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1.0 INTRODUCTION

{ This report 1s herein presented az & portion of the Computer,
Launch and Separation Froblem (CLASP) Program. MHeports for the
other phases of the program are not covered, except as necessary
to define the subject herein.

Project CLASP was an exteusive investigation of "E" and "P"
Series Atlas Missile System failures in order to analyze,
isolate and define thce critical areas associated with staging;
guidance and other problems that may have been defined and to
devise and prepare design fixes tc correoct the problems.

An investigation of possible problem areas in the staging of
Atlas "E" and "P" miusiles was conducted as a portion of the
program in order to determine the mode of failure of 71E, 6P, and
136F. The failure of the three missiles was directly attributed
to loas of sustainer hydraulic pressure after initiation of
staging.

The separation latch system fuanctions at time of mstaging. A
malfunction of one or more latches could contribute to collision
of booster with miasile fuel tank or a time delay which could
induce loads into the structure that would contribute to a
failure mechaniam.

An investigation of tugineering Drawing tolerances, manufacturing
methods and Inepection reports indicated eevernl posaible
failure mechanisms could exist.

The separation letch test plan was formulated to test the

known conditions as part of the component test portion of tho
CLASP Program.
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SUMMARY :
TEST FIXTURE

Pour latch assemblies and tank straps were installed on the
fixture. The associated tubing and fittings were made to
production length and configuration.

A 3000 PSIG Helium supply and a Conax Valive for pressuriza-
tion was installed to simulate actual missile configuration.

The straps were mounted on a draw bar and latches were mounted
on a frame which approximated the spring constant of the missile
booster. The capability to apply preloads to latch and strap
assembly as well as calculated flight load was provided for.

The straps were instrumented with strain gauges to measure
tension loade. A load cell on the strap draw bar was used to

measure flight load applied.

dero time for all separation sequence tests was established as
the signal voltage to fire the Conax Valve, Oscilligraph
recorders and visual gauges were used to record all data.

Data recorded for all tests were Release time, Release Pressure
and total load.

The limitation of the test stand was its inability to transfer
load from one latch to another in the event of failure. For
static tests planned this was not a critical limitation.

TESTS PERFORMED:

A, LATCH PRE-LOAD CHECKOUT. Four separate mechanics were

used to adjust the preldads in the latch assemblies.
Standard production tools were used and Technical Order
procedures were followed. Each adjustment was recorded

per the test plan.

The results showed a wide variation in preloads due to
operator technique. To facilitate testing a minimum, mean
ard maximum preload was calculated.

B. OPERATIONAL SEQUENCE TEST. To define the effeot of standard
adjustment methods on latch performance a production line
mechanic was used to adjust latch preloads per T.0., instruc-
tions. The calculated flight loads were applied and a
separation sequence was performed.
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Continued

C.

All laiches opened within .004 seconds of each other.
The average time was ,019 seconds and a waximum of
1800 PSIG. The results were within specified allowances
and indicated the preload variation did not affect the
syastem performance.

A _SERIES OF OPERATIONAL SEQUENCE TESTS were completed

using winimum, mean and maximum preloads established
from adjustment checkout results. The first two tests
were run with nominal cslculated flight loads applied.
Maximum total load was 9270 lbs.

The nex: two vests were with 1.6 factor on flight loads.
This was to simulate maximum conditions.during staging.
The uaximum total load on one latch was 10406 lbs.

The test results for all runs showed no significant change
in performance of the separation latch system.

On the last test a failure of two latch piston cover plate
attachments allowed the pistons to be ejected from their

housings. The other two latch piston cover plates remained
intact, though they were deformed.

Since the latch separation system normally only performs
once at missile staging and these had operated four times
under severe loading it was felt that this was not a failure
mechanism,

To assure reliability and to investigate the failure further
a series of special tests were performed. Two aluminum
cover plates were replaced with steel eover plates, to
measure relative deflections and performance. Ten main-
tenance cycles were performed. A GN_, pumping unit used

in the factory provided pressurization.3000PSIG was applied
slowly and held for five minutes each time. After ten
cycles were completed, two separation sequences were per-
formed. The aluminum plates deflected and deformed. The
steel plates did not deform. No failure ococurred,

It was found that attaching screws were changed from AN to
NAS by Engineering direction on production articles.

To assure reliability of the old hardware, aluminum cover
platesi{type AN screws, were installed on all latches.
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Continued

Upon inspection of a production latch assembly Q.C. found
the latoch arm radius was not per print. This caused a
compressive load and made the latch difficult to engage.
A second random specimen was found to be similar and had
been rejected at the test stand.

