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CATAPULT DYNAMiCS IN A HIGH ACCELERATION ENVIRONMENT

o \ A.M. Higgins*
\ Abstract

This paper presents the results of a test program in which

. ejection catapults were test fired both in an environment of zero
acceleration (catapult horizontal) and in a high acceleration
environment. These test results showed a marked effect of G
loading on the catapult dynamics. The catapult pressures, for
example, were significantly higher. This paper also describes an
attempt made to construct a computer model which would predict
the catapult's dynamics under any G loading. A discussion of
the model results is included, as is the computer model program.

I. Introduction /\\

Modern fighter aircraft are using sustained high

;i acceleration maneuvers as a useful combat technique. As a
result, the trend toward increasing the sustained "G" loading
capability of these aircraft promises to continue. One method

- - used to enhance the aircraft's maneuverability and,

F congequently, its G loading, is the relaxation of the aircraft's

:f stability margin. The F-16 fighter aircraft, for example, is the

first modern aircraft with a negative stability margin (the only

other was the Wright Flyer). Because of this negative stability

margin the F-16 must be controlled by on-board computers and,

consequently, damage to or failure of these computers could

X.r. DL

result in an uncontrollable aircraft, which would require
emergency escape in a high acceleration environment.

The possibility of encountering these large impressed G

D AL S AR A M
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fields during the escape event (up to 12 Gs) has a significant
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impact on emergency crew escape system design. Of particular
interest is the effect of this imposed acceleration field on the
performance of the ejection seat's catapult. Some analytical
work has been done previously to predict the performance of the
ejection catapult in a high G environment (Refs. 1 and 2) but no
actual tests of an ejection catapult in a high acceleration field
have been found. The results of the study reported in Ref. 1
were surprising. The study concluded, for example, that much
higher internal catapult pressures would be encountered, and the
ejection seat timing sequence would be markedly altered by the
imposed acceleration field. The study also predicted much higher
acceleration of the ejection seat and therefore higher loads on
the ejectee.

It therefore became cle;r that more study and tests were
required to fully understand the effects of imposed acceleration
field on escape catapults. As a result, the Air Force Flight
Dynamics Laboratory (AFFDL) and Air Force Aerospace Medical
Research Laboratory (AM#L) initiated a joint test program in 1978
to determine these effécts. The objective of this paper is to
analyze these catapult test firing results and to report on the

effort made to model the ejection catapult dynamics.

II Catapult Tests

A. Approach
It would seem that the simplest test approach would be to

obtain a number of new escape catapults and then fire them in a

B
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high G environment. However, to reduce the expense of the
initial test program it was decided to obtain "outdated”
catapults that had been removed from operational ejection seats.
Because these catapults had been exposed to temperature cycling,
vibration, and aging it was necessary to complete a series of
tests to establish the repeatability of the catapult's
performance prior to conducting tests of catapults in a high G
environment. This was done with the experimental set-up shown in
Figure 1. Essentially, the catapult had one end locked to the
test track while the other end was free to move against a mass
(payload) resting on the test track rails. This payload sled
weighed 395 pounds. As one end of the catapult was locked to the
track and was therefore unmoving, these tests were referred to as
static or zero G tests. Th; tests were also used to establish

an expected range of data, e.g., a baseline catapult
pressure-time curve, and served as an instrumentation check-out
prior to the high-G or dynamic tests.

The acceleration environment for the dynamic tests was
generated by the test set-up shown in Figure 2. Both the payload
and carrier sled were accelerated to a predetermined velocity,
and then the brakes on the carrier sled were actuated. This
resulted in a decelerating force being applied through the
catapult to the payload. After the accelerometer on board the
carrier sled sensed the preselected G level, the catapult was
ignited and propelled the payload sled. The nominal G level for

all the dynamic tests was selected to be 8 Gs (Ref. 3).
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Thus the test approach was first to conduct static tests to
establish data repeatability and a base-line data set. Then the
dynamic tests were to be conducted and compared to the static
data to determine any changes in catapult performance due to

imposed acceleration field.

B. Test Apparatus
Three elements were needed to conduct these tests: (1)

the test track facility which includes the payload and carrier
sleds, (2) the escape system catapults, and (3) the various
transducers used to sense tﬁe required data. The test track
facility also includes a launch system, which propelled the
catapult-sled system down the track for the dynamic tests, and
appropriate electronics equipment to transmit, condition, and
record the test data.

The Talley 2400 series catapult was used in these tests, and
the data sensed and recorded are shown in Table 1. The
specifications for each of these transducers and their

installation are discussed more fully in Ref. 4.

C. Test Results
1. General
The data recorded during these tests were previously
listed in Table 1. The primary parameter of interest throughout
this analysis is the catapult pressure, since this 1s an

indication of the energy released by the catapult and serves as

e A




Frvr‘v.
PRV LI

T

4 Jud

kP e

W—ffrr' T
,

the driving force that produces the accelerations and
displacements that follow. A sample data set for test 159 is

included as Appendix A.

2. Static Tests
There were 24 catapult test firings during this test
program. Twelve of these tests were static tests; Table 2 lists
the identifying test numbers for both the static and dynamic
tests.

The pressure curves for the static tests can be grouped into
three sets. The first set (called Set No. 1) 1is composed of five
tests (155, 157, 158, 159, 160); the results of these tests are
used during the remaining aqalysis as "standard” catapult
results. The rise in pressure is smooth without sharp drops or
increases. Each pressure curve in this set is essentially
identical with the others. Figure 3 shows this pressure
relationship for two of the tests, nos. 159 and 160. The spike
in pressure near the egd of the catapult stroke (time of stroke
is approximately 160 milliseconds) will be discussed shortly.

Set No. 2 is composed of three tests (161, 162, 165); each
of the catapult pressure-time curves of this set is similar to
the others but lower in amplitude and impulse than those of Set
No. 1. The pressure spike is again evident in each of these
tests. Figure 3 includes the pressure-time curve for test no.

161 to show the typical lower impulse of Set No. 2.
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Set No. 3 is also composed of three tests (154, 156, 163)
and these are similar in impulse to Set No. 2. The major
difference between Set Nos. 2 and 3 1is the delay in pressure
onset. For Set No. 2 the sustained pressure rise starts at 20
milliseconds after the ignition signal. For Set No. 3 the
sustained pressure rise starts at 40 milliseconds after the
ignition signal. This pressure rise for Set No. 3 is rapid at
first, and then assumes essentially the same track as the
pressure curve in Set No. 2. Another difference is that two of
the tests in Set No. 3 (154 and 156) do not exhibit the pressure
spike at catapult separatioﬂ (strip-off).

Test no. 164 18 different from all of the other tests in
that the pressure curve 1is very positive at the beginning and
then goes to zero and then begins its steady rise.

If the accelerations of the first two sets of data are
compared, it is obvious that, as expected, the lower pressures of
Set No. 2 give rise to lover accelerations than inm Set No. 1.
Figure 4 18 a plot of the catapult acceleration of test no. 165
(Set No. 2) versus test no. 158 (Set No. 1) and clearly shows
this reduced acceleration for Set No. 2. It is also interesting
to examine the acceleration curve for test no. 164 to see if the
large pulse in pressure is reflected in the payload sled
acceleration-time curve. Figure 5 shows that it is not. Thus it
is hard to explain the pressure-time curve for test no. 164. As
a result, the catapult pressure transducer was changed for the

next test, test no. 165. 1In fact, three pressure transducers
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were used during the tests. The first pressure transducer was
used for tests 154 thrcugh 164, the second for tests 165 through
186, and the third for tests 196 through 198. It should also be
mentioned that the transducer connection to the catapult chawber
was changed after test no. 156. This was done to reduce the
apparent lag in the catapult pressure response as compared with
the force and acceleration response. The original coﬁfiguration
consisted of approximately seventeen inches of quarter-inch
diameter tubing with two 90 degree bends and a 90 degree
connector. This was changed to one inch of tubing with the 90
degree connector, thereby eiiminating the lag. One other
noteworthy change in pressure transducer instrumentation was
made. The transducer pressure line was packed with silicon
grease to protect the transducer from hot gases in test nos. 154
through 158. The use of this grease was discontinued until test
no. 196 and then used again with the third transducer during test
nos. 196 through 198.

