LDA Kixé
EC2E - E4 5 28 A ssT «TArEX,8
-
AAS1 A8 2 91 A STA wipTH
D44E DO 4 4E A MPY WFACTR
. .
*
pDC32 D8 4 32 A DIv MAXAIDTH
4CH4E 48 4 4 A su3 WFACTR
465D 40 6 5D A ADD K
AESD A8 6 5D A STA K
.
»
»
3C5F 38 4 SF A sTZ CUUNT
242 28 & 42 A LARGERC LDA CLASS}
*
*
448F 40 & BF A ADC COUNT
2973 26 1 05 A LDA A
4e67 48 6 BT A suB soLY
»
»
B2G7 B0 2 A pypP THISCLAS
645F . 60 4 A INC CBUNT
2CBF 28 & A LUA. COUNT
hGhE 4B O A su3 Kix7
8201 BO 2 A PUP $42
7eF6 70 2 FH A JrP LARGERC
2tAt Eb C A Kix7
Ac b A CUuUNT

1S STRIP [N STAND Fiad SzI7
NED  ZuP ENp

1S THIS FIRST STAN S STRIP
ANBI  NUP NQTREAD

THIS 1S FIR3T SCAN
SET 'HEAD EAD wAS PRBCESSED' glLAS

SAVE SCREwWCZaN LBLK 2N
READ ENCBDZR

STORE VALLE

SAVE LECK 8\ SPEED
SAVE L8CK 8N FORCE (mETRIC TONS)

SAVE REAL SCREWDBWN LUCKHN

FIND FORCE TASLE

CALCULATE THE K
LBBK UP K FBR THIS FBRCE

FORCE 1 IS SMALLEST FORCE IN THIS
DRIVE'S SECTIGN OF FORCE TABLE

15 TABLE FORCE EXCEECED
YES: PJP THISF8RC

LBOK UP K IN TABLE

CORRECT k FUR WIDTH BF STRIP
KzKrdF ACTR¥{ 5« WFACTR/VAXW[DTH)

READ wIDTH
WIDTH STBRED IN MILLIMETERS
61VIDE BY MAXIMUM PUrDUCT wlDTw

IN MILLIMETEIRS

PICK UP PLASTICITY FRUM TABLE

DETERMINE GAJSE CLASS

CLASSL 1S ADDRESS 8F CLASS Tacle
FSR THIS LRIVE

1S TABLE GAUGE EXCEEDED
YESE PJP THISCLAS
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46
LBEK UP P IN TABLE |
THERE ARE & VALUES IN 'PTABLE!?
CENVERT RIDTH T8 ENCGEDER uNITS
ADDRESS OF FIRST PTABLE VALUE
CBUNT IS 0 = 7

GBRRECT FEBR HARDNESS

HARDNESS IS IN %

THIS IS START B8F AGC MAIN PATH

READ PRESENT SCREW PESITEIUN

DID LBAD CELL TEST FROPERLY
YESY 2JP  GAJGERK

CONTINUE IF NST CALISRATED BUT
DB NBT MBVE SCREY 18 CORRECT GAUGE
STAND CALIBRATED

CALCULATE GAUGE ERRER
GE={FsFLY~SP)*K+S-SLU+FEECHUT+ATHER

DETERMINE SPEED ADJUSTMENT

. PICK UP SPEED ADJUSTMENT FRUM

CENVERT ANFARCE AND FLRCELE T8

GAUGE ERREBR

CALC SCREW CORRECTIEN 1DELTASY
DELTASCGES (14K /P) =CE+GE¥%X /P

45
AUTBMATIC GAUGE CBNTReL
0965
. 0966  «
42iC 40 2 {C A 0967 THISCLAS EQU. s
0968 «#
0963
. 0970
421C 2E69 28 6 69 A 0971 LDA PTABLE
0972 ]
424D 445F 40 4 SF A €273 ADD COUNT
421E . 2905 28 1 05 A 0574 LDA A
42iF DZi2 DO 2 12 A 0975 MPY 5100
4220 OCB3 P& 4 85 A 0376 pIv wiDTH
4221 AE66 A8 6 65 A 0977 STA PLAST
R . B 0378 = N
4222 2C1E 2B 5 1E A 0979 LIA SHARDREG
4223 5C1D 58 4 1D A 0950 AND HARDBITS
422« 1AQE 18 2 OE A 0981 LDS =SRA¥4
4225 9805 96 0 03 A 0382 SHF A
4235 ACBA A8 4 A A 09%3 STA HARDNESS
4227 2A0C 28 2 0T A 0384 LOA =HARDTABL
4225 446A 40 & A A Gys5 ADD HARDNESS
4229 2905 28 % 05 A 0966 LDA * )
4224 .ACGA  AB 4 6A A 0987 STA HARDNESS
0988 # -
4288 2E66 28 6 65 A 0989 LDA PLAST
422¢c D205 DO 2 05 A 6990 MPY =100
422D DC6A D8 4 6A A 0991 D1V HAKDNESS
422E AE66 A8 6 66 A 0992 STA PLAST
422F 720% 70 2 0% A 0993 IMP NETHEAD
4230 4233 40 2 33 & 099% LPL ’
4231 0064 00 0 &% A
4232 4CO% 40 0 OF A
4233 4126 40 1 2E A
0995 EJE
0996 %
0937
0338
o 0399 . .
423% 40 2 3% A 1000 NBTHEAD EQU $
1001 =
4234 ED36 EB 5 36 A 190z SST *GRAYBIN,8
4235 AES9 A8 6 83 A $003 STA SCREw
1004 - #
. 1005
4236 2E2A 28 6 2A A 1006 LDA NE8TCALIB
4237 rFavz  F0 2 02 A 1007 ZaP GAUGERR
1608 »
. 1009 # i
4238 3E5] 38 6 51 A 1010 STZ DELTAS
4233 7348 .70 3 w8 A 101 JMP CHKF DBK
o 1012«
4234 40 2 3A A 103 GAUGERR EQU $
191y #
1015 &
1016
. 1017
423A 2EBD 28 6 8D A {918 LDA SPEED
4233 4E40 48 6 40 A 1019 sus SPEEDLE
423C D429 DO 4 23 A 1080 MPY INOEXS1Z
4230 DE40 D5 6 43 A tpal DIV SFEEDLY
423E BAGS B8 2 03 A ip22 NJP INDEXQ
423F 4A43 48 2 43 A 1523 Sui3 B
4240 B203 B0 2 03 A 1024 PJP ¥4
4241 42%1 40 2 41 A 1025 ADD w3
4242 AC6C A8 4 6C A 1026 STA INDEX
4263 720% 70 2 O% A 1027 JMP $+5
4244 2A3E 25 2 3E A 1628 LDA a5
4245 AGBC A8 & 6C A 1029 STA INDEX
4246 7201 70 2 01 A 1030 JHB $42
5247 3C6C 38 4 6C A 1031 INDEXQ  STZ INDEX
1032« . .
. 1033« TABLE
4248 2A38 28 2 38 A i034 LDA £SPEEDTAB
4243 446C 40 4 6C A 1535 ADD ENDEX
4€4a EY05 28 1 0> A 1036 LDA A
4243 AECH  AB D 0% A 1837 STA E
424C 2E4B 28 6 43 4 1338 DA ANFBRGE
4240 456 48 6 55 A : $UB FORGELS
424k  HED4 4B O 04 A SU8 . E
424F D03D DO 6 50 A MPY K
*
R L ¢ ) L K1LOTANS
425 DA33 D8 2 33 A Div +3009
4251 4683 40 6 83 A ADD SCREW
4252 4EE7 48 6 87 A sud SDLO
4253 4453 40 6 53 & ADD FEEDYUT
4254 4665 40 6 65 A ADD HTHER
4255 AEDA  AB 6 SA A STA GE
&
-
4256 DO 6 50 A MPY K
4287 D8 6 65 A DIV PLAST
4258 40 6 BA A AUD GE
4259 A8 6 51 A STA DELTAS
4E5A 80 2 02 A PP CHCKSIZE
40 2 53 A NEGDELT EGU s
4253 36 0 05 A STZ A
425C 4EB1 4% 6 51 A SuB DELTAS