In addition to the hardware and cover plate,the effect of
this condition on separation latch performance was included.
The two specimens were mounted in the fixture with two
nominal specimens. Ten maintenance pressurization cycles

were completed. Maximum loading was applied and the
separation sequence was performed. The test was repeated

again. No abnorral results were found in either test. The
out of tolerance specimens operated within specified time
allowances. The aluminum covers deformed but no failures
ooccurred.

LINE RESTRICTIONS of 80% and 50% were orificed into system
tubing to simulate crimped lines. The latch system was
loaded to nominal condition and the Separation sequence

was performed.

No abnormal pesults were recorded. The system functioned
within specified allowances.

MECHANICAL PROBLEMS TEST. To determine the effeot of having
the latch shear plates installed improper, each of the

four latches were used to build in various possible shear
plate interferences. The latch system was loaded to nominal
condition and the separation sequence was performed. No
abnormal results were recorded. The system functioned

within epecified allowance, The shear plates were driven
out of interference by the latch arm in each case.

LATCH TOLERANCE BUILD UP. To determine the effeci f a
possible bottoming of latch piston before latch arm is
free an interference of .016 was created in twe latches.
The other two latches were used as comparieons.

The latch system was loaded to nominal condition and the
separation sequence was performed. No abnormal results were
recorded, the system operated within specified allowances.
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Continued
CONCLUSIONS:

The nominal Helium supply pressure is 2600-2800 PSIG at
staging sequence time., The nominal unlatch time required
is .020 &+ .010 seconds as defined by design and test

parameters. ]

None of the teet conditions imposed required more than 2200 V'SIG
or longer than .024 ;+ .004, seconds time to unlatch. The separ-
ation latoch system performed within acceptable tolerance.

It was concluded that the latch system is adequate for all
known loadings and will perform even under adverse tolerance
conditions. '

RECOMMENDAT IONS:

No further testing of the separation latch system is deemed
necessary.

As an improvement type effort the cover plate and its attachment
could be studied for possible re-design.

For future tests at Poiut Loma the cover plates ushould be
replaced with steel plates to preclude failure of the cover
plate. The repea.ed tunction 2f lz2iches during drop tests
will cause the cover plate failure.

As a second approach cover plates should be changed after each
test.

The separation latch system will be instrumented during Point
Loma testing at the same discreet points, the data collected
should be co-related to static test data,
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TEST_SET UP:

Pour latch assemblies and sustainer tank straps were procured
from productidén facility. The tubing for lelium supply was
made to production configuration including sizes, fittings,
bends and lengths. All connections were torqued per 27-82049
tubing drawing, A one cubic foot - 3000 PSIG Helium bottle
supply source and a Conax manifold for control was installed.

The fixture was designed to allow preloading of latch and
ctrap. The spring constant of the booster in the latch area
was simulated to allow the pre-load to act siwmllar to the
missile configuration, applying a compressive load to struociure
and Station 1133 ring,

The latch strap hook slot was strain gauged to record the
tension load applied by the preload and the fiight loads.

The strap was mountsd to a draw bar which simulated station 1133
ring. This bar vas attached to a load cell and Hydraulic ram.
Flight loads were applied by the pulling force of the hydraulie
ram simulating a tension load which is additive to the preload,
This load is reacted by the latch hook and tends to relieve
compression at the 1133 station,

To measure pressure in latch piston at release a transducer

was installed at each latch inlet port, The load cells,

strain gauges and pressures both Helium supply and release
pressure were recorded on oscilograph. Load cells and strain
gauges were also read on visual meters for adjuastment monitoring,

The Conax valve squibs used for all tests were specimens that
had exceeded shelf life, (This did not effect test results).

Each latoh and strap assembly was A separate unit. All four
latch asmemblies were tied to a common presrure source., The
capability to transfer load in case of failure was not included,

In al)l tests different conditionas of adjustwment loads and teust
toierancea could be upplied to the four samples idndependantiy

and ocomparative data recorded,

A complete description of the set up and illustrations of the
test strid are included in the Test Laboratory report 27B3493.
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Cuntinued

The flight loade used were calculated to aimulate the same
loading as is planned for the Point Loma test program., A
severe condition of 1.8 times the caloulated values was
included for omaximum lloading during the teat series.

