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LSP GROUND OPERATIONS AND SAFETY PLAN 

1. 0 INTRODUCTI .... :N 

1. 1 Purpose 

This docume1. c has been prepared in response to the requirement 
established in Action Item 384 at the LSP Critical Design Review on 16 
June 1971. It identifies all conditions under which the explosive com­
ponents of the LSP are manufactured, tested, transported, and stored 
while under the cognizance of the Bendix Corporation, Aerospace Systems 
Division (BxA). E'ufficient background material has been included for this 
document to ser' as a comprehensive reference to all safety matters 
related to the LS:::1 • 

1. 2 Contents 

This docun1ent is comprised mainly of material extracted from the 
following documents prepared under the LSP System Safety Plan: 

Document No. 

ALSEP-LS- ~) 

2365390A 

ATM-1049 

ATM-105? 

ALSEP-LE' .11 

Not Assigned 

Title 

LSP Safety Plan 

Safety Requirements - LSP 
Explosive Subassemblies 

LSP Detailed System 
Hazard Analysis 

LSP Operational Hazard 
Analysis 

LSP Field Test Safety Plan 

Array E Ground Safety Plan 

Release Date 

4-6-71 

8-12-71 

8-12-71 

9-15-71 

9-15-71 

12-1-71 

This plan will Je reviewed and updated as required to incorporate additional 
information wltich may be included in the final release of these documents. 
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1. 3 Description of Lunar Seismic Profiling Experiment 

The LSP utiLzes artifically induced seismic ene: -gy to investigate the 
physical characteristics of the lunar structure. It is scheduled to be trans­
ported to the Moon in the descent stage of the Lunar Module (LM) on the 
Apollo 17 Mission and set out on the lunar surface during the second and 
third periods of extra•veh.icular activity. 

The explo~' :ve materials in the Exp~riment are completely contained 
within eight exp.J)sive packages stored in Quadrant III of the LM descent stage 
during flight, and. subsequently transferred to the Lunar Roving 'l._-~J:~Jct~_J~R:V) 
and deployed-at·t:istul"~es- from 500 feet up to 3. 5 km from the .ALSEP -~ ~n-~ 
Central Station. Th.e explosive charge weights var)' from 1/8 lb up to 6 lb. 

5 

and are approxinately equivalent to TNT in energy pet' unit weight. The charges 
cannot be detom .. ted until after departure of the crew from the lunar surface as 
two mechanical timers must first run out to establish fixing conditions. 

In addition to the explosive packages, the LC)P contains a central elec­
tronics packag'"~ housed within the ALSEP Central Station and an array of four 
geophones set -,ut by the astronauts on the lunar surface. 

Seismic energy generated by detonation of the explosive packages are 
detected by th1, geophones and permit Ineasuremer_~ of seismic velocities to a 
depth of 3-4 .lo ,1. . From the data obtained and known velocity-density relation­
ships, pertine:1t information on the internal structure and composition of the 
lunar surface can be determined. 

\ 

Figut<; ~.)1 is an illustration of an LSP Explosive Package. Figure 1. 2 
is a !unctionaJ block diagram. Each of the eight packages are identical except 
for the weight of the explosive charge and the preset runout time of the mechani­
cal timers. .,.he chafg_e is contained within a nickel plated fiberglass housing 
which forms the bottoni portion of the Explosive Package. The top portions, 
called the Elertronics and Safe/Arm Assembly, <..onsists of a magnesium 
baseplate upo · which the following components are mounted; (1) End Detonating 
Cartridge (EL C), which is the first component of the explosive tra.in; (2) a 
Safe/ Arm Slide which contains an explosive "Lead 11

, the st:cond con1poncmt of 
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the explosive train; (3) a mechanical Safe/Arm Slide Timer which moves the 
Lead into line with the EDC to complete, or "arm", the explosive train; (4) 
a Receiving Antenna, Receiver, Signal Processor, and Firing Pulse Generator 
which are used to receive a pulse-coded "fire" signal transmitted from the 
ALSEP Centr_,J Station; process this coded signal and provide a firing pulse 
to fuse a brid:1ewire in the EDC to actuate the explosive train; (5) a Thermal 
Battery to supply power to the above circuitry; (6) and a Thermal Battery 
timer to activ:te the battery via impact of a firing pin onto a percussion 
primer in the · >attery. These components will be maintained within the op­
erating tempe r:ature range of 40o F to 170 oF after deployment on the lunar 
surface through the use of passive thermal control techniques. Multilayer 
insulation inside a fiberglass top cover, plus white thermal paint on the ex­
terior of the upper portion of the cover, minimizes solar input at high sun 
angles. The remaining exterior surfaces of the explosive package are 
painted black i:o allow rapid initial warm-up of the packages, since they will 
be deployed a> low sun angles when temperatures are near the minimum 
operating lin:it of +40oF. 

The twc completely independent mechanical timers are started at the 
time of deplo:·ment by removal of separate pull-pins by the crew. Another 
pull-pin consttains the Safe/Arm Slide in its "safe" position, as a safety 
backup to the Safe/Arm Slide Timer. A fourth pull-pin contained within the 
Thermal Battery Timer constrains the firing pin from activating the battery 
and provides safety backup in the event the Thermal Battery Timer had pre­
maturely fundioned. Each pin is constrained such that it requires a de­
fined minimcn manual pull force for removal. In addition, the Safe/ Arm 
pull-pin req' .. res rotation and then pull to remove; each action is constrained 
by a retainin,5 spring force. Each pull-pin incorporates fail safe locking 
features; eac:-1 timer starting pin would be locked up and could not be re­
moved if the 'imer had started to run preventing the timer drum from ad­
vancing; the Cafe/ Arm Slide pull-pin would be locked up and could not be re­
moved if the :~lide was not being constrained in the 11 safe" position by the 
Safe/Arm Slide Timer preventing the Safe/Arm Slide from moving to the arm 
position; a:r.d the pull-pin co~straining the firing pin within the Thermal 
Battery Timer would be locked up and could not be removed if the firing pin 
had been pre·rnaturely released by the timing mechanism preventing the 
firing pin frPTI striking the thermal battery primer. 

Referring to the block diagram, Figure I. ;', operation is as follows. 
At the time < .:· deployment, the astronaut removes four pull-pins. This action 
starts both n echanical timers and removes pins which retain the Safe/ Arm 
Slide in the "safe" position and lock the firing pin for the battery in a locked 
position, as safety constraints. The order of pull-pin removal is prescribed 
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to maximize the safety inherent in the pull-pin locking features. The Safe/ 
Arm Slide Timer is preset to function 90 hrs. after it is started. This 
period assures, with contingency, that the crew has left the lunar surface 
prior to the arming of any Explosive Package. At the end of the preset time, 
a pin constrah. ing the spring loaded Safe/ Arm Slide is retracted by the timer, 
allowing the Lide to move to its "arm" position. Motion of the slide opens a 
microswitch vhich has previously shorted the electrical leads of the EDC. 
The Thermal "lattery Timer is preset to function, independently 91 hours I 
after it is act) rated which is one hour after the Safe/ Arm Slide Timer 
operated to re.:ease the slide to its "arm" position. At that time a spring-
loaded firing pin within the timer is released, striking a percussion primer 
within the battery and activating the battery. Two microswitches within the 
timer are als.o closed, connecting thermal battery output to the electrical 
circuits. 

The sig;\al transmitted by the LSP transmitter (located within the ALSEP 
Central Statir:m) is a pulsed carrier with time characteristics as shown in 
Figure I. 3. A series of three pulses with the correct time spacing is re­
quired to pro' ide a "fire" signal out of the Signal Processor within the Ex­
plosive Packc _5e. The LSP transmitter is turned 11 on 11 by ground command 
prior to the predetermined time of arming and powerup of the Explosive 
Package, preset by the timers. Once commanded "on" the transmitter con­
tinues to transmit the fire pulse set of three pulses once every 29. 55 sec. In 
addition, AGC pulses are transmitted every 169. 8 msec. The pulses have the 
effect of reducing the explosive package receiver gain and thereby eliminating 
the possibilit• of the packages being triggered by RF noise. Since the re­
ceiver gain j set by the LSP transmitter the gain is sufficient to receive 
firing pulses 

In the ( rent the Explosive Package is not commanded to detonate or 
fails to deton tte for any reason, after two hours the Safe/Arm Slide Timer 
mechanism r~~tracts a second pin allowing the slide to move from the "Arm" 
to the 11 resafe 11 position. Position of the slide in "safe", "arm", or 11 resafe 11 

is indicated to the crew via,:"/il, linkage extending through the top cover of the 
Explosive Package and con~ected to the Safe/ Arm Slide. 

The nt.:nerous design safety features in the Explosive Package discussed 
above elimb ate any possibility of danger to the crew (or ground handling 
personnel) by premature high explosive detonation. The locking features of 
the pull-pins plus the order of removal by the crew preclude output mechanical 
action of the :imers in the event one or both timers had operated prematurely. 
Note that, once the pull-pins are removed, premature detonation could occur 
only if: (1) both timers time out prematurely, each within a "window" of hrs. ; 
and (2) a pulse-coded spurious RF signal within the narrow (10kHz) bandwidth 
of the Receiver is received during a three-minute maximum battery life 
"window". 