=k k k¥

SEREW GBRRECTIEM

[F SCREW CORKECTIBN IS VERY SMALL,

IGNBRE IT  Iefe WITHIN SEADBAND
—_—
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47 48
AUTBMATIC GAUGE CONTRBL
: 485D 40 2 5D A 1065 CHCKSIZE EQU s
425D 4ES0 48 & B A 1957 ) suB DEADBAND
4258 B2c2  BCO 2 02 A 1668 [ AVERAGE
) 4E5F 40 2 BF A 1059  TEBSMALL EQU s
—— —— 3070 e R GAUGE ERRBR 1S T8t SHALL
425F 3ESA 38 6 5A A 107¢ STZ GE
426C 3tbl 35 6 51 A 1678 STZ DELTAS ]
573 o« CALCULATE AVERAGE ERRSR F2R USE oY
1074w FEEUBACK REUTINE
4261 2:BA 28 6 SA A 1473 AVERAGE LDA GE
4262 DOSO DO O BJ A 1076 “PY Kixi
4263 Al AG 4 81 A 1077 STE BGE
4264 -ACHS A5 & &2 A 1078 STA DGE+1
4265 2L4C BB 6 4T A 1079 LDA AVERR
4266 DL4A CC 6 4x A 1080 MRY ASCWF
4267 C461  CG 4 61 A 1051 ADA DGE
4268 664A 60 & 4A A 1052 ING AGCaF
4263 DEA DB 6 44 A 1083 Dlv AGCAF
426A ARAT Az 6 4T A 1084 STA AVERR
4265 ACH4  AB 4 64 A 1535 STA FEPEY
4264 EhWA 28 6 4A A icse6 LA AGCaF
4260 43AD 45 0 AD A 1087 Su3 KiX5
4268 BAOZ BB 2 02 A 1088 NJF $+3
426F | 28AD 28 0 AD A 1089 LDA KEIXG
K270 AL4A A8 6 4A A 1090 STA AGCAF
1091 »
1092 »
1093 » IF CHANGE. IN SCREw PHSITION IS
1094 = 186 LARGEs {IMIT IT
4271 2ES1 28 6 51 A 1693 LDA DELTAS ‘
4272 4i3E 48 6 3L A 1096 5U3 MAXDELTA
%273 beub B0 2 03 A 1057 PP POSLINMIT
wZ74 236 23 6 3 A 1098 LDA MAXDELTA
4275 4051 40 6 Bl A 1099 ADD DELTAS
“2?0  LAOS B8 2 05 A 1100 NJP NEGLIMIT ] o
1161« NG SKID MARK [N Ti]h GTAND SINE
1102 » DELTAS 1S wiTHIN LIFLTS
4z77 3E5E 38 6 53 A 1103 STL FRSTSKD
1104 = JUMP T8 SK1D APPROACH
4278 7243 70 2 43 A 1108 Ji1P SKIDAPRE
4z73 40 2 73 A 1106  PASLIMIT £QU s
279 2E51 2B 6 331 A 1197 LDA DELTAS
427A ASCH AS O 04 A 1108 3TA £
4278 720A 70 2 0A A 1109 JMP FEEDFWD
. 427C  40°2 7C A 1110 NEGLIMIT EQU s -
427¢ 3505 34 0 05 A 1111 STL A
427D 4ES1 48 & 51 A 1iie sud DELTAS
4276 AS04 - AB C 0% A 1113 STA E
427F 7206 70 2 Cb A 1ii4 JrP FEEDFWD
4280 4152 40 1 52 A 1iis LPL
4251 4207 40 2 DT A )
4282 0005 00 0 05 A
4253 - Q38 00 3 €5 A
a284 4285 40 2 85 A
4285 42BB 40 2 B3 A o
1116 EJE
1117 = FEED FORWARD RBUTINE
1iis
1119
4246 40 2 86 A 1120 FEEDFWD EOU s .
1i21 - IF- LAST STAND D8 N8T FEED FERWARY
o : 1iez » JUMP T8 SKiD APPRGACH
4286 2063 . 28 4 63 A 1ie3 DA DRNE
4287 4C3C 48 & 3C A 1124 suB NBHFDRYS
4286 BE33. B0 2 33 A 125 PJP SKIDAPRE
4289 2648 28 0 4 A 1126 LDA DTAFLES
4ZBA 403 4B 4 63 A 1ie7 su8 DRNS
4286 65605 68 0 0v A 1128 DUR A
1129 = STBRE PBINTZR T8 NEXT DRIVE'S
: . 1130 « DATA FILE IN 'G'
428C . 1905 18 103 A 113 LDG A
C4RBD 7E06 70 2 06 A 1132 JuP SKIDMARK :
' ©1133 . BACK BF SK]D MARK; INC LENGTH CAUNT
42BE 1003 10 0 03 A 1134 INSKID  LDC G -
#28F 668C 60 6 8C A 113s ING SKIDS]ZE
1i3s « UPDATE SIZE 8F SKID
4290 1483 10 & 83 A 1137 1.0C SAVEC :
4291 2804 28 0 04 A 113 LDA E
4292 AEEB A8 6 B3 A 1139 STA SK1DS
4293 7228 70 2 28 A 1izo WMP SK]DAPRB
1181
4294 40 2 9% A 1142 SKIDMARK EQU s
4294 2ESE 28 6 55 A 1143 LGA FRSTSKID
1145 = 1S .THIS FIRST SIGN BF SKIDMARK
1145 = NBI NJP INSKID
4295 HAFS 88 2 r8 A il4e NJP INSKID
4296 1003 10 0 03 A 1147 LDC G
1148 = STBRE 1 IN SKID COBURTLR
4297 288l 28 Q B1 A 1149 : LDA Kixa
4298 AL8C A8 & 8¢ A, 1150 STA SKI1DS1ZE
4299 1483 10 4 B4 A 1151 LDe SAVEC
4294 3EY8 38 6 53 A 1i52 sT2 FRSTSKID
4838 6EB5 68 6 B8 A 1153 ocr FRSTSKID S
1154 = SET FLAG FBR SKID UP €R S<ID DOaN
429z 2E51 28 6 S1 A 1§55 LDA DELTAS
4290 1C03 10 2 03 A 1i586 LDC G
429 3Eb2 38 6 62 A 1187 STZ M3VEUP
429F 2805 28 O 05 A 1158 LDA A
“2A0 BADL B8 2 01 A 1153 NJP TRANTIME
42A) bEE2 68 6 62 A 1160 DeR MOVEUP
1161 CALCULATE TraNLFERT T4 UELAY
1168« .