Zero time for all tests was the voltage signal to the Copax
valve,

DISCUSSION:

The test setup as designed and fabricated functinned very well.
The limitation of not being capnble of transfering loads from
latoh to latch did not effect test data or results,

The instrumentation and recorders provided accurate results in
most cases., The fixture setup allowed inclusion of all test
parameters without compromising test results.

In conclusion the test set up & considered pdequate to dupliocate
statiec conditions required for test.
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TEST PROGRAM:
LATCH _PRELOAD CHECK OUT

Objective: Determine the variation in pre-loads applied due
to different personnel and use of standard adjustment tools
and procedures. Calculate a minimum, wean and maximum pre-
load that can be expected for use in test sequence.

Define any problem which may exist the present methods and
tools.

Test Set up: The standard tool gauges and technical manual
procedure were provided. One man from the missile assembly

line was brought in:.two Engineering Mechanics and one engineer
were also utilised.

Each man made a pre-load adjustment to the four latches and
each adjustment was recorded. This provided sixteen data
pointes. '

Test Results: The applied preloads varied when different
people made the adjustment, The difference on each latoh
was not repeatable.

The following is a table of miniwum - maximum preload range
established for each latch. -

Q-1 Q-2 Q-3 Q-4
MAx. 8720 7076 7400 4830
Min. 4325 5076 4478 3060
Range 2396 2000 2026 3780

It was noted that each latch had a minor difference in contact
point with strap. The line of action also varied. This con-
tributed to the variations found more than the operator technique,

Interference of the latch arm with its strap was noted., This
latch could not be engaged. It was removed prior to test

pre-load applications.

A miniwum (3080 1b), mean (8500 1b) and maximum (70001b) test
preload was established for further tests:. The loads selected
provided a range which could be used for comparison.
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CONTINUED

CONCLUSIONS ¢

Preload tools were adequate. Operator efficiency can cause
variations, The largest contribution to variationas is the
iine of action of the latch assembly and its relative loocation
to the strap coonecticen due to tolerances.

Subsaquent tests showed that the latch hook line contact with
strap slot edge yields the atrap edge, This tends to sven out
the preload.

OPERATIONAL TEST :

Objective: Establish the basic operating characteristics of
the separation lateh system when standard production preload
adjustment methods are used and mominal ocalculated flight loads

are applied.

Test Set up: A production line mechanic-adjusted the four latches
using standard tools and Technical Order procedure. Calculated
fiight loads were applied in accordance with test plan. Loads
were recorded prior to separation sequence., The separation
sequence was performed. lielease time, pressure and loads were
recorded.

Test Result: All latches released, visual observation revealed
no problems. The data was reviewed and is tabulated below,

Quad Total Pre Release Release Supply Pressure
Load load Time Presasure pPSicG
Lbs Seconds PSIG
1 7036 Min) 0.020 16756 2600
2 6790 Mean 0.018. 1200
3 7690 Max. 0.0197 11676
4 8220 Mean 0.0217 1800

The time differential from first to last latch release was .00¢
seconds ., .

CONCLUSIONS:

The system functioned within, Acceptable tolerances. The release
pressurea vere below safe limits, The .004 time span is comparable
to previous test data,
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Convinued

The variation in preload settings due to operator technique
and latch line of contact did not cause any significant

nroblems or time delays.

This test establiahed the normal latch system performanoce to
be used for comparison with subsequent tests.

SEPARATION SEQUENCE TESTS

Objectives: Define operational churacteristics and determine
poesible failure modes of the latch system with minimum,

mean and maximum preloade applied. Tests conditions to include
two separation sequences with nominal calculated flight loads
applied and two separation sequences with 1.6 nominal calculated
flight loads applied to determine affcct of maximum odloulated
loads on the system's performance,

Test Set Up: The four latches designated Quad 1 thru Quad 4
were preloaded by measuring load applied during adjustment with
the strap strain gauge meter. The flight loads were applied by
the Hydraulic ram and meunsured from the load cell meter,

The total load was read on the strap strain gauge wmeter, The
separetion sequence was performed, Tbz following data was

recorded.