In many of the static tests results a pressure spike appears
at the time of catapult strip-off. These spikes are seen in each
of the pressure-time plots in Figure 3. Upon closer examination
it is clear that the beginning of the spike occurs just at the
time of strip-off. It appears that this pressure increase occurs
for the following reason. Prior to strip-off the catapult
propellant is burning and therefore producing high pressure gas
within the catapult tube, forcing the internal catapult tube

(piston) out of the external tube (cylinder) as shown in Figure
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6. At strip-off the internal tube pulls out of the "end-cap”
leaving a hole in the end-cap. The end-cap motion relative to
the external tube is stopped by mechanical interference. Hot gas
then flows through the end-cap hole and into the rocket nozzle
and ignites the rocket. The important point here, however, is
that the rapid increase in volume that was occurring prior to
strip-off ceases with the stopping of the end-cap. The catapult
propellant is still burning, however, and the pressure in the
catapult momentarily increases rapidly until the propellant 1is
consumed and then drops rapidly with the gas flow out of the
internal tube through the end-cap hole. If this analysis is
correct the peak of the spike could be used as a measure of
propellant burn-out. It is interesting to note that during the
dynamic tests where more catapult propellant is needed due to the
greater burn time, pressure spikes are observed cnly in test nos.
185 and 186. The behavior of the pressure curve in test no. 184
must be discounted as there was a break in the signal cable.
After this review of the static test data from the catapult
firings and the pressure transducer modifications, data Set No. 1
was selected as the representative static test data for
comparison with the dynamic test results. These five tests seem
to be reproducible and representative of the Talley 2400 series

catapult.

3. High-G Tests

.




Twelve high-~G tests were conducted; these test numbers
are listed in Table 2. The G level applied to the catapult in
these tests was a nominal eight Gs but varied during each test
and from test to test. This was necessitated by the difficult

job of precisely braking the carrier sled. Figure 7 is a plot of

the carrier sled acceleration in Gs for test no. 183 and shows

VRTINS

that the deceleration varies between seven and nine Gs. A sample
i data set for the dynamic tests (again test no. 183) is listed in
§ Appendix B. Because of the varying load on the catapult, little
effort was made to correlate the high-G test results. A simple
b‘ check of the output of the force transducers mounted at each end
of the catapult was made. Figure 8 shows these values to be in

Q; very close agreement, as they should be.

4. Comparison of Static and High-G Tests

= The first relationship investigated for this

: comparison was the effect of G loading on catapult pressure.

gg Figure 9 compares the pressure-time curves of test no. 159
(static) with those ¢f test no. 183 (high~G) where zero time is

the onset of the catapult pressure rise. Notice that the maximum

catapult pressure for thé static test is 1499 psi (neglecting the
pressure spike after catapult strip-off) versus 2202 psi for the
: high~G test. If we examine the catapult extension time from
;' ignition to strip-off we find that for test no. 159 it takes 150
i; milliseconds to reach strip-off, while for test no. 183 it takes
% 195 milliseconds. However, the actual stroke time of the
;! . - 10
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catapult was 126 milliseconds for the dynamics test, no. 183,
versus 134 milliseconds for the static test, no. 159. This is a
typical comparison between the static and high~G tests and

confirms the results of the earlier study (Ref. 1).

S. Conclusions
Although there was some significant variation in the
static tests, a group of tests was selected as vepresentative of

the Talley 2400 series catapult and was used as "standard” data
for computer modeling purposes.

Significantly higher catapult pressures were obtained during
the high-G catapult tests, as expected (Ref. 1). Also, the time

required for the catapult to reach separation was longer for the

high-G tests than for the static tests.

II11. Computer Model

A. Background

The computer model of an ejection catapult used in this
study 1s a revised version of the model used in the 1975 catapult
study (Ref. 1). Certain changes were made to the early program
to improve or extend itsvcapabilities and these changes will be
discussed in the theory section of this report. The purpose of
this program, however, remains the same: to provide a means of
predicting escape catapult phenomena under any G loading at any

initial propellant temperature.

11
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B. Model Theory

The catapult computer model is composed of various

governing equations. These are summarized below:

l. Energy Balance (First Law of Thermodynamics)

W = mC AT - Q
u v out of
gas gas (1)

2. Perfect Gas Relationship (Equation of State)

PV = mRT (2)

3. Force Balance

EJM

4. Propellant

5. Propellant

Eqn. (1)
(mC_AT) goes

equivalently,

Eqn. (2), 1is standard and is used with an appropriate value of

the gas constant R selected for the propellant gas.

balance, Eqn.

* ACCEL = (CADF - FRF - FPF) (3)

Burn Rate Equation

r = /9t = 1p? (inches/time)
(4)

Form Function

m = f(L) (s)

states that the energy removed from the hot gas

to heat transfer (Q) or to work (piston motion or

payload motion). The perfect gas relationship,

The force

e s e B T S

(3), merely states that the force of the catapult,

CADF, minus the rail friction, FRF, and O-ring fiiction, FPF,

equals the resultant force on the payload.

In this expression,

EJM is the ejected mass and thus ACCEL 1s the resultant payload

12
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acceleration. The propellant burn rate equation, Eqn. (4),
relates the cat.ipult internal pressure to the length of
propellant burned. The variables k and n in Eqn. (4) are
constants taken from Talley's propellant data sheet. Finally,
the propellant form function, Eqn. (5), relates the length of
propellant burmed to the mass of propellant burned. This mass is
the same as the mass, m, in Eqn. (1). These equations are
combined in the program in one of two ways. The first technique
requires the fcrm functions to be known, and then the equations
are structured to calculate the catapult temperature, pressure,
acceleration, velocity, and displacement. A flow diagram for
this technique is shown in Figure 10. The second technique uses
known pressure data to calculate the form function for the
catapult. A flow diagram for this technique is shown in Figure
11. Since the form function relates propellant mass burned (W)
to propellant length consumed (WB), then if the length of
propellant burned is known, i.e., the pressure~time curve is
known, the amount of propellant can be determined.

The computer model 1s capable of using both techniques. 1In
the present analysis the latter technique is used first in order
to calculate the propellant form function using the known test
data. This technique is used because the form function for the

propellant at high pressures (high-G tests) is unknown.

C. Modeling Approach

L3
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The approach used in the modeling effort was to use the
actual test data to create a “"universal” form function for the
Talley 2400 series catapult. With this form function known, any
G loading could be prescribed along with other descriptive
parameters such as seat weight, and the resulting output
parameters, such as catapult pressures and seat/man
accelerations, could be calculated with the computer model. A
single form function does exist for tests in a one G environment;
the present approach assumes that a single form function exists
for all G loadings.

This approach requires; of course, a computer program that
correctly generates a form function from the pressure data and
that this form function can.then be used tc regenerate the
pressure, acceleration, velocity, and displacement information of
the original test. 1In short, the computer model must be

mathematically accurate.

D. Data Manipulat;on
Rapid Analysis of computer program output requires the
ability to quickly plct this output data either alone or with the
experimental test results. This was accomplished through the

following tests:

1. Statements were added to the computer program logic to cause
the following output parameters to be stored in a separate data

file: (1) pressure, (2) displacement, (3) acceleration, (4)

14




propellant burned (W), and (5) web burned (WB). Thus the
pressure file would contain digitized values of pressure at two
millisecond intervals throughout the catapult stroke. These
files are identified by test number and can be easily called up
for viewing or plotting at any time. For example, the
computer—generated pressure data for test no. 159 are stored at

P159.

