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18 Claims.

This invention relates to a slide rule or device
for calculating the value of variables in a series
of interdependent mechanical operating uniis,
and particularly to a multi-slide rule or device

8 for determining the variable factors involved in
setting up the individual roll stands of a mill
train.

This application is & continuation-in-part of
applicant’s copending application, Serial’ No.

10 109,961, filed November 9, 1936,

One of the objects of this invention is to pro-
vide a muiti-slide rule or device by which the
value of each variable factor in a series of inter-
dependent or correlated mechanical operating

18 units can be directly determined and coordinated
with all of the other operating factors which are
involved in the series.

It is another object of the invention to provide
a multi-slide rule or device for solving problems

#0 which involve more than one equation or set of
-relations between the variables entering into the
general problem wherein some of the variables
are known, and others, as many as there are
equations in the case to be solved, are unknown.

28 It is a further object of the present invention
to provide a simple and inexpensive multi-slide
rule or device by which the mill operator can
easily and conveniently determine the adjust-
ment necessary on each roll stand of a mill train

30 for providing a finished sheet of a predetermined
thickness.

‘It is still another object of the invention to
provide a multi-slide rule or device by which the
mill operator can quickly and accurately deter-

38 mine the adjustment and setting necessary for
each roll stand of a mill train when the desired
thickness of the finished metal and the reduc-
tion capacities and speed ranges of the several
mill stands are known.

40 Various other objects and advantages of this
Invention will be more apparent in the course of
the following specification and will be particu-
larly pointed out in the appended claims.

In the accompanying drawings there is shown,

48 for the purpose of illustration, one embodiment
which my invention may assume in practice.

In these drawings:

Figure 1 is & plan view of & continuous rolling
mill system of the type with which the fmproved

so slide rule or calculator of my invention is adapt-
€d to be used;

Figure 2 is a longitudinal section through the
roll stands thereof;

Figure 3 is a plan view of the improved slide

ss rule or calculator of my invention; =

. Figure 4 i3 an enlarged fragmentary plan view
of the lower portion of the slide rule as shown in
Flgure 3, showing the scales representing the roil

E

© Figure 5 is an enlarged fragmentary plan view

of the middle portion of the rule showin
scales representing the percentage of redi

PFigure 6 is a sectional view taken o1 :

VI—VI of Pigure 5;
Pigure 7 is an enlarged fragmentary pia:
of the upper portion of the slide rule show
bridge and the scales representing the roli ¢
ter and the speed of the motor;
Figure 8 is a sectional view iaken o
VIII--VIII of Figure 7;

Pigure 9 is a fragmentary pian view o -
upper portion of the rule showing & silght .7

fication; and,

Pigure 10 is a similar view showing a0

- modification.

. taneously to elongation in the several rol

The improved slide rule or calcuiador o
invention is shown and described as it is ad
for use in determining the adjustments nec
in each of the roll stands of a il tra
continuous type rolling mill systems, bt §
understood that this is merely for the pu
illustration and that a slide rule or ca
similar in design may he a i
termining the ‘value of es:
ent in any other similar se:
-or correlated mechanical op
like,

In a continuous type rolling mi:
generally known, the product ma!
Jected to a reduction of thicknassz, ar

of the mill train, and the operation and pe
ance in any one roil stand obviously b~

nite relation to the preeedmg and subgeci

stands.

A general discussion of the protrwma
in the operation of a continuous roiling
tem will first be stated in order fo can
skilled in the art ‘o understand the na&
function of the slide rule or ‘calculator «
present invention.

A fundamental condition of operation «
type of mill system is that equal voluines o
uct material must pass through each miii
in equal periods of time. If this conditic:
maintained, either of two difficulties wil
tably result: (1) If the volume of ma
ing through a given mill stand becomes
the volume dellvered by the preceding
excess loop of material is developed hetw
two stands. Thig loop is Ukely i buc
lap, and be drawn between the roiis i
or twisted condition. This resulis in s
the material, marring and often hreski
rolls and the mill drive, resuliing in &
expensive repairs, and loss of productios
any mill stand tends to pull the materi
in greater volume than can be supplied
preceding mill stand, tension is developes
material between these stands. This une




2 ' | 9,991,476

slon causes of the product material,
repulting in non-uniformity in thickness and
‘width, and consequently, & damaged product.
Prom the foregoing it will be apparent that,
. 5 in sccordance with the design and the operation
' of the continuois tandem mill aystem, accurate
determination and rapid coordination of these

10

range of percentage reduction in each mill stand
to obtain desired metallurgical results, a range
of speed in each of the mill motor drives to pro-
vide for proper distribution of the load among
8- the several mill drive motors and for maximum

In order to obtain & maximum volume of pro-
duction and to provide for equal volumes of
4 Product material being passed through suc-
cessive mill stands at the same rate, it is nec-
essary for the mill operator, as a preliminary
to the rolling operation, to give complete and
detailed consideration to the various ranges of
& eoch of these operating factors. His consid-
erations are governed by the desired thickness

tions are determined and set up before begin-
rolling operations. Should it happen that
work rolls of some of the mill stands have
redressed or otherwise decreased in diam-
operating result of this change must
compensated for.
ble the operator to comply with re-
ndition of mill operation by develop-
values of the variable operating factors
are involved in making a mill setup, the
perator has recourse to two physical con-
upon which the necessary calculations
be based: (1) the variable operating char-
acteristics of each particular mill and (2) the
universally observed fact that in the reduction
by rolling of metal in the shape of & wide slab,
plate, or sheet, the plastic spread of the metal
X is of a negligible order and, conse-

l
iez
§

s
E :
Tt

i

quently, for the purpose of calculating volume,
the width of such a shape remains su
the same throughout successive reductions.