Quad Totai Reieane Releass Supply
Load Time Prossure Pressnre
Lbs Seconds PSIG PSIG
Q1 4376 .018 1320 2600
Q2 7286 018 1500
Q3 9270 .021 1850
Q4 7318 .021 1810

The time differential from first to last latoch release was
.003 seconds. T

The system was readjusted, pressurized and the test was ran again.
No significant ohange in performance was noted,

The second series of separation sequence teasis used the same test
ret up, The caloulated flight load times 1,8 f :ctor was applied,

10
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Continued

The separation sequence was performed. Release time, pressure
and load were recorded,

Tabulated below is the comparative data from both runs:

Quad Quad I Quad 2 Quad 3 Quad 4

Run 1 |2 1 2 1 2 1 2
Total

Load 1b. 50308039 {8177 |8177 |]10408 10408 | 8222 (8222
Rel. Time-

Sec. .018],0185/ .016 |,021 | ,016({.027T*| .016| .02456*

Rel. Pressi}
PSIG 1300| 1300/ 136Q 1600( 1700(12100*| 1500 | 2000*

* Cover plate attaching hardware failed and actuator piston
was ejected,

TEST RESUL%S:

The first run at maximum loading shoed no significant change
from normal operation. No problems were recorded.

The second run was completed and all latches released. The

Quad 3 and 4 pistons were ejeoted when the aluminum cover plates
on the piston housings failed., The attaching screws were
severed,

Even with the failure the separation sequence was completed
within acceptable limits.

CONCLUSIQNS:

The separation latch system will function adequately even when
maximum caloulated flight loads are applied.

The failure of the woverplate and its attaochments were caused
by fatique due to excessive staging sequence loading oycles,
Special tests were set up to assure the reliability of the
system,

11
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CONT INUED
SPECIAL TEST-COVER PLATE RELIABILITY:

Objectives: To determine the deflection rate of the aluminum
plates and the resulting effect on its attachment hardware
versus steel cover plate deflection.

Perform tests to assure that the system was reliable after
being actuated several times during installation and maintenance

prior to actuation at stagicg. Test Set up: two standard
aluminum cover plates and two,one/eight thick 4130 steel cover
plates were installed using NAS Screws. A gaseous nigrogen
supply pumping unit was connected to the manifold of the
separation latch supply system. The same unit is used during
factory maintenance. Dial indicators were imstalled to measure
deflections in one aluminum cover plate and one steel cover
plate.

Ueing the GN_ pumping unit ten actuations of the release pistons

were nccoupl?nhod, per stendard practice, 3000-PSIG was applied
slowly and held for five minutes for each actuation. Deflections

were recorded,

Upon completion of the ten cycles the GN_, supply was disconnected,
The Helium source was reconnected, The supply pressure was set

at 3000 PSIG. The latches were adjusted to minimum;, maximum and
mean preloads and 1.5 flight loads were applied.

The separation sequence was performed. Release time, pressure
and loads were recorded. The system was set up again and

adjusted in the same manner. A second separation sequence was
performed.

Test results: The maintenance cycles showed .0086 deflection of
aluminum and .002 deflection of the steel when 3000 PSIG was
applied. Both indicators returned to sero after each cycle.

No permanent set occurred.

The separation sequence tests showed that the aluminum deflected
«02 on the first actuation and .040 on the second actuation.
The steel defledtion was very miner. No failure occurred.

The release times and pio--urol were within acceptable limite.
CONCLUSIONS:

No significant difference in performance was noted. Purther
study of the problem indicated that tests 4.0 should be run
%o verify all configuration problems.

‘ -

12
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t UNTINUED

SPECIAL TEST - HARDWARE TOLLERANCES AND COVER PLATE:

Tolerance Problem: The latech arm part number 27-45403-9 had
a .56 Rad. instead of the .09 rad. oalled out on the print.
This variance caused the latch to require exceamsive force to
engage. Thie interfered with the latch strap.

Another latch asseobly was rejected at the test stand becquse
it would not engage using norwal installation techniques.

An investigation of the problem wna initiated. It was found
that the detail machine planning did not include final
machining of the 100 radiua. Thie allowed a variance. Latches

an assembled missiles had this variance.

It was found that NAS 1100 acrews had replaced AN 500 screws
called out on Engineering drawing. This was done by Engineering
Standards direction. Since some latches in the field may have

AN 600 screws sbouring the cover plate the condition was inocluded
in the test.

Test Objectives: “atermine the capability of AN 500 screws to

retain the piston cover plate. Determine the effect of the
tolerance on the function of the separation system under maximum

calculated flight loading.

Test Set up: The two out of tolerance specimenz were mounted in
the test fixture. The other two latches were used for comparison
during tests., Extreme force was required to engage the out of
tolerance latches, The latches all had aluminum cover plates and
AN 600 attaching screws installed. Dial indicators were mounted
on all four latch cover plates to indicatea deflections when
iatches were pressurized. 7Ten maintenance pressurization cycles
were completed at 3000 PSI.