2. A program was written to modify the experimental data taken
from computer cards to make it compatible with the computer model
output data. This program, DATA/MOD, changes the format of the
data, eliminates the appropriate number of initial data points, |
selects the appropriate timé step between data points, and stores
the data. For example, it eliminates every other data point if
data at two millisecond intervals are required. A copy of this

program is included in Appendix C.

3. Various plotting routines have been created to plot recurring

data formats. For example, the computer program GRAPH plots the
computer model-generated payload sled acceleration versus the
measured payload sled acceleration and stores the plotfile for
future reference. The name of this plotfile for test no. 159 is
PLOTFILE/GVSG/159 and to plot this data comparison at any time in
the future one simply has to type the command PLOT and then

PLOTFILE/GVSG/159. A copy. of GRAPH is included in Appendix D.

15 _—
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E. Programming Changes

Numerous program changes were made during the model
analysis period. A copy of the final version of the program is
included in Appendix E. The input data required for the catapult
program, NEWSET, are also listed there. Only the more important
changes will be discussed here and these can be grouped under
the following three headings: (1) removal of the igniter charge,
CO, (2) modification of the calculation of rail friction, and (3)
inclusion of imposed G field. The modification to permit output
information to be sent to data files was a fourth major change,

but this has been previously discussed.

1. Removal of Igniter Charge

Early in the evaluation of the technique used to
create a form function from the experimental data, an attempt was
made to compare the experimental pressure-time data used to
calculate the form function to the pressure-time data resulting
from the form function. These curves did not match. After some
analysis it became clear that the amount of propellant needed to
generate the pressure-time test data was being properly
calculated. In the second phase of calculations, in which the
form function was used to‘calculate the pressure-time curve, an
extra amount of propellant, the igniter charge, was being added
to the mass of propellant indicated by the form function. This
extra propellant resulted in higher catapult pressures than those

recorded during the actual test. When the igniter charge, CO,

16
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was removed from the program logic, the pressures matched nicely,

as shown in Figure 12 for test no. 183.

2. Rail Friction Modification

Later during this model analysis it was noticed that,
although the experimental and calculated pressure~time curves
matched for the static tests, the payload sled displacement
(catapult displacement) did not. The displacement calculated by
the computer model was significantly less. Examination of the
computer model force balance [similar to Eqn. (3)] revealed that
if the driving force, CADF, was calculated correctly (remember
that the catapult pressure curve had been proven correct earlier
and that the catapult end area was measured) and the ejected
payload mass, EJM, was measured correctly, then the friction
terms must be incorrect. Rail friction was previously calculated
as 0.356 using the results of an actual track test (Ref. 5).
Using the data from test no. 159 a value of O-ring friction was
calculated as 0.008. These two values were inserted for Kl
(changed from 0.2 to 0.008) and K2 (changed from 0.01 to 0.356)
in the program logic. Also, the original logic, which attempted
to incorporate the effect of sled movement (sled "rocking” on the
track during translation ;long the track) on the rail friction
term, was removed. With these new values and formulation, the
new value of catapult displacement was determined by twice
integrating the revised catapult acceleration predicted by the

model. Figure 13 is a plot of the acceleration-time curves for

17
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test no. 159 and compares the actual (test) catapult acceleration
to the computer model's prediction. The fit is very good. Tﬁe
displacements were next compared and, as expected, the
correlation was excellent.

A note of caution must be included here concerning the
friction coefficients. These values change with test and track
conditions, and in particular the O~ring friction value can be
expected to change for the high-G tests due to pressure increases
in the catapult. The changes in friction may be the cause of the
variation in acceleration seen in Figure 14 (GVSG 159-161), since
the O-ring friction coefficient was determined from test no. 159
data. Remember that the pressure curves correlate well for these

two tests.

4, Inclusion of Imposed G Field Data
The G loading on the catapult is not constant, as

previously discussed (Figure 7), and therefore the actual values
of G loading, rather than a nominal or average value, should be
input to the force balance in Eqn (3). Of course, Eqn. (3) must
be modified to reflect this G-loading consideration.

Representative G-loading data have been added to the program for
various tests. These dat# can be called into the program as ZLF

or program line 20820.

IV. Form Function Analysis

A. Calculations

18




T e . W ow TN T T ———— Ty e a— it Wy - -
TR e ~ e L e . g A i ~ . . e e e . N . e T T

The remaining task was to determine if a universal form
function for the Talley 2400 series catapult exists. The
approach was to use the actual data from the catapult tests to
:; generate propellant form function curves (i.e., mass of
h! propellant burned, W, plotted versus length of propellant burned,
., WB) and to compare them.

First, certain static tests were used to generate separate
! form function curves. A typical comparison of two separate form
S function curves for test nos. 159 and 160 is shown in Figure 15.
?ﬁ The agreement 1is excgllent,.but it must be remembered that the
F? results from these two tests were very similar, and good
agreement would be expected. Indeed, the propellant burn rate
depends only on the pressure, as showr by Eqn. (4), so that if
5i the pressure-time curves for separate tests are the same, then ;;7;
burn rate and its integral, propellant length burned, must be the

= same.

-~ Before the form function could be created for the High-G

F! tests, an appropriate value of catapult acceleration had to be

3 generated within or supplied to the catapult model. This

acceleration would then be twice integrated to determine catapult

stroke which 18 required to calculate the work term in the energy

f: balance, Eqn. (1). It is glso used to determine the latest value

of catapult internal volume used in Eqn. (2). The standard

# technique for calculating this acceleration would be to formulate

a new force balance for the high-G tests. This formulation would

- necessarily contain the friction forces discussed earlier and

- 19 —_—
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would fequire a careful review prior to use. As this review
could be time-consuming and require additional information on the
friction factors, particularly O-ring friction, an alternate
technique was used. Since the difference in payload sled
acceleration and carrier sled acceleration is their relative
acceleration or catapult stroking acceleration, then this
difference could be used as input to the computer model to
complete the high-G form function calculations. This was done by
storing this relative acceleration (difference) in the test no.
183 G data file (shown in the computer program in Appendix E).
This value of acceleration was then read into the computer
program (line 21610). To check this technique, a plot of the
resulting displacement of the catapult was compared to the actual
catapult stroke data. This comparison is shown by Figure 16.

The agreement 18 excellent.

With this program adjustment the form function could be
calculated for the high-G tests. If we compare the resulting
form function from a high-G test (test no. 183) to the one from
test no. 159 (a static test), the Figure 17 results. The
pressure-time curves for these two tests were previously shown in
Figure 3. Unfortunately, the two form functions in Figure 17 are
not the same. If we look more closely at each form function by
plotting the propellant burned, W, versus time, as well as burn
length, WB, for both tests, then Figures 18 and 19 result.

Notice that Figure 19 shows that the web burned is about the same

for test no. 159 as for test no. 183. This is surprising as the
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pressure curves are significantly different after the 80
millisecond point. This suggests that the burn rate equation may
not be as sensitive to pressure as it should be. O0Of greater
concern, however, is the result shown in Figure 18. This result
shows that more energy is expended (more propellant is burned) in
the static test than in the high-G test. This, of course, is
incorrect. Not only does the catapult do more work during the
high~G tests, since the catapult pressure is higher, but also the
burn time is increased, which allows more time for thermal energy

transfer.