CODJSTANCE Hhea Teps G TAND TU ty xT



3,802,236

49 50
AUTBMAT L GAUGE CENTRIL
- 4ZAZ  h0 2 A2 A 163 TRANTIME EGQU $
4242 1463 1C 4 83 A B L0< SAVEC
4ZA3 3204 35 0 04 A 165 STZ E
42A4 2E3A 28 6 BA A £ LCA SEPARATE
4ZAb [DEsD OB & ED A ik DIV SPLED
42Ac  3ale 36 G D4 A Ey Y4 t
4ZA7 L0 2 12 A 1i39 MPY =600
4245 08 6 4f A 1179 DIv CIRCUM
42A3 AB ¢ 02 A 1171 STA G
42AA 25 0 43 A 1i72 LDA OTAFLES
42A5 45 4 g3 A 1173 Sy3 O<NG
4TAT 68 ¢ 05 A 1174 oeR A
4ZAC 161 05 A 1175 Loc *A
“ZAL 28 C 49 A 1176 L0A TMDLYTBL
[Y-2%2 40 2 95 A 1177 ADQ X125
e 40 4 €3 & 1178 ALD Cne
: €0 ¢ 03 A 1172 JEN A
bz D Gw A i12C §T4 3
26 ¢ 63 & ties LoA 5
4 4 DA A 1132 Sy 3 CiLAy
KE 1 G A 1153 STA aE
33 € S A 1154 574 FEZOTivE
15 # 53 A 1iss [RR SAVEC . e
' 1136 « CBUNTED DSa™ BY PERISUIC FRSGRAN
42B86 7271 70 2 71 A 1187 JrP CALCREF )
429 0258 00 2 54 A 1188 LPi
24 CCES 00 g 23 A
L teEe bees i 1189 IS SKID MARK APPRIAL-ING
428C 40 2 BC A 1190 SKIDAPRS EQU s
1491 « TRANSPORT TIMER FLAG
42BC 2C63 28 4 63 A 1192 LDA DRNB
42BD 6BQ5 68 0 05 A 193 DCR A
42BE F2l9  FO 2 13 A 1134 ZJ4P CHKF DBK
423F 2E5% 28 6 54 A 1195 LDA FEEDTIME
42C0 FE17  FO 2 17 A 1196 . FNL CHKFDBK
1197 = NONE APPRBACHING, CHLCK IF ANY
1138 » IN STAND
42c1 B213  BO 2 13 A 1199 PuP INSTAND
: 1200 » - 1S SKID MARK CLEGSE ¢ 0uGH T8
1201« REQUIRE MBVING SCRECaS
1292 » IS THIS A BUMP BR DIP TYPZ SkID
42¢2 3E54 38 6 56 A 1203 ByMPDIP STZ FEEDTIME
42C3 6654 60 6 54 A 1204 INC FEEDTIME
42C4 "2E62 28 6 62 A 1205 LDA MBVEUP
42C5 BAQ3 B8 2 03 A 1206 NuP MIVEDN
1207 » MBVE UP
42C6 2A32 28 2 32 A 1208 1DA 2220
42C7 AES] A8 & 51 A 1203 STA DELTAS
42C6 7202 70 2 02 A 1219 JMP F INDEND
1211w MBVE DBAN
42C9 40 2 Cy A 1212 MBVEDN  EQU s
#2C9 2A2E 28 2 26 A 1213 LDA 220
42CA AES} A8 6 51 A 1g§g STA DELTAS
) 1
42C8 40 2 €5 A 1216 FINDEND EQU s
42CB 6EBC 68 6 BT A 1217 DCR SKIDS]ZE
l2is = 1S SKID MARK ALMEST ALL ThE #AY ThiRL
1213 » ’ YES: ZJP  INDBFSKD
42¢c F201  FQ 2 0t°A 1220 . ZYP ENDOFSKD
) ) 1221 SKID MARK IS STILL IN STAND
42CD 725C 70 2 5C A 12e2 LJMP. CALCREF
) : 1223 » ) SKID MARK IS THROUGH, REMOVE
1224 » BFFSET
42CE 40 2 CZ A 1225 ENDBFSKD EGU s
42CE 2E62 28 6 62 A 1226 L.DA MBVEUP
_._%2CF BAQ2 BB 2 02 A 1227 NP s+3
42D0 2AB7 28 2 27 A 1228 LDA x20
42p1 7201 70 2 01 A 1229 JMP $t2 . )
4ZD2 2426 28 2 25 A 1230 LDA 2=20 -
42D3 AEB1 A8 5 51 A 1231 STA DELTAS
4ZD4 7255 70 2 S5 A 1232 JMP CALCREF
1233 » IS A SKID MARK IN STAND
42p5 2E8C 28 6 8C A 1234 INSTAND LDA SKIDS]ZE
42p6  FEQL FO 2 0t A 1235 ZuP CHKF DBK
1236 ' N8s CHECK F2R FEEDSACK
42D7 B2¥3  BU 2 F3 A 1237 PJP FINDEND
- 1235 YES
4208 40 2 D8 A 1239 CHKFDBK EQU $
42D5 3ES5E 38 6 BE A 1240 STZ LIMFLAG
42D9 2E&9 28 6 83 A 1241 LDA SCREW
4E0A 4251 45 6 51 A 1252 su3 DELTAS
4EDB  AEG8  AB b 63 A 1283 STA PUSITIEN
420C 4ES7 48 6 87 A 1244 sy3 soLY :
) 1245 » IS THIS PBSITIBN BUT OF LIMIYS
4200 D219 DO 2 19 A 1246 MPY =100 .
42Dt CL3F D8 & 3F A 1247 DIV REALSDLY
420  AL0D4 A6 0 Q% A 1248 STA [
42b0  4CBE 48 & 2E A 1269 su3 LIMIT )
1250 = LIMIT IS EXPRESSED [N PERLENT
42g) B21A B0 2 1A A 1251 PJP SETF{,AGY .
42E2 2504 28 0 04 A 1298 ' LDA E
4283 L42E 40 4 22 A 1253 ADD LImlT
42E4  BALB B8 2 i, A 1254 NJP SETFLAGD
42ES  F21A FQ 2 3a A 1295 P SETFLAGD
) 1256 » 1S PREVIBUS STAND L8AD CELL oN
42E6 2463 20 4 63 A 1257 LDE DRNO
42E7 6804 68 O 04 A 1298 . DCR E
42E8 F241 FQ 2 4i A 1229 4P CALCREF
42E3 2E48 28 0 43 A 1260 LDA DTAFLES
42EA  BBOA 48 0 0+ A 1261 Sys E
42E8 1105 10 1 05 A 1262 LOC »4
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51 52
AUTIMATIC GALGE CHNTHEL
42EC 2E2A 28 & 2A A 12463 LDA N3ITCALLIB
4ZE5 ACa7 A3 4 E7 A 1264 STA Tivp
.. 42bL 1483 1G % 83 A 1255 L SAVEC
42EF 2Ch7 28 & B7 A 1266 LDA TEMP ) -
4F0 6C05 60 O 05 A 1287 ING A .
#2F1 F20i  FU 2 0l A 1258 4P $+2 IS LeCe SFF
42F2 7237 70 2 37 A 1269 JuP CALCREF '
1278 = 1S THIS STAND LBAD Cill &N
“2F3 2L2A 28 6 2A A 1271 LCA NSTCALIB
42F4 FEZCE FU 2 OE A 1272 p FEEDBACK
4EF5 7234 70 2 3% A 1273 JrP CALCREF
WRF6  LLOR TGO O 64 A 1274 LPL
42F7 OCiv GO D 1+ 4
4Zp i FEEC . 78 7 EC A
#SF3 «ZF3 40 2 F¢ A
“EFA 4ZFF 4D 2 FF A
w2F3 4302 40 3 02 A
£JE -
» FEEDBACK RBuTINE
. IS STAND BEFERE Th1S DISRUALIFIEY
. SET FLAG T8 INDICATC b LiIMIT
4EFC 3% 0 03 A SETFLAGU STZ A
4EFC 50 ¢ 05 A InC A
WEF L A3 6 St A STA LIMFLAG
4ZFF 70 2 03 A JMP FEEDBACK
» SET FLAG T8 INDICATE ©8sN LIMIT
4300 3805 38 0 05 A SETFLAGD STZ A
4351 620b 68 n 05 A ocR A
4302 ALDE A& 6 BE A STA LIMFLAG
* CAN STAND BEHIND THIS “6VE
. 4303 40 3 03 A FEEDBACK EQU %
4303 2063 286 & 63 A LEA DRNE
4304 6A05 &8 O 05 A Der
4305 F223  FO ? 23 A 2P FBRETS
430, Eadd % 0 %5 A LiA CTAFLES
4307 4CO3 48 4 63 A Sys DRNS
#3ga 66O 60 0 05 A INC [y
4399 ACED  AB 4 65 A STA FILEADR
L3 ADDRESS 8F Flig FOR STAMND BLAIND THI
4304  3CHC 35 4 5C A 87 cald
«3p3 2L11 25 6 11 A LDA CALFLAG
430C BAOL 8BS 2 0L A NJP $48
4300 6C5C 68 & SC A DCR cALY
* IF ZERG SET A NETCALIBs FLAG
4338 40 3 0L A ZERCSTD €U 3 .
43pL  2e5E 28 & BL A LA LIMFLAG
. 16 THE PROSLEY LACK 2k wF LI%NAL
4306F F207 Fo 2 07 A JP CHKKF
. 18 Nel CALIZRATLG
4310 2chg @28 % Br oA Li4& cALL
. * CONTINUE 1F YES
311 6C05 60 D 03 A INC A
4312 FEl6. FO 2 15 A ZJP FERETY
4313 7g38 79 2 05 A JwP BITPUT
431 4323 40 3 i A g [ =2 S —
#31% . 4316 40 3 15 A
#316 4316 40 3 {3 A
1313« FEEDBACK T8 STAND wITH HBAD R:F SI13NAL
4317 40 3 17 A 1314  CHKRF EGU s .
13i5  « . ADDRESS OF FILE FER STAND h-}
4317 1565 10 5 65 A 1316 Lnc *F JLEADR
© 1317 o« : 1S ROLL FBRCZE B
4315 2EA 28 € A A 1318 LDA NOTCALIB
4313 6005 60 0 03 A 13i9 ING A
4314 FEDL FO 2 01 A 1329 ZJP BUTPUT
431g 72060 70 2 D A 1321 - JMP FERETE
1322
431C 4 CA 323  BUTPUT U
3 031 iaz« - v ko ¢ SAVE CORRECTISN IN 'FEETOUT! FOR
: 1325 = INCLUSION IN NEw PESITIcN REF
#31C 1483 10 4 83 A 1326 Lpe SAVEC :
4310 2ESA 28 6 5A A 1327 LDA GE
431t D6BD DO & 8D A 1328 MPY SPEED
431F 1565 10 5 63 A 1329 1De oF JLEADK
4320 DRGD Db & 8D A 1330 Div SFEED
#3281 De3C DO 6 9L A 1331 MPY L
322 DE90 DB 6 9D A 1332 oIV L2
4323 AB03 A8 0 03 A 1333 STA G
4324 283 2b 6 53 A 1334 LDA FEEDHUT
wigh  Dodi DO w98 A 1335 MRY Ls
gy pFdF U8 b 9F A 136 olv L4 .
€327 ALUS - BU 0 04 A 1337 ADD ]
4326 ALS3 Ab 6 53 A 1338 5TA FEEDBUT
1339
4323 40 3 29 A 1340 FBRETy  EQU [
4329 1463 10 4 83 A 1341 Lbe SAVEC
’ 1352 . CALCULATE AND LIMIT REFERENCE
432A 40 3 2A A 1343 CALCREF EQU $
X 1344 » IS TAIL END CEMPEMSATION RKEGULSTED
4324 2897 28 6 97 A 1345 LDA TAILCOMP
4325 F20F  FG 2 OF A 13486 ZyP CALCPES
1347  « HAS TRANSPHRT TIME ELAPSED
432C PESS 28 € 95 A 1348 LOCA TAILTIME
F2tdD FO 2 0D A 1349 zyP ‘CALCPBS -
4320 ° 1350 - YESs 1S THIS FyLL CEMPENSATION
4326 2897 28 6 97 A 1351 LDA |, TAILCEMP
43aF 6005 60 0 G5 A 1352 : INC A
8330 FECH  FO 205 A 1353 ZuP FuLLcamP
- 1354 = 2/3 CBMPENSATIEBN REGUESTED
4331 2C4F 28 & 4F A 11355 LDA COMPEN
4332 DLBL pO 0 81 A 1356 MPY Kixz2
4333  DBAC D8 0 AL A 1357 D1V KiX3
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53 54
AUTEMAT [C GAUGE COBNTRBL
4659 40 6 &9 A 1358 ADD SCREA
7206 702 0b A 1353 JiP CALLPBSY
2EuE 28 6 45 A 1363 FULLCBMP LUA CHOMPEN
4689 40 6 8Y A 1361 ADD SCREW
7203 70 2 g3 A 1362 Nigls CALCPYS)
433A 40 3 34 A 1363 LPL
333 4G 3 33 A
2e69 28 6 83 A 1354 CALCPBS LDA SCREW
4tb] 48 6 51 A 1365 CALCPBS) Sud DELTAS
AL6B A8 6 68 A 1366 STA POSITION
4E87 48 6 B7 A 1387 suB sDL3
1368 CALCULATE PERCENT CHANGE FRIM $DLE
pEB7 DO 2 B7 A 1389 MPY =100 )
DE3F D8 6 3F A 1370 [238Y% REALSULE
AZS4 AR O C% A 1371 STA 13
4C2E 4& 4 28 A 1372 sud LIMLT
B20% B0 2 04 A 1373 PJP LIMREFUP
2804 28 O 0% A 1374 LDA E
442E 40 & 2E A 1375 ADD LIMIT
BALL B8 2 11 A 1376 NJP LIMREFON
7214 70 2 14 A 1377 JMP PGS{T
2C2E 28 & 22 A 1378 LIMREFUP LDA LIMIT
42AD 40 2 AD A 1373 ADD «100
D&3F DG & 3F A 1380 CAL MPY REALSDLE
QAAB 08 2 AB A 13381 DIV =100
Bed2 BL 2 02 & 1382 PUP $+43
EGAOD 50 0 AC A 1383 EYR K¥XFFEF
6005 60 0 05 A 13584 INC A
A&73 A8 0 Q3 A 1355 STA G _
2EAD 28 6 AG A 1386 LDA FXOBFF
Dh4D DO 4 4D A 1387 MPY UNITSPMM
DAAY4 D& 2 A% A 1388 - DIV =100
AEOY KB O CH¥ A 1359 STA E
28C3 25 0 03 A 1330 LDA G
4BO4 48 0 0% A 1391 sud 2
AL&S AB 6 62 A 1352 STA POSITIBN
7204 70 2 0% A 1393 JMP POSIT
2A9E 26 2 9E A 1394 LIMREFDN LDA 100
4CRE 48 4 2E A : Sus LiMit
TJZEF 70 2 EF A JEP : CAL
35§ 4 B i
4358 93534 - BUTPUT MILL KPP RLF PREPURTIONAL