TRANSMITTED PULSE FORMAT, THERMAL-BATTERY VOLTAGE 
AND CONTROL OF RECEIVER GAIN DURING TURN-ON 

Not shown, 174 age setting pulses 
• dr:.: r, . r::p.:~sed at 169.8 msec 
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The Expl-: sive Packages will be ,towed in sei 3 of four on two Transport 
Frame Asseml: ies, as shown in Fig- e 1. 4. They will be carried to the 
Moon in Quad I [of the Ltmar ModuJ , During the second E.>..'traVehicular 
Activity (EVA) a set of for:.r with th r Transport Frame Assembly will be 
placed on the LRV and then deploy~)', individually, at sites to be preselected 

~~~~ to the mis::;ion. The se~conrj..;et of four will be deployed on the third 

The timc:~s in each of\thf' Explosive Packages are preset to "arm", 
"activate" and •resafe" as f,~r.ows: 90, 91, 92, 93 hrs; 91, 92, 93, 94 hrs.; 
92, 93, 94, 95 hrs.. This JJacing prevents overlap of package detonations in 
the event that c .1y two packa (es are deployed and timers started within a time 
period less thaJL the uncerta)~.ty in time-out of the timers. The second set of 
four has timer~~ preset ident /cal to the first set. However, the second set 
will be deployed much later :han the first set, precluding overlap of detonations. 

The photographic pl:(n of deployed Geophones is as shown in Figure 1. 5, 
The Universal Handling T, :>1 (UHT), a common tool used by the astronauts 
for deploying n.ost ALSEF .hardware, will be used to carry this module to a 
site about 30 f'·. from the { .. LSEP, for removal of the module cover, and then 
for individual ;Jickup of ea I h geophone and spool-out of the geophone cable 
which is wound on a ball b raring supported reel. 

\ 

11 

A block dagram of t\te LSP Central Electronics is shown in Figure 1. 6. 

. A monopole type tran~mitting antenna will ~e stowed on the ALSEP Sun- I 
shield, erected by the creW\3.nd attached to the d1scarded pallet used to carry 
the Heat Flow Experiment o~~ ALSEP. 

The me· .. :1anical timer~ are illustrated schernatically in Figures 1. 7 and 
1. 8. Figure ·-. 7 shows the general arrangement of the Safe Arm Slide Timer. 
It consists of a housing from which two slide stopB extend. A timing mechanism, 
in the housing controlled by a wrist watch lnoven~ent, withdraws one stop and 
then the other 1t precisely timed instants. The withdrawal of the first stop 
(the Arming P •.n) allows the slide to move from a safe position to an armed 
position. The withdrawal of the second stop (the Safing Pin) allows the slide to 
move to a second safe position. The timing mechanism is self-powered; 
thereby eliminating loading or drag on the watch movement. 
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LSP CENTRAL ELECTRON' CUNCT!ONAL BLOCK DIAGRAM 
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The Arm: 1g and Safing Pins consist of two rods protruding from the 
timing assembl;r. The rods are spring loaded inward and restrained by 
locks which are secured to two independent sections of the Lock Shaft. The 
levers on the other end of the locks ride on the periphery of the Timing Drum. 
Rotation of the timing drum by the timing mechanism presents a timing slot 
through which the Arm Lock Lever drops at the correct time, thus releasing 
the Arming Pir.. which is spring retracted. Continued timing drum rotation 
allows a secon' safe lock level to drop, releasing the Safing Pin. 

The timing mechanism consists of the timing drum mounted on the 
timing shaft, e:. ratchet to control rotation of the d;._ urn and an escapement 
pawl to provid( controlled release of the ratchet, one tooth at a time. The 
time drum is d,·iven by a mainspring concentric to the shaft. 

The motion of the escapement pawl is controlled through an arm and 
linkage to the center output shaft of a wrist watch movement. This shaft 
rotates once p.!r hour producing an oscillating motion of the 'pawl, which 
alternately hoHs the timing ratchet by the "nose" and the "tail" of the pawl, 
allowing the H .. n.ing drum to advance through the angular distance of one ratchet 
tooth per hou1·, 

17 

The The .. mal Battery Timer, Figure I. 8, is similar to the safe-arm slide 
timer. It difft rs in operation from the safe-arm time in that a single lever, 
retained by a latch, releases a firing pin when the lever drops through the 
timing slot in the drum. The firing pin is then driven by a firing pin spring 
to actuate the thennal battery prilner. Two microswitches are closed at the 
same time the firing pin is released. 

The dee gn incorporates the largest watch movement that space and 
weight restri -dons will allow. This movement is the Bulova military hack 
watch, which is produced in large numbers for use in military wrist watches 
and conforms :o MIL-W-3818 (superseded by Fed...;ral Specification GG-W-113A). 
It has a jewel: ~d pallet, detach lever, mechanical escapement movement and an 
overcoiled hai.cspring. It is ruggedized for military service, but is otherwise 
typical of high quality horological practice. The term "hack watch" derives 
from the design feature which stops the movement when the winding stem is 
pulled out and started again when the stem is depressed. This feature is 
utilized in the timer application by allowing the watch to be started by pulling 
a pull-pin. The n10tion of the pull-pin through a yoke arrangement depresses 
the stem, st2 .. ting the watch. 
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It was ll.;!C es sary to modify the 24 hour watch mechanism to provide at 
least 95 hours :..·unning time, with suitable margin. This was accomplished by 
incorporating a·1. auxiliary mainspring and mainspring barrel in series with 
the normal wat~h 1nainspring and a slightly revised framework to house the 
parts. This arrangement leaves the basic watch movement unchanged, there­
by not degrading, its normal high reliability. 

The watcj movement and the remainder of the control assembly are 
sealed and backfilled to a slight overpressure with dry nitrogen, plus helimn 
as a tracer for leak rate testing. This is required for several reasons. One 
is to provide an inert environment for the watch lubricant to prevent oxidation 
or gumming during long storage periods. The other reasons are to prevent 
possible evaporation of the lubricant in the lunar environment, and to prevent 
the effects of 1 w pressure from changing the balance wheel amplitude. Seal­
ing of the unit!: is accomplished by gasket o-ring seals on the control housing, 
the winding/setting shaft Gl;lld the shaft to the escapement pawl. 



2. 0 MANUF AC fURING AND TEST 

2. 1 Hazardous Test Procedures 

The manu£ .cturing and test flow for the electronic and safe/ arm 
assemblies is presented in Figure 2. 1, 2. 2, and 2. 3. The flow charts 
identify the manufacturing and test operations which may contain tasks 
hazardous to personnel and equipment. Work Order Operation Sheets 
(WO/OS 1 s) pertaining to manufacture of explosive assemblies are reviewed 
to eliminate haz.a.rdous operations, to insure the inclusion of caution and 
warning notes, ::nd for signature approval of the LSP system safety engineer. 

The test procedures outlined by the hardware flows are also reviewed as 
part of the syst£· n safety program plan activities. '~'hose procedures are 
identified in Fig 1re 2. 4. 

The packaging and transportation flow diagram is shown in Figure 2. 5. 

2. 2 Identification of Hazards in Test Procedures 

All identi.,ied hazards in test procedures and Work Order/Operations 
Sheets are list• -I in the front of the document by specific hazard type and again 
within the proc ~dure at a point prior to each occurrence, using caution or 
warning captions as appropriate. 

CAUTIOl\ -Used prior to any operation that could result in damage to 
equipment if not followed. 

WARNING -Used prior to any operation that could result in injury or 
death to personnel if not followed. 

The cover she .i:s of multi-page bound or stapled documents are stamped or 
otherwise maL .ed prominently with the following: 

WARNING 

'.'his procedure contains sequences haza:rdous 
to personnel and/ or material. 

When this technique is not appropriate to the document containing the hazardous 
sequence, the above expression is written into the instructions prominently on 
the first page. 

19 
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Prior to the specific step that introduces a hazardous operation, a 
warning or caution uote is inserted similar to the following: 

WARNING 

HAZARDOUS STEP(S) FOLLOW 

At the completion f the hazardous operation step(s), t~1e following note is 
inserted: 

NOTE 

HAZARDOUS STEP(S) COMPLETED 

2. 3 Implement .. ; tion of Safety Requirements 

A safety requirement procedure 2365390A, "Safety Requirements -
Lunar Seismic F rofile (LSP) Experiment Explosive E.ubassemblies" has been 
written outlining general safety and handling requirements to be followed in 
manufacturing and test of the LSP experiment explosive subassemblies. This 
procedure formally established the requirements outlined above for all LSP 
manufacturing and test procedures. 

3. 0 FIELD TESTS AT WHITE SANDS TEST F AGILITY (WSTF) 

3. 1 Transpor:ation of Explosives to WSTF 

The prototype E&SA's will be packed in accordance with best commercial 
packaging proc( :lures and transported to WSTF by escorted air freight. The E&SA1s 
are classified a 3 Class "C" Explosives as they contain an end detonating cartridge 
(EDC). 

The qualification E&SA' s will be attached to EPTM' s and transported to 
WSTF in one ALSEP shipping container by escorted air freight. In addition to 
the EDC,qualifi cation units will contain a Class "C" explosive lead assembly. 

The live 7,-I&C's are classified Class "A" Explosives and are supplied 
and transported to site by Naval Ordnance Laboratory (NOL) in NOL shipping 
containers. B··:A coordinates the delivery of the H :C 1 s with NOL to assure 
schedules are wt constrained, and that cognizant site safety personnel are 
notified of the ~rrival of the explosive shipment. As noted in Figure 3. 1, 
all movement of live H&C' sat WSTF are controlled by WSTF approved test 
preparation sheets (TPS). 
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3. 2 Receiving Inspection 

Receiving ·rnspection of the E&SA 1 s will be performed by BxA personnel 
in accordance w;•:h Bendix procedures. The inspection will consist of the 
following: 

a. Visu:tlly inspect outside of container for damage during shipment. 