B. Conclusions
It is not clear why the discrepancies mentioned above

occur. At this point, it appears that the program logic still
needs further refinement and that perhaps a single form function
exists for the Talley 2400 series catapult regardless of the G
loading. Further analyéis of the thermal energy loss term, the
burn rate coefficient and exponent, and calculated fuel
consumption magnitude should be done. Also, the magnitude of the
work term must be determined and compared for both the stacic and
high~G tests. For example, doés the program output show a larger
value of work for the static or high~GC tests? Although the
present investigation ended before this analysis could be
completed, this analysis is the next necessary step in the

catapult model building process.
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Table 1

PARAMETERS MEASURED DURING EJECTION

CATAPULT TESTS*

PARAMETER

TEST SERIES

Payload sled x-axis acceleration
Force applied to payload sled
Force applied to carrier sled
Internal gas pressure of catapult
Digsplacement of payload sled
Velocity of carrier sled

Carrier sled x-axis acceleration
Carrier sled y-axis acceleration

Carrier sled z—-axis acceleration

Static and High-G

High-G Tests Only

o

*Ref. 4
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Table 2

IDENTIFYING TEST NUMBERS
OF CATAPULT FIRINGS

STATIC TESTS
(12 tests)

HIGH-G TESTS
(12 tests)

154
155
156
157
158
159
160
161
162
163
164
165

171
178
179
180
181
183
184
185
186
196
197
198
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Figure 6. Separation of Internal Catapult Tube from Catapult
End-Cap
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V=V¥o+ PA 8STROKE
‘ (Gas Volume)

wsi(L)
(Propellant Burned
from Form Function)

ntegrate to Obtain l

Cstapult Displacement
(Caiculate WK and Q)

kD T=TA- 1 (WK+Q)
MCv

(Gas Temperature)
WRT

P=-—

v
(Gas Pressure)

|

() ACCEL =(CADF-FRICTION)/EJM
(Catapult Acceleration)

PUpp——

P

A

Figure 10. Logic Flow Diagram for a Known Propellant Forun
Function
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START

J INCREMENT W
(Propeliant Mass
Consumed )

2
wgcCc ?
(Al Propeliant
Consumed ?)

Y

V=V0O+ PA ¥ STROKE

(Gas Volume)

'

T=TFLAME-(WK+Q)/(W&CV)
(Gas Temperature)

ADJUST J

w -
,q Pa WRT v
2 v

(Gas Pressure)

— LI D e S o
) P
. ‘.. ) . L

R —

TV vy v
S .

P# P .
g CAL DATAI
i | ‘ AL V® Bata
4
1 PCAL = PDATA
P. !
' at_ «ke"
g dt
integrate to get L i.e.,.WB
o P!
8 STORE W AND WB

Figure 11. Logic Flow Diagram for Calculation <f Propellant Form
Function with Known Catapult Pressure

35

’..-
:

vt itrinsomtmeiansiioin - —— VI SR APy PR NPT W - . A,;J




e

[l Jeds” B ogr-n ety

e wywT

(€81 °"ON 3s2]) 19poR 193ndmon
243 £q pa33lviau3) 2A41INn) BWFI-2INnSSI1g 9yl 03 aaan)
PWIl-2anssdi1g 3yndele) Tenidy ayl jo uosjiedwoy vV

(SONGOISITIIH> WMIL
00°0  00°SLf  00°0ST  00°SZf  00°00f 00°SL 00705

| T e e

*Z1 @andyyg

| T i I SN et ST RNy

00°0

0

__

€81 1531s H1H0 1631 8

£81 1531~J WBINMO B

00°9% 00°31 00°8
3HNSS3add 1 Nduido

00°02
0%

002

O
[}




(6S1 °*oON 3831)
I I2POH I33ndwo) a3yl £q pejeiau’dH uOIIBISTIOOV 3Y3
YITA uorlvId[aOOY 33indeie) 1enidy @24yl jo uosyaedwo) y g1 2an81g

(SONGO3SITIIN> 3WIL

00°002  00°SLT  00°0ST  0O'SsT  00°007 00°SL 00°05 00°'sz 00°0
r[ [ -] P .4 % Iy U T 2 L! Il e | ' AL 'l L 1 — I L4 1 — y'i | 4 — r i . | -o
W.. b2
3 H
-z ._
b. 7@ !
! )
. 651 1631~ Hlbg 163l 8 g g A
8 :
851 1S31-0 H3INAM00 8 W
' Iul ~
w. -
. 8y ° _
(o]
i
53
m 83 |
| )
] (=) {
! =z
4 [y k
, | |
B )
{
A ]

go°st

T




ro i:‘l}l\ff

ce3eq 6ST1 °ON 3IS3]

WOoIJ pauUFwWIaIag 9I3M S2I3H PIS( SIUSTOFIIS0H uoridrad
*1apoN 223ndwo) @yl £q palIeiIduUd) UOTIBIITOIDY 9yl

y YITA UOTIBIZ[I9OY 31nde3e) [EN3IDY 2Yy3 jo uostaedwmo) y

(SONODISITIIWY JWIL

g —’L -L-—r-LL’—\-L -Lﬁ;—th—rh-\-—thL\—,

*$1 @2and1 3

00002 00°5.t 00°0st 00°521 00°001 00°SL 00°05 00’z 00

-L.b\b!rhx-,h

S3THA O 180 1631 8

s SIS 0 LM B

L abas Jnst st e 8O0

B AR ./ BT . AP DNS e

‘0

00°0

T U 1
0o0°at 0s°L 00°s

NOI.1b643T300H 1INdY1HD

05zt

00°st

38

e et et s A mia i




-

e TUNTON T

,:3.;_‘ v_.. ‘.j _, _4.. _ .
R : - »P. e R 2 AP ) N B
I SRR TN 'R . el YRR DV P I it - ool RS SR I e

-

091 PU® gGT °*°SON 383] 103 uostiedwo)y uojyldung wiog °*G 2an8fg

SIHONI - (@M)IINUNG &M
80°0 £0°0 90°0 50°0 w0°0 €0°0 20°0 10°0 00°0,

—\F\P-I-t--bL-b-b-bhh{r-hx’rP\P\r-\-

SIMEH 081 1631 @

T
00°91

0T WETCMITINGNG LINYTT3d0Hd

SIMEN 651 1531 6

00°2¢ 00°h2

00°0%

39




T

€81 °*ON 1891 103 3WJ] SNSIdA juawddeyrdsyq 3ynde3zesy <91 3andyr g

(SONOOISTTIIWNY IWIL
00002  00°SLf  00°0ST  00°Sf  00°00% 00°SL 00°0S 00°52 009

—-b-;—th-Lnu\»—-F\PLbh ———--—--—-PPL!-

—
00°zt

NI-1IN3W30U1dSIA 1NdY1H0

3 €81 1531 H1BO 131 @

40

€81 1531~0 {3INMOD B

0ot

T
00°he

T
0o°0oe

RV _ W e b ko aa o aa — e

M M e . am e a




PR SRR

i

€81 Pu® ST *SON 3183l 103 uosfiedmo) uoyiIdung wiog ‘(1 2andrg

SIHONI - (@)U dM
900 10°0 90°0 90°0 0’0 €0°0 200 10°0 00°0

—--—-FLL—-h-r-brh-—bbb--n-l—-b oo

3

|_®

8

K

SIMES 60f 1531 0 8
SIMEN 6st 1S3l e

2

'8

8

l-
oh

00

d0dd

QOIM  NETCMITEINENG INYTT3

41

o




€87 Pu® 6CT °SON 3I83] 2103
3wyl SnsisA psuwnsuo) jueradoid 3Jo anyep paile[ndTe)d g1 3anr4g

(SONGOISITIIN) WMIL
00002  00°SLE  00°0ST  00°Set 007008 00°SL 00°0S 00°s2 00

00°0”

E
€81 16310 UIHD WO @ .Wm
B
65t 15314 H1HT 00 B
22
Sa
IM\M
o
2
5n
8

42




4 —
- .
a ‘- B
“€81 PuU® G “SON :
189] 103 3W]] SNSIdA pauang QqOM JO SINTEBA pIajIe[nore)d -6l 3an3yg A
1
)
s
! (SONCOISTTIIWY MIL ]
" 00°002  00°SLt 00°0S? 00°S2t 00°00% 00°SL 00°05 00°S2 0°Q
- —-Lbb-h-hh-rbfx.-—F-bh\r--b—hh’LrhnhB-\-be’hb l°
[ o
,. ]
3 | ©
! 3
4
4
mv 4
€61 15311 HIHO &NOO 8 rwm
it %
8s? 15311 MIND HNOO B o ~
o2
88
b= ]
m E
4
] om
la”(
e
b P
8
1
4 rloo 1
ﬁ ” L
4
X
1
F[LL Y .-;_..P PMF!MP».L P..-»Tk Ly, ;.!L -..r.,-n.r'.. " L \-. . . : . u




......

