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ASE REVIEW TEAM REPORT 

1.0 INTRODUCTION AND SUMMARY 

The ASE (Active Seismic Experiment) was flown for the first time on 
Apollo 14 as part of the ALSEP (Apollo Lunar Surface Experiments Package). 
The original development plan for this experiment was for activation at 
the end of the planned one-year operation at which time secondary effects 
of the rocket firings were not of major concern. However, due to the 
extended life of ALSEP beyond one year's operation and the desire to 
obtain ASE data earlier in the mission, the s~condary effects of rocket 
motor firings became a major concern. This concern r 'esulted in a vacuum 
firing test to determine secondary effects under simulated lunar surface 
conditions. The results of this test necessitated a rigorous assessment 
of the test results, validity, previous development history, and other 
pertinent data to the operational utilization of the ASE. The method 
of accommodating this assessment was the establishment of a specifically 
assigned ASE Review Team composed of representatives from the following 
organizations: 

Engineering and Development Directorate 
Lunar Surface Project Office 
Propulsion and Power Division 

Science and Applications Directorate 
Apollo Spacecraft Program Office 
Flight Operations Directorate 
Bendix Aerospace Systems Divisions 
Other Center organizations as required. 

The ASE Review Team has reviewed the data from the ASE vacuum firing 
test, established the test validity, reviewed the ASE development history, 
and performed specific studies described in this report. The team has 
concluded that the launching of any of the ASE mortars will result in 
degradation of the ALSEP and that post launch ALSEP operation cannot 
be guaranteed. Therefore, the following operational guidelines should 
be considered for the Apollo 14 ALSEP/ASE mission: 

a. Delay the ASE grenade firing until six months after the 
Apollo 16 ALSEP is deployed. 

b. Acquire at least six months of PSE data from a triangular PSE 
array (Apollo 12 , 15, and 16 or Apollo 14, 15, and 16). 

c . Fire the grenades at a time when other lunar science activity 
is near minimum. 

d. Fire the grenades in the lunar afternoon in order to minimize 
temperature effects on the central station. 



e. Fire the grenades in the following order to minimize initial 
effects to the ASE and ALSEP systems ( - 2, -4, - 1, and -3). 

f . Consider grenade firing prior to meeting the above conditions, 
only if the Apollo 14 ALSEP is in imminent danger of total failure . 

g . All explosives should be detonated prior to complete failure 
of ALSEP if possible . (No explosives should b~ left on the lunar 
sUrface undetonated . ) 

The ASE Review Team has concluded that the ASE for the Apollo 16 mission 
requires modification to correct the deficiencies indicated in the review . 
These deficiencies and the recommended solutions are as follows: 

a o Mortar Box Stability - The stability problem was determined to 
be caused by two phenomena- -rocket motor plume effects on the back side 
of the mortar box and gas diffusion erruption of the entraped gases in 
the lunar surface during firing . The recommended modification is to 
add a launch platform rigidly attached to the mortar box w'ith spikes to 
secure to the lunar surfaceo 

b . Damage and degradation to the ALSEP cis and PSE - The 
r ecommended fix is to lengthen the cables to greater than 50 fee t fr om 
cis or PSE . 

The detail design mod i fications are in work and will be present ed to the 
CCB for approval in the near future . 
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2 .0 ABE DEVELOFMENT HISTORY 

2.1 SCIENTIFIC OBJECTIVES OF MORTAR EXPERIMENT. The scientific 
objective of the ABE (Active Seismic Experiment) is to generate and 
moni tor artificial. seismic waves in the 3 to 250 Hz range to determine 
the lunar near-surface elastic properties. A mortar box, emplaced on 
the lunar surface by the astronaut is one of two seismic energy sources 
employed. The mortar box, capable of launching four rocket-propelled 
explosive grenades will provide penetration of the seismic waves to a 
depth of approximately 500 feet. The grenades, with lunar ranges of 
500, 1000, 3000, and 5000 feet, are launched by earth command after 
departure of the astronauts o The seismic energy is detected by three 
miniature seismometers (geophones) deployed on the lunar surface, 
amplified, logarithmically compressed, converted to digital. form, and 
formatted for real-time transmission to earth'. 

The velocity of the seismic waves will be determined by knowing 
the distance between the geophones and the energy source (grenade 
impact point) and by analysis of the time interval between the energy 
(explosion) instant and the detection of the seismic wave arrivals. 
Grenade range determination, assuming equal elevations for launch and 
impact, is made by measuring the parameters of an assumed ideal ballistic 
trajectory. An RF link, provided by a transmitter in the grenade and 
a receiver in the Central Station Electronics, is used to measure time 
of flighto Vertical sensors installed in the mortar package provide 
roll and pitch launch angle. A range line, attached to the grenade, is 
deployed at grenade launch and provides a time interval signal for 
determining grenade initial velocity. With these parameters (time of 
flight, launch angle, and velocity), the range is determined to within 
t 5 percent. 

2.2 DESIGN CRITERIA. Design criteria applicable to the MFA (Mortar 
Package Assembly) are as follows: 

a. Performance - The MPA (mortar box with GLA installed) is 
designed to launch four grenades at a 45 0 angle to nominal lunar impact 
ranges of 500, 1000, 3000, and 5000 feet. Each grenade is separately 
launched by a rocket motor fram a launch tube which is open at both 
ends. The grenade motor propellant buring rate is designed to canplete 
thrust before the grenade leaves the launch tube. The velocities to be 
achieved at 70oFo t 100F. are as follows: 

Grenade No. 

1 

2 

3 

4 
3 

Velocity (ft/sec) 

163.2 

126.3 

73.0 

51.6 



The allowable tolerance on velocities is t 10 percent with a 
design goal of :t 5 percent 0 

b . Useful Life and Thermal Control - The MPA is designed to 
survive on the lWlar surface for one year after a maximum storage life 
of two years. Thermal control will maintain the unit within the 
temperature range of - 600 Co and +85°C. 

c. Alignment and Stability - The MPA is to be deployed on a level 
surface in order to achieve a MPA level condition of ± 100 • The MPA is 
to be aligned so that the center line of the laWlch tubes is within 
t 30 of the depl oyed geophone cable . The deployment is to be not less 
than 9 feet from the central station connected by a cable with a length 
of no more than 10 feet . The MFA is designed. to eliminate or reduce the 
recoil of the grenade firings in order to maintain initial aximuth 
alighment. The forces transmitted to the mortar box from each grenade 
launch are to be minimized by utilizing recoilless firing techniques. 

d . Range Determination - Measured grenade velocity, laWlch angle, 
and time of flight, assuming equal elevations for laWlch and impact, 
will permit an overall grenade range determination accuracy of :t 5 per
cent . This accuracy includes errors due to azimuth disper s ion of the 
grenades . 

e. Launch Shock - The mortar box is designed to withstand a 
shock of 100 g ' s resulting from a grenade laWlch . Components, such as 
the vertical sensors, are qualified to 100 g's . Grenade components, 
such as the transmitter and thermal battery, are qualified to 3200 g's . 

2 . 3 MORTAR PACKAGE TEST HISTORY 

2 . 3 . 1 Engineering Tests . In April 1967, a series of grenade firings 
was conducted from an engineering model mortar box. The firings were 
performed by SOS (Space Ordnance Systems) at their Placerita Canyon 
(California) facility . The tests successfully evaluated the range line 
design and deployment technique, the electrical and mechanical design 
of the launch tube micr oswitch installations associated with the 
sequential firing mode, and provided a preliminary verification of the 
MPA firing stabi~ity and grenade flight path performance . A total of 
16 grenades were launched from a mortar box, deployed on hard soil, and 
resulted in acceptable mortar box motion attributed to the hard soil . 
The tests confirmed the range line and microswitch designs . 

2.3 . 2 Formal Evaluation . A design verification test of the complete 
ASE was conducted at the NASA WSTF in September 1967 . As part of this 
test, six grenades were fired from a mortar box deployed on a simulated 
lunar surface (oil treated sand) test bed. MPA test results included 
verification of: 

a . Firing commands and sequences . 



b. Rocket motor operation. 

c. Launch tube design. 

d. Safe-ar.m assembly. 

e. Range line deployment and velocity measurement. 

f. Impact sWitch/detonator/explosive operation. 

g. Grenade flight and direction. 

h. MPA stability. 

i. RF link performance. 

There were no cases of any MPA instability in any of the six 
grenade launchings. A slight shifting of the MPA was evidenced during 
the tests with a leg shift backwards of 3.88 inches in the worst case. 
The MPA also rotated slightly in azimuth which in the worst case was 
1.20 • Changes in elevation and roll were also shown with the maximum 
change being 1.6°. structural integrity of the MPA was also verified. 