The latches were adjusted and flight loads applied. The separation
sequence was performed. HReleaso time, pressure and cover plate

deflections were recorded.

The system was set up again and the separation sequence was
performed. Release time, pressure and cover plate deflections
recorded,

Test Resultm: No significant variation in performance was noted
in either test. The cover plates deformed progressively but did
not feail,

13
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The available data is tabulated below for both runs.

QUAD. QUAD I * QUAD II* QUAD III* QUAD IVe
1RUN 1 2 1 2 1 2 1 2
Total Load Lbe 040594 = 7422|7422 7077|7077 5889| 6889

Rel.Time Sec. 021 020 .022].016 .019|.,016 | .020 | .O16
el .Press. PSIG (1950|1980 1920|1500 1600|1300 | 14256 }350

S8upply Press PSig 3000 PSIG He

* Out of tolerance latch installed
4+ Nominal tolerance specimen
® Loose tolerance specimen.

CONCLUSIONS:
The AN 500 screws are adequate, The tolerances did not effect

the performance of the system. No rework of latches now
installed is necessary.

RECOMMENDATIONS :

As an improvement the use of steel cover plates ocould be studied
however, the results of these tests indicate that a design change
is not necessary,

14
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CONTINUED

PRESSURIZATION LINE RESTRICTIONS:

Objective: Determine the operating characteristics of the separation
latoh system if one iine has an obstruction or crimp in {t.

Test Set up: Instalied on 80% flow restriction in latch sﬁpply
line Quad 1. 1Installed a 50% flow restr'ction in latch supply
line Quad 4., This provided a restriction inceach separate:
branch line of the system.

All latches were adjuitcd to the mean preload value and nominal
flight loads were applied.

The separation sequence was performed, BRelease time, pressure
and loads were recorded.

Test Results: No ohange in performance was recorded in either
latoh,

Conclusion: The separation system will function normally with
an extreme obstruction in the line.

In view of the results ne further runs were made. One more
planned run was cancelled,

MECHANICAL INTERFERENCE:

Objectives: Several inspection reports investigated showed that
the latch shear plate could be improperly installed. IR 9068704

from the }3JOF archives was one of those.

Determine the effect of various possible interferences on the
operating characteriatics of the scparation latoh system,

Teat Set Up: The shear plate on each of the four latch assemblies
was installed to provide poxsible interferences,

Q-1 «10 interference horizontally

Q-2 Retainer pin inustalled backwards

Q-3 Leg of shear plate bent to cover latch arm,
Q-4 Sheayr piate aprung to Jam in piston area,

The latches were adjumted to the mean preload and flight loads
were applied. The separation sequence was performed, Release
time, pressure and loads reocorded,

18
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CONTINUED

Teat Hesults: In eaon case the performance of the iatch roloaio
and pressure required did not change.significantly. The system
performad within allowable tolerances.

Conclusion: Shear plate interferences will not. cause a latch
system failure.

LATCH TOLERANCE BUILD UP!}

Objective: Determined the effect of an interference of the
actuator piston and the latch arm at time of separation. This
would be due to the piston stroke bottoming prior to clearing
the edge of the latch arm, The cause of interference would be
due to possible tolerance build up,

Test Set Up: Kemoved two latches from the test fixture, Shims
were installed to limit the pistuon stroke so that a .016 inter-
ference was obtained., The latch could be latched by hand but
once latched would not release #ith hand tools used,

Both latohes were reinstalled. The four latches were adjusted
to the mean preload and nominal flight loads were applied, The
separation sequence was performed, Illelease time, presaure and
load was recorded,

The system was set up again and the sequence performed a second
time,

Test Results: No change in normal performance was recorded
in either latch., Visual inapection showed that the force of

" the latch arm extruded the latch arm edge past the point of

interference.
The dava collected for both runs was relatively the same,

The resuits are tabulated beiow:

QUAD I QUAD 2 QUAD 3 QUAD 4

Run 1 2 1 2 1 2 1 2

Tot. Load| 682616825 | 7385 17285 71770 (7770 7316 § 7316
Rel Time .0236',083 | .0182 017 .021}1.018 -~-*1,018
Rel .Pres 1846 18151410 | 14256 1700(1606 -~--*1 165186

) i

* Invalid

Conclusions: The force of the latch arm will overcome any
possible interferance,

15
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