Width in each stand=Wl=W?2 ... KB =W»
(approximate) s

The variable operating factors previously re-
ferred to, include the following:

The volume of metal, of any given width, op- »
erated upon in unit time in each of the roll
stands varies within the ranges of roll

provided by the mill designer and also
between the maximum and minimum
ments of the respective roll openings.
given setting of any stand all the other stands
of the mill must be set to operate

volume of metal in the same unit of time;
utom.althougheachstandudedmdtoRA'
sadapted to a range of volume from V maximum

to V minimum; for a particular volume of pro-
duction Vp as set up for one stand, all other
stands must be set up to operate upon a volume

of metal equal to Vp. o8

1) Ve=Vyl=Vpl=Vyi= , , .

up of a plurality of stands, is exclusively de- ..
pendent upon the ranges of the previously stated 80
variable operating factors, as identified above.
To determine this numerical value of Vp for
& particular stand k, the following relationship
between the variable operating factors and vol- . ..
ume is developed: “
@ Vok=T%x WEX LA
Lx=length of material leaving the stand per
unit of time . ,
and, , »

® L -%Ef_&

Then, substituting this value in Equation 2: gg

@ V._T'XW'XID'XR'

Now, substituting in Equation 1:
5) Tle‘x-DIXR'_T'xW'XrD'xD
2
TeXW*XxD*XR*
.o 13

In Equation 5 the “constants,” such as » and
W, are canceled out and the equation becomes:

1 ] ,
) T’XgXR‘ TaX D3 X R %

) Tig}"—x'-x (mill constant)

This is the tal equation for the mill, 9§
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and will be frequently hereinafter referred to.
In order to obtain the proper metallurgical
characteristics in the product, and also to prop~
erly proportion the power requirements among

s the individual stands of the mill, the portion of
the total reduction in thickmess that is desired
to be accomplished in each individual stand mus{
be considered. This is referred to as “percent

3

By the use of a formula obtained from Equa-

tion 7,
100T*
®) 0=
the operator can start fllling out his chart by 8

calculating the successive values of T, from 8§
stand on back, throughout the train:

Th=lmm

reduction”. o 10071
10 100T* 100—p1t jity)
() P:=100 percent-—————-—T(,_n po‘lfgox.ms.'i
-1
This value is originally calculated, for each ‘e 12,5
stand, by the mill designer, for the proposed T =385

15 range of products to l:;drolled on the mill. Ft;rom T = 147 15
an average P and maximum P for each stand, .
and other pertinent data, the designer calcu- In a like manner ‘T~ 196
lates the average and maximum horsepower re- Tt— 9280
quirements for the stand and selects the proper T— 431

20 size of motor. Once the mill is built, the value T 718 20
of P remains very close to an average figure. T5—-1436
When this figure is known for each type of prod- T‘Z 1.' 994
uct, T for each stand can be easily calculated. o

The values are now tabulated for a character- tg”&g‘;%gfeg)‘ﬂy recorded in the oper-

g§ istic mill train. Ail of these figures are obtained 0% S e . 8
from the mill designer. It will be noted that  1ne Value of K is next calculated, using the
stands Nos. I, 2 and 8 are not considered. Thig Asures for No, i1 stand in Equation 6. (This is
is due to the condition (a common one) that fn the only stand for which the necessary figures
this portion of the train the bar or slab is never 8T€ s yet available.)

so.in more than one set of rolls at & time; hence - Tt x D X Ru 20

- it is unnecessary to correlate these stands, In ' K= (oI —

_other words, Equation 1 hereinbefore referred to 125 %21.840 X330
is true only when the bar is in two or more stands K= 1.608
at the same time. K =547.43
35 TasLe I—Continuous mill—8 stands in contin- *®
uous train :
Stand No.
@ 4 5 6 7 8 9 10 i *®
v % " A Ml a0l Y| Vel M0l L0l ree
Maximum motor R. P. M__ 500 440 400 400 400 400 400
Normal percent reduction... 28 50 40 35 30 25 15
48 Maximum thickness _..____ . 2750 | 1.800 | 1.400 | 1.000 | 0.730 | 0.600 | 0.550 £
i 8208 | IR AR Sh | a0 S8 g
Minimum roll diameter_......~222277 10,000 | 17.000 | 17,000 | 17.000 | 17000 | 1 009 | 13- 026
It is from this table, and from various metal- By transposing Equation 8

80 lurgical and production requirements, that the 9
operator must calculate his “mill setup.” It will ® Rbew KG*
be assumed that the customer’s order calls for ‘ T D*
strip 0.125 inch thick, and, for convenience, as- .
sume that the metallurgical requirements are The value of R for stand No, {$ is now calcu-

85 normal, allowing the operator to use the normal lated: 23
percent reductions for each stand. It will also 0
be assumed that production requirements will be Rw-l{_@_
met by a mill delivery speed of 330 R. P. M. on Tepv
the last stand. The values of D are obtained ‘

60 from the roll shop foreman, who usually paints R0 047:43 X1.890 £
them on the end of each roll. 'The operator now -147X21.150
constructs a chart substantially as follows:

, R =333
& Tasiz II In a ltke manner by use of the above equation: g
Stand No. RY=342
R#-=310
4 5 [} 7 8 9 10 11 R1=285

