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ABSTRACT OF THE DISCLOSURE

The present invention relates to a calculator for deter-
mining go no-go limits within which solutions to missile
fire control error equations and test instrumentation
readings must conform to indicate proper operability
of missile fire control subsystems. The calculator com-
prises a pair of face plates and a reference card inserted
between the plates and upon which is recorded nominal
values of missile guidance constants. The face plates are
provided with linear scales thereon and a slidably
mounted cursor having a hairline selectively positionable
to a nominal value on the scales and a pair of slide index
limits indicating go no-go limits on the scales. The calcu-
lator also includes a pair of concentric discs mounted on
the -face plates. One of the discs is provided with drift
limit scales and the other disc is provided with a series of
windows through which may be viewed go no-go limits
on the drift limit scales. One of said discs is provided with
a scale factor variable scale which is utilized, together
with a linear scale on the face plates, to obtain solutions
to missile fire control error equations.

This invention generally relates to a device for use
in testing the operability and performance of missile
guidance component circuitry. More specifically, the
invention relates to a calculator for determining go no-go
indications which define the limits within which test in-
strumention readings must conform.

A test subsystem has been developed to perform main-
tenance checks upon missile and fire control subsystems
located on board a submarine or other launching vessel.
The heart of the subsystem is the ITOP (Integrated Test
and Operating Panel). The ITOP is designed to allow
testing of missile and fire control subsystems by a push-
button operation. In the operation of the test subsystem,
an operator selects a particular test to be run and a
particular missile and channel to be tested. When the
selected pushbuttons are depressed, information is fed to
the subsystem being tested and decimal or octal readout
information, as required, is indicated by ITOP test instru-
mentation. The readout results of a particular tésl vary
becatise each missile loaded on the launching vessel pos-
sesses individual guidance  characteristics (nominal
values), and because of other variables, such as the earth’s
rate of angular velocity (earth rate) for a particular
latitude and the value and direction of the local accelera-
tion of gravity. The calculator of the present invention
determines limits within which the test instrumentation
meter readings must conform in order to indicate the
proper operation of the subsystem being tested. Through
use of the calculator, many hours of hand calculations
are eliminated and immediate indications of permissible
test instrumentation readings are made available,

It is, therefore, an object of the invention to provide an
improved calculator for quickly determining go no-go
limits for indicating proper operability of missile and
fire control subsystems.
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A further object of the present invention is to provide
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a means for recording nominal values of missile guidance
constants and for utilizing them in test indications.

A still further object of the present invention is to pro-
vide a calculator for determining whether or not trouble-
shooting of missile and fire control subsystems is neces-
sary.

Other objects and many of the attendant advaniages
of this invention will be readily appreciated as the same
becomes better understood by reference to the drawings,
wherein:

FIG. 1 is a plan view of the front face of a calculator
according to the present invention;

FIG. 2 is a detail plan view of the rear face of the
linear portion of the calculator, and showing also the
reference card upon which nominal values of missile
guidance constants can be recorded; and

FIG. 3 is a detail plan view of the rear face of the
circular portion of the calculator.

With more particular reference to the drawings, the
calculator constituting the present invention is shown gen-
erally at 19 and comprises a generally rectangular linear
portion 12 and a circular portion 14. The linear portion
12 is comprised of two spaced face plates 16 and 17, of
aluminum or other suitable material, which are attached
to opposite sides of a backing plate 18. The face plates
16 and 17 provide, respectively, an obverse and reverse
surface upon which scale markings can be inscribed or
printed by any well-known process. The backing plate 18
is partially cut away between the face plates 16 to define
a slot, so that a reference card 20 can be inserted between
said plates. Thumb and finger notches 22 are provided in
the face plates 16 and 17 to permit easy removal of the
reference card 20. A cursor member 24, of transparent
material and having hairlines 25 and 234, is mounted to
slide on the linear portion 12 for use with the scale mark-
ings ‘appearing on the face plates 16 and 17. The circular
portion 14 of the calculator 10 includes a relatively large
disc 26 and a relatively small disc 28. The discs 26 and
28 are mounted on the same axis, with the disc 28 over-
lying the disc 26, and are pivotally connected to an ex-
tension 27 of the backing plate 18 by a pin 29. As shown
in FIGS, 1 and 3, the disc 26 has scale markings on both
its obverse and reverse faces. The disc 28 is provided with
a plurality of semi-circular windows 36, 32, 34, 36, and
38 which register with certain scale markings on the ob-
verse face of the disc 26, in a manner to be explained. A
cursor ‘member 48, of transparent material and having
hairlines 42 and 42a is pivotally connected to the discs 26
and 28 by the pin 29 and straddles both of said discs for
use with the scale markings on the discs 26 and 28.