AR A nath. St Nl i i R M it

APPENDIX A

Digitized Data Set for Test 159
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TEST: 1S9AAA PAYLOAD SLED DISP [N INCHESAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAAAA
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
C.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 G.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 6.0 0.0 0.0 0.1 0.1
0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2
0.2 0.3 0.3 0.3 0.4 0.4 0.4 0.5 0.5 0.9
0.6 0.6 0.7 0.7 0.8 0.8 0.9 0.9 1.0 1.1
1.1 1.2 1.3 1.4 1.5 1.5 1.6 1.7 1.8 1.9
2.0 2.1 2.2 2.3 2.4 2.5 2.7 2.8 2.9 3.1
3.2 3.3 3.5 3.6 3.8 4.0 4.1 4.3 4.5 4.6
4.8 5.0 5.2 5.4 5.6 5.8 6.0 6.2 6.5 6.7
6.9 7.2 7.4 7.7 7.9 8.2 8.5 8.7 9.0 9.3
9.6 9.9 10.2 10.5 10.8 1.1 11.4 11.8 12.1 12.4

12.8 13.1 13.5 13.9 14.2 14.6 15.0 15.4 15.8 16.2
16.6 17.0 17.4 17.8 18.3 18.7 19.1 19.6 20.0 20.5
20.9 21.4 21.9 22.3 22.8 23.3 23.8 24.3 24.8 25.3
25.8 26.4 26.9 27.4 28.0 28.5 29.0 29.6 30.1 30.7
31.3 31.8 32.4 33.0 33.5 34.1 34.7 35.3 35.8 36.4
37.0 37.6 38.2 38.7 39.3 39.9 40.5 41.0 41.6 42.2
42.8 43.4 43.9 44.5 45.1 45.7 46.3 46.8 47 .4 48.0
48  6AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

TEST:
1

-30.
6.

181

310,
441,
584.

751

929.
1106.
1279.
1401.
1465.
1492,
1472.
1434,
1396,
1635.

624.

229

100.

15
.2

2
4
.0
2

P

3
8
=
2
o
2
8
0
8
4
o}

—

4
.9
7

9AAA CATAPULT PRESSURE IN PS]IAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
0.8 1.2 1.2 -2.3 -0.5 4.7 20.4 27.4 8.2
-49.4 -%2.9 -42.4 -25.0 -14.5 -11.0 -11.0 -11.0 -7.5
22 .2 44.9 62.3 85.0 99.0 116.4 135.6 149.6 165.3
198.5 214.2 222.9 233.4 240.4 256.1 268.3 284.0 294.5
318.9 322.4 338.1 353.8 367.8 378.3 395.7 414.9 423.7
453.3 470.8 483.0 493 3 510.9 524.9 540.6 556.3 566.8
598.2 619.2 634.9 639.3 662.8 683.8 697.7 716.9 730.9
771.0 792.0 802.5 823.4 839.1 858.3 865.3 889.8 910.7
947.3 966.5 980.5 998.0 1015.4 1034.6 1050.3 1071.3 1088.8
1123.7 1139.4 1153.3 1174.3 1191.7 1209.2 1223.2 1249.3 1256.3
1289.5 1300.0 1313.9 1327.9 1340.1 1354.1 1362.8 1385.5 1383.8
1404.7 1416.9 1432.6 1434.4 1439.6 1453.6 1450.1 1464.1 1460.6
1472.8 1478.0 1478.0 1478.0 1486.8 1490.2 1485.0 1499.0 1488 5
1488.5 1486.8 1481.5 1483.3 1478.0 1478.0 1479.8 1479.8 1472.8
1467.6 1465.8 1462.3 14%58.8 1451.8 1453.6 1448.3 1446.6 1439.6
1436.1 1429.2 1425.7 1422.2 1416.9 1416.9 1411.7 1404.7 1406 4
1390.7 1389.0 1382.0 1(1378.5 1371.5 1366.3 1366.3 1429.2 1551.3
1788.8 1977.3 2020.9 1797.5 1406.4 1022.4 786.8 690.7 659.3
566.8 483.0 401.0 338.1 291.0 261.3 252.6 247 .4 243.9
212.4 193.2 186.3 161.8 151.3 144.4 132.1 118.2 109.4
AAAAAAAAAAAAAAAAA \AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAADAAAAA
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TEST: 159AAA PAYLOAD FORCE IN LBSAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

. -7.3 -22.0 -7.3 -22.0 ~22.0 -14.6 -7.3 22.3 29.7 -96.1
aE -273.6 -362.5 -288.9% -192.3 -103.4 -29.5 -14.6 -22.0 -36.8 -44.3
L 29.7 88.9 140.7 229.5 318.3 355.3 421.9 473.7 $62.5 569.9
- 666. 1 688.3 769.7 828.9 873.3 932.% 984 .3 1028.7 1102.7 1124.9
- 1213.7 1221.1 1302.5 1324.7 1376.5 1435.7 1472.7 1517.1 1620.7 1642.9
1702. 1% 1768.7 1835.3 1879.7 1938.9 1990.7 2049.9 2123.9 2168.3 2227.5
2286.7 2338.5 2382.9 2442.1% 2486.5 25%45.7 2619.7 2693.7 2738.1 2856.95
2923.1 2982 .3 3034 .1 3115.5 3167.3 3248 .7 3293.1 3367.1 3433.7 348%5.5
3552.1 3618.7 3707.5 3766.7 3833.3 3899.9 3944.3 4025.7 4092.3 4144.1
422%.5 4277.3 4343.9 4380.9 4469.7 4528.9 4588.1 4632.5 4691.7 4736.1
S 4795.3 4847.1 4913.7 4980.3 5002.5 5039.5 5113.5 S150.5 5209.7 5254.1
L 5283.7 5320.7 53%50.3 5379.9 5416.9 5453.9 5439.1 5483.5 5505.7 5%527.9
L 5535.3 5572.3 5564.9 5594.5 5601.9 5616.7 5616.7 5638.9 5631.5 5638.9
b . 5631.3 %€46.3 5638.9 5646 .3 5638.9 5631.5 5638.9 5653.7 5631.5 5631.S5
1' $646.3 5624.1 5609.3 5601.9 5579.7 5564.9 5550.1 5572.3 5527.9 5520.5
L. $498.3 5488.3 5480.9 5468.7 5431.7 5439.1 5394.7 5387.3 5372.5 $342.9
- $5328. 1 5335.5 5276.3 5283.7 5254 .1 5246.7 5187.5 4861.9 4218.1 3478.1
L - 2974.9 2797.3 2738.1 2634.%5 2353.3 1916.7 1302.5 725.3 370.1 222. 1
. . 214.7 273.9 236.9 177.7 51.9 -66.4 -118.3 -155.3 -110.8 -36.8
. 29.7 $59.3 74 .1 88.9 74 .1 51.9 $51.9 37.1 66.7 51.9
66. 7JAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
4]
! TEST: 159AAA BASE FORCE IN LBSAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
. -6.2 -35.6 -6.2 -6.2 -13.5 -28.3 1.2 30.6 67.4 -43.0
. -187.6 249,11 -227.0 -160.8 -28.3 30.6 45.3 38.0 23.3 15.9
: $2.7 104.2 185.2 280.9 339.8 428 .1 479.6 531.2 $575.3 604.8
g 663.7 715 .2 774 .1 847.7 891.8 9%58.1 958. 1 1024.3 107S5.9 1127.4
L 1178.9 1215.7 1259.9 1318.8 '1362.9 1414.5 1451.3 1%524.9 1561.7 1605.8
b 1657.4 1733.3 1778 . 1 1834.0 1872.8 1922.4 1988.6 2047.5 2099.0 2194.7
- 2216.8 2261.0 2327.2 2386.1 2422 .9 2%52%5.9 2577.5 2643.7 2680.5 2761.5
2813.0 2884 . 0 2975.0 3019. 1 3085.4 3159.0 3217.9 3284 .t 3343.0 3416.6
- 3482.9 3541 .8 3600.6 3718.4 3762 .6 3806.8 3865.6 3931.9 3990.8 4057.0
- 4115.9 4219.0 4241.0 42989.9 4351.5 4395.6 4491.3 48550.2 4579.6 4623.8
- 4668.0 4741.6 A4778.4 4829.9 4888.8 4925.6 4991.9 5021.3 5087.5 S5117.0
- 5146.4 S175.9 5205.3 5242.1 5264.2 5293.6 5293.6 5323.1 5323.1 5352.5
b - $382.0 ©389.3 S411.4 5433.5 5448.2 5448.2 5448.2 5462.9 5477.7 5492 .4
- 5492.4 5492 .4 %5470.3 5470.3 S5485.0 S5470.3 B5492.4 5485.0 5485.0 5470.3
5470.3 5470. 3 5492 .4 $5433.5 5448 .2 B5440.9 5433.5 5440.9 5418.8 5418.8
l! 5411.4 S5389.3 95374.6 95374.6 5374.6 5345.2 §53%59.9 §5323.1 5323.1 5301.0
5308 .4 5293.6 52983.6 5264 .2 5271.6 5249.95 5264.2 4933.0 4307.3 3637.4
L 3122.2 2820.4 2746 .8 2761. 5 2636 .4 2386. 1 2032.8 1664.7 1326. 1 1186.3
X 1017.0 766 .7 560.6 295.6 148. 4 30.6 $2.7 74.8 170.95 236.7
3 280.9 3t17.7 303.C 273.5 266.2 244 .1 214.6 214.6 199.9 192.6
t' 163. TAAAAAAAAAAAAAAAA AAAAAAAAAAAAAAAAAAAAAAAAAAAABAAAAAAAAAAAAAAAAAAAAAAAAAA
k.
(]