70 ) R8=-267 B
e o SRR IooB o BN OO Nl ™™ RS=264
;3NN PRI USSR RN OO DO MU 330 Rt-—-264
G 14.580) 7.370] 4.708) 3.330| 2 590, 1.800] 1.808
Do 21.120| 21.000{ 21.000| 20.950| 21.000| 21.140} 21.150| 21.340
- SN PO S, et e e e A S All of these values.are entered on the opera-

b {3 tor's chart, which now appears as follows:

7%

N
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&

@

Tamx I
Btand No.
e | s | 6 7 ‘ s | o | 1w l 1
............ 3 .80 35 50 3 15
'{' ..... 1.904] 1,436 0.718] 0.431 0.280| 0.} 0.147] 0.128
R 207 310" |42 (333 1330
@, {".3%) 14.5%| 7.370] 4.706{ 3.3%] 2.800| 1 L8
D77’{ 21120 21.000) 21000 2. 960} 31,000 2. 190 . 130l 21 U0
2oy o Mot T Mot e Mot ot :
] 1 e} | ]

liminary stage of forming the strip, the bar or
slab is not in roll stands Nos. I, 2, 3 and 4 at
the same time, that is, it leaves stand No. |
before entering stand No. 2, and leaves stand
. 2 before entering stand No. 3 and leaves
stand No. § before entering stand No. 4 and that
the strip is in roll stands Nos. 4 to {1, inclusive,
at one time, and hence it is necessary to corre~
late these last mentioned stands, as has been

3

units or equations in the problem.

The slide rule or calculator of this invention
is not designed to calculate values, but rather
to indicate directly the relation of the value of
each of the variable factors in any particular roll
80 that the variable tactors in each of the
roll stands can be determined and indi-
[ thereon which will satisfy all the rela-
severally embodied in the different roll

be designed for the particular mill train with
which it is to be used, and it will be understood
that this description is confined to a slide rule

" or calculator for use with the continuous miil

1"

"

hereinbefore discussed.
As shown in Plgure 8 of the drawings, the im-
proved slide rule of my invention comprises a

rectangular shaped body member {4 having a

nally thereof. These slots are preferably formed

by embedding a plurality of longitudinally ex-

tending spaced apart T-shaped members in the
base. At one end, preferably the lower end of
the body member 14, there is securely arranged
in any suitable manner in each of the alternate
slots or grooves 18a, & thickness scale T in paral-
jel relation to each others as is more clearly
shown in Figure 3, which represents the distance
between the rolls of the respective stands Nos.
4 through (1.

It will be understood that all the scales on the
rule have a logarithmic ruling of any suitable
base and it has been found that a base I8 log-

arithmic scale, measuring 10 inches to the cycle,

2,921,476

is most convenient as it is

sebfle

i
A

§e
Feg 5

12.68 inches long would be used.
this scale and all the other scales may be
determined by the following formula:

(10)
- Inax.
Leagth of scale=Length of cycleX1o min‘)
then,

Length of No. 11 thickness scale=10X 105(%

=10X 1.2633
=132.633 inches

The location of the decimal point is not con-
sidered on the ordinary slide rule. On this de-
vice, however, the rulings are indexed to indicate
direct reading. No. {{ thickness scale, for ex-
ample, is marked from .080 inch to 560 inch at
suitable intervals along the scale.

As is more clearly shown in Figures 7 and 8,
there is slidably arranged in each of the slots
18a adjacent the top end of the body member {4
opposite the roll spacing acales T, a movable alide
member {§ having a pair of logarithmic scales
arranged thereon with one of the scales D repre-
senting the diameter of the rolis and the other
scale R therein representing the speed of the
motor of the respective stands. There is movably

E

:

arranged above and transversely of the alide

members 1§ and the body member 14, a movable
plate-like bridge or slidable member 17 to which
the upper ends of each of the alide members 18
are rejeasably attached by means of a clamping
thumb screw 8. There is arranged in the bridge
member {71 a plurality of window openings 18,
with one positioned opposite each of the slide
members {§. Each of the windows (8 bas a knife
edge or other suitable pointer or indicating
means assoclated therewith which is securely
fixed to the bridge member. The entire bridge
plate azsembly is arranged to slide longitudinally
of the body member 4 and adapted to be locked
thereto by means of & pair of clamping thumb
screws 18 cooperating with the body member, and
the slide members {§ are slidably arranged rela-
tive to both the body member and the bridge
member.

The logarithmic scale R indicating the maxi-
mum to the minimum speeds of the motor of
each roll stand is marked along the lower por-
tion of each of the respective slide members {§
and the scale is inverted with respect to the
thickness scales T for reasons hereinafter to be
explained. This scale is also indexed so that it
indicates a direct reading and the slide member
corresponding to No. il stand is indexed from
200 to 400, representing revolutions per minute

of the motor of that stand and the other scales yg

10




10

13

25

45

50

53

L)

-

2,221,476

are similarly indexed to correspond to the speeds
ot the respective motors of each of the roil
stands.

By the use of formula No. 10, it will be found
that the length of the scales representing the
speed of the motor should be 3.01¢ inches for
each stand of this particular mill and that the
length of the scales representing the diameter
of the rolls for the last six stands, namely stands
Nos. 6 through f{, should be 0.483 inch and for
the first two stands, namely, stands Nos. 4 and §,
should be 0.637 inch. The scales representing
the diameter of the rolis are disposed opposite
each of their respective windows {9 in the bridge
member and are inverted relative to the scales
representing the speeds of the motor and extend
from the minimum to the maximum roll sizes
as shown in Table I The knife edge of each
of the windows 19 cooperates with the roll diam-
eter of the respective slides to indicate the read-
ing thereon. There is preferably a blank space
between each of these two scales so that the
portion of the bridge plate between each of the
windows and the speed scales will not mask or
cover the scale markings on the respective slide
members 16.