In February 1968, a series of MFA firings was conducted at El 
Mirage Dry Lake by SOS as final design verification of the GLA (Grenade 
Launch Assembly). The GLA's tested had previously been environmentally 
(vibration and temperature) tested. A total of 26 grenades were fired 
from two mortar boxes, deployed on a similated lunar surface (oil 
treated sand) pad. Grenade firings included hot temperature (+185 0 F.) 
and cold temperature (-4°F.) firings. MFA stability characteristics 
were identical to the WSTF tests with small leg motion (1 to 3 inches) 
and azimuth rotation less that 5°/ Higher-than-specification velocities 
were identified and, subsequently, lower propellant motor loads were 
determined to meet lunar rangeso SOS down-loaded the rocket motors and 
performed a series of 16 firings from a GLA at Placerita Canyon t o 
verify new specification velocity requirements. 

The next series of tests were performed at Camp Pendleton, Cali
fornia, in July 1968 by SOS. The tests consisted of firing two GLA's 
(eight grenades) at ambient, hot and cold, to complete the GLA DVT and 
to demonstrate grenade flight velocities. Again, the grenades were 
launched from a mortar box deployed in simulated lunar soil as in the 
WSTF and El Mirage tests with identical MPA stability results. 

A final series of grenade firings was conducted at Placerita Canyon 
by SOS in a vacuum chamber to provide range line indicated velocity and 
range line deployment evaluation in a simulated lunar vacuum environment. 
A total of 11 grenades were fired from a fixed, mounted GLA. None of 
these tests included a mortar box. 
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2.4 APOLLO 14 DEPLOYMENT CONFIGURATION 0 The Apollo 14 crew altered 
the nominal ALSEP deployment geometry primarily due to a depression 
12 feet wide and 20 inches deep due south of the Central Station . 
Figure 2 . 4 . 1 shows the planned deployment configuration (dotted lines) 
versus the actual deployment (solid lines) . As shown , the geophone 
line was deployed i n due south direction rather than the planned south
east line . This also resulted in moving ASE mortar box to the north
west of the Central Station to aligh to the revised geophone line . Thi s 
change in the mortar box position thus exposed one of the open sides of 
the Central Station to mortar box plume pressure/blast effects and 
positioned the mortar box about half the distance from the PSE shroud 
than planned . 

6 



/
' 

/ 

/
' 

/ 
/ 

z.,. 

7 

/ 

~
 

z U
J 
~
 

>o ...J 
a... 
U

J 
a a... 
U

J 
til 
...J 
<

! 

..::t 

o ...J 
...J 
o a... 
<

! 

I 
..::t 

N
 



3 00 ALSEP/ASE COMPATIBILITY TEST REPORT 

The information in this section was obtained from the ALSEP/ASE 
Compatibility Test Report , MSC Report Number' EH3/4-15/A165 dated 
April 1971. 
3 01 TEST OBJECTIVES . The test objectives were: 

a o Evaluate the ASE rocket motor blast/debris effects on ALSEP 
Central Station and experiments. 

b. Determine the ASE grenade safe slide separation velocity. 

3.2 FACILITY DESCRIPTION. The vacuum chamber used for this test is a 
41-foot diameter sphe~e with oil diffusion and mechanical pumps capable 
of pumping to 1 x 10- Torr . 

A test platform was erected at the 34-foot diameter level to allow 
the ASE to be deployed in the center and provide adequate wall clearance 
for other components . Two lunar soil pans were provided in the platform 
at the ASE and the ALSEP Central Station. The pans were mounted on 
foam rubber to minimize shock transfer through the platform between 
components . A grenade catch backstop was fabricated of layers of horse
hair packing material and corrugated paper board totaling about I-foot 
thick mounted on 3/4-inch thick plywood and supported with steel 
framing . 

The soil used was ground basalt as used in the lunar drill develop
ment program and was procured from the Martin Marietta Corporation of 
Denver 0 The soil was approximately 5-inche s deep under the ASE to 
allow for cratering and approximately 4 inches deep under the Central 
Station to allow for embedment of the ALSEP/LM structural attachment 
tabs protruding beneath the ALSEP primary structure. Approximately 
1 inch of soil was spread over the test platform between component and 
under the PSE (Passive Seismic Experiment). All of the soil was com
pacted to approximately 100 pounds per cubic foot using a roller tech
nique developed at Langley for the Viking Program. A light layer of 
soil was sprinkled around to simUlate the loose lunar surface . 

Two types of pressure measuring devices were employed for pressure 
dat-a and were located near the ASE, the PSE, the Central Station, and 
the chamber wall . Microphones manufactured by the Dynascience Corpora
tion, Instrument Systems Division, Model 374 with pressure ratings of 
140 db, 160 db, and 182 db were used . The most success was with the 
182 db or 5 psia models and these were used exclusively during the 
last phases of the test . Double coil variable reluctance type pressure 
transducers were used manufactured by Hidyne Instrument and Engineering 
Company . The back side of the transducer diaphrams were connected to a 
common chamber which was vented to the vacuum chamber during pump-dm\rr1 
and sealed prior to firing . These transducers gave the most consi stent 
data; however, the frequency response appeared lower than the microphones 
and as a result usually i ndicated a lower peak pressure than the 
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microphones. This was not consistent, however, and numerous times data 
were not recorded from various points for no apparent reason. Trans
ducers which indicated no response were pre- and post-calibrated without 
change. The only explanation at present is that shock waves produced 
around various objects affected the flow to t ransducers and produced 
different results with each motor due to the different location of each 
motor in the ASE. 

Camera coverage consisted of still photographs before and after 
each test from various points and four 2000- f rames-per-second Fairchild 
cameras and two 400-frames-per-second Milliken cameras. One Fairchild 
and one Milliken camera looked through a 6- by 6-inch grid at the ASE 
to determine the grenade safe slide velocity. One Fairchild camera was 
located on the platform and looked at the PSE .skirt and Central Station. 
Another Fairchild camera was above and outside the chamber as a backup 
for PSE and Central Station coverage. One Fairchild was located 
directly overhead outside the chamber for plume coverage. One Milliken 
and one Fairchild camera looked in side chamber windows for general 
coverage. All camer·as functioned and gave very good coverage except for 
obscuration due to dust. A 1003 rpm timing clock was installed on the 
test platform in view of the Fairchild and Milliken cameras used to 
provide grenade safe slide velocity data. The face of the clock was 
marked at 10-degree increments . 

3.3 TEST HARDWARE/TEST CONFIGURATION 

3.3.1 Mortar Package Assembly and Cali bration Motors 

3.3.1.1 Mortar Box. The mortar box used i n the test was the ALSEP 
Array D EDM (Engineering Development Model) which originally was the 
ALSEP Qual C model. The hardware was flight configuration in all 
respects (functional and weight). A dust cover , thermal bag, and 
bottom blow-out panels were included. 

3.3.1.2 Grenade Launch Assembly (GLA). The ALSEP design verification 
test GLA was modified by SOS (Space Ordnance Systems) by removing the 
DVT grenade motors 'and replacing them with motors removed from the 
Qual C GLA. The motors used, therefore, were unfired, flight configura
tion. The motors were loaded to flight propellant load requirements, and 
the grenades were verified to flight grenade weights. Other than the 
motor initiators, the grenades were iner t although all components were 
in place or simulated. The safe slide was included in each grenade and 
the slide ejection operation was verified . The range line wa s wrapped 
on each launch tube but was not attached to the grenade and, therefore, 
did not deploy as a result of a grenade launch. The GLA did not include 
the pitch and roll vertical sensor assembly and did not include the 
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sequential fire microswitches on launch tubes 2, 3, and 4. In all 
other respects, the GLA represented flight configuration weight and 
fUnction and included a -1, -2, -3, and -4 grenade .* 

*Grenade Performance Data 

Lunar Range Thrust Velocity 
~Feet) ~ Pounds) (FPS) 

- 1 Grenade 5000 46000 161 
-2 Grenade 3000 25 75 132 
-3 Grenade 1000 1575 74 
-4 Grenade 500 1200 53 

3.3. 1 .3 Passive Seismic Experiment (PSE). The PSE used in the test 
consisted of two different models simulating lunar weight - one model 
with a lunar weight (1/6 earth weight) skirt and the other model (E2C 
trainer) with an earth weight shroud assembly. Both models used the 
same stool and a lightweight sensor assembly. The weight of each 
model as compared to the full-flight configuration weight is as follows: 

Flight Trainer Model 
~ Pounds L ~PoundsL 

Sensor 18.55 3.157 
Shroud Assembly 3.54* 3.54* 
Stool 0 .25 0.161 

* A weight breakdown of the lunar model light
weight shroud assembly as compared to the 
flight and trainer model is as follows: 