TH SCREW Coah MOyE~ard
435C 40 3 5C A EGV s
) 1§ MBVEMENT UR Ok Dl
435C 2E64 2B 6764 A LDA YLDREF .
435D Fel4 FO 2 14 A ZJP LIGHTON
435E 4EE8  A4b 6 6D A 5U3 PESITIEN
SKP,CIGLBOP+] DIGITAL,ANALDG
435F 40 3 5F A 1647  ANALBG  EGU s
1643
1449
1450 » SECTIAN FOR ANALEG LSUPLRS
1451
4357 13AB 15 0 A3 A 1452 Lps KiXe
4260 (o645 PO € 43 A 1453 MPY LUBPGAIN
426} DAYS DB 2 93 A 1454 D1V =100
4367 442F 40 4 2F A 1435 ADD LUePsSET
4363 B202 BO 2 02 A 1438 PP $+3
436e 3205 38 D 03 A 1407 STL A
4385 7205  7C 2 09 A 1458 JMT LBYPSTRT
4366 4LEAZ 4& 0 A2 A 1_‘!5_9 Siu3 K XFF
4367 B202 BO 2 02 A 1460 PUP B+3
4365 4CA2 40 0 AZ A 1461 ADD KIXFF
4369 7201 70 2 03 A 1462 JHP LBBPSTRT
4364 28A2 25 0 A2 A 1483 LDA KiXFF
436B 40 3 68 A 14864 LBBPSTRT EGU $
4368 9805 98 0 05 A 1465 SHF A
436G 4643 40 6 43 A 1486 ADD CARDPT
436D 2001 20 0 01 A 1467 LOE B8
436E A4B2  AD 4 82 A 1468 STE SAVEB
436F OE44 08 6 44 A 1489 LO3. LUBPCHNG
1470 » FBR THE IBA [NSTRUCTION, 'A' WILL
1471 » CONTAIN THE PATTERN JUST CALCe IN
1472 BITS 6 = 13, THE CARD U« IN BITS
1473 » 2 e §) AND THE CARD POJNT [N 31TY
1474 = 0 = 1,
4370 B8CO0 88 4 00 A 1475 18A 0s8
0600 00 0 00 A 1476 BS8
4371 0Bi8 08 3 1& A 1477 Lo8 SAVEB
410F 40 1 OF A 1478 BSB D )
4372 40 3 72 A 1879  LIGHTBN EQU ¢
’ 1480 » . - TURN BN AGC IN MBTIEN LIGHT
#4372 EDE9 E8 5 29 A 1481 SST #S:1CCH,8
4373 0001 00 0 01 A 1482 DAT AGCNUM«p
4374 0co2 00 0 02 A 1483 DAT AGCPAT«D
4375 0603 00 0 03 A 1484 DAT AGGREG=D
4376 0C59 00 0 53 A 1485 DAT AGCMASK«D
1486 BID POSITIONING PACKAGE
4377 2668 2B 6 68 A 1487 .LDA PYSITION
4378 AC3E A8 4 3E A 1488 STA POS]TH
4379 2C63 - 28 4 63 A 1489 LDA DRNS
437A 4E0E 40 2 OE A 1490 ADD =X18000!"
. 4378 ACB6 A8 4 86 A 1491 STA TEMPDRND
437C EL3B  E3 5 3v A 1492 sST #STRTPBS,B
4370 0086 .00 0 8O A 1493 DAT TEMPDRN® =D
437 O03E 00 0 3E A 1434 DAT. PIS]TN=D
’ 1595 UPDATE BLD REFERENCE
437F 2E68 28-6 63 A 1496 LDA PSSITIEN
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55 ‘ 56
AUTBMAT |C GAUGE CONTRSL
4380 AEGH A8 6 64 A 1497 STA BLDREF
1434 » 1S THIS FIRST SCAN 9N TAIL END
1433 e e IS STRIP BUT 8F TrE STAND BEmMINC
4381 2843 28 0 43 A 1500 LCA DTAFLES
4382 4C63 48 4 63 A 1501 syB DRNY
4383 6005 60 0 05 A 1582 INC A
4384 1105 10 1 05 A 1503 1LOC A
4385 2E27 28 6 .27 A 1504 LDA sls
4385 BCIE  BY 4 BE A 1505 NP END
4387 7¢03 70 2 03 A 1506 MP TESTAIL
4386 8000 80 0 00 A 1507 LPL
#3859 4191 40 1 S1 A
435A 43BA 40 3 8A A .
1508 STRIP 1S BUT 8F STAKD SEHIND THIS
: 1539 « RESTBRE C REGISTER
4388 40 3 B3 A 1510 TESTA}L, EW s
4388 1483 10 4 83 A 1511 LoC SAVEC
438C 2E59 28 6 59 A 15i2 LDA FRSTTAIL
43860 BC3E  Bd 4 BE A 1513 NJP END
15i4 = . . 1S STAND €N PRESET
43BE 6EH9 6B 6 59 A 1515 pCR FRSTTALL
438F 2£E3 28 6 23 A 1516 LDA MCI
4390 6005 60 0 0D A 1517 INC A
4391 29¢5 28 1 05 A 118 LDA £y
4392 HCC8 55 & 08 A 1519 ANC BITPAT3
4393 F4BE  FO0 4 BE A 1520 ZJP END
’ 1521 « YES,; 1S TAlL END COMPENSATIEN SELECT
4394 2004 28 5 p4 A 1522 LDA *AGCMREG
4395 5009 58 4 03 A 1623 AND BITPAT4
43356 F4BE FO & BE A 1524 ZJP £ND
1585 IS THIS LAST STANS
4397 2063 28 4 63 A - 1526 LDA DRNG ) .
4398 1 4C3C 48 4 3C A 1527 su3 NEBFDRYS
#4399 F4BE  FO & BE A 1528 4P END
i 1523 "« NB; COMPENSATE NEXT STZIND
4390 2548 28 0 48 4 1530 LDA. DTAFLES )
4395 4C63 - 48 4 63 A 1531 SuU3 DRNG
¥39C 6805 68 D 05 A 1532 DCR Al
439D 1105 10 1 05 A 1533 LDC *A
4398 3£97 38 6 97 A 1534 STL TAlLCEMP
439F 6EY7 68 6 97 A 1535  DgR TAILCOMP
43A0 1483 10 % 83 A 1536 Loc SAVEC .
: 1537 = . SET P COMPENSATIEN Tivl 6
43A1 2EBA 28 & BA A 1538 LDA SEPARATE . .
43a2 D38 DO 2 3T A 1539 MPY. 2600
43A3 DESE DB 6 %£ A 1540 DIv CIRCUH
38 0 0% A 1541 STZ E
DB o BY A 1542 DIV SPEED
A3 0 0% A 1543 STA E
28 ° 45 A 1544 LDA DTAFLES
48 4 63 A 1545 su3 DRNE
68 ¢ 05 A 1546 CR A
i0 105 A 1547 LbC *A
28 O 04 A 1943 LDA E
A8 6 95 A 1549 5T4 TAILTIME - X
. 1550 =« TAILTIME IS ZERGED wHEN STRIP
1551 » REACHES NEXT STAND
43A0 23%9 28 0 43 A 1552 © LD TMOLYTBL
43AL 4233 40 2 33 A 1553 ADD =X12D!
W3AF 4463 40 4 63 A 1554 ADD DRNE
438C  ARQY Ab D C4 A 1555 . STA E
433] BEY98 28 6 93 A 1556 LDA TAILTIME
4382 A904 AE 1 04 A 1557 - STA . wE
4383 .3E98 38 6 95 A 1558 STZ TAILTIME
43ps  6E58 0 686 95 A 1559 Pl TAILTIME
1560 # IF ONE OF LAST & STANDS, PRUCESS
1561 s TWE STANDS
4385 2c63 28 4 63 A 1962 LDA DRNS
4386 48B2. 48 0 B2 A 1553 su8 KixX4
4387 BCBE B 4 BE A 19&4 huP- END .
K 1555 « 1S TH1S SECOND LAST STAND
4383 2C3C 25 4 3T A 1586 LDA NYOFDRYS
£ 6805 68 O 03 A 1567 DCR A
3 4C63 48 4 63 A 1568 suB DRNE
P4BE FC 4 BE A 1589 ZuP END )
1270 « NB; COMPENSATE NMEXT TW9 STANDS
2Hwa 28 0 45 A 1571 LDA DTAFLES
«C53 48 & 63 A ib7e 5U3 DRNS
6505 68 U 05 A 15/3 DR A
6505 68 0 03 A 1574 DCR A
1155 10 1 05 A 1875 LDC *A
3EY7 38 6 97 A 1576 STz TAILCOMP -
6597 6B & 97 A 1977 DCR TAILCAKP
€897 68 6 97 A 1578 DCR TAILCOMP .
- 1579 = . SET UP COMPENSATIEN TIMING
2445 28 0 45 A 1559 : LDA DTAFLLS -
4C63 4B 4 63 A 1581 ] DRNG
6825 65 0 05 A 1582 DCR A
1195 I6 1 02 A 1583 Loc A
ZLHA 26 6 8A A 1584 LDA SEPARATE
pDe17 06 2 17 A 1585 Mpv 2600
Crat Db 6 4E A 1565 DIV CIRCUM
35C4 385 0 0% A 1587 5394 E.
DESD D& 6 8D A 1588 DIV SPEED
AaQ4 A O 0% A 1389 ETA £
2r438 26 043 A 159G LA DTAFLES
4LEI ka4 63 A ih91 Sud ORNY
6805 &6 0 03 A 1982 foletd A
6205 - 68 003 A 18393 DCR A
1109 10 1 05 A 159% LbC A
AG9E AD 6 55 A 1995 STE TARTIME
12510 1 93 A 1536 LDS *A
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57 58
L 53 A 1537 STE TATLTTNE
BC 4D A LDA TMDLY T,
) 2 04 A ADD =X'2D"
;4 63 A aD0 DRNS
Q03 A INC A
C 0+ A STA E
5 6 93 A LUA TAILTIME
103 A STA »E
65 93 A STZ TAILTIME
6 93 A DCR TAILTIME
4 gL A JwP END
Z 53 A LPL ’ -
0 25 A
EJE
-
AGC XRAY MBNITBR
1611 TTL YAGC XRAY MONITOR'
1éia -
1613 THIS pROGRAM RUMS 8N THE AGC TASk LEV
1614 IT USES THE READIKGS FRUM THE
16is » XRAY T8 KEEP THE RulLL FYRCE AGC N
16i6 BN ABSBLUTE GAUGEs
15@7 .
43E2 40 3 E2 A 1616 XRAYPR EQU *
1619 » IS MENITOR CN
43E2 2058 28 5 456 A 1629 LDA #XRUNREG
43k3 S5C3D 58 4 3D A 1621 AND eNBéTPAT
434 F213 0213 A 1622 4P MUNSFF
&b Fe f ! 1623 » HAS TRANSPERT TIME CELAY EXFIREV
4«35 @2C72 28 4 72 A 1824 LDA MONJTIME
43p6 F201 . FO 2 01 A 1625 ) Zu? GAUGHN
437 748E 70 4 BE A 1626 JHP . END
#3E8 40 3 E3 A 1687 GAUGBN  EQU $
438 289l 28 0 91 A 1828 - LDA XRAYNG
43E9 4831 48 0 BL A 1629 Su8 KiXx2
43EA F213  FO 2 13 & 1630 P crK2
43EB 2C5F 28 5 51 A LDA #XRAYLIREG
43EC 5C54% 58 4 54 A AND XSELHITL
i k - » IS XRAY 1 SELECTED
* NEes ZJP - END
43ED F4BE  FO 4 BE A 1637 ZJP END
43EE 2056 28 5 5o A 1838 LDA - #XSELREG!
43LF SCIB 58 4 15 A 1633 AND GAGEBITY
- 1640 » 1S XRAY 1 MEASURING
1651 : NB3  ZJP NOXRAY
43F0 F203  FO 2 03 A 1642 ZuP NBXRAY
43F1 2C4A 28 4 4a A 1643 LDA THREG1
43F2 ACE9 A8 4 83 A 1644 STA THICKREG
43F3 7213 70 2 13 A 1643 JMP CONVXRAY
- lo4s
1547
43F4 40 3 Fi4 A 1648 NBXRAY EQU $
1E49 » CLEAR HEAD END FLAGS
43F4 3C72 3B & 72 A 1650 STZ MENLTIME
43F5 2053 28 4 83 A 1851 LDA XREOTIME
43F6 AC66  AB 4 65 A 1652 STA FRSTX
43F7 3CA4 35 4 B4 A 1693 §TL SCNDX
43F& 4G 3 Fh A 1654  MBNOFF  EGU %
1655 TURN BFF 'MENJTER' LIGHT LY
1696 QUTPUTTING A ZERKD
43FE ECR9  E8 5 29 A 1657 sST *Siccdsn
43F3 O003A 00 0 3A A 1655 DAT MONONUM=D
43FA  QC3%  QC.0 3% A 1653 DAT MUNIFPAT =D
43FB  0C38° 00 0 33 A 1560 DAT MENONKEG-D
43FC 0038 00 0 32 A 1654 DaT MONONMSK =D
43FC 74BE 70 4 gE A 1582 JMP END
1653
1654
43FE 40 3 FE A 1655 CHK2 EQy 5
43FE 2082 28 B 52 A 1668 LDA *XRAYZREG
43FF 6CS5 5B 4 55 A 1667 AND XSELB] T2
1668 » 1S XRAY 2 SELLCTED
1669 = NE?! ZJP  ENG
4400 F4BE  FC & BE A 187¢ 4P END
440 2p57 28 5 57 A 1571 LDA «XSELREG2
4402 5CI1C S8 4 1C A 1672 AND GAGEB]T2
1673 # 1S XRAY 2 MEASUFING
1E73 » NBL  ZJP NBARAY
4403 FEZFQ FO 2 FO A 1675 ZJP NBXRAY
s4Qs 2048 B8 4 4d A 1676 LDA - THREGE
4405 AC8Y A8 & 8F A 1877 STA THICKREG
4406 7200 70 2 03 A 1873 JHP CHUNYXHAY
1579 » CONVERT XRAY DEVIATISN
X 128 TO ENCBCZR UNITS
4407 A0 & 07 A 51 CBNVXRAY EGU s
b407 2066 28 & 65 A - LDA FRSTX
44Cs  BAUL B8 2 01 A NJ? s+
“4¢3  3ce7 38 4 467 A sTZ GAGEREAP -
huCA 2890 20 0 92 A LCA XXAY
408 Daoed 00 4 w3 A MPY UNITSPMM
#50C DALE OB 2 1E A o3V %100
440D 4C67 4B 4 67 A syB GAGEREAP
» ’ GAUGE DEV IN ENCBDER UNITS
S40E AC6T  AB 4 69 A STA GAUGEDEY
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: 59 60
AGC XRAY MONITBR