There is slidably arranged in each of the slots
or grooves 15, preferably by means of a longltu-
dinal groove arrangement between each of the
thickness scales T and the slide members {8
disposed in the alternate slots 5%, a longitudi-
nally extending slide member 21 having a pointer
92 or other suitable indicating means securely
arranged therewith adjacent the bottom end
thereof which cooperates with the thickness
scale T. The minimum length of each of the
slides 21 is the sum of the lengths of the thick-
ness scale T and the speed scale R representing
the respective roll stands.

Each of the slides 21 is adapted to be releasably
clamped to the body member {4 by means of &
clamping thumb screw 23 arranged intermediate
the length thereof. On the upper or opposite
end of each of the slides 21 there is securely
fixed thereto a similar pointer 24 or other suit-
able indicating means which cooperates with

speed scale R on each of the respective slide

members 18. However, in constructing and as-
sembling the rule the pointer 24 on the top
end of the slide 21 representing the last roll stand
or stand No. 11, is first securely fixed to that
slide. A typical “setup” for the mill train, as
shown in Table III is then made, and from this
chart all the slides 21 are positioned so that the
lower pointers 22 indicate the correct reading
on each of the respective thickness scales T.
Each of the slides 16 is then positioned so as to
indicate through the windows 18 the correct sizes
of the rolls on the roll diameter scales D of the
respective roll stands and each of the slides. 18
is clamped to the bridge member {1 by means
of the clamping screws 8. The bridge member
together with the slide members i6 rigidly
clamped thereto is then moved downwardly on

5 the body member until the pointer 24 on the

upper end of the slide 21 representing roll stand
No. i{ indicates the correct speed on speed scale
R of the respective slide 16, The bridge member
together with the slides 18 carried thereby is
then locked in position by means of the pair of
clamping screws 20. Each of the other upper
pointers 24 is then securely fixed to its respective
slide 21 so that it indicates the correct reading
on the respective speed scales R on the slide 18
of the respective roli stands as shown by the

Table No. III. Thus, it will be seen thot
of the slides 16 and each of the respective
21 constitutes a plurality of sets of slides iv
any one respective pair or set represents
stand.

The percentage of reduction indicia membsrs
25 are now assembled on the rule. It is cor
venient to make these members equal in
to the combined width of the slide 21 and °
ness scale T, less sufficient clearance. T
centage of reduction scale P on the indicia
bers 25 is also logarithmic, having the same
and cycle as the other scales, and is inversail
with respect to the thickness scales T, he
portion of the logarithmic scale from 4 fo i i0
is chosen as being the most convenient, since it
covers a range from zero percent to sixty pere
cent reduction, but any range equal to, or greatey
than, the percent reduction range of the par-
ticular stand to which it applies will be suitabie. 20
These scales are indexed with a zero per 6
at the 1.0 ruling, a ten percent at the 9 ru
s twenty percent at the .8 ruling, etc. The
son for this is apparent from a study of Formi
7. These are securely fixed in any suitable u
ner to the slides 21 preferably in a straight
across the rule, so that a quick glance ab T
rule will indicate any variation from character-
istic percent reductions on any miil “setup.” ‘The

_index pointers, preferably arrow-heads 5
Jocated in such a position as to give t
ings indicated on the “setup” Table No. Iii
will be understood that all of the scales I
bered # through i1 represent the roll stands &
4 through {1, respectively. This completes
construction and calibration of the rule an
use wili now be explained.

Attention is directed to the fundameniai :
formula:

(6 .

TIXDIX Rt T DAYES |,

Gt (]
and the effect of varying tie -
more of the factors in any ot
equation, or of sll members b ad 8
will readily be observed and it wiil be )
the slide rule of the present invention per
this function easily and accurately.

The variation of the factor T in i
relations of the equation only will fire
sidered. It will be obvious that o consiw
for the entire set must be maintained by <o
spondingly increasing the value of some ©
factor if the value of T is decreased and vise
versa. If the slide rule is operated to inmcreass
or decrease the value of T for any oue st
it is done by moving only the slide 2i, lex
the bridge assembly clamped at 20 and the
{6 clamped at 18. When the slide is rele
at 23 and moved up and down so that poin

22 indicates varying thickness, it will be not
that pointer 24 also solidly fixed to slid
moves up and down therewith indicating vary
speeds on scale R. Since both R and T
logarithmic scales on the same base and
the same length of cycle, it wiil be zeen ¥
the product of the values of R and ¥ will
a constant for any particular “setup.” This §
maintains the Equation 6 by keeping a consta
value for the member in which the factors
varied. The thickness scale T is now varied 28
will, knowing that any changes will be comp
sated for by a corresponding corrective changs
in the value of R. Vi
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adjustment for roll size, adjustment for roll open-
9§ ing, percent reduction and motor speeds, and ad-
justment for finishing speed. The adjustment