The purpose of the calculator 10 is to determine, for
a given test instrumentation meter reading, the permissive
limits within which the reading should appear to indicate
proper functioning of the missile or fire control circuit
being tested. For each test, meter readings are taken
along three mutually perpendicular axes of the missile.
The axes are defined as follows: the “V” axis is the Mis-
sile Vertical Reference Axis; the “R” axis is the Missile
Horizontal Reference Axis; and the “J” axis is the Missile
Guidance Cross Reference Axis. Additional axes are de-
fined for the missile guidance capsule alignment, i.e., the
“SR” axis is the Missile Slant Horizontal Reference Axis
and the “SV” axis is the Missile Slant Vertical Reference
Axis. The tests performed are for subsystem circuits which
control missile erection and alignment as defined by each
of the above-mentioned axes. Each of the tests is desig-
nated by a number for identification by the test operator.
For example, the Earth Rate Test for the “R” axis cir-
cuitry is designated by the test number 0308 (scale 44 on
the face plate 17). Similaily, 0309, on scale 48, desig-
nates the Earth Rate Test for the “J” axis circuitry and
0815, on scale 50, designates the Earth Rate Test for
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the “V” alignment axis. The 0308 test is performed by op-
eration of the 0308 test pushbuiton on the test instru-
mentation equipment and observation of the resultant
meter reading. The observed meter reading is then checked
against the go no-go values indicated on the calculator
scale readings, as will be described hereinafter. If the
subsystem is not properly functioning, the observed meter
reading will vary from the permissible go no-go values.
Troubleshooting of the subsystem is then necessary to
determine the malfunction.

As shown in FIG. 2, the scale 44, located on the re-
verse side of the calculator 10, gives the go no-go limits
ie., the upper limit (U.L.) and the lower limit (L.L.)
for the observed 0308 meter reading. The 0308 signal
being measured is the “R” axis alignment signal (DAg),
resolved from the effect of the earth’s angular velocity
upon the “R” axis circuitry. The limits (U.L.) and (L.L.)
will varry according to the earth’s angular velocity for
different latitude locations of the launching vessel. Thus,
the cursor hairline 25q is set to the actual latitude of the
vessel’s location as found in the Lyo scale and the limits
(UL.) and (L.L.) are read under the hairline on the
(DAg) scale 44. If the launching vessel were located at a
latitude of 30°, for example, the cursor hairline 25 is set
to “30” on the Lyo scale and the (DAg) meter reading
must be between —15 wa. (UL.) and —45 ga. (L.L.)
as shown on scale 44, for a successful test operation. The
Lyo scale indicates the value of ship’s latitude. As shown
on scale 48, go no-go values of the Earth Rate Test (0308)
for the “J” axis (DA;), should be between the values of
—130 pa. and —159 pa.for a latitude of 30°. On scale 5%
the limits for the Earth Rate Test (0815) about the “V”
axis (DAy), should be between —75 ua. and —94 ua. for
a test pass indication. If the meter reading is not within
the limits indicated on the appropriate scale readings on
the calculator, the test fails and the subsystem being tested
is not properly functioning.

Another series of tests are the Accelerometer Tests. In
the performance of these tests the (0901) and (0902)
octal readouts are observed. Such readouts are located
on the ITOP along with other test instrumentation. From
the (0901) and (0902) octal readouts the accelerometer
scale factor error and the accelerometer bias values can
be calculated and then compared against the appropriate
g0 no-go scale readings on the calculator, The respective
accelerometer scale factor errors are calculated from the
following decimal reading differences equations:

(1)  SFE;=ITOP;(0901)-ITOP,((0902) —Gx
2) SFEgy=I1TOP;(0908) —ITOP,,(0909)
(3) SFEgr=ITOP;(0907)-+ITOP;((0910)—Gx—C

The value of the decimal reading equation for the “J”
axis accelerometer (SFE;) is found by adding the decimal
converted (0901) reading of the ITOP to the (0902)
decimal converted reading and subtracting the value of
Gx, a scale factor variable., Values of Gx vary inversely
with the acceleration of gravity at the launching vessel’s
location. FIG. 3 partiaily shows scales 52 and 54 located
on the reverse side of the disc 26. Gx can be found by
locating the cursor hairline 42 over the indicated value
of “GRAVITY” on scale 52, then reading the correspond-
ing Gx values on the scale 54, The correct values of
“GRAVITY” are obtained from memory or from readily
available reference tables.

To find the go no-go limits for the SFE; test, a SFE;
scale 56, on the obverse side of the calculator, is em-
ployved. The nominal value of missile guidance constant
a.11 is taken from the reference card 20 and is located
under the cursor hairline 25 on the scale 56. The nominal
value of a.11 is the laboratory value of the “J” accelerom-
eter scale factor error. A pair of slide index limits 58,
marked on the cursor 24, indicate on the Jgy differences
scale 57 the go no-go limits for the SFE; meter reading
differences equation. For a test pass, the value of SFE;, ob-
tained from Equation 1 above, must fall between the go
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4
no-go limits on the Jgy differences scale 57, as indicated
by the slide index limits 58.

The value of the meter reading equation for the “SR”
axis accelerometer is obtained from Equation 3, above
wherein C=4A cos Lyos, when a test is conducted for
port missiles. When a test is conducted for starboard mis-
siles, the sign of A4 cos Lyo is reversed. The value of A,
a scale factor variable, is found in the following manner.
A pointer index 68, located on the disc 28, is set to the
value of ship’s heading (Cqo), marked in degrees on the
outermost scale 62 of the disc 26. The value of A is
observed through a window 38 on the disc 28, as indicated
by a pointer 64. The value of cos Lyo is obtained on a
scale 66 of the linear portion 12 by placing the hairline
25 of the cursor 24 over the reading of the launching
vessel’s latitude (Lyo) and observing its corresponding
cosine. A pair of logarithmic scales 68 and 70, located
on the outer periphery of the disc 28 and the adjacent in-
ner periphery of the disc 26, respectively, are then utilized
in the multiplication of A and cos Lyo, which equals C.

For a test pass, the value of SFEgg, obtained from
Equation 3, above, must fall between the vaues indicated
on the SR differences scale 59 by the slide index limits
58. The cursor hairline 25 is set to the nominal value
of guidance constant .10 which is taken from the refer-
ence card 28 and located on the SFEgy scale 61. The value
of a a.10 is the laboratory value of the SR accelerometer
scale factor error.

The go no-go limits for the SFEgy test are found on the
SV,T differences scale 61 by positioning the cursor hair-
line to the nominal value of guidance constant @.12 on
the SFEgy,; scale 56. A second pair of slide index limits
63 on the cursor 24 indicates the go no-go limits on the
scale 61 for a SFEgy test pass.

The accelerometer bias tests are conducted by using the
same test octal readings used in the decimal reading
differences equations, above. The decimal reading differ-
ences equations governing the accelerometer bias values
are as follows:

BIAS,;=ITOP,,(0901) —ITOP,,(0902)
BIAS,;y=ITOP;,(0908 ) —ITOP,,(0909)
BIASgr—ITOP,;(0910) —ITOP;,(0907)

Values for the differences equations are calculated by
substituting in the proper equation the converted octal
to decimal readings. The go no-go limits for the values
obtained thereby are found on a differences scale 72 as
follows: the laboratory value of the “J” accelerometer
bias is given by the nominal value of guidance constant
Ad, taken from the reference card 28. The cursor hair-
line 25 is positioned to the nominal value of A4 on a
BIAS scale 74. A third pair of slide index limits marked
“0.4” on the cursor 24 indicate on the scale 72 the go
no-go limits for the “J” bias meter reading equation.

In a similar manner, the cursor hairline 25 is positioned
to the nominal value of guidance constant @.6 on the
BIAS scale 74. A fourth pair of slide index limits marked
“0.6” on the cursor 24 indicate on the scale 72 the go
no-go limits for the SV bias meter reading equation.