b. Oper., container and visually inspect contents for obvious damage 
and assure item quantities match shipping document. 

c. Remove E&SA's and perform a functional test. 

d. Re< ow in shipping container, close container and store. 

Receivin§, Inspection of the H&C's will be performed by NOL personnel 
and signed off 1: I BxA. The inspection will consist >f the following: 

a. Vis .Lally inspect outside of container for damage during shipment. 

b. Open container and visually inspect contents for obvious damage 
and assure item quantities match shipping document. 

c. Close container and store in explosive storage structure. 

3. 3 AssembJt Operations 

Assembl· of the E&SA's to the H&C 1 s will be performed in a van type 
trailer specifi< 11ly designated for this purpose. During assembly, the below 
listed steps arE safety requirements: 

a. Assure all necessary earth grounds are installed and 
verified to provide less than 5 ohm impedance to ground. 

b. No more than one H& C or live EP may be in the assembly 
tr:·:ler at a time while assembly operations are being per­
fo.lmed. 

c. Th:· maximum number of personnel allowed in the assembly 
tra .ler at any one time is limited to three. 
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d. Follvwing assembly of each E&SA and HPr.C into an EP, the 
EP ~'J.all be installed in a 30 caliber ammunition can and 
retu ned to the storage structure prior to delivering another 
H&C to the trailer for assembly. 

NOTE: No more than four EP' s may be moved back into the 
assembly trailer the night before they are scheduled 
to be deployed to keep them from cold soaking below 
lunar minimum temperatures. 

3. 4 Deployme.:1t of Explosive Packages 

General s.eps during deployment and detonation are as follows: 

a. RerrJ.ove EP' s from the storage structure and transport to 
the preselected test deployment site. 

b. Erect each EP antenna individually and set the EP on the 
gro'.md. 

c. Co .nect the heater battery. 

d. Asr :1re the EP is relatively level on thE ground and pull the 
pul -rings to start sequence. 

e. Install the styrofoam test cover tops and stake the EP 
to the ground. 

£. Install fragmentation dome, if applicable. 

g. Th,, maximum number of personnel allowed in the deploy­
m."nt area at this time is limited to three 

Surveillance rr 1st be maintained until detonation of all explosive packages. 
The seismic d<.ta will be recorded during detonation of each EP. 

Due to the adverse temperatures at WSTF it is necessary to use 
heater strips to maintain the explosive packages within their operating en­
vironment. Tbe use of heaters has been investigated for inherent safety and 
they do not pr' sent a hazard during field test. 
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3. 5 Recovery :f Duds 

In the even.t an EP does not detonate, the systematic backout logic 
'will be as shown in Figure 3. 2. Although it will be highly desireable to 
re:-'Jver Duds for failure analysis, a determination must be made that the 
EDC did not fire and that the slide is in the "resafe" position before the 
EP can be consjdered safe to handle. If this cannot be verified, the EP 
must be destro,ved in-place as the high explosive material may have been 
subjected to CC·'tditions (heat, shock, impingement by foreign matter) which 
would render it unstable and unsafe to handle. 

3. 6 Field Te~ t Safety 

A comprehensive field test safety plan (ALSEP-LS-11 ), covering all 
contingencies which may develop during the field tests, will be utilized to 
control hazardous operations. The backout procedure outline from this 
plan is presem:ed herein as Table 3. 1. 
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ACTIVITY 

A. 2__-;::dvinb ~.1::,pection c£ 
.Electronics and Safe Arm 
Assembly 

• 

I 

.-

B. E&SA Functional Check 

-
•. 

••••• 

LSP FIELD TEST BACKOUT PROCEDURES 

PROBLEM RESPONSE 

L Safe Arm C:: 1 ~ ~ ::- h::."' n; ~ved 1. a. Cls.-:· 't' ~.rea of extraneous p~~sonnel 
to arm position b. Do not expose personnel to the 

bottom face of the '8&:SA 
c. Verify transportation buss installed 
d. Isolate in secure area pending 

disposition of DR 

2. Transportation Buss 2. Transportation Buss Available 
not Installed a. Install transportation buss 

b. Provide normal handling 

Transportation Buss Not Available 
a. Clear area 
b. Install a wire short from Pin 5 to 

Pin 11 on Connector J2 
c. Isolate in secure area pending 

disposition of DR 

3. Detonator Assembly Fires · 3. a. Clear ;;~.rea 
b. !{emove E&SA Assembly to sec.ure 

area pending disposition of DR 

4. Lead Assembly Det::>nates 4. See Corrective Action No. 3 . 
5. Safe Arm Slide moves to 5. See Corrective Action No. 1 

arm position 

6. Detonator Assembly Fires 6. a. Clear area 
b. Secure area and maintain test configu-

ration exactly as when accident 
occurred pending disposition of DR 

-
Table 3.1 
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ACTIVITY PROBLEM RESPONSE 

·---, 
·j 

~------;...__----f------------i!---------------··-i 

C. Receiving Inspection of 

D, Assembly of ExplosivP. 
.Packages 

E. Deployment 

F. Detonation 

7. Lead Assembly Fires 

8. Physical Damage 

9. Safe/ Arm Slide moves to 
<:u'iu pos1L.on 

10. Detonator Fires 

11. Safe Arm Slide moves to 
arm position 

12. EDC fires or flash bulb 
fires 

13. One Timer Pin shears 
during pin pulling 

14. Explosive Package Duds 

15. Premature detonation of 
Explosive Package 

7. See Corrective Action No. 6 
··---, 

I 

l 
Clear area I 
NOL to disposition DR I 

8. a. 
b. 

9. a. 
...... 

Clear area 
Secure:::-~:--: .:..~e~ .... L :03 

I 
C.i.:;position c--t :r·~ ' 

10. a. Clear area 
b. Secure area pending disposition of DR 

11. a. Clear area 
b. Secure area pending disposition of DR 

12. a. Clear area 
b. · Secure area pending disposition of DR 

13. a. 

b. 

14. a. 
b. 

Install or verify installation of Safe 
Arm Slide safing pin 
Disposition DR 

See Figure 4 for backout logic 
Maintain security pending disposition 
of DR 

15. a. Verify LSP <. _ntral station tr2.nsmitL . 
"Off" I 

b. Secure, but do not C!-Pproach, all oth(:r \ 
deployed or stored high explosives l 

' pending disposition of DR l 
i 
• ! 
I 
! 
I 

l 
' 
' ' ! 

' 
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4. 0 KSC OPERATIONS 

4. 1 General 

4.2 

4. 2. 1 

4.2.2 

Th' LSP flight EPTM will be transported from Bx.A to KSC in 
onf' ALSEP experiment container. LSP components to be con­
fid,.::nce verified at KSC will be shipped in the same container; 
i.e·, Thermal Battery Detonator (a sse ':lbled into a thermal 
bat ·ery selected from the flight lot), Detonator Assembly, and 
Lee d. The packaging, handling, and transportation will be 
conducted in accordance with BxA Procedurte TP-2368916. The 
flow of LSP Explosive Package components is shown in Figure 
4. 1,. The schedule of procedures to be written to implement 
this flow is shown in Figure 4. 2. 

Re_ eiving Inspection 

Explosive Package Transport Module 

Re.:eiving inspection of the EPTM KSC will be conducted in 
accordance with TCP 2368934 in the BxA facility in hangar S, 
and will be limited to a visual inspection for handling damage, 
reading of environmental recorders, and verification of the data 
Fackage. The EPTM will remain in hangar S until required at 
th~ O&C building for fit checks to the LM pallet. 

H":J.sing and Charge Assemblies 

The live H&C's are supplied as GFC a 1d will be shipped by NOL 
di1 ectly to KSC. BxA will coordinate schedules and transportation 
wi ;h NOLand KSC. Receiving inspection will be in accordance 
with TCP 2368931 in the Flight Ordnance Test Laboratory (FOTL). 
A minimum receiving inspection, similar to the EPTM, will be 
performed. There are no requirements for radiographic inspec­
tion. The H&C 's will be stored by NASA until required for mating 
w:th the E&SA's in the FOTL. 
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4.2.3 E&S/A Test Set 

Th£ E&SA Test Set, P/N 2365992, will be commercially packed 
and transported from BxA to KSC. Receiving inspection of the 
Test Set will be conducted in HangarS in accordance with TCP 
2368920. The Test Set will be retained in hangarS for the dur­
ation of the program. 

4. 3 E&SA Test Set Functional Checkout 

4.4 

4.4.1 

4.4.2 

4. 5 

4. 5. 1 

4. 5. 2 

Fh:lctional checkout of the E&SA Test Set will be accomplished 
in hangar Sin accordance with TCP 2368932. The test set will 
be "lsed during functional test of the E&SA's in conjunction with 
thE AIRME. 

Test Set Calibration 

E& SA Test Set 

A -::omplete calibration procedure for the E&SA 1 s Test Set will 
bt' provided in TCP 2368932. Selected portions of this procedure 
w; 11 be performed as required to keep the test set in calibration. 

AJ tME 

The AIRME is provided by NASA as GFE and is maintained in 
calibration by NASA. 

Lot Verification Tests 

E1:d Detonating Cartridge 

The EDC is a GFE item and will be forwarded to FOTL for lot 
v•: rification testing per NASA require_nents. No additional 
B -A support is required. 

Lead 

The lead is a GFE item and will be forwarded to FOT L for lot 
verification testing per NASA requirements. No additional BxA 
support is required. 
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4.5.3 Thermal Battery Primer 

The M42G Primer is the only component of the thermal battery 
which requires lot verification testing. However, an assembled 
bathry from the flight lot is provided for ease of traceability 
anc to as sure identification of the test specimen with the flight 
hardware. If required, BxA will provide FOTL with a residual 
battery timer and instructions for using it as a test fixture for 
firL.g the battery. No additional BxA support is required. 

4. 6 Fit Check to LM Pallets 

The EPTM is stowed on one pallet in the LM Quadrent III and 
transferred on the lunar surface to a second pallet which has 
previously installed on the LRV. Thus, the fit check require­
m( ·1ts are pallet to pallet with neither the LM nor the LR V be­
in!;~ directly involved. Fit checks will be accomplished to verify 
the mating of the EPTM to each pallet and will assure proper 
deuign fit prior to the LM c 2 F2.. The ~.it checks will be con-
du< ted in accordance with TCP 2365339. The fit checks may 
be t,:>erformed in the Grumman (GAC} Bond Room in the O&C 
Building prior to the installation of the pallets in the LM, or 
as otherwise directed for schedule convenience. 

The transfer of the transport frames from the LM pallet to the 