89 which the roll slide adjustment is to be made.
mmehthenmwedmtutheeorrectmnda:
ow

clamping screw “23.
so cussed hereinafter. ,
The adjustment for the finishing speed is made
by moving the bridge assembly which carries with
it the motor speed scales R. The bridge 17 is
moved by grasping the clamping thumb screws
ss 29 and moving the bridge so that the scales R
are positioned as desired opposite the pointers
24 and the clamping screws 2§ are then turned
80 as to lock the bridge together with the siides
{8 carried thereby in position, :
' It will be seen that the slide rule of the present
77 fnvention has & number of useful functions, the
most important being to predetermine the cor-
reet roll opening and motor speeds for any par-
ticular thickness of finished sheet material de-
“slxedwlthinthennteofthemmtrdn. To de-
termine the correct roll opening and motor speeds
of each of the roll stands by means of this de-
vice, the correct roll sizes are first set up on
scales D of the slides {8, as has been described.
70 The slide 2{ representing the last finishing stand
is then positioned and clamped 80 that the point-
er 22 carried thereby indicates the desired thick-
ness of the finished material on thickness scale T.
The next to the last slide 21 representing the roll
7% stand No. 10 on the stand preceding the last

v
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stand is then positioned so that the arrow 26

on the indicia member 2§ carried there- .
by indicates on scale P on the indicia member 2§
carried by the alide 21 representing the last stand
the percent reduction desired on stand No. (§ ¢
or the last stand. The percent reduction for sach
stand is characteristic for each individual rolling
mill and does not vary greatly for each strip to
be reduced and it is calculated or

these characteristic percentages of reduction are
set up for each stand, the scales P will be posi-
tioned in substantially s straight line across the
rule. It is realized, however,
often arise when the variations of even ten or
twenty percent from the charsacteristic
tions must be used. These variations m
determined by the speed operator, roller, fore-
man, or the person designing the slide rule.

All the other slides 2§ are then su
positioned relative to the scales P as
and clamped in position. The bridge {7,
with the slide members (§
then moved so that the desired finishing speed
indicated on the speed scale R by the pointer
24 carried by the slide 21.

1
B
i
g
:
g
:
:

dicators on the stands, the finishing
24 is positioned at the actual finished
on scale T of the strip as measured
The speed of the motor of the last finishing
is then ascertained by means of a tachom
the bridge is moved so that the

speed as found is indicated on the scale R
slide (8 for that stand. The other slides
then positioned so as to indicate the
tor speeds as found by the aid of the
on the other stands, and
are then noted from the
scales T.

‘To determine the actual percentage
tion occurring in each stand, the slides are
nipulated as above and percentage
tion noted on the scales P.

To balance up & mill when some motors are 0
under excessive loads, the slide rule is set to
actual rolling conditions at the time. The slides
21 are then adjusted to permit lighter
on those stands in which the motor is ov
and the new roll openings and motor speeds are %
noted and the necessary corrections made to each
stand. :

To determine whether or not a finished
ormmnmmcmnmberonedonm.
mill from a given size slab, the slide rule is seb
up as the sheet would be rolled. The motor spesd
scales R are then noted to see if the motor speeds
1all within the available ranges and the percent
reduction scales P are noted to see if o
tic reductions will be made on each of the stands.

In Pigures 9 and 10 of the drawings, there are
shown two forms of an sdditional scale which
may be incorporated with the slide rule or cal-
culator of the present invention if desired. The ¥4
scale as shown in Plgure 9 comprises an indicla
member 27 carried by the bridge member (1
which is securely attached thereto in any suitable
manner as at 28 and extends downwardly prefer-
ably from the right hand edge thereof next to ¥4

£
;

|
besh:lice
firsiut

i
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the snde‘zl representing roll stand No. 1§ or the.

last stand in the mill train parallel to the slides
i8. However, this indicia member may be at-
tached to the bridge in any other convenient po-
sition so long as it is parallel to the movement
thereof. There is arranged on the indicia mem-
ber 27, markings or a delivery speed scale F repre-
senting the speed of the strip in feet per minute
as it is delivered from the last stand and the mill
train. The upper pointer 24’ arranged on the
upper end of the slide 21 representing stand No.
11 is constructed so that it cooperates with both
the speed scale R on slide 16 and the delivery
scale P on the indicia member 21. The delivery
scale or markings F are arranged similar to the
speed scale R, that is, inverted relative to the
thickness scale T. The delivery scale F is also
a logarithmic scale having the same base and
same length per cycle as the other scales of the
rule.

In Figure 10 there is shown another way in
which the scale representing the speed of the
strip as it is delivered from the mill can be de-
signed. In this construction the delivery or
marking scales F representing feet per minute are
arranged on the upper end of the slide 21 repre-
senting roll stand No. 11 or the last stand just
below the upper pointer 24 carried thereby and
is inverted relative to the speed scales R. A
pointer 28 which is adapted to cooperate with the
scale ¥ is securely attached to the right hand
edge of bridge member {7 as at 30 and extends
downwardly along the slide 21. The poiiiter 28
is located relative to the scale by calculating the

" mill delivery speed for the same “setup” as is used

in originally calibrating the rule by the follow-
ing equation:

(11) Delivery speed =

»XRoll diameter in feet X Motor R. P. M.
Gear ratio -

and the pointer is arbitrarily mounted to indicate
this value, at the same time making certain that
all the values are set up according to Table III,
It will be understood that the proper position of &
logarithmic ruling for the delivery scales F is
selected which covers the available range of the
delivery speed of the mill. Thisrange is obtained
from the mill designer. )

As & result of this invention it will be seen that
there is provided a slide rule or calculator by
which the mill operator can easily and quickly de-
termine the speed of the motor, the roll opening,
and percent reduction of each of the roll stands
and the speed of the strip as it is delivered from

- the mill for any desired thickness of finished

65

0
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strip without any calculation or the aid of any
other devices. '

While I have in this application specifically
described one embodiment and several modifica~
tions thereof which my invention may assume in
practice, it will be understood that these embodi-
ments are merely for the purpose of illustration
and description and that various other forms may
be devised within the scope of my invention, as
defined by the appended claims.