Shroud and Insulation 
(20 layer s of Mylar) 
(1 layer of Teflon) 
(6 lead weights) 

Can, Gnomon, Bubble Level 

Total 

Flight and Trainer 

0.75 
0 . 50 
0.69 
1.94 
1 .60 

3.54 

Lunar Model 
~ Pounds L 

3. 157 
1.78* 
0.161 

Lunar Model 

0.34 

0.34 
1.44 

1.78 

3.3.1. 4 ALSEP Central Stat ion . The ALSEP Central Stat ion was simulated 
with a lunar weight model constructed of foam core poster board primary 
structure with wooden flocks for ballast. The sWlshield was fabricated 
from foam core board and was supported by wooden dowels to simulate the 
Hunter Springs which are used on flight models . The side curtains wer e 
made from aluminized Mylar to simulate lunar weight and Velcro at t ach
ments were similar to flight . The specular reflector was flight 
configuration aluminized Mylar. A simulated antenna fabricated from 

10 



cardboard tube was mounted on the sunshield. All side curtain attach
ments were refUrbished after the -4 calibration firing in which the 
Central Station was used. During this firing, the side curtains pulled 
loose and the attachment was noted to be different from flight. As a 
result, before the ASE first firing (-2 grenade) the side curtains were 
replaced with the E2C trainer curtains which are flight configuration 
and earth weight and the attachments were changed to be identical to 
flight hardware. The specular reflector attachment was as near flight 
configuration a,s could be obtained with the mockup construction used. 

3.3.1.5 Test Configuration. The layout and relationship of the Central 
Station, PSE, and ASE was originally planned to be as crew training 
procedures had been written but was changed to the configuration of the 
Apollo 14 deployment as derived from still pnotographs taken by the 
crew. Figure 2.4.-1 shows the planned deployment; Figure 3.3.4-1 shows 
the actual and tested deployment. 

3.4 TEST SUMMARY. The test firings were conducted in two categories. 
The first two firings were conducted to provide calibration data and to 
evaluate the instrumentation, camera installations, and the firing 
circuitry. Test motors for the calibration firings were removed from 
their grenade assemblies and were mounted on a fixed test bracket at a 
45-degree angle (similar to a normal mortar box launch angle) and fired 
onto a metal plate. The second category of firings (last four firings) 
were conducted by firing grenades from a mortar box emplaced in a 
launch pad of lunar soil. Photographs of the entire test setup and 
test models were taken prior to each firing. Similarly, photographs 
were taken after each motor/grenade firing with specific coverage of 
test components drumaged or affected by the firing. Selected before and 
after firing photographs are included in this report. The firings 
from the mortar box were conducted in the normal ASE grenade firing 
sequence of -2, -4, -3, and -1 grenades. 

A summary chart of vacuum chamber temperature, pressure (before 
firing and after firing) and timing clock speed is included (Table 3.4.0-1). 

3.4.1 Firing No.' 1. A -1 grenade was fired from the fixed test stand. 
The Central Station, PSE, and ASE mortar package were not included in 
this test. Its primary purpose was to determine the range of pressures, 
and the selection of the type of transducers to be used. Pressure type 
microphones and Hidyne pressure transducers were evaluated. An initial 
maximum transducer range of 0.1 psi was selected. 

Upon firing of the -1 grenade, all pressure transducers saturated 
at 0.1 psia except for one located near the chamber wall which recorded 
a pressure pulse which peaked at 0.028 psia. The pulse lasted some 
7 to 8 milliseconds; the same duration as the propellant burning time • . 
The pressure trace looked similar to ASE grenade thrust histories. 
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It was immediately evident that much higher pressures existed than 
earlier assumed. By extrapolation of data obtained from the pressure 
traces, a pressure of about 0.4 to 0 . 5 psia was estimated at the Central 
Station and PSE. About 18 inches from the ASE, a pressure of 4 to 5 psia 
was estimated. 

Since none of the ALSEP test models were in the chamber, it was not 
possible to observe the effects on them. However, it was observed that 
a roll of transducer cable, taped to the floor by a 2-inch width of black 
tape, came loose from the tape and moved laterally about 9 inches. Other 
tape used to fasten cable to the transducer support frame was moved by 
the pressure pulse. 

Camera coverage appeared to be adequate and subsequently was 
utilized throughout all firings with the speed' of the Fairchild cameras 
adjusted to provide better lighting . A second Milliken (400 fps) camera 
was added in a side chamber window. 

3.4.2 Firing No.2. A decision was made to include the 1/6g models of 
the Central Station and the PSE in this test firing. The Central Station 
was placed on its "lunar soil" bed and the PSE was placed on a small 
mound of lunar soil. The -4 test motor (smallest motor) was used in 
this calibration firing and like its predecessor was mounted on the fixed 
test stand. Some reorientation of the pressure transducers was made. 
The mounting plate beneath the motor test stand as well as the stand 
itself were painted white to facilitate the observation of motor plume 
streamlines. 

The light (1/6 g) PSE skirt used in this test was observed to have 
lifted and folded back about 6 inches along 3 feet of its circumference. 
The PSE skirt had evidently contained an air pocket which ruptured 
during chamber pump-down, spewing lunar soil from beneath the skirt. 
Very little dust was observed on the outside layer of the skirt and PSE 
can; however, no dust was under the ASE during this test firing. 

The far side curtain on the Central Station was blown back and then 
returned to its proper position. The Central Station was also measured 
to move about 0.3 inch toward the rear. The side curtain attachment was 
noted to be different from flight configuration, so it was replac ed 
with .the E2C trainer curtains which represented a flight configuration 
and method of attachment . No pressure was recorded at the Central Station 
even though the transducers were operable. A pressure of 0 . 08 psia was 
recorded by a microphone at the PSE . Pressure readings were recorded at 
the chamber wall (0.01 psia) and near the ABE (0.45 and 0.6 psia). All 
cameras recorded good coverage. 

3.4.3 Firing No.3 . The - 2 grenade (next to the largest) was fired 
from the mortar box . In this test, the ASE mortar box was placed on 
its lunar soil bed. The full earth weight PSE skirt was used in this 
test due to the disturbance of the 1/6 earth skirt with the - 4 motor 
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in the previous test. The PSE skirt was not moved or folded back in this 
test as occurred earlier. It was lifted however, but returned to its 
proper position. The PSE sensor tiled about 1 degree. In post-test examina-
tion of the PSE skirt, it was noted that stitching on the bottom of the 
skirt near the sensor can was pulled through the insulation in numerous 
places. 

The Central Station was observed to move about 1/8 inch. Again, 
the far Central Station side curtain was blown out by the pressure 
forces. The side curtain pulled loose at the bottom Velcro attachment 
points, folded back, and remained open. The specular reflector pulled 
loose at the bottom at the attachment points but remained in the center 
V, elevated about 1 inch above the thermal plate. After entering the 
chamber, one could see numerous small particle penetrations of the near 
side curtain (see photographs). 

Very shallow cratering of the ASE lunar soil occurred (mostly 
removal of loose 1/4 inch top surface). A very light dust layer 
covered the surfaces of the Central Station and the PSE skirt. Little 
or no movement of the mortar box occurred. The grenade safe slide 
ejected normally and the mortar box dust cover and rear blow-out panel 
separated properly. A post-test examination verified that the thermal 
bag was torn away normally beneath -2 grenade launch tube and most 
(75 percent) of the -1 launch tube. 

Two pressure measurements were made near the ASE nozzle; 3.9 and 
3.6 psia. Pressures at the PSE can were obtained by microphone (0.104 
psia) and by transducer (0.075 psia). A pressure of 0.06 psia was 
recorded at the Central Station. Finally, pressures of 0.02 and 0.004 
psia were recorded at the chamber wall. All cameras ran normally. 

3.4.4 Firing No.4. Prior to this test, the Central Station side 
curtain was reattached and the specular reflector replaced in their 
normal configurations. The PSE sensor was releveled and the mortar 
was checked for damage but left in its firing position from the previous 
firing. The shallow crater beneath the mortar box was not filled in 
nor disturbed. 

A -4 grenade (smallest) was fired. A severe dust cloud was obser
ved. The "light" PSE skirt was used in this test and again it was blown 
back' some 6 inches for about 3 feet around the circumference as was 
observed in the -4 calibration firing. 

The PSE can did not tilt; however, the skirt was visibly covered 
with light dust and debris. The dust on the near side of the skirt 
was approximated to be about 1/16 inch deep in the folds and creases. 
The side curtains remained attached to the Central Station this time. 
No apparent damage was observed on the Central Station except a light 
layer of dust on the specular reflector and thermal plate. The specular 
reflector was also abraided from dust impingement. 
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The pressure recorded near the ASE was 0 .45 psia by the Hidyne 
transducer . Pressures of 0 . 02 (microphone) and 0 . 015 psia (Hidyne 
transducer) were recorded at the PSE can. At the PSE skirt, pressures 
of 0 . 004 and 0 . 003 psia were recorded. Pressures of 0 . 012 and 0.008 psia 
were recorded at the Central Station . Finally, a pressure of 0 . 007 psia 
was recorded at the chamber wall . 