LRV pallet is presumed to be part of the LRV deployment seq­
uence in the LM c 2F 2 . The necessar~- steps for installing the 
EJ: TM and removing one frame at a time for installation on the 
LI V will be included in TCP 2365336. 

4. 8 EPTM Crew Fit and Functional (CF
2

} 

2 
The EPTM CF , involving removal of the explosive packages 
from the transport frames and simulation of the deployment pro-
cf iures to be performed on the lunar surface, may be performed 
a' a continuation of the LM c2F2, or, if more convenient may be 
pvrformed independently as a seperate CF2 in the GAC Bond Room. 
T::-:p 2365336 shall be written so as to maintain this option. 
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Two flight crew operational constraints are irr. _t>osed on the 
E& SA 1 s during CF2 : 

a. LSP E&SA pull pins should not be removed. Replacement 
of the pins in time to a void the requirement to reset the 
tirr ::!rs cannot be guaranteed under real time CF2 conditions. 

b. Tl ... e EVA procedure of lowering the explosive packages to 
th1~ ground by use of the extended receiver antenna should 
nc:: be attempted as the antenna is not stressed to accept 
th.~ earth weight of the packages. 

4. 9 E&SA Functional Tests 

4. 9. 1 

4.9.2 

4.10 

Functional test of the E&SA's will be conducted following the 
EPTM CF2 and prior to mating with the H&C 1s, utilizing the 
E&SA. test set and the AIRME, per TCP 2368935. Two seq­
uenc '~ s of tests will be performed. 

Elec.ronics Subassembly <:;heckout 

The electronics subsystem, including the receiver, decoder, 
firing circuit, and the capacitor charging circuit, will be checked 
out. 

EDC Bridgewire Resistance Measurement 

Tiw transportation buss will be removed and the bridgewire 
resistance will be checked to determine if within tolerance using 
the AIRME. The flight buss will be in:_erted at this time so that 
cortinuity checks can be made prior to mating with the H&C. 

Removal of Inert H&C 1 s 

Separation of inert H&C 1 s from the live E&SA 1 swill be accomp­
lished in accordance with TCP 2368938 at FOTL. The inert 
H&C 1 s are a part of the handling model used in the walk through 
of 1.he procedure to stow the LM pallet. 
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4. 11 

4.12 

4. 13 

4.14 

Assembly of Live EP' s 

Tlu: live H&C 1s will be separated from the structural E&SA's 
at'::: OTL and assembled into live EP's. The EP's will be 
thc1 mounted on a transport frame to become the Explosive 
Package Transport Module (Flight). The necessary steps for 
asE embly will be included in TCP 2368<,38. 

As ~;embly of Handling Model EPTM 

The hardware discarded in assembly of the flight model EPTM 
will be assembled into a handling model EPTM for use in walk­
ing through the procedure for installation in LM pallet and 
installation of the pallet in the LM. The handling model EPTM 
wj '.l be constructed from the NOL transport frames, 8 NOL 
st:':'uctural E&SA assemblies and 8 BxA inert H&C 's. 

We.lk Thru of EPTM Stowage Procedure 

The handling model will be used to perform a walk thru of the 
EPTM stowage procedure. This simulation of EPTM stowage 
will be used to debug the TPS and to locate problems associated 
with clearances and access. By using the handling model, req­
ui;:ements to handle the live EPTM will be minimized. 

§.1. _,wage of EPTM on LM Pallet 

St .1wage of the flight EPTM will be pet formed in accordance with 
a 'iruminan procedure TCP 2368938, EPTM/ordnance assembly 
in .. tallation on GAC pallet. The installation will be performed 
at FOTL. 



5. 0 Safety Data Package 

5. 1 EXP:i ,QSIVE DEVICES AND INERT EQUIVALENTS 

5. 1. 1 Detonator Assembly 

A. 1. Nomenclature: Detonator Assembly 

BxA P/N: 

a. Prototype 2348421-1 

b. Qual/Flight 2348421-101 

3. Source/Vendor: GFE from MSC 

NOTE: Modified NASA/MSC Apollo-qualified 
detonator Part No. LSC-320315-15. 
Modification consists of removing the 
connector outer shell and installing a 
twisted, shielded, jacketed pair cable. 

t. Next Assembly: 

a. Prototype - Base Plate Assembly P/N 2348552-1 
thru -4. 

b. Qualification/Flight - Base Plate Assembly 
P/N 2348552-201 thru 208 

5. End Item: 

a. Prototype - Explosive Paci .age Transport Module 
P/N 2348320-1,2 

b. Qualification/ Flight - Explosive Package Transport 
Module, P/N 2348320-601, 602 
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6. Quantity per End Item: ~ 

7. Use and Description of Operation: To initiate detonation 
Lead Assembly to detonate explosive package. 

8. Hazard Classification: 

Q-D Class: per AFM 127-100 

Compatibility Group: ~per AFM 127-100 

ICC Class: C per T. C. G. Tariff 15 

9. Size of Components: 1. 25" x 1. 0 11 x 1. 0" (plus 12" lead wire) 

10. Weight of Components (less pkg. ): Less than one lb. 

11. Formulation: Lead Azide 
HNS I 

It.. Electrical Characteristics: 

100 mg 
100 mg 

a. Maximum number fire rating: 

_!_ amp _!_ watt ~ minutes time 

b. Minimum all fire rating: 

~amp ~watts • 005 sec. time 

c. Bridge wire resistance: 0. 90 - 1. 20 ohms 

d. Ordnance Component Connector Pin Data: 

Pin Resistance 

A-B 0. 90 - 1. 20 ohms 

13. Physical Characteristics: 

a. Shelf Life: 4 years 

b. Temperature Limits: greater than 600°F 



c. Humidity limits: N/A 

d. Auto ignition temperature: 1 reater than 600°F 

e. Safing method: Shorting Pins A & B to case 

14. Proper method of Detonation: 

Detonated by a current of not less than 5 amps 

B. L Nomenclature: Detonator Assembly 

c. 

t.. BxA P/N 

2 

a. Prototype 2348421-2 

b. Qualification/ Flight - 2348421-102 

Not Safety Critical - Contains no explosive and is color 
coded red in accordance with MSC Design and Procedural 
Standard No. 103, dated 6 March 1970. 

Nomenclature: Detonator Assembly EED 

BxA P/N: 2364718 

Not Safety Critical - Contains a bridge wire but no ex 
plosive and is color coded blue in accordance with MSC 
Design and Procedural Standard No. 103, dated 6 March 1970. 

5. 1. 2 Lead Assemblies 

A. Nomenclature: Lead, Live 

7. BxA P/N 2364734 

3. Source/Vendor: GFE from MSC 

4. Next Assembly: 

a. Prototype - Base Plate Assembly, P/N 2348552-1 thru -4. 

b. Qualification/ Flight - Base Plate Assembly, 
P/N 2348552-201 thru -208 
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5. End Item: 

a. Prototype - Explosive Package Transport Module 
P/N 2348320-1,2 

b. Qualification/ Flight - Explo ,ive Package Transport 
Module P/N 2348320-601,602 

6. Quantity per End Item: ~ 

7. Use and Description of Operation: 

' 
~· 

9. 

1f' 
' )o 

n. 

13. 

To act as a booster in explosive package explosive train 

Hazard Classification: 

Q-D Class: per AFM 127-100 

Compatibility Group: B per AFM 127-100 

ICC Class: C per T. C. G. Tariff 15 

Size of Components: • 425 11 x • 425 11 x • 284 11 

Weight of components: less than 1 lb 

Formulation: HNS II - less thru, 200 mg. 

Electrical Characteristics: Not Applicable 

Physical Characteristics: 

a. Shelf Life: None specified 

b. Temperature Limits: greater than 600°F 

c. Humidity Limits: N I A 

d. Auto ignition temperature: greater than 600°F 

e. Safing method: Packaging to reduce shock 
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14, Proper method of detonation: Detonated by explosive 
impact from Detonator Assembly 

B. 1. Nomenclature: Lead, Inert 

2. BxA P/N: 2364735 

Not Safety Critical - Contains no explosives and is color 
coded red in accordance with MSC Design and Procedural 
Standard No. 103, dated 6 March 1970. 

5. 1. 3 Hous: .. _.g and Charge Assembly 

A. I. Nomenclature: Housing and Chat ge Assembly 

2. BxA P/N: Prototype 

2348555-1 
2348555-2 
2348555-3 
2348555-4 
2348555-5 
2348555-6 
2348555-7 
2348559-1 

Qual/ Flight 

2348555-401 
2348555-402 
2348555-403 
2348555-404 
2348555-405 
2348555-406 
2348555-407 
2148559-301 

Not Safety Critical - (Inert) contains no explosive charge 

B. 1. Nomenclature: Housing and Charg~ Assembly 

2. BxA P/N: Prototype 

2348555-8 
2348555-9 
2348555-10 
2348555-11 
2348555-12 
2348555-13 
2348555-14 
2348559-2 

Qual/ Flight 

2348555-408 
2348555-409 
2348555-410 
:-348555-411 
2348555-412 
2348555-413 
2348555-414 
2348559-302 

3. Source/ Vendor: GFE from MSC 
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4. Next Assembly: 

a. Prototype: Explosive Package Assembly, 
P/N 2364701-1 thru -8 

b. Qualification/ Flight - Explosive Package Assembly, 
P/N 2~64701-501 thru -508 

5 End Item: 

a. Prototype - Explosive Package Transport Module, 
P/N 2348320-1,2 

b. Qualification/ Flight - Explosive Package Transport 
Module, P/N 2348320-601,602 

o. Quantity per End Item: ~ 

Use and Description of Operation: 

Supplies Seismic Energy by detonation 

8. Hazard Classification: 
I 

Q-D Class: 4 per AFM 127-100 

Compatibility Group: .!_per AFM 127-100 

ICC Class: A per T. C. G. Tariff 15 

9. Size of Components: 

Part Number 
2348555-408 & -8 
2348555-409 & -9 
2348555-410 & -10 
2348555-411 & -11 
2348555-412 & -12 
2348555-413 & -13 
2348555-414 & -14 
2348559-302 & -2 

Dimensions 
4. 900 11 X 4. 900 11 X 2. 360 11 

4. 900'' X 4. 900" X 2. 360 11 

4. 900' 1 
X 4. 900 11 

X 2. 360 11 

4. 900 11 
X 4. 900 11 

X 2. 920 11 

4. 900 11 X 4. 900ft X 4. 140 11 

4 900' 1 X 4. 900 11 
X 2. 360 11 

4. 900 11 
X 4. 900 11 

X 2. 360 11 

4. 900 11 
X 4. 900 11 

X 4. 490 11 



10. Weight of Components: 

Part Number 
2348555-408 & -8 
2348555-409 & -9 
2348555-410 & -10 
2348555-411 & -11 
2348555-412 & -12 
2348555-413 & -13 
2348555-414 & -14 
2348559-302 & -2 

! 1. Formulation: 

Part Number 
2348555-408 & -8 
2348555-409 & -9 
2348555-410 & -10 
2348555-411 & -11 
2348555-412 & -12 
2348555-413 & -13 
2348555-414 & -14 
2348559-302 & -2 

Weight (lbs) 
. 402 
• 525 
. 910 

I. 451 
3.:.zs 

• 402 
• 525 

6. 528 

Type Charge 
HNS-II 
HNS-II 
PNS-II 
HNS-II 
HNS-II 
HNS-II 
HNS-II 
HNS-II 

12. Electrical Characteristics: Not Applicable 

.1 ~,. Physical Characteristics: 

a. Shelf Life: none specified 

b. Temperature Limits: greater than 6000F 

c. Humidity Limits: N I A 

Quantity 
• 125 lb 
. 250 lb. 

.• 50 lb. 
1. 00 lbs. 
3. 00 lbs. 

• 125 lb. 
• 250 lb. 

6. 00 lbs. 

d. Auto Ignition Temperature: greater than 600°F 

e. Safing Method: Packing to protect from shock 

14. Proper Method of Detonation: !1etonated by live lead 
Assembly 
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5. 2 Functiona1 _ Diagrams of E&SA and Interfacing Test Sets 