I claim: )

1. A slide rule for the solution of a problem in-
volving a number of unknown variables compris-
ing a body member, a plurality of sets of slides
arranged in parallel relation to each other on said
body member, a bridge member arranged adja-
cent one end of said body member, said bridge
member being arranged transversely of said body

-ranged on and adjacent the end of eac

- scale on the next succeedi

. tioned slides and being positioned

member and said sets of slides and hei
longitudinally thereof, each of-said se
consisting of a pair of slides with one a:
longitudinally of the body member and
being adjustably attached to said bridg
and extending alongside and between
of said slides parallel thereto, scales car
each of said slides representing the varial
tering into the general problem of the ru
all scales pertaining to each set of glides
ing together an embodiment of one set
between the variables of the rule prob
coacting to indicate on the various scw
values representing the unknown variabi
set in their proper relation to each other, ¢
of slides having at least one of the =
ciated therewith cooperating with the 1
ceeding set of slides so that the slides can
cessively positioned in the several sets
that the scales thereon will coact to ind
values of the unknown variables which w
all the relations severally embodied in
ferent sets of slides of the rule.

2. A slide rule for the solution of a prob
volving a number of unknown variables
ing a body member, a plurality of slides
in parallel relation in said body membe;
carried by sald body member hetween eas
slides adjacent one end thereof, an in

slides cooperating with the scale iocated
that slide and the next succeeding siid
dicia member securely arranged on eas
slides intermediate the length thereof
each other, each of said indicia memk
a scale arranged along cne edge fherso
indicating means carcvled on iths ¢
thereof which is adapted

movable bridge member s:
said body member and said
posite end thereof heyond i
plurality of spaced apart slid,
said bridge member, said sli
equal in number to the number

parallel thereto so as to provide
of slides, each of said last menticned
bers having a scale arranged thereon
movable relative to both said bridge x
said body member, an indicajor arrang
of said first mentioned slides opposite
scales of said second mentioned slicss
they are adapted to cooperate, said zcal:
by the body member and esch of the sl
senting variables entering into the geners
lem of the rule and all the seales pert
any one set of slides constituting toget?
bodiment of one set of relations bt
variables of the rule problem, and coact
dicate on the various scales the valies
ing the unknown variables in that set
proper relation to each other with »
said slides adapted to be adjusted as
the known variables so as to indi
known variables in that set and t*
sets of slides adapted tc be sw
relative thereto and coacting to
values of the unknown variables whisch
all the relations severally embodied !
ferent sets of slides of the ruile.

3. In a 'device for determining the s
necessary in a mill {rain for producing
sheet of & predetermined thickness, ihs

&
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tion of a body member, a plurality of sets of slides
arranged in parallel relation to each other in said
body member and being equal in number to the
number of roll stands in the mill train, & dbridge
g member arranged adjacent one end of said body
member, sald bridge member being arranged
transversely of said body member and said sets of
slides and being movable longitudinally thereof,
each of said sets of slides consisting of & pair of
slides with one arranged longitudinally of the
body member and the other being adjustably at-
tached to said bridge member and extending
alongside the other of said slides parallel thereto,
scales carried by said body member and said sets
of slides representing the variables including the
roll opening, percentage of reduction, motor
speed, and diameter of the rolls with all the scales
pertaining to each set of slides constituting to-
gether the above named variable factors in one
80 roll stand and coacting to indicate on the various
scales the values representing the unknown var-
iables in that stand in their proper relation to
each other, each set of slides having at least one
of the scales associated therewith cooperating

18

28 with the next succeeding set of slides so that the:

slides can be successively positioned in the several
sets in order that the scales thereon will coact to
indicate the values of the above mentioned un-
known variables on the scales of the other of said
30 gets of slides which will satisfy all the relations
severally embodied in the different sets of slides
and each roll stand.
4. In a device for determining the adjustments
necessary in a mill train for producing s finished
38 sheet of a predetermined thickness, the combina.-
tion of & body member, & plurality of sets of slides
arranged in parallel relation to each other on said
body member and being equal in number to the
number of roll stands in the mill train, a bridge
arranged adjacent one end of sald body member,
sald bridge member being arranged transversely
of said body member and said sets of slides and be-
ing movable longitudinally thereof, each of said
sets of slides consisting of a pair of slides with one
48 gorranged longitudinally of the body member and
the other being adjustably attached to said bridge
member and extending alongside and between the
other of said slides parallel thereto, each of said
slides having thereon at least a logarithmic scale
representing the diameter of the rolls and an-
other scale representing the speed of the motor

with each scale representing the diameter of the

rolls coacting with the corresponding one of a

s plurality of indicators assoclated with sald bridge

and each scale representing the speed of the mo-

tor coacting with a pointer carried by each of the

longitudinally extending slides, cooperable means

arranged between said body member and each of

0 the longitudinally extending slides for indicating

the roll opening, each of said longitudinally ex-

tending slides having a logarithmic scale securely

arranged thereon representing the percentage of

reduction, with said scales being substantially in

¢g parallel alignment with each other, each of sald

last mentioned scales except the last one thereof

having a pointer for coacting with the gradua-
tions on the next succeeding scale,