The mortar box was observed to move forward 4 inches with a rota
tion of 2 to 4 degrees to the left as viewed from in back of the box. 
A large crater (3 inches deep by 6 to 9 inches in diameter) was formed 
underneath the mortar box . With its 4-inch forward motion, the final 
position of the box placed the front pad of the mortar box approximately 
2 inches ahead of the forward edge of the crater . Review of the film 
indicates that the initial motion of the box was straight up approximately 
4 inches and then forward. No box motion wa s evident until the grenade 
left t he launch tube. A post-test examinati,on of the mortar box 
verified that the forward blow-out panel had separated properly and that 
the thermal bag was complet ely torn away from beneath the -4 launch tube . 
The bag was partially torn and shredded beneath the forward half of the 
-3 launch tube. The grenade safe slide ejected properly . All cameras 
ran normally. 

30 4 . 5 Firing No . 5 . Prior to this test, the ABE mortar box was realigned 
in azimuth (rotated to the right 2 to 4 degrees) to assure alignment of 
the grenade flight path relative to the grenade catch backstop and the 
velocity gr id board . The mortar box position, relative to the crater in 
t he lunar soil, was not changed so that the box straddled the crater. 
The -3 grenade launch tube, in this position, was aligned with t he 
forward edge of the crater . All other test articles were left in the 
same condition/configuration resulting from the previous firing to 
establish the cummulative results of the two smallest motors . This 
included leaving the PSE lightweight skirt folded back . 

A -3 grenade was fired . The PSE skirt, left folded back from t he 
previous firing, moved back to a folded position against the sensor 
cylinder. The PSE sensor did not move, but additional dust was observed 
on the can and skir t . No damage or movement of the Central Station was 
observed except additional dust and several 1/2-inch long tears in the 
near side curtain toward the mortar box and numerous additional small 
punotures . 

Optical measurements were made after the test on the specular reflector. 
Reflectance of the front side had degraded to 25 percent which represented 
a total degradation as a result of four firings. In addition, the back 
side reflector measured 95 percent reflectance . 

The firing of the grenade caused the mortar box to move backwards 
approximately 1/2 foot with a rotation to the right of approximately 
13 degrees . Review of film indicated the flight path of the grenade 
appeared to be deflected downward by the box motion . The grenade safe 
slide ejected normally. The crater beneath the mortar box was enlarged 
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to about a 12-inch diameter. Actual post-test measurements showed that 
the left leg of the mortar box moved back 17 inches and the right leg 
moved back 23 inches giving a resultant rotation of 13 degrees to the 
right. Examination of the lunar soil showed that the front end (foot 
pad) of the mortar box gouged a trench in the soil in front of the 
original crater (from previous firing) and backwards behind the crater 
as the box moved back. Trenches were not evident near the mortar box 
let foot pads. 

A An examination of the film showed that the initial motion of the 
mortar box was a lifting of the rear end so that the box rotated for
ward from an initial 45-degree launch angle to a near vertical (90 degree) 
angle. The secondary motion of the box was backwards with the box 
remaining in the vertical position and the front end of the box dragging 
through the lunar soil. The film a.lso indicates that the motion of the 
box backwards caused the mortar box flat ribbon cable (deployed in 
front of the box) to become taut, thus potentially contributing to stop
ping the backward motion of the box. A post-test check of this cable 
indicated that it was relatively free to move backwards and the restrain
ipg force was associated with the metal cable connectors hanging in a 
loop off the edge of the launch platform. 

Pressures of 0.125 psia and 0.10 psia were measured at the mortar 
box. In addition, microphone data showed 0.57 psia. Pressures of 
0.028 psia and 0.075 psia (microphone) were recorded at the PSE and 
pressures of 0.005 and 0.007 psia at the Central Station. Pressures 
at the chamber wall were 0.005 psia and 0.0175 psia (microphone) while 
a pressure of 0.008 psia was measured at the far edge of the PSE skirt. 

3.4.6 Firing No.6. Prior to this test, the PSE skirt was replaced 
with the trainer model which was the earth weight skirt. In addition, 
the crater beneath the mortar box was filled and the soil was leveled 
and repacked. The mortar box was realigned and placed at the leading 
edge of the grid board. A test sample of the specular reflector was 
taped at the center of the front reflector and a prefiring optical 
reflectance measurement was made. A post-test measurement indicated 
that the reflectan~e had degraded severely. IR reflectance measurements 
are in process at LRC to establish a more meaningful reflectance 
degradation. 

The largest grenade, -1, was fired. The PSE skirt lifted, but did 
not fold back, and returned to its original position. No motion of the 
PSE sensor can was observed or measured. 

Considerable damage/effect was observed on the Central Station. 
The Central Station lifted about 6 inches in front and then returned to 
a level position, but its measured movement was 3/4 inch to the left and 
1/4 inch back. Both side curtains tore loose (Velcro pulled away) at 
the bottom and the far side curtain tore loose at the top (approximately 
75 percent from front to back) and wrapped around behind the antenna 
mast coming to rest on top of the Central Station. The specular 
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reflector pulled loose at the top , front , left- hand side, approximately 
10 inches . The reflector also pulled loose at the bottom, was badly 
wrinkled, and remained in pos i t i on about 6 inches above the thermal 
plate . The retaining rod was found adj acent to the Central Station on 
the lunar soi l . 

Pressures of 8 . 15 psia , 3 . 80 psia , and 5 . 6 ps ia (microphone) were 
measured at the mortar box . Pressures of 0 . 106 psia, 0 . 085 psia, and 
0 . 174 psia (microphone) were measured at the PSE and 0 . 184 psia, 0 . 098 
psia, and 0 . 114 psia (microphone) were measured at the Central Station . 
At the chamber wall , pressures of 0 . 037 psia, 0 . 020 psia, and 0. 024 psia 
(microphone) were recorded . Pressures of 0 . 026 and 0 . 024 psia were 
measured at the edge of the PSE ski rt . 

The mortar box moved forward and rotated t o the left approximately 
45 degrees. The left leg moved directly across (toward the right leg 
foot pad) for a distance of 19 inches . The right leg moved with a 
forward di splacement of 18 inches . No evidence of dragging in the soil 
was seen . Examination of the film indicated that when the grenade wa s 
approximately 4 feet out of the launch tube the init ial motion of the 
box star ted with t he rear end lift i ng . A subsequent delayed motion 
occurs which r ota t ed the box to the f i nal 45-degree position . No 
signifi cant crater was left . The gr enade s afe s lide ej ect ed normally . 
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TABLE 3.4 . 0-1 

ALSEP/ASE VACUUM CHAMBER TESTS 

Firing No. Name Temperature Pre-Fire Post-Fire Clock Date 
Pressure (Microns) Pressure (Microns) 2:EID 

1 Calibration Shot 48°F 1.14 4.07 3/4/71 

2 Calibration Shot 70°F 1.28 4.68 3/8/71 

3 Grenade Dash 2 67°F 3.00 5.07 1003 3/10/71 

4 Grenade Dash 4 68°F 1 . 54 7 . 23 1003 3/12/71 

5 Grenade Dash 3 77°F 1.62 6 . 75 1003 3/16/71 
f-' 

55°F CD 6 Grenade Dash 1 2.25 4.15 1003 3/18/71 

NASA - M SC - Coml. , H ouston , Texas 
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4.0 TEST REVIEW SUMMARY 

The review of the test results indicate the necessity to investigate 
several areas of concern: 

a. Validity of test at Langley Research Center. 

b. Mortar box stability during firing and extrapolation to lunar 
surface environment. 

c. Equipment damage and degradation resulting from ABE rocket 
motor firing. 

In accomplishing the review, the team requested special tests to . be 
performed relative to the antenna stability and cis deplacement during 
the ASE rocket motor firing. 

4.1 LANGLEY TEST VALIDITY. The most important considerations in evalu
ating the validity of the Langley tests were: (1) lunar soil simulation, 
(s) hardware simulation, (3) mortar box tray mounting, and (4) reflected 
pressure waves. 