i

46

- . P P S . o . A o




g; TEST: 159AAA PAYLOAD SLED ACCEL IN GSAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
= 0.0 0.1 0.0 0.0 0.1 0.0 0.0 0.0 -0.3 -0.3
F -0.3 -0.2 -0.1 0.2 0.1 0.1 0.1 0. 0.1 0.1
X 0.1 0.2 0.4 0.6 0.7 0.8 0.9 0.9 1.1 1.3
¢ 1.4 1.7 1.8 2.0 2.1 2.2 2.4 2.5 2.5 2.6
g 2.8 2.9 3.1 3.3 3.4 3.5 3.6 3.8 3.9 4.0
. 4.2 4.3 4.4 4.7 4.9 5.1 5.2 5.3 5.4 5.5
5.6 5.8 6.0 6.2 6.3 6.6 6.7 6.7 6.9 7.1
3 7.3 7.5 7.7 7.9 8.1 8.2 8.4 8.6 8.8 8.0
F 9.1 9.4 9.6 9.8 9.9 10.1 10.3 10.4 10.7 10.9
x 1.1 1.2 1.5 11.6 1.8 11.9 12.0 12.2 12.3 12.5
3 12.6 12. 8 13.0 13.1 13.3 13.4 13.5 13.6 13.7 18.7
Q- 13.9 13.8 13.8 13.8 13.9 14.0 14.2 14.3 14.7 14.6
8 14.6 14.6 14.7 14.7 14.7 14.7 14.8 14.9 14.9 14.9
. 15.1 14.9 14.9 14,9 14.8 14.8 14.8 14.7 14.8 14.6
7‘ 14.6 14.6 14.7 14.7 14.8 14.6 14.5 14.4 14.3 14.3
> 14.2 14.2 14.2 14.3 14.2 14.1 14.1 14.1 14.0 13.9
5 13.8 13.8 13.7 13.7 13.7 13.6 13.5 12.6 10.8 8.6
: 6.4 4.5 3.5 3.5 4.1 4.9 5.0 4.1 2.7 0.3
- -2.1 -3.2 -2.8 1.2 0.6 2.0 2.5 2.4 1.8 0.9
F 0.4 0.7 1.0 1.0 0.3 0.0 0.2 0.5 0.6 0.4
) 0.1
0. 1AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

TEST: 159AAA PAYLOAD SLED VEL IN FT/SECAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

0.0 c.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.2

0.2 03 0.3 0.4 0.5 0.5 0.6 0.7 0.8 6.9

0.9 1.0 1.1 1.2 1.3 1.5 1.6 1.7 1.8 1.9

2.1 2.2 2.3 2.5 2.7 2.8 3.0 3.1 3.3 3.5

3.7 3.9 4.1 4.3 4.4 4.7 4.9 5.1 5.3 5.5

5.8 6.0 6.3 6.5 6.8 7.0 7.3 7.6 7.8 8.1

8.4 8.7 9.0 - 9.4 9.7 10.0 10.3 10.6 11.0 1.3

11.7 12.1 12.4 12.8 13.2 13.95 13.9 14.3 14.7 15.1

; 15.95 15.9 16.3 16.8 17.2 17.6 18.0 18.5 18.9 19.4
19.8 20.3 20.7 21.1 21.6 22.0 22.%5 23.0 23.4 23.9

24.4 24.8 25.3 25.8 26.3 26.7 27.2 27.7 28.1 28.6

29.1 29.6 30.1 30.6 31.0 31.5 32.0 32.5 32.9 33.4

33.9 34.4 34.8 35.3 35.8 36.3 36.7 37.2 37.7 38.1

38 6 39.0 39.5 40.0 40. 4 40.9 41.3 41.8 42.2 42.7

! 43 .1 43.6 44.0 | 44.S 44 .9 45.3 45.8 46.2 46.6 46.9
f 47 .14 47.3 47 .4 47.%5 47.7 47.8 48.0 48.1 48.2 48.3
48.3 48.2 48 .1 48.0 48.0 48.0 48 .1 48.2 48.3 48.3

48.3 48.3 48.4 48 .4 48.4 48 .4 48.4 48 .4 48.5 48.5

48. SAAAAAAAAAAAAAAALA L AAAAAAAAAAAAAAAAAAAAAAAAAAADAAAAAAAAAAAAAAAAAAAAAAAAAA




APPENDIX B

Digitized Data Set for Test 183
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TEST: 183 CATAPULT PRESSURE [N PS1AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
-30.1 -23.2 -23.2 -26.6 -19.8 -9.5 -9.5 42.0 52.3 55.8
3).7 -12.9 -43.8 -64.4 -57.5 -33.5 4.3 38.6 59.2 86.7
79.8 90.1 93.5 107.3 127.9 148.5 155.3 169.1 182.8 189.7
203.4 220.6 230.9 261.8 268.6 303.0 289.2 289.2 299.5 306.4
313.3 323.6 333.9 347.6 351.0 375.1 381.9 395.7 406.0 412.8
436.9 440.3 454.0 464.3 474.6 491.8 495.2 515.8 539.9 550.2
$74.2 594.8 608.5 608.5 618.8 639.4 656.6 673.8 697.8 701.2
721.8 739.0 759.6 780.2 800.8 824.8 828.3 842.0 855.8 876.3