A comple!e set of functional diagrams of the E&SA interfaced with the 
E&SA Test Set, the AIRME, and the Modified ALINCO Tester (or equivalent) 
is to be provide< in Figures 5-1 through 5-3. 
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E&SA Schematic Diagram 
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Figure 5. 1 E&SA/ETS Connection 
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6. 0 SYSTEH SAFETY ANALYSIS 

6. 1 Introduction and Scope 

This System Safety Analysis is provided in three sections; {1) A 
Fault Hazard Analysis (paragraph 6. 3) which details the hazard­
ous effects for component failure modes during the various phases 
of the ·tnission, {2) The LSP-ETS Electronics and S/A Assembly 
Second.;try Fault Hazard Analysis {paragraph 6. 4) which details 
the LSP hazard effect for component failur~ modes within the Test 
Set dl: ~ing BxA in-house, WSTF, and KSC testing, and {3) The 
Operat.onal Hazard Analysis {paragraph 6. 5) which details all 
known hazards throughout the life cycle of the LSP Experiment. 
Figures 2. 1, 2. 2, 2. 3, 3. 1, and 4. 1 are provided to clarify the 
hardware flow. 

6. 2 Summary and Conclusion 

The F:w1t Hazard Analysis (ATM 1049) reveals three single point 
failurl~ modes which are considered catastrophic or critical as de­
fined h paragraph 6. 3. These modes of fdlures are all related 
to pre:·:1ature or uncontrolled detonation of the main explosive 
charg€ s. The probability of occurrence of such an event is extremely 
minute due to the nature of the HNS explosive. 

The Secondary Fault Hazard Analysis has exposed one single­
point :l:ailure mode which could result is a marginal hazard; this 
failure mode is an open circuit in the EDC grounding connection 
at the J2 connector. The hazard can be minimized through 
propu~ test set checkout procedures or eliminated with the use 
of an indicator which will allow the test conductor to be aware 
of the open circuit. 

The Operational Hazard Analysis (ATM 1053) has exposed eleven 
hazards involved during; Manufacturing and Assembly, Handling 
and Transportation, Storage, Maintenance, Test and Lunar phases 
of the LSP Experiment. 
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6. 3 FauH Hazard Analysis 

Philos_~ 

The Fault Hazard Analysis is a systematic, hazard-identifying, 
analytical tool which requires a detailed ir vestigation of the 
syster.t to determine component failure modes, various causes 
of fail Lres, and resultant effects or the safety of the system. 
The ar1alysis is primarily a continuation and upgrade, from a 
safety standpoint, of the Reliability Failure Modes, Effects, 
and Criticality Analysis. The information provided in this 
analysis, when completed and properly associated with the 
system logic, serves as the basic fault input to the Fault Tree 
Analy 'is of Section 6. 3. 1. 

Fault Hazard Analysis Form Explanation 

11 ~m No. - Code number for the assembly, subassembly 
and components. 

(FMECA No.) - Code number of the related Failure Mode, 
Effects and Criticality Analysis. 

Part/Component - Nomenclature of the part, subassembly, 
or assembly. 

Failure Mode & Effect - Possible wavs in which the item may 
fail and the effect of the failure on 
the system. 

Hazard Effect - A brief description of the safety hazards 
associated with the failure mode. 

Method of Detection - Means in which the failure mode may 
be detected in order to correct the 
failure and avoid the hazard. 

Corrective Action - Measure which 1 an be taken in order to 
counteract or control the hazard. 

52 



Cn: ;-;r Reaction Time - The time period beginning with initiation 
of the hazard and ending with removal of 
the hazard from tile system. In this 
analysis N I A considers that no hazard 
exists for the failure mode. 

Hazard Classification 

Safety Catastrophic - Condition( s) such that environment, 
personnel error, design characteristics, procedural 
deficiencies, or subsystem or component malfunction will 
cause death or injuries to personnel. 

Safety Critical - Condition( s) such that environment, 
personnel error, design characteristics, procedural 
deficiencies, or subsystem or component malfunction 
will cause a hazard which requires immediate corrective 
action to avoid loss of or injury to personnel. 

Safety Marginal - Condition(s) such that environment, 
personnel error, design characteristics, procedural 
deficiencies, or subsystem failure or component mal­
function will degrade system performance but which 
can be counteracted or controlled without major damage 
or any injury to personnel. 

Safety Negligible - Condition(s) such that personnel error, 
design characteristics, procedural deficiencies, subsystem 
failure, or component malfunction will not result in major 
systems degradations, and all not produce system functional 
damage or personnel injury. 

M~13sion Phase -

A) Installation - The period o± time beginning with the 
equipment leaving KSC storage and ending after LM 
installation. 

B) Launch - The period of time beginning LM installation 
completion and ending with escape tower separation. 
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r-·-·u.An ... MISSION PHASE 8. LAUNCH 
C·I'UGKT 
O·LUNARSTAV 

!TWt-10. PAAT~£NT FAILURE MOO£ 
FMECANa.l AND EFFECT 

~. " ::...:e Ann :::k-<! 'rimer 
Asey. (Timer No. 1) 

• 1 W etch Movemem: 
Subassembly 

.l.l(Al) "0"-Ring Nz leab.se rei!JWting 
in timer beat :rate 
increase 

• l.Z(Bl) 1st Pinion Gear Tooth strippaae 
resdtins in lou of 
energy to the watc:b 
main spring. 

1.1. 3(B2) Wheel Crown Gear Tooth atrippage 
resulttns in loss ol 
eneru to the main 
spriDg. 

l.l.4(B3) First Wheel Gear Teeth strippage 
resulting inlosa of 
eneru to the main 

i spring. 

;1.1. S{B-4) Watch Mainspring Structural failure 
i resultins in lou of 
I capability to store 

I energy. 

I 
l 

ALSEPARRAY E 

FAULT HAZARD ANALYSIS SHEET 

HAZARO EFFECT ~OF D£TECllOI't 

• 

A)B)C) None; P\111 piJM are not A)B)C) NODe 
removed and watch movemeata 
do net operate duriDg these 
phases. 

D) None; This conditi.OD is not D) None 
<:ODeiderfld critical aa beat 
:rate increase is inauffl.cieat to 
result in a safety problem 
dllrilla the bmar stay (see 
Bendix Report ATM-1038) • 

A)B)C)D) None; the failure m01i4 A)B}C)J:>t None 
relates to windintJ ol the watch 
!movemem: whicb must be s~M:ce 
lruny accompllehed prior to A). ·-
A)B)C)D) None; Same aa l.l.Z A)B)C)D) None 

A)B)C)D) None: Samo as l.l.Z A).B)C)D} Nono 

[A)B)C)D) None; Same as l.l.Z A)B}C)D) None 

COflft£Cnvt ACTION 

A)B)C)D) None required 

A)B)C)D) None HqUired 

A)B)C)D) None required 

A)B)C)D) None required 

A)B}C)D) None required 

DATE 8-16-71 

PAGE 

can MAZAAO 
ftEAC:'nOIII 

~l't nNIII 
(FJ CATIOIII 

N/A ~B)CiD) 
.... ... ... e 

N/A A)B)C)D) 
iNesllslble 

N/A [AIB)C)D) 
~egligible 

N/A A)B)C)D) 
Negligible 

N/A A)B)C)D) 
Negligible 

U1 
,j:>.. 



f · ""'AUAn"' 
Mi$$10111 f>HASf B·l.AI.mCH 

C:·FUGttT 
D·I.UNARS'TAV 

:TEMNO. PART/COMPOHtNT FAII.URE MOOE 
FMECA #) AND EFFECT 

"'----"'~ 

' 
1,1. 6(B5) Winding Wheel Teeth atrip}}&ge 

resulting in lou of 
energy tranamier!lion 
to the mainsprms. 

1, ~(C) Control Subauembly 

1. ~.l(Cl) 0-Rings Leakage allows oU 
{Syn!a·Vleeolube) to 
evaporate which pro-
vides increased fric-
tion iA the esc:a~ 
resWting in timer 
stoppage. 

1.~. 2.(C2.) Pawl Tooth shear resulting 
in rapid drum move-
rnent speed-up. 

l. ~. 3{C3) Link Breakage reaulticg 
in timflr stoppage 

1, 2., 4(C4) C011pling Drive. Breakage res\lltina 
in timer stoppage 

j1, l!, 5(CS) Actuator Clock Shear or binding 

! resulting in timer 
unable to start 

11. ~. 6(C6) Stem Control Binding re"'ultina in 
timer 1mable to start . 

AL.SEP ARRAY E 

FAULT HAZARD ANALYSIS SHEET 

HAZAAO EFFKT Mtnt0D Of OETa:TlON COM!EtnV£ ACTION 

A):B)C}D) None; .,une as 1,1. ~ Aii;j-~;>:· ;;!one A)B)C)D) None rec,vg!l 

A)B)C)D) Nonet rau-afe A)B)C)D) NODe A)B)C)D) None requiTed 

A)B)C) None; Same as 1.1.1 A)B}C) None A)B)C)D) None ~red 

D) None: Rapid timer move- D) Condition may be ob$erved 
ment will allO'liV safe a:rm plate on the Sale/Arm iAdicator. 
to travel to the resale position 
prior to the activation of the 
thermal battery, 

A)B}C) None; Same as 1.1.1 A)B)C)D) None A}B)C)D) None required 
D) None; Timer stoppage 
resuio. in a £ail-safe condition. 

A)B}C) None; SaD'le as 1.1.1 A}B)C)D) None A}B)C}D) None required 
D) None; Same as 1. z. 3 

A)B)C) None; Same as 1.1. Z A)B}C)D) None A)B)C)D) None requiTed 
D) None; Same as 1. ~. 3 

A)B}C) None: Same as 1.1.2 A)B}C)D} None A}B}C)D) None required 
D) None, Same ae 1. z. 3 

DATE lH6-7l 

PAGE 

CRPI HAZ.MO 
R~ 

c:t..ASIIFI 'llMI 
(.-) CAnoN 

N/A fA,B)C)D} 
~~ii;__-;,;.::.::; 

N/A ~~)C)D) 
~· 

N/A A)B}C}D) 

~~ 

N/A A}B)C)~ 

Negligible 

N/A A)B)C)D) 
Negligible 

N/A A)B)C)D) 
Negligible 

N/A A)B}C)D) 
~eg.l.igi ble 

U1 
U1 



, ............. ,.,. 
MiSSION PHASE 8 . I.AUfaf 

C·FUGNT 
0 • I.IJNAft frr AY 

;TEMNO. I'ART~NT FAILURE MOD& 
FMECA i) AND EFFECT 

• 3(:0} Timer Subauembly 

• 3.l(Dl) Timing Gear Teeth shippage result 
ing in rapid movement 
of drum 

• 3, 2(D2) Drum Mainspring Structural failure 
resuJti.ns in elle!l'IY 
loss aDd timer 
stoppaJe 

• 3. 3(D3) .PW.l Ring No. 1 Structural failure 
Retainer resulting in possible 

iruu!vell'tent loss of pull 
ring fl anc!. prematun 
starting of timer 

1. 3. 4 Escapement Wheel Structural failiU'e 
I Shaft resulting in timer I 
! (Note: Added by BxA speed-up 
I System Safety) 

ALSEP ARMY E 

FAULT HAZARD ANALYSIS SHEET 

KAZARO £Fi'KT METHOD OF MnC'IlON 

A)B)C) None: Same aa 1.1.1 A)B)C)D) Ncme 

D) None: Worst ease rapid 
timer movement will caue the 
Safe Arm Plate to travel to 
the neafe position prior to the 
activation of the thermal 
battery • 

A)B)C) None; Same ru 1.1.1 A)B)C)D) None 

.Dl Ncme; Same as 1. 2.) 

A)B)C) None: Premature A) Visual 
starting of timer would relea.ee 

B)C) None the Arming Pin; however. Safe 
Arm Plate woald be held in the 
safe position with the Pull Ring 
No. 2. 

D) None: Premature t!.me out .tr D) Inability to remove Pin '12. 
release of arming pin as 
:!escribed above would caue 
Safe/Arm Sllde to lock up 
Pin #2. and prevent its reDlO'Val 

A)B)C) None: Same as 1.1.1 A)B)C)D) None 

D) None; Worst case rapid 
movement will c:auae the Safe 
Arm Plate to travel to the 
resa!e positioa prior to the 
activation of the thermal 
battery 

COM!CTIV&! ACTION 

A)B)Q D» None required 

A)B)C)D) NoDe required 

A)B)C)D) None required 