4.1.1 Lunar Soil Simulation. Three types · of simulated lunar soil were 
considered: (1) glass beads, (2) aluminum oxide pellets, and (3) ground 
basalt. The ground basalt was selected over the other two candidates 
on the basis of latest Apollo soil samples and best simulation of dust 
content. This material was recently developed by Martin-Denver in an 
attempt to model lunar material returned from the Apollo 11 and 12 flights. 
Typical particle dimensions ranged from one micron to approximately 1/2 
inch. The ground basalt very closely resembled dry cement and possessed 
similar properties. It is capable of supporting heavy loads, yet is light, 
fluffy, and clings to almost anything. Thus good simulation of "lunar 
dust" was possible for evaluation of the effect on critical thermal 
control surfaces. 

4.1.2 Hardware Simulation. Three pieces of the ALSEP scientific station 
were used in the ASE mortar box firings: (1) ASE mortar box, (2) Central 
Station, and (3) Passive Seismic Experiment. The simulation of the dyna
mical motions of the experiments on the lunar surface in the earth's 
gravitational field is a most difficult problem in that a choice must be 
made between mass and weight simulation on earth. Although the mass 
remains constant, the weight is dependent upon the gravitational field. 
Good mass simUlation is required to properly simulate the inertial 
quantities (i.e., moments of inertia, mass). However, weight dependent 
forces (i.e., frictional forces and restoring torques) require a one
sixth mass on earth to properly simulate these quantities in the lunar 
environment. Forces originating from pressure sources were simulated 
well in both environments by assuring correct size and geometry. Refer
ence 1 presents the details of the simulated hardware. In general, for 
the PSE, PSE skirt, and cis the weight dependent forces were well 
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simulated while the inertial quantit i es are much too small. On the 
other hand, inertial quantities of the ASE mortar box and grenades were 
well simulated , but weight dependent quantities were not simulated well 
since actual operational har dware was used in the test firings . 

4.1.3 Mortar Box Tray Mounting . The ASE mortar box was structurally 
decoupled from the floor of the test chamber by using a sponge rubber 
isolation pad between the legs of the soil pan and the floor . The 
purpose of the isolation system was to prevent mechanical vibrations 
to be transmitted to the PSE sensor and Central Station which might 
cause them to move . MSC investigated the validity of the mortar box 
test configuration. Using very conservative assumptions (i.e . , all the 
momentum change from mortar firing being transferred into the pan system) 
they estimated that the depression of the pan ,and subsequent rebound 
could have caused the mortar box to move no more than 0 . 020 inch vertically 
or rotate more than one degree , (see references 2 & 3) . Also, an evalua
tion of time constants of the tray system indicated that no motion of 
the mortar box due to rebound of mounting tray would occur for 64 to 
90 milliseconds after firing . This was inconsistent with the observed 
motions of the mortar box which occurred within a few milliseconds of 
firing . It was concluded by all members of the team that under no 
conditions did the isolated soil pan test setup have any significant 
effect on the mortar box movement and thus the test results were valid . 

4.1.4 Reflected Pressure Waves . The validity of the test was questioned 
from the viewpoint of pressure refl ections wi thi n the chamber causing the 
observed dynamical motions after having rebounded from the chamber wall . 
Reference 4 investigated these effects by considering the recorded 
pressure data. The ASE was purposely centered on the 34 foot tes t 
section to make use of as much symmetry as possible to eliminate 
unsymmetrical reflected pressure type forces . This positioning was 
deemed vital early in the test planning so that as may unknowns could be 
eliminated as possible . 

Figure 4.1- 1 is a typical pressure trace . It consists of a large 
primary pulse whose duration equals that of the rocket mortar burn time. 
The subsequent small pressure undulations following the large initial 
pulse are all but nonexistent. Their magnitudes are barely perceptive" 
since they are of the same order of magnitude as transducer noise levels . 

In summary, significant pr essure pulses rebounding from the chamber 
wall and striking the ALSEP equipment is highly unlikely from both a 
theoretical and experimental point of view . It is concluded that under 
no condition did these "rebounds" influence the observed ALSEP experiments 
dynamics. 

4.2 ADDITIONAL TESTS SIMULATING PRESSURE/BLAST EFFECTS ON ANTENNA AND 
CENTRAL STATION . Additional testing was performed at Bendix to determine 
the effect on the Central Station and the partially seated helical antenna 
when the Central Station was disturbed in a manner similar to that noted 
in LRC testing . The results of these tests indicate that even with 



greater Central Station disturbances that were noted on the LRC films, 
the antenna was not dislodged and the Central Station's sunshield 
extenders were not adversely affected (see references 5 and 6). 

4.3 PREDICTED LUNAR EFFECTS. The results of the Langley vacuum firing 
test indicated significantly more mortar box motion during ASE rocket 
motor firings than had been indicated by previous ambient test programs 
and analyses. Analytical investigations were performed to determine 
the cause of the worsened mortar box stability and to extrapolate the 
observed results to expected lunar surface results. 

4.3.1 Predicted ASE Mortar Box Motions. The results of the Langley test 
were reviewed in detail and scaling fac.tors developed to extrapolate 
the mortar box motions in a Ig environment to 'predict the motions 
anticipated for lunar firings. The (-4) grenade was considered first 
in the analyses since the ASE mortar box was vertically elevated which 
permitted the influence of the earth's gravitational force to be 
exploited from energy considerations. The details of the dynamical 
analysis was presented in reference 7. A correlation of these results 
with a gas dynamics analysis was presented in reference 8. A pressure 
of 7.53 psia was determined to act on the underneath surfaces of the 
mortar box for the (-4) firing. Extrapolating the data of the (-4) 
firing to the lunar environment results in a vertical rise 'of 2.32 feet 
and a forward displacement of 2.095 feet. It mayor may not return in 
an upright position. 

The only other firing whose results are easily extrapolated is the 
(-3) grenade. The mortar box was observed to pitch down 45° in the 
Langley test. On the lunar surface the mortar box would undoubtedly 
rotate 180 degrees or more and tumble over and fall to one side or the 
other. 

The (-2) grenade firing produced no perceptable movement of the 
mortar box. Although pressure forces do exist, it remains a question 
as to why no motion occurred. Extrapolation of this data to the lunar 
surface results in ,a prediction of no motion. 

Finally, the (-1) grenade was observed to cause the mortar box to 
translate approximately 18 inches sidewards and rotate 45° in yaw. 
These data, if extrapolated to the lunar surface would yield an 
attempted horizontal displacement of 108 inches. However, due to 
cable length restrictions (10 feet), the mortar box would probably be 
tipped over. 

A summary of these predicted motions is given in Table 4.3.1-1. 
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The mortar box motion was observed to be much more severe than that 
expected from analytical studies or the ambient test firings. However, 
the relative motion observed during the ambient test is similar to that 
observed during the vacuum firing tests. The magnitude being much larger 
during the vacuum firings. The analytical studies done by the review 
team (references 2 and 3) indicate the following causes of increased 
motion during vacuum firings: 

a . The initial motion was determined to be caused by the impinge
ment of the rocket motor plume on the base of the mortar box. This 
effect is much worse under vacuum conditions. 

b. The subsequent motion appears to have been caused by the 
impingement of the sand on the mortar box due. to a phenomenon known as 
"gas diffusion eruption." (The possibility of gas diffusion eruption 
was confirmed in discussions with Dr. R. E. Hutton, TRW Systems Group 
and consultant to Apollo Spacecraft Program Office on rocket effects 
on lunar surface.) This effect is also much more severe under vacuum 
conditions than ambient conditions. 

4.3.2 Predicted Motion of Central Station, PSE , CPLEE and SIDE. 

4.3.2.1 Passive Seismic Experiment. The lunar weight of the PSE sensor 
was simulated by reducing the mass by a factor of 5/6 its original mass. 
This was thought necessary to properly simulate the frictional forces 
between the stool and the sensor base. This reduction represents a 
compromise in the sensor inertial properties. However, an important 
result in the Langley test is that even with the reduced mass, the 
PSE sensor did not move. Hence, under full mass conditions it is 
evident that the sensor should not rotate. 

The PSE skirt motion, however, is subject to question. No data 
was obtained whereby one could positively determine its motion on the 
lunar surface. Tests were run in which either mass or weight was 
simulated, but not both at the same time. When the mass was simulated 
(full weight), the skirt did not move appreciably. However, when lunar 
weight skirt (1/6 mass) was simulated the skirt folded back to the 
sensor base during one of the firings. Thus, the tests were inconclusive 
for the skirt. Performance on the lunar surface cannot be positively 
predicted. 

4.3.2.2 Central Station. Reference 9 presents a dynamic analysis of the 
cis during the (-1) mortar firing. The cis was observed to tilt only 
during the (-1 ) firing. At all other times it was displaced slightly -
on the order of 1/4 inch. 



An analysis of the (-1) results, when extrapolated to lunar condi
tions, predicts that the cis will tilt so that the c.g. raises only 
about 0.25 inch. The primary difference between the predicted results 
and the Langley test results being due to the 1/6 mass simulation in 
reducing mo~ents of inertia by the same factor. 