1993 » ALCULAT N Tige

440F 40 & OF A 1694 READGAUG EQU s ¢ L,UL E PERCENT DEVIATIS

1695 » .
440F 2489 20 4 89 A 596 LDE THICKREG READ NBMINAL GAUGE

. 1697 & DA W]TH N8y BF
430 28B2 28 0 B2 A 1698 LDA KEX4 - " BCO DiGITS
441 EC2E  EB 5 2E A 1899 SST *THHEX +B
4412 D44D DO 4 4D A 1750 MPY UN]TSPMM
4413 DAL7 D8 2 17 A 1701 pIv £100
“hge 4467 40 4 67 A 17562 ADD GAGEREAP

1703 s ) NBMy XRAY GAUGE IN ENCODER UNITS
4415 AC77  AB &4 77 A 1;3« STA NEMINAL ’

1705 o DEVIATIEN PERCENT
whie 2069 28 & 63 A 1798 DA GAUGEDEY CBNVERT DEVIATIEN TB PERCENT
4417 D213 DU 2 13 A 1757 MPY =100
#4138 DC77 D& 4 77 A 1708 plv NBMINAL

17093 GAUGE DEVIATIBN
#419 ACID  AB 4 7D A 17;0 STA PRCNTLEY

1711

1712 IF DEVIATION IS 8yT &F LIMITS,

1713 PRINT MESSASE T
4414 4C31 48 4 .31 A 1714 syu8 MAXSAGE
#4418 B207 B0 2 07 A 1715 PuP MESSAG1Q
B41C 2036 28 4 35 A 1716 LDA MINGAGE
#4340 4C70 48 4 7D A 17i7 suB PRCNTDEY
44le B204 BO 2 04 A 1718 PuP MESSAGLO

1713

1720

#41F 40 4 1F A 172} CHKSCANI EQU $
1722 * 1S THIS FJRST SCAN BN BAR
N 1723 » YES,SET FIRST SCAN FLAGTAND EXIT
b41F 2066 28 & 66 A 1724 L DA FRSTX
4420 BAOC . BB 2 0C A 1725 NJP CHKSCAN2
#42] 6C66 68 &4 66 A 1786 DCR FRSTX
k422 F4BE 70 4 BE A 1727 JMP END
1728
1729
4423 40 4 23 A 1730 MESSAGIO EQU s
31731 = MESSAGE LBG wWlLL PRINT MESSASE 1y

1732 = 1GAUGE DEVIATION IS 188 LARGE!
1733 LDA MESSAGE

1734 ADD 10

1735 STA £

1736 - ST A

1737 DCR A

1738 STA *E

4423 2B4C 28 0 4C
hh2y 4207 40 2 07
4425 ABO4  AB p D4
4426 3805 38 0 05
4427 65605 68 0 05
4428 A304 A 1 04

b b b b I S R
-
~
L2
\Ye)

4429 74BE- 70 4 BS 33 JMP ENQ
442A 0C64 00 O 64 174G (.PL
4428 O00A 00 0 0A T j
442C  #42C 40 4 2C
4420 40 & 20 1741 CHKSCANZ EQU s
4420 2C84 28 4 B4 1742 LDA SCNDX
1743 » 1S TH]S HEADEND 8F BAR
1744 = NBt NJP  MAINMON]
4426 BBIB B8 3 {B A 1745 NJP MA INMEN]
1746 SET SECBND SCAN FLAG
442F  3C84 38 4 84 A 1787 STZ SCNDX
4430 6C84 68 & 84 A 1748 DCR SCNDX
1749 » INITIALIZE AVERAGING FLAGS
4431  3C8A 38 4 BA A 1750 STZ WF ’ -
4432 648A 60 4 Ba. A 1757 INC WF
_..4%33 3CS8 38 4 53 A 17% 8§12 AVERAGER _ S
1753 EJE
1754 » ’ ADAPTIVE RBUTINE
1755 « PROCESS HEAD END
1756
1757 = ENTERED BNLY 8N 1SECEND SCAN?
1758 =»
1753 » THIS ROUTINE CALCULATES P AND
1760 = STBRES IT IN A LEARNING TABLE
1761 » 1T ALSE CALZULATES THE STANCARD
1762 = DEVIATIBN BF EACH P IN THE TABLE
1763 »
1764 = 1S AGC MASTER &Ns
1765 # FIND THICKNESS OF PRBDUCT
1766 » BY READING SCREW DBWN LBCK=BN
1767 6F LAST STANDs
4434 2848 28 0 48 A 1768 LDA DTAFLES
4435  4C3C 48 4 3C A 1769 SuB NUBFDRVS
44367 1105 10 1 03 A 1770 tbe *A
4437 2C77 28 & 77 A 1771 LDA NOMINAL
4435 4469 40 4 63 A 1772 ADD GAUGEDEV
4439 AESB AB 6 96 A 1773 STA THICK
443A ACED  AB 4 6D A 1774 STA LASTSTND
1775 = CALCULATE METERS/MIN BF LAST STAND
1776 .
1777 » READ ROLL DJAMETER
4433 Q2E4E 28 6 4E A 1778 DA CIRCUM
1779 MULTIPLY BY RPM
443C D68D DO & 8D A 1780 MPY SPEED
1781 CONVERT T8 METERS
443D DAOD D8 2 QU A 1752 DIV »1000
1783 = ANSWER ]S METERS PER MINUTE
443t . AC71  AB 4 71 A 1784 STA MPMLS
4437 3063 38 4 63 A 1785 sT2 DRNY
1786
1787
T 1788
1789
4440 40 % 40 A 1790 NEXTSTAN £QU s
#4540 6463 60 4 63 A 1791 ING DRNB |
4h4)y 2848 28 0 46 A 1722 LDA DTAFLES
bh4p  4C63 48 4 63 A 1793 ) sUB. __DRng



AGC XRAY MEBN]ITHR

4463
[
44hh
46

4447
44438
4449
4444
4448
444C

4hup
4u4E
44yF
4450

4451
4452
4453

K454

4455
4456
4457

4458
4459
445A
4458
445C
4450
445E

445F

4460
446

446

4463
4464
4465
4466
4467
4468
4469
446
4468

446¢

446E
448F
4470

4474

S472
4473
4474
4475
4476
4477
4478
4479
447A
4475
447¢C
w470
b4 7E
447F
4480
bbyl
4482

4483
4484
4485

(846D

1109
2525
ALE3
2E2A

BG4
704
453F
03Es
4400
buuC

444D

2E4E
068D
DAFB
AE63

2¢60
D471
DE6S

AE9B

2ce3
6805
F2E8

2848
4Ce3
6005
1105
2E9B
14383
4E98

AC87

2D1E
5C10
1A1E
9805
AC6A
2A1C
4464
2905
AC6A
244F
2882
ED2E

D46A

DESE
D487
DABC

AC7F
BasC

3CSF
2E42
445F
2208
4E87
8208
6459F
2C5F
48AE
8201
7eFe6
28AE
ACSF
7203
4C04
412E
4482

4483
2e73
445F
2905

101
28 1
AY 4
28 6

88 3
70 2
40 §
00 3
40 4
40 4

40 4

28 6
00 6
o8 2
AB 6

Ow
O4
3F
E3
b
4C

4
80
F&
63

P b b

P> >

> >

A8 6

28 4

68 o
Foe

28 0
48 4
€0 0
10 1
28 6
10 &
48 6

A8 4

28 5
S8 4
18 2
98 ¢
AB &
28 2
40 4
28 1
A8 4
20 4
28 0
E8 &

0O &4

D8 o
Do 4
08 2
A8 4

B8 2

38 4
28 6
40 4
28 1
48 6
80 2
60 &
28 4
48 0
80 2
70 2
28 0
AB &
70 2
40 0
%01
40 o
40 4
28 6
40 &

C R

98

63
05
£

48
63
as
Q5
93
83
EE]