In a similar manner, the cursor hairline is positioned to
the nominal value of guidance constant ¢.2 on the BIAS
scale 74. A fifth pair of slide index limits marked “0.3”
on the cursor 24 indicate on the scale 72 the go no-go
limits for the SR bias meter reading equation.

A series of tests are performed upon the guidance
capsule gyros to determine their drift rates. On the refer-
ence card 20, the nominal values 1101 through 1167 are
the laboratory drift rate values of the gyros. The numbers
1191-1167 also represent the particular test numbers. To
obtain go no-go limits for the tests numbered 1181, 1162,
1105, and 1106, an index 76 marked “nominal R and J
drift values” is set to the nominal value in microamperes
or merus on & particular gyro drift rate scale as viewed
through the window 34. The drift rate scale is marked on
the disc 26 in a circular configuration so that rctation of
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the disc 28 will position the window 34 over different
values of the drift rate. With the index 76 in the same
position, the upper and lower lim'ts of drift rate for the
particular test are read on the same drift rate scale as
observed in the windows 32 and 36. For example, if test
1162 is selected the nominal value 1806 meru, of the gyro
drift 1192, is found on the reference card 28. The index
76 is positioned to “180 meru” on the gyro drift rate scale,
as viewed through window 34, and the go no-go drift rate
limits are thus found on the drift rate scale in window
32 as approximately 100 meru by the position of an
index 78, and i nwindow 36 as approximately 45 pa. by
the position of an index 80. The go no-go drift rate limits
for test number 1163 are determined by positioning an
index 82 to the nominal value of guidance constant 1103
on a second drift rate scale, concentric with said first drift
rate scale, as viewed in the window 36 and reading the
20 no-go limits within the window 39 by the positions of
indices 84. Rotaticn of the disc 28 with respect to the
disc 26 will position the window 39 over different values
of the second drift rate scale.

Go no-go limits for tests 1184 and 1187 are determined
by placing the cursor hairline 25 to the nominal values
therefor on a scale 86 marked 1184/1167 on the linear
portion 12 of the calculator 18. A sixth pair of slide index
limits 88 on the cursor 24 indicate the go no-go limits for
the particular test 1164 or 1187.

It is to be understood that the calculator does not
indicate precise values of expected test meter readings.
However, by its proper use, go no-go results for the vari-
ous tests performed can be quickly determined. Many
hours of tedious hand calculations are therefore elimi-
nated.

Obviously many modifications and variations of the
present invention are possible in the light of the above
teachings. Tt is therefore to be understood that within the
scope of the appended claims the invention may be
practiced otherwise than as specifically described.

What is claimed is:

1. A calculator for obtaining go no-go limits for fire
control error equations applicable to a missile fired from
a launching vessel, the combination comprising,

a first disc having a circular launching vessel head-

scale at its outer periphery,

a second disc of smaller diameter than said first disc
and adjustable concentrically thereon and having a
pointer index for registration with a prescribed value
on said vessel heading scale,

a circalar scale factor variable scale on said first disc,

said second disc having adjacent to said pointer index
a window for viewing a scale factor variable corre-
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sponding to said prescribed value on said launching
vessel heading scale,

a pivotable cursor straddling said discs and mounted
pivotally at the centers of said discs,

a first logarithmic scale on the outer periphery of said
second disc,

a second logarithmic scale on said first disc and cooper-
ating with said first logarithmic scale and said pivot-
able cursor to obtain a multiple for use in a solution
to a missile fire control error equation,

a second drift limit scale about the center of said first
disc,

a first window provided on said second disc and posi-
tionable to a nominal value of said second drift limit
scale,

a second window provided on said second disc through
which an upper limit of said second drift limit scale
may be viewed, and

a third window provided on said second disc through
which a lower limit of said second drift scale may be
viewed,

2. The calculator of claim 1, wherein

said first disc has on its reverse side a circular accelera-
tion of gravity scale corresponding to launching ves-
sel location and a circular scale factor variable scale
adjacent to said acceleration of gravity scale and hav-
ing values dependent upon the indicated values on
said acceleration of gravity scale, and

said pivotal cursor having 2 hairline selectively posi-
tionable to a value on said acceleration of gravity
scale and for indicating a corresponding value of a
scale factor variable.
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