Lunar displacements during other firings should be negligible. 

4.3.2.3 CPLEE and SIDE Experiments. On Apollo 14 the CPLEE is deployed 
approximately 10 feet from the ASE. Although no CPLEE model was used 
in the Langley tests, it is predicted that as a result of lunar ASE firings 
the CPLEE will fall over on its side. Prediction of CPLEE disturbance 
is based on the relatively high pressure experienced at CPLEE distance 
in Langley test and the experiment's relatively large surface area and 
high center of mass. 

No displacement of SIDE experiment is predicted since at the 60 foot 
distance from mortar box the pressure/blast effects should be negligible. 

4.3.3 Degradation to ALSEP Thermal Designs and Performance. 
Table 4.3.3-1 briefly summarizes the anticipated degradation of the 
thermal control systems of the Apollo 14 ALSEP components predicted by 
each of the grenade firings. The predictions correspond to the specific 
degraded configurations resulting from the test firings in the Langley 
chamber. Since the CPLEE and SIDE were not included in the tests, 
degradation of these experiments was evaluated based on an extrapolation 
of test results. 

The effects predicted in Table 4.3.3-1 could be different on the 
lunar surface for the following reasons: 

a. The degradation of ALSEP on the lunar surface will probably be 
cumulative from firing to firing, whereas ALSEP components in the Langley 
chamber were returned to their original undegraded condition prior to each 
test firing. 

b. The insul~tion mask on the Central Station (C/S) thermal plate 
could be blown off for reasons presented in Table 4.3.3-1. 

c. rhe 19 PSE skirts in the -1 and -2 grenade test firings did not 
move, but the 1/6 g skirt on the lunar surface may move. 

d. The 1/6g PSE skirt may have experienced more displacement 
during the -3 and -4 test firings than will occur on the lunar surface. 

e. The Ig cis side curtains were not torn or folded during the -3 
and -4 test firings, but this may happen to the 1/6g curtains on the 
lunar surface. 
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Table 4.3.3-2 presents predicted lunar temperatures for ALSEP 
components corresponding to the degraded configurations outlined in 
Table 4.3.3- 1. Maximum day time temperatures are shown since the 
degradation primarily influences lunar day levels. Day- night tempera
ture excursions are shown for PSE. 

4.3.4 Safe Separation Distance. Increasing the separation distance 
between the mortar box and the; Central Station or other experiments 
will reduce both the pressure/blast effects and the debris/dust 
contamination . From pressure considerations alone, the Central Station 
and experiments should not be exposed to pressures greater than 0.001 
psia. No damage or displacement will occur at this pressure based on 
the construction and projected areas of the element s of the ALSEP , 
system . Extrapolation of the pressure measurements made during the 
Langley tests at 1 . 5 , 7, and 16 feet indicate ' that for the worst , case 
grenade firing, the pressures will be below 0 . 001 psia at approximately 
25 feet (reference 10) . In order to provide additional margin, the 
recommended mortar box deployment distance was set at 50 feet or greater . 

4 . 4 SCIENTIFIC OBJECTIVES AND PRIORITIES . The following represents the 
scientific inputs concerning rationale for firing the Apollo 14 mortars . 
The following rat i onal e i s based on the test results from the Langley 
chamber te s t ing , analy s i s conducted by Bendix concerning d~gradation , 
and analysis conducted within MSC. The scientific priority for Apollo 14 
is (1 ) PSE , (s) ASE , (3) SIDE/CCGE , and (4) CPLEE . 

The conditions outlined below do not reflect a complete set of all 
conditions which may be encountered or which would influence firing or 
not firing of the ASE mortars . The r ecommenda t i ons ar e bas ed on the 
findings and/or effects of the Langley test data . It should be noted 
that after each mortar firing review of the pitch and roll sensors is 
necessary before proceeding to the next firing to determine position 
of the ASE mortar box . Position of mortar is necessary to determine 
the potential effects on the remaining operating experiment~. 

4.4.1 Condition 1. Apollo 12 , 14 , and 15 stations are operating 
successfully and useful s c ientific data is being collected and mortar 
firings result only in long-term degradation of Apollo 14 station . 

. The mortars should be fired in the following sequence : 2 , 4, 1 , 
and 3 after six months after deployment of Apollo 16 station . Based 
on this condition , the following scientific data would be obtained : 

PSE : 

SIDE: 

32 months from 12 
18 months from 14 (min) 
12 months from 15 
3- 4 months from 16 

32 months from 12 
18 months f r om 14 (min) 
12 months f rom 15 
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CCGE: 0 months from 12 (experiment not functioning) 
18 months fram 14 (min) 
12 months from 15 

CPLEE: 18 months from 14 not scheduled for future missions) 

Firing of the mortars 6 months after Apollo 16 deployment provides 
for four-station triangulation of PSE data. Three stations would 
be operating to record Apollo S-IVB impact, four stations to record 
~6 ascent stage impact, and approximat~ly 3 perigee crossings. Long
term degradation of Apollo 14 would mainly affect the CPLEE which is not 
scheduled for future ~issions; however, 18 months of data minimum would 
be collected. This condition requires that the mortars would be capable 
of being fired after 18 months on the lunar sUrface. 

4.4.2 Condition 2. Apollo 12 is inoperative; 14, 15, and 16 functioning 
properly. 

It is recommended that the firing seq~ence and time be the same 
as condition 1. PSE triangulation data would still be obtained from 
stations 14, 15, and 16, and the major loss in scientific data would 
be from Apollo 12 and decrease life of Apollo 14 . . 

4.4.3 Condition 3. Apollo 14 PSE inoperative and Apollo 12 and 15 
functioning properly. 

The ASE, priority-wise, is rated number 2 and therefore is 
classified higher than the SIDE/CCGE and CPLEE. It is recommended 
that the mortars 2, 4, 1, and 3 be fired 12 months after deployment 
of Apollo 14. This would result in a potential decrease in the 
scientific data obtained from the Apollo 14 SIDE/CCGE and CPLEE. 
The SIDE/CCGE is scheduled for Apollo 15 mission and additional 
scientific data would be obtained. The CPLEE data would be limited 
to a minimum of 12 months or until Apollo 14 becomes inoperative. 

4.4.4 Condition 4,. Apollo 14 cis failure imminent. 

The mortars should be fired. Continued delay in firing would 
resUlt in loss of all ASE scientific d~ta. Potential damage due to 
mortar firing may only accelerate discontinued operation of Apollo 14 
station. Sequence same as condition. 

4.4.5 Condition 5. Apollo 12 and 15 PSE inoperative. 

It is recommended that no mortars be fired. Scientific ASE data 
would only be obtained from Apollo 16 station. 
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4.4.6 Condition 6. Loss of one or two ASE geophones. 

It is recommended that the mortars not be fired based 'only on the 
state of the ASE. The mortars would only be fired based on the 
conditions of stations 12, 15, and 16. 

4.4.1 Condition 7. Apollo 14 ASE failure appears imminent and PSE, 
SIDE/CCGE, and CPLEE functioning properly. 

Do not fire mortars, thereby restricting ASE scientific data 'to 
Apollo 16 only. Loss of only ASE experiment would not justify firing 
based on scientific data being obtained from the other Apollo 14 
experiments. 

4.4.8 Condition 8. Loss of either ASE pitch or roll or both mortar 
box sensors. 

Firing of mortars should be limited to firing #4 only and time of 
firing would be dependent on state of Apollo 12, 14, 15, and 16 stations. 
Firing of one mortar would provide a part of the ASE required scientific 
data without jeopardizing the remaining experiments. ' 

4.5 TEAM CONCLUSIONS. As a result of reviewing test data and analysis, 
the review team concludes the following: 

a. The basic results of Langley test are indicative of expec'ted 
effects of mortar firing on the monn. The test configuration and test 
results are valid. 

b. The mortar box will not maintain the desired azimut alignment 
during lunar firing. Extrapolation of Langley data to lunar conditions 
indicates the mortar box may undergo violent motions. ' 

c. It must be presumed that the launching of any of the Apollo 14 
ALSEP granades will result in significant degradation or failure of 
either the central station or PSE. The (-1) and (-2) grenades 
produced catastrophic effects on central station while sequential 
firing of (-4) and (-3) grenades produced catastrophic effects of PSE. 

d. The mortar box should not be fired on Apollo 14 until all 
useful data is obtained from Apollo 14 or until extended simultaneous 
data has been received from several ALSEP's. Particular concern should 
be given to maintaining triangular PSE arrays. 

e. Changes need to be incorporated into the Apollo 16 ASE to: 

(1) Improve mortar box stability. 