87

1E
19
{E
03
&A
1C
6A
03
6A
4F
82
28

6A

56
87

~

7F
6C

SF
42

03
87
08
SF
SF
AE
ol
Fs
AE
5F
03
04
2e
8z

83
73
5F
93

> >3

> > P> >

>

> b b B B D b 2 4

> Pr>» >

1)»)’» PP P> > rrrrE P

>

3,802,236

61 62
1734 Led *A
1793 LDA A
173s STA SAVEC
17597 LDA NETCALIB
1738 IS RBLL FBRCE BR SPEED FAULTY
1759 YES: NJP 'HEADENDR' T8 avABID MASS
1300 » FLEW CALCULATION
1801 NJP HEADENCR
133z JuP CALCGAGE
1853 LPL,
15Q9 » CALC GAGE BF PREDe LEAVING STAND
1805
1806 EXIT GAUGE=DELIVERY GAUSE®MPMLS/MpM
1307 .
1808
1209 CALCGAGE EQU $
1810 :
1811 CALCULATE METERS PER MINUTE 8F TH]S
1812 » STAND
1313
1314 LDA cIRcuM
1318 MPY SPEED
18i6 DIV =1000
1817 STA MPM
1518« CALCULATE THIS STAND'S .DELIVERY
1819 GAUGE . )
1320 « IN ENCBDER UNJTS
1821
1822 « GAUGE = (MPMLS/MPM) (LSTHICK)
1323 LDA LASTSTND
1824 MPY MPMLS
1325 DIV MPM
1326 » DELIVERY GAUGE [N ENCEDER UNITS
1827 STA THICK
1828 -
1829 » PW CAN NBT BE CALCULATED FBR STAND 8
1330, . ONE ) ’
1831 LDA DRNB
1832 pCR A
1833 zuP NEXTSTAND
1334 » PWe(THICK(N=1)=THICK(N)} {WIDTH) (HARD
1835 /FBRCE o
1236 » CALCULATE CHANGE [N THICKNESS
1837 L-DA DTAFLES
1838 suB DRN@:
1839 ING A
1349 LDbC A
14841 DA THIGK
1542 LbE SAVEC
1343 su8 THICK
1844 = STAND DRAFT [N ENCBDER UNJTS
13445 STA TEMP
1846
13&7
1858 }.DA «HARDREG
1849 AND HARDBITS
1850 LDG =SRA+4
1851 SHF A
1852 STA HARDNESS
1833 LDA =HARDTABL
1854 ADD. HARDNESS
1855 LDA »A
1836 STA HARDNESS
1857 LDE WIDTHREG
1853 LDA KiXg
1859 ssT *»TYHEX,B
1860 = CORRECT FBR HARDNESS
1881 MPY RARDNESS
1862 « CONVERT TO ENCBDER UNITS PER KILTON
1883 DIV FYRCELS
1864 MPY TEMP
1865 D1V %10
1856 STA PH+}
1867 » = IS PW NEGes YES! HJP HEAPENDR
1868 NJP HEADENDR
1969 » STORE [N PW TABLE
1870 DETERMINE GAUSE CLASS
1873 STZ CBUNT
1872 LARGRG  LDA CLASS1
1373 " ADD COUNT
1974 LDA *A
1875 sud SDL8
1876 PJP THSCLASS
1877 INC CBUNT :
1878 LDA, COBUNT
1879 sug KiX7
1380 PJP. $+2
138} JMP LARGRG
1882 LDA KiX7
1383 STA COUNT
1384 JMP THSCLASS
1885 LPL
1886 & AVERAGE PW INTG TABLE
1287 THSCLASS EQU s
1888 LDA PWTABLE
1889 ADD CBUNT
1890 LbA A
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63 64
AGC XRAY MB@N]TBR
k486  AC78 A8 4 73 A 18391 S5TA BLRMEAN
’ i ’ i 1892 ' » PWs (B DMEANSB| DS1ZE+NEWPW /B pS+1
4487 2E7E 28 6 TE A 1533 LDA SAMPLS1Z
4488 kaSF 40 & 5F A 1834 ADD COUNT
4489 - AEO4  AB 0 0% A 1355 STA E
448A 2905 28 1 05 A 1835 LDA A
448 AC78 A8 4 7B A 1837 STA BLDSIZE
w48C  4A4D 48 2 w0 A 1898 sud =32
__44gD BaCi BD 2 0l A 1599 PUP $+2 N LIMIT SAMPLS1Z 16 32

4hBE 6104 60 1 0% A 1900 INC «E
bhar 2078 28 4 75 A 1301 Lba T GLEMEAN
4490 Da7b DG 4 74 A 1952 uPY BLDSIZE
4491 C47E  CO & 7% A 1353 ADA Pa
4892 1C78 18 & 7B A 1904 LD3 8LPSIZE
4493 6003 80 0 03 A 1935 InNG G
«494 D303 DB 0 03 A 1936 pDlv G
4495 AC73 A8 4 73 A 1997 STA NEWMEAN
4496 2L73 28 6 73 A 1963 LDA PATABLE
4497  445F 40 4 5F A 1309 ADD COUNT
4498 AB04 A8 0 04 A 1910 STA E
4499 2C73 28 4 73 A 1911 LDA NEWMEAN
449A ASO% A8 1 0% A 1912 STA 3
4498 2078 28 4 73 A 1913 LDA sLOSIZE
449C €COS5 60 0 05 A 1914 ING A
4490 AC76 A8 4 76 A 121s STA NEWSJZE

1916 .« SQUARE NEW MEAN AND SAVE
449y 2C73 28 4 73 A 1917 LDA NEWMEAN
449F D005 DO 0 05 A 1914 MpY A
44AU  A4BC  AD 4 8T A 1919 STE XTEMP
44A1  ACHD A8 4 .8D A 1520 STA XTEMP+1
44A2 250% 28 0 0% A 139¢} LDA £
“%A3 Dh76 DO 4 76 A 1922 HPY NEWS]ZE
Byhe ACTH  AB 4 7Y% A 1923 STA NEWMEANZ -
445 3C75 38 4 75 A 1924 304 NEWMEAN2 +4
“4Ab 3E04 38 C 0% A 1925 (304 E
44A7 1A33 18 2 33 A 1926 Les =DRA41
44A8 2CBC 28 &4 8C A 1927 LA XTEMP
44A9 9804 98.0 04 A 1928 SHF E
44AA D476 DO 4 75 A 1929 MPY NEWSIZE
44a8 1A30 - 18 2 30 A 1930 LbS £DLA4+L
W4AC  SEQH 98 0 o4 A 1931 SHF £
44AD C47% CO & 74 A 1932 ADA NEAMEAN2
LRAE  A4T74 A 4 T4 A 1933 STE NEWMEANZ
44AF  AC7S A8 & 73 A 1934 STA NEWMEANZ +1

1935 SGUARE BLD MEAN, ADD BLD VARIENCE

1936 = : WHICH IS (DEV/Blawg
4480 PEBE 28 6 8 A 1937 LDA STANDEV
wkBl 445F 40 & EF A 1938 ADD CBUNT
4482 2905 28 1 05 A 1939 LDA *A
4483 DOB4 DO O B4 A 1940 MPY KiXio
44Bys  ACBB A8 4 83 A 1941 STA TEMP+1 -
44BS  A487  AD 4 87 A 1323 STE TEMP

. 1
44Bs 2C78 28 & 78 A 1944 LDA BLDMEAN
%487 DOOS 0O 0 05 A 1945 MPY A
“4B8 C#B7 CO & 87 A 1546 ADA TEMP
4489 A4EC  AO 4 8C A 1947 STE XTEMP
44BA ACBD  AB 4 8D A 1;25 STA XTEMP+1
i 1949

44BB 2804 28 0 04 A 1950 LDA E

1951 » MULTIPLY BY BLDSIZE
“4BC D478 DO &4 7B A 1952 HPY BLPSIZE
“sBD ACT9  AB 4 79 A 1953 STA 8LDMEANZ
#4BE  dC7A 38 & TA A 1954 st BLOMEANZ +§
44BF 3804 38 0 04 A 1955 STz E
“4CQ  3AIA 18 2 1A A 1956 1.DG «DRA4Y
44Cy 2CBC 28 &4 8C A~ 1957 LOA XTEMP
“4Ce 980% 98 0 04 A 1958 SHF E
44c3 D78 DO 4 73 A 1353 mPY BLDSIZE
“hCé  1A17 18 2 17 A 1960 LDG =DLA+L
“4C5 9804 98 0 o4 A 1981 SHF E
44Ce C479  CO 4 79 A 1982 ADA BLDMEANR

: 1963 . UPDATED '6LD MEAN SGUARED!

44C7 A479  AQ 4 79 A 1964 STE BLDMEANZ
448 ACTA AB 4 7A A 1958 STA BLDMEANZ#]

1958
44C9 2C76 28 4 76 A 1967 LDA NEWS]ZE
#4CA 0DO0Bs DO O B4 A 1968 MPY KiXi0
44CB ABO3  AB 0 03 4 1983 STA G

1970 » SQUARE PW
44CC 2C7F 28 & 7F A 1971 LDA P+l
&4CD D005 - DO 0 .05 A 1372 MPY A

1973« ADD BLD MEAN SQUARFD
#4CE C479 CQ 4 79 A 1974 ADA 8LOMEANR
h4cE  CC74 c8 & 74 A 1975 SpA NEWMEAN2
#4D0 DBO3 DB 0 03 A 1976 D1Y G
44Dy AB0% A3 0 D% A 1977 STA E

1978 » STBRE ANSWER IN TABLE 6F STANDARL DE
44D 2EBE 28 &6 BE A 1579 LDA STANDEY
44D3  445F . #Q 4 5F A 1980 ADD COUNT
44Di  A105 A0 1 03 A 1981 STE A
44D5 2063 23 4 63 A 1982 LDA DRiO
w4D6 4C3IC 48 4 3C A 1983 suB NOBFDRVS
44D7 BE06 BO 2 06 A 1984 PUP HEADENDR
4408 7305 70 3 05 A 1985 JMP NEXTSTAND
44D9 0020 00 020 A 1986 LPL
44DA COO1  CO 0 01 A
4408 BOO1 80 0 01 A
44DC 440D 40 4 CD A
“4DD H43F 40 4 3F A
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65 66
AGC XRAY MBNITOR
1987 EJE
1283 THIS RBUTINE IMPREVES 9N THE
1989 INITIAL SET<UP 8F ThE SCREWS
1330« 8Y EVALUATING THE GAUGE 6F THE
1531 » HEAD END 8F A STRIP AND THEN
1952 ADJUSTING THE TABLE 8F PRLSET
19?§ - YALUES,
44CE 40 4 DE A 1994 HEADENDR EGU s