A)B)C)D) None Required 

• 
OAT£ 8-16·71 

PAGE 

Cfti!W liAZAftP 
~ 

~R 
~ 

(TJ CATiOIII 

. 

N/A A)B}C)D) 
Netillgible 

N/A A)B}C)D) 
~e 

N/A A)B)C)D) 
Negliaible 

N/A A)B)C)D) 
Neglibible 

I 

I 

! 

I 
i 

I 

\.}1 

~ 



f·'''muno• ALSEP ARRAY E 

MISSION PHASE B. LAUNCH FAULT HAZARD ANALYSIS SHEET DATE 8-16-71 
C ·FLIGHT 

PAGE 
D· LUNAR STAY 

CREW HAZARD 

:TEf.lNO. PART/COMPONENT FAILURE MODE HAZARD EFFECT METHOD OF DETECTION CORRECTIVE ACTION REACTION 
CLASSIFI 

TIME 
(r) CATION 

1.4(E) nase Mown1lig I 
(Arming and Safing 
Pin) Subassembly 

1. 4.l(El) Arming Pin Structural failure A)B)C)Dl) None; Safe/ Arm A)B)C) None A)B)C)D) None required N/A A)B)C)D) 
resulting in lock-up Plate is held in the safe Negligible 
of arming pin position with Pull Ring Pin Dl) Pull Ring Pin fiZ cannot 

No. Z be removed 

DZ) Negligible; Although the DZ) Visual 
slide can move to the armed 
position, the charging cir-
cuit will remain inactive and 
encoded signal will neither 
be transmitted nor capable 
of being received' 

1.4. 2(E2) Sa!ing Pin Structural failure A)B)C) None; Same as 1.1.1 A)B)C)D) None A)B)C)D) None required N/A A)B)C)D) 
resulting in pre-

D) None; Safe Arm Plate 
Negligible 

mature movement of 
the Safe Arm Plate could never be in the armed 

to the resafe position position 

1. 4. 3(E3) Arming Pin Lock Structural failure A)B)C)D) None; Same as 1.4.1 A)B)C) None A)B)C) None required N/A A)B)C)D) 

l 
resulting in the D) Pull Ring Pin (12 cannot D) Same as 1. 4.1 

Negligible 
Arming Pin to be removed 

I retract 

t 1. 4. 4(E4) Safing Pin Lock Structural failure A)B)C) None; Same as 1.1.1 A)B)C)D) None A)B}C)q None required N/A A)B)C)D) 

l resulting in pre-
D) None; Same as 1. 4. Z 

Negligible 
mature movement 

l of the Safe Arm 
i 
f Plate to the resafe 
! position l 
! 1. 4. S(ES) Arm LockLever Structural failure A)B)C)D) None; Same as 1.4.1 A)B)C) None A)B)C)D) None required N/A A)B)C}D) 
I resulting in the D-1) Pull Ring Pin (IZ NegligiblE 

l Arming Pin to cannot be removed 

Jr.'· 6(E6J 

retract D-Z) None 

Arming Pin Latch Structural failure A)B)C)D) None; Same as 1.4.1 A)B)C) None A)B)C)D) None required N/A A)B)C)D) 
resulting in the 

D-1) Pull Ring Pin lfZ 
Negligibl( 

I Arming Pin to 
I retract cannot be removed 

I D-Z) None 

L ~ . 

~ Wlihiii- &&•t!E*Mi @ii!iliii'Wt' tMtttH!iti*ilf !flf&' H&&A .. Mil*§ &¥ * &Htttt!il'•ii! !l$iili\&1ll1Ml!lM.¥t!!tWt1! ~ 
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f.,..., ..... ,.,. 
Mt~ ft4ASE 8. LAUNQt 

C·FUGMT 
D·LUNARSTAY 

:TEIJINO. PART/COMI'ONENT FAILURE MODI! 
{lo'MECA #) AND EFFECT 

1. 4. 7(E71 Safing Pin Latch · Struct"''-· failure 
resulting in prematur 
movement of the Safe 
Arm Plate to the 
resafe poel.tion 

1. S(F) Pull Ring No. 1 Pin 
Subassembly 

1. S.l(Fl) Pull Pin Structural failure 
results in the ina.bilit, 
to sta :rt timer 

1, 5, 2{Fl) Sleeve Binding :.resulting in 
the inability to start 
timer 

1. 5. 3{F3) Shear Pin Shear pin fails miter 
(#24 AWG Buss Wire) Pull (Safety) Pin has 

pulled clear of the 
drum 

z.o Safe Arm Slide 

! Auembly 

' l2.l Pull Ring Pin No. Z Strw:tural failure re-
I sulting in an !nopera-

I 
tive slide (Note: mad-
vertent lou of pin baa 
not been c01111idered 1u 

I 
a failure mode and lei~ 
out due to the added 
safety feature of the 

I 70°CCW torn in order 
I to enable pin removal,J I 
l__ 

. -
AI.SEP ARRAY£ 

FAULT HAZARD ANAlYSIS SHEET 

HAZAftD EFFECT illl£fHOO Of DI!TKTION 

A}R}C~-~---..,,S .. .soc:-.ll.• i~l.Z A)B)C}D} Nn_., 

D) None;Same as 1. 4.. 2 

A)B)C} None; Same as l.l. 2 A)B)C) None 

D) None; Safe Arm Plate can- D) VislDl. examioation of the 
not move to the armed positicm Pull Pin Subassembly 

A)B)C) None; Same as l.l.Z A)B)C) None 

D) None; Safe Ann Plate D) Visual examination of the 
cannot move to the armed Pull Pin Subassembly 
position 

A)B)C) None; Same as 1.1.2 A)B)C)D) None 

D) None; Timer is allowed to 
start although ~ to 
crew member. Crew member 
may decide not to remove Pull 
Pins No. 2 ~ l on an operative 
syatem. 

A)B)C) None; Pull Ring Pins A)B)C) None 
are not removed durins these 

D) None; Safe Ann Plate eumo D) Visual inspection of Pull 
move to the armed position RiDg Pin 

CORFII!CTIV£ ACTION 

A}B)Q D) None required 
I 

A)B)C)D) None required 

A)B)C)D) None required 

A)B)C)D) None required 

A)B)C)D) None required 

DATE 8·16-11 
PAQI 

CUVR ~ 
R1EAC110111 

CU.IISIFI 111111£ ,,., CATlOie 

NIA A)B)C)D) 
Negli,p~. 

N/A A)B)C)D) 
Negligible 

N/A A)B)C)P) 
Negligible 

N/A A)B)C)D) 
Negllgible 

N/A A)B)C)D) 
Negligible 

I 

I 
I 

\II 
CX> 



1 A -INSTALLATION 
ALSEPARRAY £ 

M!BON PHASE II- LAUJ\!Ctt FAULT HAZARD ANALYSIS SHEET C-FUGHT 
D ·LUNAR STAY 

fAILURE MODE HAZARO !EFFECT MUHOO OF Oi'fKTlOM 
:TEl.! NO. I'AI'IT/~NT 

FMECA f) AND EFFECT 

z.z Satt: Arm Plate ih~ • ..g reeul"tl411J 1n A)B}C) Noce; ;;, ___ ..a I.l.i. ' A)B)C)D) No-
the -loss of capability 

D) None: Safe Arm plate will of the slide to move 
not move to the armed poaitim to the armed poaitioo 

z.l Booster Charue Premature Detonati011 A) Booster will detonate the A) None 
(Note: Alth~ the H. E. charge, re11~ iD 
~U>.tu:re of HNS-1 is pl'Obable fatality to poraoanel 
extremely inlleJU~itive and sever damallle to adjacent 
and the probal:ill.i2y of major suboyotems 
a premature detcma-

B}C} Booster will detonate the B)C) Possible senaiJ!S fr-om tiOD is very remote. 
this failure mode is H. E. charce resultiua iD I.~ or duriDS vis\181 inllpec-
being considered fron: probable cata.stropfaic damage tion of the LM 
an analytical vili!WpOilt to the LM 

The failure mecha-
niama which coald 
cause the failure modt 
are unknown at this D) Booater will detcmate the D) None time). H. E. charge at eJCpoae LM &t 

crew to a poteutially cataatro-
phic hazard 

a. 4 Slide Spring Structural failure A)B)C)D) None; Same as 2. 2 A)B)O)D) None I resultir~ in the loss 
o! capability of the 

I slide to move to the 
armed position 

!3.0 Tbennal Battery 
I Timer Assembly 
i {Timer No. l) ! 

I 
' 

I ·-

I 
l 
; 

COftRECTJW ACllOl\ll 

' !";::.>}(;)llj None 1r~qu!:: .; 

A) Nooe aVll.ilable 

B)C) Mission abort 

D) None available 

A)B)C}D) None required 

DATE 8·16-71 

PAGE 

CM\111 ~ 
RU.CTiolll 

CU.fl msiE 
(•rj CATIOII 

t-!fi~"' A)S}C}D) 
Negligible 

A) Zero A) Cab.• 
.... 

B)C) Woral Btct 
Cuevoule Critka! 
be prior tel 
lunar 1aad 
inc and 
could be 
<1 mi-n 

D) Zero D) Ca.ta-
~Strophic 

N/A A)B)C)D} 
Negligible 

\I 
--.: 



i A-INSTALLATlON 
MtSSION PHASE B· LAUi11CH 

C-FUGHT 
D ·LUNAR STAY 

:TEMNO. I' ART/COMPONENT FAILURE MODE 
(FMECA I AND EFFECT 

3,1{A&B) Watch Movement 
Subassembly 

3.l.l{Al) 0-Ring Leakage reeultms in 
timer 'beat rate speed 
up 

3.1, Z{Bl) First Phrlon Gear teoth atrlppage 
resWtins in loss of 
energy to the watch 
mainapll'iDg 

~.1. 3(BZ) Crown Wheel Gear tooth strlppage 
resW.ting in lou of 
energy to the main• 
apr:U!g 

3,1. 4(B3} First Wheel Gear teeth ~Jtrippage 
resW.tiDi in lose of 
enel'IV to the m&in• 

i 
sprms 

; 3.1. 5(:84) Watch Mainspring Structural failure 
I 

resul.ting in loss of I 

I'·'· 6(B5) 

capability to store 
energy 

Winding Wheel Teeth shippage reault 
ing in loso of energy 
transmission to the 
mainspring 

l 

ALSEP ARRAY E 

FAULT HAZARD ANAlYSIS SHEET 

HAZARD EFFECT M£niOD Of DI!T£CT10N COftMC'TJVE ACTION 

i 

A)B)C) No-; Pull piruJ are not A)B)C)D) None A)B)C)D) None required 
removed acd wateh movements 
do not operate du11'1ns these 
phases. 

D) None; This condition is not 
considered critical as beat l'&t 
increase is insufficient to 
result in a safety problem 
durizaa the llmlll' stay (laee Ben 
dbt Report ATM-1038). 

A)B)C)D) None; Same as l.l.l A)B)C)D) Ncm.e A)B)C}D) None required 

A)B)C)D) None; Same as l.l.Z A)B)C)D} None A}B)C)D} None required 

A)B)C)D) None; Same as l.J..l A)B)C)D) None . A)B)C)D) None required 

A)B)C}D) None; Same as l.l.l A)B)C}D) None A)B)C)D) None requi:zed 

A)B)C)D) None; Same as l.l.l A)B)C)D) No~:>e A)B)C)D) None required 

OAT£ !1·16-71 

PAGE_ --
CRN MAZAftD 
ll~ 

CLAR!FI 'llfft 
lr) CATIOn 

j 

N/A A)B)Cl])) 
Negligihle 

N/A A)B)C)D) 
Ne~e 

N/A ~)C).DJ 
IN~ble 

N/.i.. IAlB}C)D) 
!Nealigible 

!A)B)C)D) N/A 

iNeslifcible 

N/A A)B)Cl D) 
!Negligible 

a 
c 



1 A -lllllSTA!.I.AnON 
MISSION PHASE 8 - I.AIJNCH 

C-FLIGHT 
0-LUNARIITAY 

:TEI.INO. I'AAT/~NT FAIU..IRI fQOI)I! 
(FMECA ;il} AND EFFECT 

3, 2(C) Control Subauembly 

3. Z.l{Cl) 0-Rings Leakage allows oil 
{SyntavViscolube) 
to evaporate which 
providea incr~ased 
frictiOOl in the escape-
ment reewting in 
timer stoppa1e 

3. 2.2(C2} Pawl Tooth shear reswting 
in rapid drum move-
meat speed-up 

I 
I 
I 
I 
I 
13, 2. 3(C3) .Link Breakage reaWting 
l in timer stoppaae 

j3,2.4(C4) Coupling Drive Breakage reBulting 
I in timer stoppage 
' 

3, 2. S{CS) Actuator Clock Shear or Binding 
?eenlting in timer 
unable to start 

!3, 2. 6(C6) Stem Control Binding resulting in 
l timer UZ~A~.ble to start 

---=u 

ALSEP ARRAY £ 

FAULT HAZARD ANALYSIS SHEET 

HAZARD EFFECT IIII!TKOO 01' ~ 00RR£CTJVI! ACTION 

A)B)C)D) None; Same as 1.1.2 A)B)C)D) None A)B)C)D) None required 

A)B)C) None; Same as 1.1. 2 A)B)C)D) None A)B)C)D) None required 
D) None; Rapid timer move• 
ment will allow premature 
Thermal battery activation; 
however. Timer No. 1 woW.d 
not allow the Safe Arm Plate 
to be in the armed position 
prematurely and EDC will not 
have received a firing pvlae 
premablrely. 

A)B)C) None; Same as 1.1.2 A)B)C)D) None A)B}C)D) None required 
D) None; Same as 1. z. 3 

A)B}C) None; Same as 1.1.2 A)B)C)D) N0111e A)B)C)D) None required 
D) Ncne; Same aa 1. 2. 3 

A)B)C) None; Same as 1.1. 2 

D) None; Same aa 1. z. 3 

A)B}C)D) None A)B}C)D) None required 

A):B)C) None; Same as 1.1.2 A)B)C)D) NODe A)~ C)D) None required 
D) None; Same u 1. z. 3 

DATI: 8-16-71 

PAGE 

CRBf ~ 
R!ACT10N 

~A Tmlll 
lrl Cl\11011 

I 

N/A A)B)C)D) 

Ne~ 

N/A A)B)C)Dt 

~-

N/A A}B)C)D) 
Negligible 

N/A A}BC}D) 
Neglicihle 

N/A A)B)C)D) 
Nesligible 

N/A A)B)C)D) 
Negligible 

I 

0' ,_. 



1 A·l-.rTALI.ATION 
MISSlON PHASE 11 . I.Aut4at 

C·fUGHT 
D·UINARSTAY 

:Tfit.l NO. I'AMT~ FAILUM &!!GCI 
(FMECA§) AND EFFECT 

3. 3(0} 1'imer S;.<'..-ssembly i 

3. l.l(Dl} Timing Gear Teeth atrippa.ge re-
sultl.ns ill npid 
movement o4 tll.e d:nm 

3. 3. Z(DZ) Drum Mainspring Structural faUure 
res ultiq ill •-l!'lrf 
loee IUl>d timer 
etopp~.ge 

3. 3. 3(03) Pull Ring No. 3 Structural Wl11rt1 