(2) Eliminate mortar firing pressure wave damage and dust 
degradation to other ALSEP experiments and central station by increasing 
mortar box-central station separation distance and maintaining optimum 
gas flow direction relative to other experiments and central station. 
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Figure 4. 1-1 Pressure Trace 18" From Exit Plane of Mortar Box 
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Table 4. 3. 3-1 Predicted Degradation to ALSEP Thermal Control Designs 
Resulting from ASE Mortar Firings on the Lunar Surface 

Central Station 

Far side curtain blown out at top and 
bottom and folded back. Dust cover. 
Reflector and side curtain reflectance 
reduced to 30% or Ie s s. Reflector 
may collapse on thermal plate due to 
exceeding its maximum no load 
temperature after exposure to direct 
solar radiation. 

Dust cover. Reflector and side 
curtain reflectance reduced to 30% 
or less. 

Dust cover. Reflector and side 
curtain reflectance reduced to 30% 
or less. 

Entire far side curtain blown over top 
of Cis. Specular reflector torn at far 
top side along 1/3 length and torn loose 
from thermal plate attachment. Near 
side curtain torn loose 4" along bottom. 
Dust cover. Reflector and side cur
tain reflectance reduced to 30% or Ie s s. 
Reflector will probably collapse on 
thermal plate due to exceeding its maxi
mum no load tempe rature afte r 
exposure to direct solar radiation. 

PSE 

Dust cover. 1 g .skirt 
did not move in te st, 
but 1/6 g skirt on 
moon may fold back. 

I / 6 g skirt folded back 
8" in test and may do 
so on moon. Du st 
cover. 

I /6 g skirt folded back 
to base of PSE in te st 
and may do so on moon. 
Dust cover. 

Dust cover . 
1 g skirt did not move 
in test, but 1 /6g skirt 
on moon may fold back. 

CPLEE 

Possible dust cover 
on S. S. mirrors in 
excess of 10%. 

Same as for -2 firing. 

Same as for -2 firing. 

Same as for -2 firing. 

SIDE 

Possible dust cover 
on S. S. mi rror s in 
excess of 5%. 

Same as for -2 firing. 

C\J 
...:t 

Same as for -2 firing. 

Same as for -2 firing. 

NOTE: The insulation masks on the thermal plate used in the LRC tests were flush-mounted to the plate. However, the outer 
edges of the insulation masks on the F4 central station are flipped up, which could allow exhaust gases to get under 
the mask closest to the mortar box and blow it off the thermal plate. 



-2 

-4 

-3 

-1 

TABLE 4.3.1-1 

COMPARI SON OF LRC AND PRED ICTED LUNAR MOT I ONS OF ASE 

BASED ON EXTRAPOLATION OF DATA 

HORIZONTAL VERTICAL 
DISPLACEMENT D I SPLACE~1ENT ROTATION 

LANGLEY MOON LANGLEY MOON LANGLEY MOON COMMENTS 

NONE UNKNOWN NONE UNKNOWN NONE UNKNOWN UNDETERMINABLE 

4" 24" 4.2" 28" 3° 18° MAY OVERTURN ON MOON 
(YAW) (YAW) 

18" 108" 2.1" 2.1" 45° 90° ROTATED ABOUT HORIZONTAL 
(PITCH) (PITCH) AXIS. WILL TIP OVER 

ON MOON 

8.5" 51" 1" 6" 45° 180° ROTATE 180° ABOUT VERTICAL 
(YAW) (YAW) AXIS. POSSIBLE ON MOON 

-- ---- -

I 

(Y) 
-::t 



TABLE 4.3.3 - 2 
Effect of ASE Mortar Firings on ALSLP 4 Lun.J.r Temperatures 

Current Pre dicte d Temps for I:;a ch lviortar F L r in (! 

Description F4 Temps -2 -4 -3 - 1 H. f! rr. :1 r k s I 
r 

1. Central Station 1.1ax. Temps .. _ of . I 
Thermal Plate 123 190 175 175 250 See Notes Z & 3 I 

Reflector 14Z 500 185 185 500 Sec Note 4 
Siq.e Curta in 142 700 185 185 700 See Note 4 

2. 
0 

124/130 125+50 lZ 5 +5 5 lZ5+85 lZ -+50 
PSE Sensor Temp. Range - F 

-1 -7 -60 =>-1 

I 3. C PLEE Electronic s !-.lax. Ternp. _ of 146 > 200 > 200 > ZOO >200 100/1 dust coverage j 

4. SIDE Electronics Max .. Temp. - of 184 > 200 > 200 > 200 > 200 
. I 

5% dust coverage : 
I 

NOTES: 1. Abov~ temperatures are based on degrad~d configurations which occurred during testing. As noted 
in the text, actual degradation of ALSEP components could be more severe on the luni..lr s:.lriace 
than o,ccurred during testing, which could result in temperatures higher than showlt ;Jboye. 

2. The 250
0

F tr.erlllal plate temperature is b.~sed on the specular reflector coll<:tpsing on the th(;rmal 
plate due to exceeding its maximunl allowc:r.ble temperature limit after exposure to direct sul.ir 
radiation. 

3. A critic al lunar night temperature probler;) would occur if the insulation mask [;tcing the mCJrt~lr 
box were blown off the thermal plate durin~ a mortar firing. In such a case, the thermal plate 
temperature would drop below -45°F at ni;;ht. 

4. The reflector no-load maximum service limit is 390o F. The side curtain recommended mcn:imum 
service limit is 750°F. The thermal plate temperature range specified in AL 240000 is 0 to lZ50~.\ 

-:r 
..:::t 

-/ 



5.0 RECOMMENDATION FOR THE APOLLO 14 ALSEP ASE OPERATIONS 

As the result of reviewing the resultant test data and considering both 
the operational and scientific objectives for the Apollo 14 ALSEP 
mission, the ASE Test Review Team submits the following recommendations 
for the Apollo 14 ALSEP ASE operations. 

a. Assume that the launching of any of the ABE grenades will 
result in total failure of the ALSEP. 

b. Launch the grenades six months after the Apollo 16 ALSEP is 
deployed and PSE data have been obtained from a triangular PSE array. 
The following PSE combinations constitute the triangular array: 
Apollo 12, 15, and 16 or Apollo 14, 15, and 16. 

Co Select a time when lunar surface science activity is near a 
mln~um (i.e., the ALSEP experiments are not collecting data during 
t 2 days of terminator crossing and the PSE is not collecting data from 
perigee) • 

d. Launch when the grenade and mortar box assemblies are between 
15.5 0 Co and 26.6°c. 

e. Schedule two 85-foot ground sites for not less than 3 hours 
of simultaneous ALSEP support during the launch phase. 

f. LaW1ch in the lunar afternoon in order to minimize lunar day 
temperature effects on the ALSEP systemso 

g. LaW1ch all grenades in the following order: -2, -4, -1, and 
-3. Although this firing sequence is not the most desirable from a 
scientific approach, it will provide the greatest degree of confidence 
that all grenades can be fired and still obtain the required scientific 
objectives 0 Reference Table 4.3.1-1. 

h. Consider launching the grenades prior to the scheduled time 
only if the ALSEP is in danger of imminent total failure or potential 
failure. The conditions of total failure are as follows: 

(1) Loss of one transmitter and erratic performance in the 
second W1it. 

(2) Loss of one PCU and erratic performance of the second unit. 

(3) Extended, increasing erratic performance of uplink. 

(4) Loss of data processor and poor performance of the 
second unit. 

(5) Low reserve power insufficient to maintain PSE operations, 
ASE standby mode, SIDE/CCGE operations, and CPLEE operations. 
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The conditions of partial failure are as follows: 

(1) Complete failure of the PSE and SIDE/CCGE. 

(2) Complete failure of the PSE and CPLEE. 

i. The grenades should not be launched if the Apollo 14 PSE 
exists as one of a unique remaining pair of operating PSE stations. 
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6.0 TEAM RECOMMENDATIONS FOR APOLLO 16 · ALSE'P 

6.1 CONSIDERATIONS AND GUIDELINES. The following guidelines apply to 
design modifications of the Apollo 16 ALSEP: 

a. The separation distance between the mortar box and other ALSEP 
experiments or Central Station should be increased to a safe limit. 

b. The stability of the mortar box should be improved and verified 
by additional vacuum firing tests. 

c. The mortar box stability system should include a means to 
reduce dust during firing. 