] 893.5 903.8 938.2 955.3 975.9 1003.4 1020.6 1048.0 1068.6 1085.8
: 1109.8 1130.4 1151.0 1178.5 1199.1 1216.3 1247 2 1271.2 1291.8 1322.7
2 1350.2 1374.2 1398.2 1418.8 1436.0 1456.6 1487.5 1504.7 1528.7 1559.6
s 1580.2 1604.2 1631.7 1652.3 1679.8 1707.3 1738.2 1745.0 1772.5 1789.7
i 1806.8 1834.3 1851.4 1868.6 1892.7 1896.1 1933.9 1954.5 1971.6 1988.8
g 2006.0 2033.4 2033.4 2057.5 2071.2 2084.9 2091.8 2091.8 2109.0 2126.1
" 2136.4 2139.9 2157.0 2157.0 2187.9 2181.1 2174.2 2174.2 2187.9 2187.9
2 2187.9 2181.1 2181.1 2184.5 2184.5 2187.9 2187.9 2194.8 2201.7 2194.8
- 2177.6 2153.6 2136.4 2119.3 2119.3 2119.3 2119.3 2109.0 2095.2 2084.9
. 2071.2 2067.8 2067.8 2043.7 2040.3 2006.0 1985.4 1961.3 1930.4 1906.4
- 1892.7 1854.9 1848.0 1820.6 1796.5 1775.8 1755.3 1751.9 1731.3 1714.1
a 1693.5 1672.9 1652.3 1624.8 1607.7 1590.5 1566.5 1563.0 1532.1 1508.1
. 1504.7 1511.5 1463.5 1439.4 .1405.1 1370.8 1336.4 1326.1 1305.5 1295.2
t 1192.2 581.1 -675.6 -2217.2 -2745.9 -2745.9 -2745.9 -2745.9 -2745.9 -2745.9
"¢ -2745.9 -2745.9 -2745.9 -2745.9 -2745.9 -2745. 9AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

{'“

- TEST: 183 PAYLOAD FORCE IN LBSAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
. 3268.1 3268.1 3238.5 3208.9 3149.7 3149.7 3194.1 3238.5 3194.1 3282.9
. 3238.5 3223.7 3149.7 3223.7 3223.7 3223.7 3268.1 3312.5 3371.8 3401.4
) 3445.8 3431.0 3416.2 3401.4 3401.4 3886.6 3431.0 3401.4 8401.4 3416.2

3445.8 3475.4 3519.8 3549.4 3579.1 3593.9 3608.7 3638.3 3682.7 3727.1
3786.3 3890.0 3727.1 3653.1 3564.2 3475.4 3431.0 3460.6 3534.6 3653.1
3741.9 3801.1 3801.1 3845.6 3801.1 3786.3 3741.9 3712.3 3741.9 3682.7
3667.9 3638.3 3623.5 3608.7 3579.1 3623.5 3608.7 3638.3 3667.9 3712.3
3682.7 3697.5 3727.1 3786.3 3801.1 3816.0 3756.7 3756.7 3816.0 3860.4
3919.6 4038.1 4141.7 4260.2 4289.8 4378.6 4437.8 4541.5 4585.9 4630.3
4793.2 4867.2 4956.1 5044.9 5222.6 5355.9 5503.9 5563.1 5607.6 5696.4
5770.4 5874.1 5948.1 6037.0 6111.0 6214.6 6303.5 6377.5 6525.6 6629.2
6718.0 6821.7 6895.7 7014.2 7147.5 7177.1 7280.7 7854.7 7443.6 7532.4
7606.5 7710.1 7843.4 7902.6 7991.4 8065.5 8154.3 8228.3 8302.4 8346.8
8406.0 8480.0 8539.3 8568.9 8717.0 8761.4 8791.0 8850.2 8909.4 8968.7
8968.7 8998.3 9072.3 9072.3 9072.3 9087.1 9131.5 9116.7 9190.8 9161.2
9190.8 9176.0 9294.4 9205.6 9176.0 9176.0 9161.2 9205.6 9264.8 9279.6
9205.6 9087.1 9013.1 8939.0 8939.0 8953.8 8939.0 8939.0 8909.4 8835.4
8820.6 8731.8 8657.7 ©598.5 8524.5 8465.2 8361.6 8257.9 8139.5 8065.5
8050.6 8050.6 7917.4 7843.4 7710.1 7636.1 7547.2 7473.2 7428.8 7310.3
7265.9 7191.9 7088.2 /058.6 6u69.8 6925.4 6792.1 6703.3 6614.4 6555.2
6481.1 6421.9 6377.5 ©259.0 6155.4 6007.3 5933.3 5814 9 5;55.6 5711.2
4970.9 3934.4 2927.6 2305.7 2054.0 2172.4 2276.1 2187.2 1950.3 1565.3
1224.8 958.3 869.4 ©13.9 987.9  987.9AAAAAAAAAAAAAAAAAAAAAAAAAAAAARAA
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TEST: 183 PAYLOAD SLED VEL IN FPSAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

t_ 52.6 52.3 52.1 51.9 51.6 51.4 51.2 51.0 50.7 50.5
Mo 50.3 50.1 4s.8 49.6 49.4 49.1 48.9 48.6 48.4 48. 1

- 47.8 47.6 47.3 47.1 46.8 46.5 46.3 46.0 45.8 45.5

. 45.3 45.0 44.7 44.5 44.2 43.9 43.6 43.4 43.1 42.8
- 42.5 42.3 42.0 4a1.7 41.4 41.2 40.9 40.6 40.4 40.1

39.8 38.5 39.2 38.9 38.7 38.4 38.1 37.8 37.5 37.3

g 37.0 36.7 36.4 36.2 35.9 35.6 35.3 35.1 34.8 34.5

b 34.2 34.0 33.7 33.4 33.1 32.8 32.5 32.3 32.0 31.7
] 31.4 31.1 30.8 30.4 30.1 29.8 29.4 29.1 28.7 28.4

b 28.0 27.6 27.2 26.8 26.4 26.0 25.6 25.1 24.7 24.3
: 23.8 23.3 22.9 22.4 22.0 21.5 21.0 20.5 20.0 19.4

) 18.9 18.4 17.8 17.3 16.7 16.2 15.6 15.0 14.4 13.8
o 13.2 12.6 11.9 1.3 10.7 10.0 5.4 8.7 8.1 7.4
l'!' 6.7 6.0 5.3 4.6 3.9 3.2 2.5 1.8 1.1 0.4

s -0.3 -1.0 -1.7 -2.4 -3.1 -3.8 -4.5 -5.2 -5.9 -6.6

. -7.3 -8.1 -8.8 -8.5  -10.2 -10.9 -11.6 -12.3 -13.0 -13.7

o -t4.4 -15.1 -15.8 ~-16.5 -17.2 =-17.9 -18.6 -19.3 ~-19.9 -20.6
-21.3 -22.0 -22.6 -23.3 -23.9 -24.6 -25.2 -25.9 -26.5 -27.1

-27.7 -28.4 -29.0 -29.5 -30.1 -30.7 -31.3 -31.9 -32.4 -33.0

-33.5 -34.1 -34.6 -35.2 -35.7 -36.2 -36.7 -37.2 -37.7 -38.2

-38.6 -39.1 -39.6 -40.0 -40.5 -41.0 -41.4 -41.8 -42.3 -42.7

e -43.1 -43.4 -43.6 -43.7 -43.9 -44.0 -44.1 -44.3 -44.4 -44.%

E -44.6 -d4.6 -44.6 -44.6 -44.5  -44. AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
{ TEST: 183 PAYLOAD SLED DISP IN [NCHESAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

- 0.0 0.6 1.2 1.9 2.5 3.1 3.7 4.3 4.9 5.6
= 6.2 6.8 7.4 8.0 8.6 9.1 9.7 10.3 10.9 11.5
= 12.1 12.6 13.2 13.8 14.3 14.9 15.4 16.0 16.5 17.1
. 17.6 18.2 18.7 19.3 (9.8 20.3 20.9 21.4 21.9 22.4
22.9 23.4 23.9 24.4 24.9 25.4 25.9 26.4 26.9 27.4

r’\ 27.9 28.3 28.8 29.3 29.7 30.2 30.7 31.1 31.6 32.0

. 32.5 32.9 33.3 33.8 34.2 34.6 35.1 35.5 35.9 36.3
. 36.7 37.2 37.5 38.0 38.3 38.8 39.1 39.5 39.9 40.3