5. In a device for determining the adjustments

70 necessary in a mill train for producing & finished

sheet of a predetermined thickness, the combina-

tion of & body member, a plurality of sets of slides

arranged in parallel relation to each other in said

body member and being equal in number to the

¥8 number of roll stands in the mil] train, & bridge

2,821,476

member arranged adjacent one end-of said body
member, said bridge member being arranged
transversely of said body member and said sets of
slides and being movable longitudinally thereof,
each of sald sets of slides consisting of & pair of 8
slides with one arranged longitudinally of the
body member and the other being adjustably at-
tached to said bridge member and e

alongside the other of sald slides parallel there-
to, scales carried by said body member and said 10
sets of slides representing the variables including
the roll opening, percentage of reduction, motor
speed, and diameter of the rolls with all the scales
pertaining to each set of slides constituting to-
gether the above named variable factors in one 18
roll stand and coacting to indicate on the various
scales the values representing the unknown var-
fables in that stand in their proper relation to
each other, each set of slides having at least one

_of the scales associated therewith cooperating 30

with the next succeeding set of slides so that the
slides can be successively positioned in the sev-
eral sets in order that the scales thereon will co-
act to indicate the values of the above mentioned
unknown variables on the scales of the other of 38
safd sets of slides which will satisfy all the rela-
tions severally embodied in the different sets of
slides and each roll stand, and means carried by
sald bridge member cooperating with one of said
longitudinally extending slides for indicating the 3
rate of speed the sheet is being delivered from
the mill train.

8. In a device for determining the adj
necessary for each unit of a series of interde-
pendent mechanical operating units, the combi- 38
nation of & body member, a plurality of sets of
slides arranged in paraliel relation to each other
and being equal in number to the number of
mechanical units, a bridge arranged adjacent one
end of said body member, said bridge being ar- 8
ranged transversely of said body member and
said sets of slides and being movable longitudi-
nally thereof, each of said sets of slides consist-
ing of a palr of slides with one arranged longitu-
dinally of the body member and the other being 48
adjustably attached to sald bridge and extend-
ing along side of the other of said slides parallel
thereto, scales carried by said body member and
said sets of slides representing the variables of .
each of the units with all the scales pertaining 98
to each set of slides constituting together an em-.
bodiment of the variable factors in one unit and
coacting to indicate on the various scales the
values representing the unknown varisables in
that unit in their proper relation to each other 88
and with any one set of slides adapted to be ad-
Justed according to the known variables so as to
indicate the unknown variables in the unit per-
taining to that set of slides, and the other of
said sets of slides adapted to be successively lo- 60
cated relative thereto and coacting to indicate
the values of the unknown variables on the other
set of slides which will satisfy all the relations
severally included in the different sets of slides
and each unit.

7. An apparatus for determining the adjust-
ment necessary for each roll stand in & mill
traln for producing a finished sheet of predeter-
mined thickness comprising a body member, a
plurality of slides equal in number to the number 70
of roll stands in the mill train secured to said
body member at its lower end, logarithmic grad-~
uations on said body member between said slides
for iddicating the minimum and maximum roll-
ing requirements for each roll stand in said mill yg
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train, the last Jogarithmic graduation represent-
ing the last roll stand, pointers carried by said
slides, the pointer on the last slide cooperating
with the logarithmic graduations representing
the last roll stand to indicate the metal thickness
of the finished product, logarithmic graduations
carried by said slides and positioned above said
first mentioned logarithmic graduations, point-
ers fixed to said slides for cooperation with said
last mentioned logarithmic graduations to indi-
cate the percentage reduction of the metal of the
respective roll stands in the mill train and a
bridge adjustably attached to the body member
transversely of said slides, slides carried by said
bridge and extending between said first men-
tioned slides, upper and lower logarithmic gradu-
ations on said slides carried by sald bridge, the

upper graduations cooperating with a pointer car-.

ried by said bridge to determine the diameter of
the rolls for each roll stand, the lower gradua-
tions cooperating with pointers carried by the

. first mentioned slides to indicate the speed of
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- the motor for each roll stand.

8. In a calculator, the combination of & body,
& plurality of sets of slides and a bridge, the
bridge being adjustably attached to the body
transversely of the said sets of slides, each set
of slides comprising a first slide and a second
slide, the first slide being adjustably secured to
the said bridge and having an upper set and a
lower set of logarithmic graduations, each upper
set coacting with a corresponding one of a plu-
rality of pointers fixed to the said bridge and
each lower set of graduations coacting with an
upper one of a set of two pointers fixed to each
of the said second slides, each of the lower one
of said two pointers coacting with a correspond-
ing one of a series of parsallel logarithmic scales
stationarlly attached to sald body, each of said
second set of slides having a logarithmic scale
fixedly secured thereon and forming a serles,
each of the last named scales except the last
one thereof having a pointer for coacting with
the graduations of the next following of the
said-series. -

9. A slide rle for the solution of & problem
involving a number of unknown variables com-
prising a body member, a plurality of sets of
slides arranged in parallel relation to each other
on said body member, means arranged trans-
versely of sald body member and said sets of
slides and which 1s movable Iongitudinally there-
of, each of said sets of slides consisting of at
least a pair of slides with one slide of each set
attached to said movable transverse means and
extending alongside and between the other of
sald slides parallel thereto which is carried by
said body member, scales and indicators ar-
ranged on said slides with said scales represent-
ing the variables entering into the general prob-
iem of the rule with all scales pertaining to each
set of slides constituting together an embodi-
ment of one set of relations between the vari-
ables of the rule problem, and coacting to indi-
cate on the various scales the values of the un-
known variables in that set in their proper rela-
tion to each other, the other slide of each set of

. slides carried by the body member having a scale
.arranged thereon cooperating with an indica-

tor on the corresponding slide of the next suc-
ceeding set. of slides so that the slides can be
successively positioned in the several sets in order
that the scales of each set will coact to indicate
the values of the unknown variables which will

9

satisfy all the relations severally embodied in
the different sets of slides of the rule.