Retainer Sprlq CUp reeultiq ill poe•ible 

illadvertout loee o4 th• 
timer No. Z Pull PiD 
am! prematurely 
i!tartinc the timer 

3, 'li(lit} Base Mounting 
(Firing Pin Mecha-

l nimm Subanembly) 
' I i 3. 4.1(El) Firing Pin Body Binding resulting in 

I the inability to ac:ti-
vate the Thermal 

! Battery 

Al.SEP ARRAY IE 

FAULT HAZARD ANALYSIS SH££T 

lfAZARO El'fi!CT ~OF OiTlC'TlOIG 

A)B)C) None; Same u 1.1.1 A)B)C)D) None 

D) None; Same aa l.l.l 

A)B)C) None; Same as 1.1. Z A}B)C)D) None 

D) None; Same as 1.2. 3 

A}B)C) None; Premature A) Visual 
starting o4 the timer wOQ}d 

B)C) NODe 
WCF~~~ the '.l'hermal Battery 
Firing Pin Mechanism to be 
activated. However, the 
Safety Pin between the FirlDB 
Pin Mechanism and the Tb.er• 
mal Battery 'lllDuld l!ct allow 
activation of the Thermal 
Battery. 

D) None: Firing Pin would D) Visual 
lock-up on ite pull pin result-
ins in the inability to release 
the complete Pull Ring No. 3 
Subauem.bly 

A}B)C) None; Pull Ring Pin A)B)C)D) None 
11'3 is nat pulled during these 
phases and firing pin is not 
allowed to ac:tivate Thennal 
Battery 

D) None; Thermal Battery 
cannot be activated 

~ACTIOfll 

A)B)C}D) None Tequired 

A)B)C)D) N<me required 

A)B)C)D) None required 

A)B)C}D) None required 

DATE S-162 71 
PAGE 

~ HAZAAl) 
~ 

<:UWl!R n• 
lrl CA'1"10111 

! 
N/A All>)C) D) 

Negll~ble 

N/A A)B)C)D) 
Neg!i~ble 

N/A A)B)C}D) 
Negligible 

N/A A)B)C)D) 
Negligible 

0' 
N 



r·•-AUAnON ~~~PHASE B ·LAUNCH 
' C·I'UGHT 

D • LUfl!AR fiTAY 

:TlE!.nNO. PART/COMf'ONENT !'AlLUM MODI 
FMECA f) AND EFFECT I { 
-· 

' 
I. 4. 2(£2) Firing Pin Tip Structural faihare I 

resulting in the in-
ability to activate the 
The:nnal Battery 

3.4. 3(E3) Firing Pin SpriDfl Strw:turalla.Uure 
reemti:aa in lose of 
apriDg force and. the 
inability to activate 
the thermal battery 

3, 4, 4(E4} Thermal Battery A) Op.fln failure 
Switch resW.tiq ia the iD-

ability of the Thermal 
Battery to charge the 
Signal Proceaeor and 
Fi riDs PQ!ae Genera-
tor 

B) Closed .fallure 
reaultlDfl in the abilltj 
of the Battery to 
charge the Signal 
Proceseor and Firing 
Pulse Generator 

3. 4, S(E5} Switch Actuator B~nding resulting iD 
the inability to allow 

! the Thermal Battery 

i Switch to cl011e 
l 
j3. 4, 6(E6) Switch Actuator Pin Structural failure 

I 
reGulting in the inabil· 
ity to allow the Ther-
mal Battery Switch to 

I 
close 

I 
I 
I 

_ •. / 

AI..SEP ARRA V E 

FAULT HAZARD ANALYSIS SHEET 

HAZAl'IO UHCT METHOD OF D£T£CTIOJII ~~ 

AJ.D,..,JD) None; .... me as 3.4.1 A)~~~ .. ::-~ ~~.)D~ A)B}C)D) None req\1i:-~ 

A}B}C)D) Noae; Same u 3. 4,1 A)B)C)I)1 Ncm.e A)B)C)D) None requirecl 

A)B)C) Noae; Same u 3. 4.1 A}B)C)D) None A)B)C)D) Ncm.e requirecl 
D) None; EDC cartnot be 
detcm.eted 

A)B)C)D} Noae; Thermal A)B)C}D} Noae A)B)C)D) Ncme required 
Battery cannot be ac:tivated 
\!JI.tU the Firing Pin Mechanisn 
has been fired, This would 
result in multiple fal.luree for 
this condition to be a hazard 

A)B)C)D} None; Same ae A)B)C}D) None A)B)C)D) None .equired 
3. 4. 4A 

A)B)C)D) None; Same aa A)B}C)D) None A)B}C)D) None required 
3.4.4A 

OAT£ 8-16-71 

~ME---

~ AAZARO 
~ 

CUUllliiA TMl! 
lrl CA~ 

N/A A)B}C)D) 
I'! e.;;~_:~:.~ .. !_, 

N/A A}B)C)D) 
~ble 

N/A A)B)C)D) 
Nell(l!sihle 

N/A A)B)C)D) 
Naalisfble 

N/A A)B)C)D) 
Negligible 

N/A A)B)C)~ 

NegJicible 

-

1 

I 

0' 
w 



l 
A ·INSTALLATION 

MISSION PHASE B • LAUNCH 
C· FLIGHT 
D· LUNAR STAY 

:TEJ.l ~JO. I PART/COMPONENT FAILURE MODE 

1--- " - -1--' -- - ~---·-{---~-

3, 4, 7{E7) 

3, 4, 8(E8) 

3, 4. 9(E9} 

13. 5(F} 

I 3. 5.l{Fl) 
l 

\ 
! 

t 3, 5, Z(FZ} 
i 
I 

i 
I 
' 

I 
1 

I 

I 

Firing Pin Lock 

Firing Pin Latch 

Latch Shaft Dowel 
Pin 

Pull Ring Pin (Timer 
No, 3 Subassembly 

Pull Pin 
(Timer Mechanism) 

Sleeve 

Structural failure 
resulting in lock-up 
of the Pull Ring Pin 
No.3 

Structural Failure 
after PuH Ring has 
been removed 

Structural failure 
resulting in prematur 
release of the Firing 
Pin 

Structural failure 
resulting in pre­
mature release of the 
Firing Pin 

Structural failure 
resulting in the 
inability to start the 
Thermal Battery 
Timer 

Binding resulting in 
Pull Pin remaining 
in position and the 
inability to start the 
Thermal Battery 
Timer 

ALSEP ARRAY E 

FAULT HAZARD ANALYSIS SHEET 

HAZARD EFFECT METHOD OF DETECTION CORRECTIVE ACTION 

DATE 8-16-71 

PAGE----

CREW 
REACTION 

TIME 

HAZAR:> 

CLASSIFI 

CATIOII 

---, 

I (T)I -·· ----l 
~ ~ 

A)B)C)D) None; Pull Ring Pin 
No, 3 is not removed during 
these phases and Firing Pin 
will be locked up on the 
firing pin safety pin 

A)B)C)D) None 

A)B}C)Dl)None- I A)B)C)Dl}DZ) None 

DZ) Negligible; Thermal Bat­
tery will fire and charge 
firing circuit, Safe/ Arm Slide 
remains in "safe" position 
and encoded signal will not 
be transmitted, 

A)B)C)D) None; Same as 
3, 4. 7 

A)B)C)D) None; Same as 
3,4.7 

A)B)C) None; Sarre as 1,1, 2 

D) None; Timer cannot operat 
resulting in a fail-safe 
condition 

A)B)C)D) None; Same as 3, S.l 

A)B)C)D) None 

A)B)C)D) None 

A}B)C) None 

D) Visual examination of the 
Pull Pin Assembly 

A)B)C) None 

D) Visual examination o! the 
Pull Pin Subassembly 

A)B)C)D) None requnc:..:. 

A)B)C)Dl)DZ} None required 

A)B}C)D) None req.rired 

A)B)C)D) None required. 

A)B)C)D) None requined 

A)B)C}D) None required 

!.;;'.A: 

N/A 

N/A 

N/A 

N/A 

N/A 

AjB)C)D) 
Negligible 

A)B)C)Dl) 
DZ) 
Negligible 

A)B)C)D) 
Negligible 

A)B)C)D) 
Negligible 

A)B)C)D) 
N;gligible 

A)B)C)D) 
Negligible 

L_ 1 

--- -----------
0" 
,j:> 



f · ONITAL<An<>N 
ALSEP ARAAV £ 

MISSION PHASE Ill·~ FAULT HAZARD ANAlYSIS SHEET C·i'UGHT 
D ·LUNAR STAY 

--
:TS611!0. fART~ I'AILI.M§~ ~IEI'II"'CT ~Of~ (F~A !¥) AND EFFECT 

3. !), .>ti<' 3) Shear Pin Sii..;!'; An fails after ; A lUV"'~ ~:me; : .:-n:- as 1 .. 1. 2 A)B)C}D) N.:mc 
(f24 AWQ Bua" Wire) Pull (Safety) P!l!ll has 

D) None; System ia operating pulled 5~!.ci-tly to 
correctly a.nd t~alely: howeYer. I sUirt tile Timell' crew memMr ill Wlaware of 
this comlition 

3. 6(G) PWl Ring Pin {Firing 
Pin) tlo. 3 Subu~eem-
bly 

3. 6.1(01) PW1 Pin St:r~:ral !ailul!'<ll A):S}C)D) None; Same u 3. 5.1 A)B)C) None 
ree'GL<:jng in the 

D} Visual ~tion of d:te in~~.bility to activate 
Pull ~ Sabauembly the The11'mU Battery 

3, 6. 2(G2.) Sleeve Binding re!llv.lting in A)B)C)D) None; Same as 3, 5.1 A)B)C) NO!Ml 
Pull Pin remaining in 

D} Visual ~tion of the podtl.on 31l!ti the 
Pull ~ hbauem.bly I inability' to acti-.ate th~ 

Thermal Battery r· 6. 3(03) Shear Pin ! Shear Pin fails after A}B)C} None; Same as 1.1. Z A)B)C)D) None 
(4124 AWG Buss Wire) I Pull (Sa!ety) Pin has 

D) None; Same u 3. S. 3 
l pulled clear of Firing 

I 1 Pin 
• l 13,7 Thermal Battery ! Premature Voltage A)B}C}D) None; Voltage output I A)B)C)D) l'lone I Subaesembly output is stopped at the open contacts 

j of the Tberm.al Battery Timer I 
1 Switch; therefore, Z4VDC and i 

j SVDC cannot be supplied to 
I the E:OC aDd signal proceuor 

i 
I . 
I I 

J_. ______ · __ I 
I 

~ACT!Cil!! 

A)B)QD) None requ.il!'ed 

A)B)C)D) Nom~ :requ.i1r<lld 

A)B)C)D) NOllle ?equired 

I A)B)C}D) None requit•ed 

A)B)q D) None required 

DAilE 8-H~-7! 

PM!£---

elH'Ill ~ 
~ 

~fl mli\i 
IT) ll:A'ilma 

N/A A)B)C}D} 
N<~>gligible 

N/A ~~)C)D) 
e~ble 

N/A A)B)C)D} 
Neslisihle 

N/A iAlB}C)D) 
Negllpble 

N/A A)B)C)D) 
~gligible 

I 

0"' 
\.11 
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C) Flight - The period of time beginning with escape 
tower separation and ending with lunar touchdown. 

D I) Lunar Stay - The period of time beginning with 
lunar touchdown and ending with the ALSEP 
deployment sequence. 

D2) Lunar Stay - The period of time beginning with 
ALSEP deployment sequence and ending with 
lunar lift-off. 

6. 3. I Fault Tree Analysis 

Intr od u ::tion 

This se ::tion presents a graphic display of essentially all combinations 
of malf .nctions of the ALSEP Array E which will logically lead to a 
crew fatality or incapacitating injury. It conforms to the methodology 
established by the Boeing Company in D2 -111819 5-1, "Guidelines for 
Apollo Spacecraft Logic Diagram. Analysis" for consistency within the 
Apollo Program. 

Philo s 0E!!Y_ 

The Fc:ult Tree Analysis {Figures 6. la - 6. lh) is a logical combination 
of func':ional fault events which can lead a 1 ath to a top undesired event 
or pote 1.tial hazard. Each of the contributing fault events are further 
analyzf d to determine the logical relationships of system faults which 
may cause them. In this manner, a diagram of logical relationship 
among fault events is developed and identify the basic faults which may 
cause the top undesired event. Capability has been maintained to adopt 
the fault tree to a quantative evaluation of the level of safety attained in 
the LSP, if desired. 

Logic .)efinitions and Symbols 

EYents 

a. An "Event" is a system failure resulting from one or more 
contributing factors. These factors are due to either fail­
ures or malfunctions of an item of hardware, or of a sub­
system. 

b. The symbols used to represent the various events are: 
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0 

Gates 

An event, (usually a fault or malcondition) resulting 
from multiple input events th1·ough a logic gate, 
expressed in functional terms. 

It also represents a conditional input to an Inhibit 
Gate --a condition that is assumed to exist for the 
life of the system. In this context, if an input event 
occurs, the condition is satisfied, and an output 
event is generated; if the condition is not satisfied, 
no output occurs. 

2. An "independent" event, aris~ng from the failure of 
a basic hardware component; i.e., a basic fault 
event that requires no further development. 

3. 

4. 

A fault event that is considered basic in a given logic 
diagram. The possible causes of the event are not 
developed either because the event is of insufficient 
consequence, or because the necessary information 
for further development is unavailable. 

An event which describes a conditional input to any 
Gate. It defines the state of .:he system that permits 
or prevents occurrence of a fault. The condition may 
be either normal to the system, or may result from 
failures. 

5. An event that is normally expected to occur, i.e. , it 
does not represent a fault. An example is a phase 
change in a dynamic system, such as the takeoff, 
flight and landing phase of an aircraft flight. 