44CE  2C69 28 4 62 A 1995 LDA GAUGEDEV

440F DE26 DD 2 26 A 1336 MPY ®i0C

44EQ DC4D D8 4 4D A 1997 DIV UNITSPMM
1923 N STBRE HEAD END GAGE

44E]  AB64  AB 0 64 A 1939 STA HEADGAGE
2000 -

4LEZ PB4B 28 0 45 A 2001 LDA DTAFLES

WHES  WC3C 48 4 3C A 2002 su3 NOEFDRVS

“4ts 13055 101 05 A 2043 LbC *A

44E5 6468 60 & 63 A 2034 INC HEADWF
2605 = INCREMENT HEAD END [MPBRTANCE FACTHR

44E6  zBAD 2B 0 AD A 2006 LDA KiX5 : A

44E7 AC85  AB 4 85 A 2667 STA STANDWF

4ty 2C3C 28 4 3C A 2003 LDA NGBFDRVS

4469 6BCD 68 0 03 A 2339 DCRr A

44EA ACE3 A8 &4 63 A 2ofo STA DRNE

* READ PREV]IOUS VALUE BF RESET TABLE
* AND ADD CBRRECTIGBN
* CORRECTIBN= (DEV*MPMLS/MPM) /HEADAF
* *STANDWF /3
44E6 2E63 28 6 63 A |.DA MPM
44EC  ACT73 AB 4 71 A STA MPMLS
* START WITH SECOND LAST STAND
44ED 40 4 ED A NXTSTND EQU s
44ED 2848 28 0 48 A |.DA DTAFLES
4HEE 4C63 4B 4 63 A suB DRNS
44EF 1105 10 1 0> A LpC A
L4FC 2E23 28 6 23 A Lba  MCI
bapy A INC A
a4z 2205 S A LDA »A
L4F3 BLA4Y D8 4 43 A AND STOMONBT
» IS THIS STAND'S MONITOR SELECTED
* YES} JMP COBRRECAL
44F4 F201  FO 2 01 A ZJP $+2
44Fy 7203 70 2 03 A JMP CERRECAL
baré 40 4 F& A NEWDR [NV} $
44F6  6C63 68 4 63 A DCR DRNZ
. GO T@ rLECKSNY IF ALL STANDS Ch<1D
44F7 FZOF  FO 2 OF A ZJP LBCKAN
44gb  T2F4 70 Z F4 A N NXTSTND
44F3 40 4 F9 A CORRECAL EQU $
44F3 2C71 28 & 71 A LDA MPMLS
44FA D469 DO 4 69 A MPY GAUGEDEY
44FE DEG3 D8 6 64 A DIV MPN
whpe D4&S DO 4 85 A MPY STANDKF
44FC DC6b D& & 60 A DIV HEADWF
44Ft DCAC DG O AD A MPY KiXFFFF
44FF DEAD D8 0 AD A oIV K X5
4800 4626 40 6 26 A ADD RESET
4501 AEZ6 A8 £ 25 A STA RESET
4502 6CAS5 68 4 8H A DCR STANDWF
B . GO T8 *BCKEN' IF ALL. STANDS CRK'D
4503 F203 FO 2 03 A ZJpP LOCKEN
4504 72F1  70°2 Fi A JMP NEWDR
4505 0064 OG O 64 A LPL
4906 4208 QOV_VS_“G_;‘: A S
EJE . :
- MBNITBR will LBCK 8N GAUGE If
L3 MBLDY IS SELECTED
. GAUGE DEVe IS > 10% SR IF '"MON.
4507 40 5 07 A LBCKBN  EQU H
4507 2D35 28 5 35 A - LDA *MHBLDREG
A . . 1S MONJTOR HOLD SELECTED
4508 5Cel 58 4 4l A 20862 AND GAGEPAT
4509 F2ol FO 2 01 A 2063 ZJP $+2 :
2064 YES$ JMP. H3LDEN
4504 7218 70 2 1B A 2685 WJMP HBLDON
2066 » 1S DEVIATION 8UT BF LIMIT
‘45QB 2C69 28 4 69 A 2087 L.DA GAUGEDEV -
450C 4C30 48 4 30 A 2088 suB MAXALL BW
4500 Bz04 BO 2 04 A 2069 PJP  °  HBLD
450E 2C69 28 4 69 A 2670 LDA . GAUGEDEVY
4SOF 4430 40 4 3 A 2071 ADD MAXALL DY
4510 BAOl B8 2 01 A 2072 T NP HBLD
) 2073 # NBS JMP  MATNMBN]
4511 722 70 2 2 A 2074 JMP MAINMEN]
' 2075 = DETERMINE [F THIS IS T8 BE ROLLED
2076 = ) LJGHT BR HEAVY
4512 2C77 28 4 77 A 2077 HBLD LDA NEMINAL
4513 4469 40 4 69 A 2078 ADD GAUGEDEV
4514 ABO4 A8 Q 04 A 2079 STA E
4515 3803 38 0 03 A ELED] sTZ G: )
4516 2C69 28 4 69 A 2081 LDA GAUGEDEY
4517 Bel3 BO 2 13 A 2082 PJP HBLDTHIK
4518 2834 28 0 B4 A 2083 LDA KiX}0
4519 AB03 A8 0 03 A 2084 STA G -
’ . 2085 » : PICK LIGHTER GAUGE AS NEW TARGET
2086  » : BY SEARCHING 'GAGETHL®
4S1A 6803 68 0 03 A 2687  HBLDTHIN OCR G
4518 2803 28 0 03 A 2083 kDA G.
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#51C F223 FO 2 23
451D 2ASE 28 2 5C
451 4003 40 0 03
451F 2505 28 1 ¢b
4520 ACA7 A8 4 67
4521 2804 28 0 04
4522  4C67 48 & &7
4523 4430 40 4 33
4524 BAFS B8 2 F5
4525 7210 70 2 10
4586 40 5 25

4526 2062 28 & 63
4527 ACH7 A8 & 67
4528  3C69 38 4 63
4529 3005 38 0 05
452A 7214 70 2 1%
4528 . 40 5 28

4528 6003 60 0 03
45gc 2803 28 0 03
4520 4884 4B 0 B4
4528 Bz211  BO 2 11
4SZF  2A4C 28 2 4C
4530 4003 40 0 03
4531 2905 28 1 05
4532 AC6T  AB 4 &7
4533 4804 - 48 O 04
4534 4430 40 4 32
4535 BAFS BB 2 FS
4536 40 6 30

4536 1067 18 4 67
#3537 2067 28 4 67
4538 4C77 48 4 77
4539 AC67  AB 4 67
453A 2069 28 4 63
4538 4C67 48 & &7
453C ACE9  AB 4 63
453p D2C& DO 2 (&
453F D03 D& D 03
____#53F AC7D A8 & 7>
4540 40 5 40

4540 2C3C 28 4 3C
4541 AC63 A8 4 63
4542 2548 2B 0 48
#543 4C63 48 4 63
4544 1105 {0 1 05
4545 2E4E 28 6 4E
4546 - D6BD DO 6 8D
4547 DAGA D8 2 64
4548 AC7L A8 4 71
4549 28AC 28 p AC
4S4A  ACSE A8 4 SE
4548 40 5 4B

#5483 2848 28 0 48
«54C 4C63 48 4 63
454D 6005 60 0 05
S4E 1105 101 05
454F 2E11 28 6 11
4550 B22F BO 2 2F
4551 2E23 28 6 23
4552 6005 60 0 03
4563 2905 28 1 0%
4554 - 5C49 58 4 49
4555 F22A  FO 2 2A
#5586 2E4E 286 4E
4557 D630 DO 6 8D
4558 DAS9 D8 2 539
__‘_@559_.5263 A8 6 63
4554 2C71 28 4 71
4558 ~D6SC - DO 6 SC
4S5C° DE63 D8 6 63
4550 D462 DO 4 69
455E DC2A D8 4 2A
455F ABC3 A8 0 03
4560 2E65 28 6 65
4561 C428 DO 4 2B
- w862 DCRC DB 4 2C
4563 4003 40 0 03
4564 ABO4 A8 O 0%
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2059
2096
2091
2092
2093
2094
2095
2096
2097
2093
2035
2100
2101
2102
2io3
2104
2105
2106
2107
2108
2139
2ilo
2111
2ile
2113
2114
211%
giis
3294
2118
2119
2120
2121
21e2
2123
2124
21e9
1k
21e7
21ed
2123
2130
2131
2132
2133
2134
2133
2i3e
2137
2138
2139
2140
2141
2142
2143
2iké
2145
2146
2is7
2148
2149
2150
2151
2is2
2is3
2154
2155
2i%e

2138
2i5y

2188
2189
2150
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ZuP MA INMEN]
" ) ENTRyY 1 BF ‘GAGETBL' IS SMALLEST
L EDA _ GAGETSL
ADD G -
1.DA *A
STA GAGERE AP
L,DA E
sud GAGERE AP
ADD MAXALLBW
NP HBLOTHIN
ome PCTCALC
HBLDBN  EQU s
. MENITBR WILL HBLD PRESENT GAUGE
LDA GAUGEDEY
574 GAGERLAP
sTZ GAUGEDEY
sT2 A
JMP PCTSTYRE
HBLDTHIK EGU s
. PICK HEAVIER GAUGE AS NEa TARGET
* BY SEARCHING *GAGETSL! ’
* G 15 LBBP COUNTER
ING G
LDA G
suB Kix10
PUP MAINMON]
LCA GAGETBL, ADDRESS 8F 3 ENTRY GF SAGETBL
d ENTRY 1 IS SMALLEST
ADD G .
LDA wh -
* DETERMINE NEW NOMINAL GAUGE
STA GAGEREAP )
sud E
ApD MAXALLOW
NJP HOLDTH K
PCTCALC EOU ] .
* CALC PERCENT DEV FRUM LUCKUN
LbG GAGLRLAP
. DETERMINE NEW DLVEIATION
"LDA GAGERL AP
suB NUMINAL
STA GAGEREAp
LDA GAUGEUEY
5u3 GAGERE AP
STA GAUGEDLY
MPY =100
D1V G
. PRCNTDEY IS % DEVe OF L2CKON
» FROBM NEW NOMINAL GAUGE
PCTSTBRE STA PRCNTOEY . .
. EJE
MATNMENT EQU $
* NBRMAL PATH!
. MAINTAIN ABSBLUTE CALIBRATISN 8F RBL
» FYRCE SYSTEM
LDA NBBFDRYS
STA DRNS
LDA DTAFLES
5uB DRNO
LpcC *A
DA CIRCUM
* CALCULATE LAST STAND SPEED
* IN METERS/MIN
MPY SPEED
DIV »1000
STA MPMLS -
. : EXIT THICK®XRAY THICK#*MPMLS/MPM
LDA KiXx3
STA coMPF
-SDLBBP  £OU s
LDA DTAFLES
suB DRNE
INC A
Lpc wA
LDA CALFLAG
PuP DECREM
» CHECK IF MUNITBR |S SELECTED 6N
. THIC STAND
LDA mMcl
INC A
LDA A
AND STDMENBT
ZyP DECREM .
* } CALCULATE RALL FBRCE ERRER
LDA CIRCUM
MPY SPEED
DIV %1020
STA MPM —
* BTHER=GAUGEDEY #MPMLS/MPM¥J1/M2+
» BTHER*J3/J4
DA MPMLS
MPY. J1
DIV MPM
MPY GAUGEDEY
p1v e
STA [
LDA' 8THER
MPY J3
DIV Ji
ADD G
STA £