The analysis performed (reference 10) to determine the safe deploy
ment distance indicated that at 25 feet from the mortar box the pressure/ 
blast effects on the Central Station and experiments would be negligible. 
In order to provide an adequate margin, the recommended mortar box 
deployment distance is 50 feet or greater. Also, the mortar box is to 
be deployed so that one of the three closed sides of the' Central Station 
is exposed to the reduced pressure wave in order to minimize dust 
degradation effects. To assure the minimum perturbation to the ASE 
receiver RF link, the length of the mortar box RF cable should be 
increased by integral multiples of the half wavelength of the grenade 
tran~itter signal ( ~ /2 = 15.9 feet). Thus, the cable was lengthened 
47.7 feet to give a new cable length of about 56 feet. This increase in 
length of RF and flat cables will introduce only a small decrease ("" 2 db) 
in RF link margin and will have insufficient effect on electrical perfor
mance of mortar box. 

Lengthing the mortar box cable also leads to increasing the length 
of the geophone and thumper cables. If (1) the geophone and thumper 
cables were not lengthened, (2) the 50-foot separation from mortar bOx/ 
Central Station/experiments is maintained, (3) mortar box is confined to 
a closed side of the Central Station, and (4) the existing deployment 
plan for Apollo 16 is not radically altered; then the mortar box position 
and the geophone lipe are constrained to a small range in azimuth. 
Increasing the geophone and thumper cable lengths to 50 feet removes 
these constraints and even provides more deployment flexibility than 
existed on Apollo 14. For the first time, an East-West or sunline 
geophone line azimuth is possible. 

Several alternatives were considered to improve the stability of 
the mortar box (reference 30). Stability could be obtained by increasing 
the "effective" mass of the box by attaching it to a stable platform like 
the 1M or LRV. However, the time necessary to resolve the interface 
parameters is not consistent with schedule requirements for Apollo 16. 
Therefore, a stability approach using hardware wholly contained within 
ALSEP is desirable. The solution to the problem was to provide a flat 
platform rigidly attached to the mortar box. The mortar box will be 
mounted such that the grenade plume will exert forces on the pallet 
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sufficient to counteract any pressure forces on the bottom of the mortar 
box whi ch would tend to lift or displace the box . Lateral stability is 
provided by spi kes on the bottom of the pallet which would create 
sufficient drag forces in the soil to prevent any leteral motion of the 
box and i ts mounting platformo Initially, the lITE subpallet which is 
carried on sub package II and di scarded during deployment was considered 
(reference 11) . However , when the MSC Analysis Section speculated that 
a phenomena. termed as "explosive disruption" (reference 3) may be a 
significant contributor to motion of the mortar box in Langley tests , 
i t became important to increase the s i ze of pallet to largest practicable 
and to cover any holes which would expose lunar soil . The final 
recommendat i on i s to carry an entirely new pallet in the empty drill 
carrier which will provide a lar ge, flat unobstructed mortar launch 
platform . A description of the recommended design is given in the next 
sectiono 

6 . 2 RECOMMENDEDl)ESIGN CHANGES . Incorporation of the conclusions reached 
in Section 6 .1 requires the following design changes . 

6 .2.1 Mortar Box . Mating the mortar box to the mortar · platform (depicted 
in Figure 6.2-1) requi res that several modifications be made to the mor 
tar box frame . Specifically, the area of the aft latch points requires 
stiffening channel which contains self- locking latches . The strength 
of this section of the frame can be further increased by strengthening 
the existing reinforcement cross -member between the two sides of the 
frame . The forwar d section of the frame also requires stiff eni ng with 
a channel which contains the forward latch points . These modifications 
are of a nature which should not require disassembly of the mortar box 
and do not affect i ts stowage i nter f ace . 

6 . 2 . 2 Cable Reels . As the recommended deployment distance of the ASE 
mortar box from the Central Station is 56 feet (see "Apollo 16 Deploy
ment" below) , and stowage of additional cable length is required . The 
existing ASE fl~t cable reel requires only increasing its diameter to 
approximately 4- 1/8 inches in di ameter to allow it to stow the required 
60 feet of cable . Stowage of this cable reel on the mortar box would be 
similar to that us.ed on Arr ay C (see Figure 6 . 2-2 ) . The antenna cable 
requires an entirely new reel whi ch would be surrounded with foam 
rubber and stowed between the mortar box and the sunshield o This reel 
i s approxim~tely 6- 1/2 inches i n diameter by 3/8 inch wide and is 
Velcroed to the mortar box to assist i ts deployment . The reel contains 
50 feet of coaxial cable which is deployed by pulling the cable out a 
hole in the center of the reel . The face of the reel would consist of 
a flexible plasti c which would allow the somewhat stiff cable to be 
deployed in this manner . The 10 feet of coaxial currently stowed under 
the thumper would be retained to give the requi red total of 60 feet of 
cable . 

Both of the above cables shall be pr ovi ded with strain reliefs at 
the CentrQl Stat i on . 
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6.2.3 Mortar Platform. A new mortar platform shall be provided for the 
ASE mortar box (see Figure 6.2-3 for deployed configuration). This 
platform, which is stowed in the drill carrier of subpackage II will 
be a double-hinged, three-panelled assembly (see Figure 6.2-4 for stowed 
configuration) which has the following characteristics: 

a. Deployed platform 24 inches by 26 inches. Approximate weight: 
505 pounds. 

b 0 Panels are spring loaded and equipped with hinge locks. 

c. The platform has four spring-loaded anchors. 

d. Self-engaging latches are provided for the mortar box attach-
mente 

e. Guides are provided on the platform to assist mating of mortar 
box. 

f. The platform shall also be provided with an astronaut handle, 
alignment gnomon, and other deployment clues. 

g. Removal of the platform from the drill carrier shall be 
accqmplished using a single pull pin. 

6.3 ASE DEPLOYMENT SEQUENCE (APOLLO 16). The following is a revised 
astronaut deployment sequence illustrating the variations due to new 
ASE tasks. The final deployment scheme is shown in Figure 6. 3-1. 
The new tasks wi·Il add a total of about 6.0 minutes to the Apollo 16 
timeline. 

a. Remove thumper/geophone assembly from subpackage 1, unfold, 
position sleeves to lock sections, deploy enough cable to expose 
first anchor loops, and place thumper/geophone assembly in temporary 
location (lean against subpackage 2 subpallet). 

b. Return to Central Station, retrieve mortar package assembly 
from subpackage 1, ' deploy legs, and emplace on surface near direction 
of traverse. 

c. Remove remaining experiment (LSM) and erect Central Station 
sun shield and antenna. 

d. Activate Central Station (SW 1 CW, SW 5 CCW). Establish ALSEP 
communications. 

e. Retrieve the first anchor stake from the subpallet and insert 
the stake through thumper/geophone cable loop near Central Station and 
embed into lunar surface. 



f . Retrieve thumper / geophone assembly from subpallet and lean 
against Central Station . . 

g . Retrieve mortar subpallet and walk approximately 50 feet North 
from Central Station and lower to lunar surface . (The two remaining 
thumper/geophone cable anohoring stakes are stowed on the subpallet . ) 

h . Return to Central Station and retrieve the thumper/geophone 
assembly, walk to the subpallet deploying geophone cable exposing the 
second cable loops, and lean against subpallet . 

i. Retrieve the second stake , insert stake through second thumper/ 
geophone cable loop (at bend in cable) , and embed into the lunar surface. 

j . Retrieve third stake and attach to s~it/UHT attacbment . 

k . Retrieve thumper/geophone assembly from subpallet , select line 
for geophone deployment, walk 6 feet West deploying geophone cable , 
and emplace first geophone . 

1 . Continue walking out in the selected direction (West) placing 
the second geophone and marker flag at 150 feet and in line using the 
sunline and/or stake and flags as reference . 

m. Retrieve the other thumper/geophone cable anchoring stake, 
insert stake through third cable loop , and embed into lunar surface . 

n . Walk additional 150 feet and emplace the third geophone and in 
line using the sunli ne , the first stake , and the marker flag as 
reference . 

o . Remove dust covers and return along the geophone cable actuating 
the thumper at 15 - feet intervals . 

p . Discard the thumper assembly and return to the Central Station 
to place the astronaut swi tch 5 in the disable position (CW) . 

q . Return to Central Station and retrieve the mortar package 
assembly and mortar subpallet and walk approximately 55 feet from 
Central Station to the geophone line and lower the MPA to the lunar 
surface . 

r . Unfold the mortar subpallet , deploy the four subpallet anchors , 
strut and emplace mortar subpallet on lunar surface . 

s . Align mortar subpallet so MPA fires to desired aximuth and 
level by embedi ng subpallet anchors into lunar surface with UHT and 
lunar boot . 
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t. Partially deploy ASE antenna and emplace mortar package 
assembly front latch pins in the subpallet, lock MFA in rear la.tch 
pins, and fully erect ASE receiving antenna. 

u. Check level and alignment of the mortar subpalleto 

v. Actuate safety switches (2, sa,fe to arm) and remove safety 
bar. 

w. Recheck level/a.lignment, return to Central Station, and rotate 
astronaut switch 5 to enable position (full caw). 
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