40.7 41.0 a1.4 41.8 42.2 42.5 42.9 43,2 43.6 43.9

44.3 44.6 44.9 45.2 45.5 45.9 46.2 46.5 46.8 a47.1

47.4 47.6 47.9 48.2 48.5 48.7 49.0 48.2 49.5 49.7

49.9 50. 2 50.4 .50.6 50.8 51.0 51.2 51.4 51.5 51.7

51.9 52.0 52.2 52,3 52.4 52.6 52.7 52.8 52.9 53.0

53,1 53,2 53.2 53.3 53.3 53.4 53.4 53.4 53.5 53.5

53.5 53.5 53.4 53.4 53.4 53.3 53.3 53.2 53.2 53.1

53.0 52.9 52.8 52.7 52.6 52.5 52.3 52.2 52.0 51.9

51.7 51.5 S1.1 51.1 50.9 50.7 50.5 50.3 50.0 49.8

49.5 49.3 49. ¢ 48.7 48.5 48.2 47.9 47.6 47.3 46.9

‘ 46.6 46.3 45.¢ 45.6 45.2 44.8 44.5 441 43.7 43.3
; 42.9 42.% 42.1 41.7 41.3 4c.8 40.4 39.9 39.5 39.0
‘® 38.6 38.1 37.6 37.2 36.7 36.2 35.7 35.2 34.7 34.2
i 33.7 33.2 32.8 32.1 31.6 31.0 30.5 30.0 29.5 28.9

; 20.4 27.9 27.3 26.8 26.3 25. 7AAAAARAAAAAAAAAAAAAAAAAAAAAAAAAA
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TEST: 183 CARRIER SLED VEL IN FPSAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

52.6 52.4 52.1 51.¢8 51.7 S1.4 51.2 50.9 50.7 50.5

50.2 50.0 49.8 49.5 49.3 49.0 48.8 48.5 48.3 48.0

47.8 47.5 47.3 47.0 46.8 46.5 46.3 46.0 45.8 45.5

. 45.3 45.0 44 .7 44.5 44 .2 43.9 43.6 43.4 43.1 42.8
42.5 42.3 42.0 41.7 41.5 41.2 40.9 40.6 40.4 40.1

39.8 39.5 39.2 39.0 38.7 38.4 38.1 37.9 37.6 37.3

37.0 36.8 36.5 36.2 36.0 35.7 35.4 35.1 34.8 34.6

- 34.3 34.0 33.8 33.5 33.2 32.9 32.6 32.4 32.1 31.8
31.5 31.2 30.9 30.7 30.4 30.1 29.8 29.6 29 3 29.0

28.8 28.5 28.2 28.0 27.7 27.4 27.2 26.9 26.6 26.4

26.1 25.9 25.6 25.3 25.1 24.8 24.86 24.3 24.0 23.8

23.5 23.3 23.0 22.7 22.5 22.2 22.0 21.7 21.9% 21.2

.- 20.9 20.7 20.4 20.2 19.9 19.7 19.4 19.2 18.9 18.7

- 18.4 18.2 17.9 17.7 17.4 17.2 16.9 16.7 16.4 16.2

h" 15.9 15.7 15.4 15.2 15.0 14.7 14.5 14.2 14.0 13.8
| 3 13.5 13.3 13.0 12.8 12.6 12.3 12.1 11.8 11.6 11.3
3 1.1 10.8 10.6 10.3 101 9.8 9.6 9.3 9.1 8.8
b, 8.6 8.3 8.0 7.8 7.5 7.3 7.0 6.7 6.5 6.2
5.9 5.7 5.4 5.1 4.8 4.6 4.3 4.0 3.7 3.5

- 3.2 2.9 2.6 2.3 2.0 1.8 1.5 1.2 0.9 0.6
- 0.3 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
[ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
L‘ 0.0 0.0 0.0 0.0 0.0 0.0AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
TEST: 183 CARRIER SLED DISP IN INCHESAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

v 0.0 G.6 1.2 1.9 2.5 3.1 3.7 4.3 4.9 5.6

6.2 6.8 7.4 8.0 8.6 9.1 9.7 10.3 10.9 11.5

12.1 12.6 13.2 13.8 ° 14.3 14.9 15.4 16.0 16.9% 171

17.6 13.2 18.7 19.3 192. € 20.3 20.8 21.4 21.9 22.4

22.9 23.4 23.9 24 .4 24.9 25.4 25.8 26.4 26.9 27 .4

27.9 28. 2 28.8 29.3 29.7 30.2 30.6 3.1 31.6 32.0

32.5 32.9 33.3 33.8 34.2 34.6 35.1 35.5 35.9 36.3

36.7 37.2 37.6 38.0 38.4 38.8 39.2 39.5 39.9 40.3

40.7 41.1 41.4 41.8 42.2 42.5 42.9 43.3 43.6 44 .0

44.3 44.7 45.0 45.3 45.7 46.0 46.3 46.6 47.0 47 .3

47 .6 47.9 48.2 48.5 48.8 49,1 49.4 49.7 50.0 SC¢G 3

50.6 50.9 51.1 51.4 51.7 52.0 52.2 52.5 52.7 53 0

$3.2 53.5 53.7 54.0 54.2 54.5 54.7 54.9 55.2 5% .4

55.6 55.8 56.0 56.2 56.5 56.7 56.9 57.1 57.3 7.5

57.7 57.9 S8.0 58.2 58.4 58.6 58.8 58.9 59.1 59.3

59.4 59.6 59.8 - 59.9 60.1 60.2 60.3 60.5 €0.6 60.8

60.9 61.0 61.2 61.3 61.4 61.5 61.7 61.8 61.9 62.0

62.1 62.2 62.3 62.4 62.5 62.6 62.7 “2.7 62.8 62.9

§3.0 63.0 63.1 63.2 63.2 63.3 63.3 63.4 63.4 63.5

63.5 63.5 63.6 63.6 63.6 63.7 63.7 63.7 63.7 63.7

51
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L TEST: 183 BASE FORCE iN LBSAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
= 3417.0 3387.4 3328.4 3269.3 3180.7 3284.1 3313.6 3476.1 3535.1 3594.2
. 3638.5 3461.3 3328.4 3225.0 32%54.5 3284.1 3313.6 3417.0 3490.8 3520.4
: 3549.9 3594.2 3668.0 3727.1 3638.5 3638.5 3623.7 3594.2 3609.0 3594.2
k. . 3609.0 3623.7 3727.1 3727 .1 3756.6 3800.9 3830.5 3860.0 3889.6 3963.4
. 3963.4 4022.5 3948.6 3889.6 3800.9 3741.9 3682.8 3697.6 3756.6 3845.3
4081.5 4037.2 4081.5 4096.3 4022.5 3992.9 3978.2 3919.1 3845.3 3874.8
3815.7 3919.1 3874.8 3874.8 3889.6 3874.8 3933.9 3860.0 3889.6 3904.3
e 3919.1 3948.6 3933.9 3978.2 3992.9 4037.2 4022.5 4022.5 4155.4 4081.5
E 4140.6 4184.9 4273.5 4332.6 4436.0 4421.2 4554.1 4627.9 4687.0 4790.4
= 4893.8 5011.9 5085.8 5174.4 5263.0 5381.1 5454.9 ©528.8 5617.4 5735.5
S 5824.1 5912.8 6060.4 6134.3 6326.3 6341.0 6414 9 6503.5 6562.5 6665.9
- 6754.5 ©6798.8 ©6887.4 7005.6 7138.5 7271.4 7374.8 7478.1 7552.0 7640.6
L 7714.4 7729.2 7906.4 7906.4 7965.5 8098.4 8157.5 8246.1 8290.4 8349.4
. 8423.3 8525.7 8571.0 8600.5 8689.1 8615.3 8748.2 8762.9 8807.3 88%51.5
‘ 8866.3 8866.3 9014.0 9058.3 9058.3 9087.8 9117.4 9161.7 9028.8 9058.3
F; ’ 8087.8 9102.6 9102.6 9028.8 9073.1 9028.8 9073.1 9087.8 9117.4 9058.3
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Program Listing of (DYNMO)

Catapult Model with Data Set
(NEWSET)
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