E CONTAINS ERRBR
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4565
4566
4567
4568
4569
4564

L3731
456
“S60
56
4S6F
4573

L7
*57z
#5733
“574
#3575
457¢
4577
4578
4579

4574 7205

4578

457C
4570
457
457F
4580
4581
4582
4583
4584
4585
4586

4587
4558
4583
458A
588

458C
438D
4SBE

458F
4550
459}
4552
4593
#594
4595
4596
4597
4598
4599
4594
4593
#S9C
4590
4558
459¢
4540
4541
45A2

45A3
45A4
45A5
45A6
4547

45A5
4549
4544
“5AE
49AC
45AD
4EAE
#SAF
LSEG
4551
L3-Y11
4bu3

QC
0000 ERRERS

BALD
4E30
BAaQ1
263D
2804
AL 65

2ce3
€505
2505
5007
Fzol

7208

£L36
4L €S
AZ3E
2c63
$E3E
ACES
eC38
oL86
0C3E

411A

457C
6ChE
Fzul
7201
3L65
6063
Fa2es
72Cc8
4E3C
B2EY
263C
72e2
4587

2C3C
AC63
2C4C
ACSE
AC72
453C
2048
#C63
1105

2E23
6G05
2905
5C49
FEol
6C5E

3c0s

2E8A
DEED
p2iA
DE4E
A803
2c72

4603

AC72
2CsE
Fz03
6C63
F201
72E9
45A3
2549
443F
ALOH
acye
AS04
4578

egtas
003A
co39
cc38
g033
3T5A
3c60
6460
748¢
Gacs

e
850

<
o O o

g8
48
B8
20
28
A8

]
60
28
58
Fo
70

40
68
FG
70
38
68
Fo
70
48
30
20
70
40

28

28
A8
A8
40
28
48
10
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SCRPES

GAGET8L

;. BTHERCAL

DECREM

NEGLIM

ZEROBGEFG
»

*

TIMELBEBP

TIMEDEC

SETTIMER

LIGHT

s

SsT
Sui
STA
LDA
ADC
STA
SST
DAT
CAT

DAT

EQU
OCR
ZJP
S
STZ
Der
ZJP
JMP
su3
PUP
LDE
JmP
EQU

LDA
STA
LDA
STA
STA
EQU
LDA
su3
Lpe

LDA
INC
LDA
AND
ZJP
DCR

STZ

LOA
DIV
MPY
DIV
STA
LDA
ADD
STA
LDA
24P
DCR
Z.°
JMP
EQJ
LDA
ADD
STA
LDA
STA
£QU

SS8T
CAT
DAT
CAT

CAY
STZ
STZ
INC
MR

END
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NEGLIM
PESLIM
5CRPYS
PUSLIM
£
8THER

+Cl
A
A
BITPAT2
$+2

- BTHERCALLC

#CRAYZ IN,D
sT-ER
PISITN
DR\
=X18058!
ZMPIRAE
»STRTPES,B
TEMPDRNE =D
PESITN=D
DECREM

GAGETBLE~}

$

COMPF
842
DECREM
BTHER
DHNJ
ZERBGEFG
sDLogP
NEGLIMY
SCRPBS
NEGL I MT
SCRPES
$

NOOFDRVS
DRNG
TIMEFUNC
coMpF
MONTTIME
%

DTAFLES
DRNG
A

MC1

A

*A
STDMINBT
$+2

CHMPF

_E i
SEPARATE,
SPEED
=600
CIRGUM
G

MENITIME
G

MONITIME
CHMPF
SETTIMER
DRNB
SETTIMER
TIMELOEP
H

TMDLYTBL
PROGRAMY

E
MON]TINME
«E

$

*SiCCH,B
MONENUM=D
MONSNPAT-D
MENONREG=D
MENUNMSK =D
AVERDEV
DEVaEIGE
DEYWE[GF
END
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1S RBLL FERIE TLRINED ZFF

YES: BUTRLT CORRICTISN 3F XxRay

DETERMINE TIME DELAY T8 FURTHEST
STAND CERRECTED

CHECK IF MONITBR IS SEELCTED
FBR THIS STAND

SET LIGHT KENJTER BN
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We claim:
1. A gauge control system for a rolling mill having at
least a first roll stand and a second roll stand operative
with initial roll opening settings to reduce the gauge of
a plurality of similar workpieces passed through said
rolling mill, said system. comprising:
means for measuring the gauge deviation of a first of
said workpieces leaving said second roll stand,

means for determining a correction for adjusting the
roll opening setting of at least said first roll stand
for the passage of at least a second workpiece in ac-
cordance with a predetermined mass flow relation-
ship between said gauge deviation of said first
workpiece, the operating speed of said first roll
stand and the operating speed of said second roll
stand, and,

means for controlling the roll opening of said first roll

stand for the passage of at least said second work-
piece in accordance with said gauge correction.

2. The gauge control system for a rolling mill of claim
1, including

means for controlling the roll opening of said second

roll stand in accordance with the measured roll
force of that second roll stand and the predeter-
mined mill spring characteristic of that second roll
stand.

3. The gauge control system of claim 1, with said roll-
ing mill having a plurality of roll stands and said second
roll stand being the last roll stand of the rolling mill,
said system including

means for controlling the roll opening of a third roll

stand positioned between said first roll stand and
said last roll stand during the passage of at least
said second workpiece in accordance with said cor-
rection, ) v

with said relationship including a weighting factor

-~ having a first value when said correction is deter-
mined for adjusting the roll opening of said first roll
stand and having a second and different value when
said correction is determined for adjusting the roll
opening of said third roll stand.

4. The gauge control system for a rolling mill of claim
1, with said rolling mill having a plurality of roll stands
operative to reduce the gauge of said plurality of work-
pieces passed through said rolling mill,

with said correction being determined by the rela-

tionship CORRECTION (RPM,s) GAUGE
DEVIATION/(RPM;s) WEIGHTING FACTOR,
where the RPM ¢ is the operating speed of said first
roll stand, where RPM | is the operating speed of
said second roll stand and the weighting factor is
determined in relation to a desired portion of said
determined correction that is to be applied to said
first roll stand. ’

5. The gauge control system for a rolling mill of claim
1, with said second roll stand being controlled by a roll
force gauge control system responsive to a roll force
determined workpiece gauge leaving said second roll
stand.

6. A method of controlling the workpiece gauge leav-
ing a rolling mill having at least a first roll stand opera-
tive with initial roll opening settings to reduce the
gauge of a plurality of similar workpieces passed
through said rolling mill and including a device for
measuring the gauge deviation of a first workpiece
leaving said rolling mill, the steps of said method com-
prising:
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determining a roll opening correction for application
to said first roli stand during the passage of at least
a second workpiece in accordance with a predeter-
mined mass flow relationship with said gauge devi-
ation of said first workpiece and the workpiece
movement from said rolling mill as compared to
the workpiece movement from said first roll stand,
and

controlling the operation of said first roll stand in ac-

cordance with a roll opemng setting modified by
said correction.

7. The method of controlling the workplece gauge
leaving a rolling mill of claim 6, with said rolling mill
having a plurality of roll stands operative to reduce the
gauge of said plurality of workpieces passed through
said rolling mill, with said method including:

determining the roll opening correction for applica-

tion to each of selected roll stands during the pas-
sage of at least said second workpiece in accor-
dance with said predetermined relationship and a
predetermined weighting factor for each of said se-
lected roll stands such that a decreasing portion of
said correction is applied to each selected roll
stand in relation to the distance of the selected roll
stand ahead of the last roll stand of the rolling mill.

8. The method of controlling the workpiece gauge
leaving a rolling mill of claim 6, with said rolling mill
having a plurality of roll stands and with said plurality
of workpieces being similar in at least one of gauge
classification and grade classification, said method in-
cluding:

determining a roll opening correction for appllcatlon

to each of selected roll stands during the passage of
at least said second workpiece such that the roll
opening setting of an earlier selected roll stand is
corrected less than the roll opening setting of a
later selected roll stand.

9. The method of controlling the workpxece gauge
leaving a rolling mill of claim 6, with said rolling mill
having a plurality of roll stands operative to reduce the
gauge of said plurality of workpieces passed through
said rolling mill, the steps of said method including:

determining a weighting factor in relation to each of

selected roll stands for providing a predetermined
portion of said roll opening correction to each se-
lected roll stand, and

controlling the roll opening of each of said selected

roll stands in accordance with said correction and
said weighting factor for that roll stand.

10. The method of controlling the workpiece gauge
leaving a rolling mill of claim 6 with said method in-
cluding:

determining said roll opening correction in relation

to a predetermined weighting factor for applying a
decreased correction to said first roll stand in ac-
cordance with the distance between said first roll
stand and the last roll stand of said rolling mill.

11. The gauge control system for a rolling mill of
claim 1 with said correction being determined in accor-
dance with a weighting factor in relation to a desired
portion of said gauge correction that is to be applied to
said first roll stand.

12. A gauge control system for a rolling mill having
at least a first roll stand and a second roll stand opera-
tive to reduce the gauge of first and second workpieces
passed through said rolling mill and including a device

‘for measuring the gauge dev1atxon of said. first work-
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piece leaving said second roll stand, said system com-
prising:
means for determining a gauge correction for appli-
cation to said first roll stand during the passage of
said second workpiece in accordance with a prede-
termined realtionship between said gauge deviation
of said first workpiece, the operating speed of said
first roll stand, the operating speed of said second
roll stand and a weighting factor in relation to a de-
sired portion of said determined gauge correction
that is to be applied to said first roll stand, and
means for controlling the roll opening of said first roll
stand during the passage of said second workpiece
in accordance with said gauge correction.
13. A method of controlling the workpiece gauge
leaving a rolling mill having at least a first roll stand op-
erative to reduce the gauge of first and second work-
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pieces passed through said rolling mill and in relation
to a measured gauge deviation of said first workpiece
leaving said rolling mill, the steps of said method com-

prising:
determining a gauge correction for application to
said first roll stand during the passage of said sec-
ond workpiece in accordance with a predeter-
mined relationship between the measured gauge
deviation of said first workpiece, the workpiece
movement from said rolling mill as compared to
the workpiece movement from said first roll stand,

determining a predetermined weighting factor in re-
lation to said first roll stand, and

controlling the operation of said first roll stand in ac-
cordance with said gauge correction and said

weighting factor.
* k% kK