10, In a device for determining the adjust-
ments necessary for each unit of a series of inter-
dependent mechanical operating units, the com-
bination of a body member, a plurality of sets
of slides arranged on said body member in par-
allel relation to each other and being equal in
number to the number of mechanical units, a
slidable member arranged transversely of said
body member and said sets of slides and which
1s movable longitudinally thereof, each of said
sets of slides consisting of at least & pair of slides
with one slide of each set attached to sald slid-
able member and exiending alongside and be-
tween the other of said slides which is carried by
sald body member, scales and indicators ar-
ranged on sald slides with sald scales represent-
ing the variables of each of the units with all
the scales pertaining to each set of slides consti-~
tuting together an embodiment of the variable
factors in one unit and coacting to indicate on
the various scales the values of the unknown
variables in that unit in their proper relation to
each other and with any one set of slides adapted
to be adjusted according to the known variables
so as to indicate the unknown variables in the
unit pertaining to that set of slides, and the other
of sald sets of slides adapted to be successively
located relative thereto and coacting to indicate
the values of the unknown variables on the other
set of slides which will satisfy all the relations
severally included in the different sets of slides
and each unit.

11. In a device for determining the adjust-
ments necessary for each unit of a series of in~
terdependent mechanical operating units, the
combination of a body member, a plurality of sets
of slides arranged on sald body member in par-
allel relation to each other and being equal in
number to the number of mechanical units, a
slidable member arranged transversely of said
body member and said sets of slides and which is
movable longitudinally thereof, each of said sets
of slides consisting of at least a pair of slides
with one slide of each set attached to said slid-
able member and extending alongside and be-
tween the other of said slides which is carried by
said body member, scales and indicators ar-
ranged on said slides with sald scales represent-
ing the variables of each of the units with all
the scales pertaining to each set of slides con-
stituting together an embodiment of the varia~
ble factors in one unit and coacting to indicate
on the various scales the values of the unknown
variables in that unit in their proper relation to
each other, the other slide of each set of slides
carried by the body member having a scale ar-
ranged thereon cooperating with an indicator on
the corresponding slide of the next succeeding set
of slides in that the slides can be successively po-
sitioned in the several sets in order that the
scales of each set will coact to indicate the values
of the unknown variables which will satisfy all
of the relations severally embodied in the dif-
ferent sets of slides and each unit.

12. In & device for determining the adjust-
ments hecessary for each roll stand in a mill
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train for producing a finished sheet of & prede-,,-,o

termined thickness, the combination of a body
member, a plurality of sets of slides arranged
on said body member in parallel relation to each
other and being equal in number to the number
of roll stands in the mill train, means arranged

1
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transversely of said body member and sald sets
of slides and which is movable longitudinally
thereof, each of said sets of slides consisting of
at least a pair of slides with one alide of each
&5 set attached to said movable transverse means
and extending alongside and between the other
71 said slides parallel thereto which is carried
oy sald body member, scales and indicators ar-
ranged on said slides with the scales representing
10 the variables including the roll opening, per-
centage of reductions, motor speed, and diameter
of the rolls with all the scales pertaining to each
set of slides constituting together the above
named variable factors in one roll stand and
15 coacting to indicate on the various scales the

values of the unknown of the above variables in-

that stand in their proper relation to each other,

the other slide of each set of sglides carried by

the body member having a scale arranged there-

20 on cooperating with an indicator on the corre-

sponding slide of the next succeeding set of slides

so that the slides can be successively positioned

in the several sets in order that the scales of

each set will coact to indicate the values of the

25 above mentioned unknown variables on the scale

of the other of said sets of slides which will sat-

isty all the relations severally embodied in the
different sets of slides and of each roll stand.

13. In a device for determining the adjust-

30 ments necessary for each roll stand in a mill

train for producing & finished sheet of a prede-

termined thickness, the combination of a body

member, a plurality of sets of slides arranged on

said body member in parallel relation to each

35 other and being equal in number to the number
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by said body member, scales and indicators ar-
ranged on said slides with the scales represent- 10
ing the variables including the roll opening, per-
centage of reductions, motor speed, and diameter
of the rolls with all the scales pertaining to each
set of slides constituting together the above
named variable factors in one roll stand and co- 18
acting to indicate on the various scales the values
of the unknown of the above variables in that
stand in their proper relation to each other, the
other alide of each set of slides carried by the
bddy member having a scale arranged thereon 20
cooperating with an indicator on the correspond-
ing slide of the next succeeding set of slides so
that the slides can be successively positioned in
the several sets in order that the scales of each
set will coact to indicate the values of the above 23
mentioned unknown variables on the scale of the
other of said sets of slides which will satisfy all
the relations severally embodied in the different
sets of slides and of each roll stand, and means
carried by said transversely arranged means co- 30
oberating with any one of said slides carried by
the body member for indicating the rate of speed
the sheet is being delivered from the mill. train.

HOWARD C. GOODRICH. 3