a. Gates are the decision elements of the logic diagram. 
Inputs to a gate always enter at the bottom; outputs always 
emanate from the top. In this manner, all event sequences 
move upward through the braches toward the top of the 
fault tree. 
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b. The symbols used to represent the various gates are: 

1. "ANDrr Gates 

The "AND" gate is the logic function which requires 
the coexistence of all the input events in order to 
produce the output event. 

-Output 

~-- '""-====- Two or more inputs 

2. "OR" Gates 

The "OR" gate is the logic function which requires the 
existence of only one of the input events to produce 
the output event. 

Tr::~sfer Symbols 

a. A sequence of events to be transfP.rred is denoted as 
follows: 

b. The location to which the sequence of events are 
transferred is denoted as follows: 

&-
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6. 4 Secc ·.dary Fault Hazard Analysis Interpretation 

~;sis Description 

This analysis is based upon the BxA Test Set (Figure 6-2) which 
is sirnilar to the deliverable test set with the following exceptions: 

(I) The deliverable test set has 3 separate power supplies as 
shown in Figure 6-3 which is designated PS 1, PS 2, and PS 3, and 

(2) ·.:'he deliverable test set has an RF Generator circuit which 
provides a processed signal to the explosive package 

Forr1 Description 

Part I. D. No. - Reference designator of an item 

Part/Circuit Nomenclature - Name of the part on circuit 
under analysis 

Failure Mode - Possible ways in which an item may fail 

E&.S/A Test Set Hazard Effect -A brief description of the 
sa£ :ty hazards within the 
Test Set associated with 
the failure mode. 

LSP Hazard Effect - A brief description of the safety hazards 
involved in the LSP associated with the 
failure mode. 

Corrective Action - Measure which can be taken in order to 
counteract or control the hazard. 

Detection Method Indicator - Availaole indications which will 
display the existence of the failure. 

Hazard Classification - Same as Paragraph 6. 3. 

78 



Page 79 of 96 is missing from this document.   



1-
0 
:c 

ji 

I 

_I 
<( 
0::: 
>-
::::> 
w 
2 

<-' 
< 

0 
z 
::::> 
C> 
0:: 
'-" 

u 
<( 

CR!B 

<D z 
U5 
2 
w 
(f) 

~ 
0:: ::::> 

1? (.L 
f-

0:: ::::> 
w 0 

l l 

C6 

CRI9 

1-
=> 
(.L 

1-
::::> 
0 

+ 

SENSING 
R~SISTOR 
R22 

CR20 

<D z 
U5 
2 
w 
UJ 

0:: 
C> 
0:: 
0:: w 
+ 

AI 

<D 
2 
i= 
0:: w 
> 
~· 

I 1-
z 2 0 z ~ 

' ' ' 

Av 

' ' ' 

OR'' GATE 

ERROR SIGNAL 
AMPLIFIER 

Rl3 

CUl1RENT LIMIT 
FIER 

@ R25 

lb ADJ 
(OPTIONAL) 

REF. 
(ZENER 
SOLiiCE\ 
CRIO 

80 

~ ~ 
1-

~ 
z w 

t::: 0:: 

:;';;: §51-
.:::::i _I 

U2 

<if- _I <( w _l 
_l w 
<(_l::;;: 

z2c:> z<Do ZOI-
o::wo:: f5<t:g: o::O::<.n 
~&§~ w 1- ::::> 

1-t::::iz 1- 2--:> 
>< ::::> 0 ><oo c;soo 
wuu W>U U<t: 

POWER SUPPlY, SIMPLIFIED DIAGRAM 

Figure 6. 3 



( 

AG 
ANT(NNA 

\ [7<REF SCO 2348410) 

h 
£1 e

6
z AI 

- Ell RECEIVER 
(REF SCflEMATIC 

2348351). 

EIO £y2 
'---

I 

4 

A5 
TnERMAl 
e~TTERY 
(REF seD 
2348416) 

I 
I 

: ' 

A2 

--<>£21 SIGNAL EIS 
PROCESSOR 

(REF SCHEMATIC Ell 
2348356l 

CONNECT ION D lA GRAM, 
EXPLOSIVE PACKAGE 
ELECTRONICS 

A3 
E 

-
' EZ Ell 

FIRING PULSE GEH 

T 
E3 (RE:3~~~~TIC Ell<>--r---

E 1 E8 ~ E~ E3 El4 El3 El2 
l __ I- Ef EB Ef E? Erlt 

l 24.ivoc I ,Jvoc - .. . Z4.7:vu.i !t5 ~ 
l 

. -

l 
10~~ 3 ·.r.;~ic 1--r-:"' _ I 5.5 voc 
-6~-ff-=0'. _:_.r"~-' ~oc --+---o 13.7!>VDC 

t-
- ~-

I 
I 

Figure 6. 4 

0 
0 

~ i=~ -<>/!) 

A4 r:<>- "fj h !NO 
-o'f - s 

::~J 
II 

3 EOC r=- -oCJ 
II 

r- -ol 
'li 

'---.J 

rf7 ~ 
'7 
3 

0 2.'/ 
----- -<>~ 

'3 
II 
q 

s.svoco-- -o2Z. 
Z4.7VOCo- -oZO 

13.75 voc ,.__.. -off; 

[' p 

olb 

( 

P2-TRANSPORT CONFIGURATIC,N 

P2-FLIGHT CONFIGURATION 

GRO 

FIRING PULSE (rPj 
FIRING GATE (TP) 

RCVR OUTPUT (TP} 

PUlSE GATE (TP) 

Tt-IRESH DET (TPJ 

NOISE GATE (TPI 

5.5 V:JC 

24.7V0C 

13.7.-• 4 U''": 

} PVRO FUSE (TP) 

SPAR€ 



6. 5 Operational Hazard Analysis 

Philosophy 

This ":lnalysis has been performed by evaluating the effects of 
envb:~nmental extremes, human errors, interaction with other 
equ(rments, and possible inherent failures throughout the life 
cycle phases of the equipment in order to determine operational' 
hazaJ ds to which personnel, equipment, facilities, and flight 
hard-vrare may be exposed. The results of this analysis may be 
utilized as a design tool to; (1) eliminate the hazards through 
design changes, (2) minimize hazards through procedural means, 
or (3) provide awareness of the existence of the hazards by 
identifying them in applicable procedures. This analysis supple­
ments the Detailed Hazard Analysis (ATM 1049). 

Defi ·-itions 

A!Rl1E: 

BxA: 

Detonator 
Assernbly: 

EDC: 

E&SA: 

Apollo Initiator Resistanc.! Measurement Equipment 

Bendix Aerospace Systems Division 

An EDC with a 2 conductor shielded cable attached 
and encapsulated at the attachment point 

End Detonating Cartridge (Contains 100 milligrams 
Lead Azaid and 100 milligrams HNS-1) 

Electronic and Safe/Arm Assembly - The assembly 
consisting of the timers, the Thermal Battery, the 
EP Electronics, the Safe/Arm Slide Assembly, and 
the EDC. In addition to the operating E&SA there is 
a "structural" E&SA, which is merely a representative 
mass, to which live H&C 1s are attached for shipment 
as an EPTM. 



EP: 

EPTM: 

Explosive 
Safety 
Dis~ance: 

H&C: 

HNS: 

HNS-I: 

KSC: 

LE.~D: 

LSP: 

NOL: 

Explosive Package - The assembly that results 
from the mating of an Electronic and Safe I Arm 
Assembly and a Housing and Charge Assembly. 

Explosive Package Transport Module - One com­
plete flight array of EP' s ' onsisting of eight EP' s, 
mounted four each on two transport frames. 

The distance from an explosive charge at which the 
safety of unprotected personnel is assured without 
special protective measures o 

Housing and Charge Assembly - A fiberglass housing 
containing a block of high explosives which is mated 
to the E&SA to make an EP o In addition to the live 
H&C's, there are inert H&C's to which the opera­
tional E&SA's are attached for shipment as an EPTM. 
(Contains HNS-II in following amounts; 1/8, 1/4, 1/2, 
1, 3, and 6 pounds). 

Hexanitro stili bene 

Superfine HNS 

Relatively large grain HNS 

Kennedy Space Center 

Booster Charge - contains HNS-II (approximately 
150 milligrams) 

Lunar Seismic Profiling Experiment 

Naval Ordnance Laboratory 

White Sands Test Facility 
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6. 5. 1 

6.5.1.1 

6. 5. l. 2 

6.5.1.3 

.:.iANUFACTURING AND ASSEMBLY 

!. ssembly at Bx.A 

Luring the Manufacturing and Assembly phase at BxA 
'the EDCs and Lead Assemblies are placed in a segre­
gated and isolated area within the Bonded Stores prior 
to removal to the assembly area. 

Assembly of the LSP explosive subassemblies are per­
i·)rmed in a specified access controlled area which have 
~~xplosive warning placards posted in all entrances, and 
prominant signs which prohibit smoldng within the area • 

. >.n EDC Holding fixture is provided to ensure protection of 
personnel and adjacent equipment in the event of an inadver­
tent detonation, while the EDC is being built up into a 
detonator assembly. During this assembly the personnel 
are grounded to avoid detonation by a static electric charge. 

Assembly at WSTF 

The H&C 1s and E&SA's are brought from the storage areas 
to an assembly area, where the E&rA is placed on top of 
';he H&C and a vertically downward pressure is applied on 
the E&SA with an EP Assembly press. Eight screws are 
installed in the mounting holes and tightened to 5 ± I /2 
inch pounds. 

Assembly at KSC 

Eight E&SA 1s and H&C 1 s are assembled into eight EP's in 
a controlled assembly area by Bx.A-KSC personnel and in­
stalled on two Transport frames to complete the EPTM. 
The EPTM is then installed on the .wM pallet. 
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6.5.1.4 

i., 

Hazard Consideration# 1 

l'.1~orrect assembly of Timer No. 1 to the Safe-Arm Plate 
c:.:.ring assembly at BxA (para. 6.5. 1.1) could result in 
the arming pin not engaging the Safe-Arm Plate, (Fig. 3), 
a:.lowing immediate movement of the .,afe-arm plate to the 
a~. med position upon removal o£ Pull Ring Pin No. 2. 

6. 5. 1.4. 1 Recommendation 

6.5.1.5 

Verify that the arming pin retains the safe/ arm slide in the 
safe position prior to final installation of the Safe/ Arm Slide 
F afety pin. 

l·!azard Consideration #2 

J .. cold solder joint at the EDC grounding switch could result 
; n an open circuit, causing the EDC to be in an unsafe con­
dition during handling and testing. 

6. 5. 1. 5. 1 Recommendations 

6.5.1.6 

Perform continuity check after assembly of the EDC grounding 
3Witch connections. 

Hazard Consideration #3 

Incorrect installation of Timer Starter Pins (Pull Ring Num­
bers 1 or 3) could result in inadvertent timer operation. 

6. 5. 1. 6. 1 _!tecommendations 

Visual inspection to verify that the timer pawl remains engaged 
with the start tooth. Temporarily lock wire pins in place and 
maintain security on timers to avoid tampering. 



6.5.2 

6.5.2.1 

6.5.2.2 

6.5.2.3 

HANDLING & TRANSPORTATION (H&T) 

rl&T to WSTF & KSC 

The LSP is transported as an EPTM consisting of two trans­
port frames with four E&SA's assembled to four inert H&C's 
mounted on each of the two transport frames. 

The EPTM is transported in one ALSEP shipping container by 
.~scorted air freight. The E&SA's are categorized as Class 11 C 11 

'·;xplosives (defined in KSC Explosive Safety Handbook) as each 
~,;ontains one EDC and one Lead. 

~;'he live H&C's are Class 11A 11 explosive and are transported 
b eparately by the NOL, in NOL provided shipping containers. 
BxA is responsible for the coordination of the delivery of the 
H&C's with NOL to assure schedule compatibility, and for 
notification of cognizant site safety personnel upon arrival of 
the shipments. 

.ti&T to LM 

Prior to launch the E&SA's and H&C 1s are removed from their 
:ltorage areas, assembled into EP's and transported as an 
.!:PTM on the LM pallet for installation in the LM. 

Hazard Consideration 

There are no known unique hazards during this operational 
phase. Although allowable maximum packaged storage temp­
erature, (80 oF: 26. 7 °C) for the experiment may be exceeded 
during transportation or storage, HNS sensitivity is nearly 
constant to temperatures'up~to 400 °F and does not constitute 
a hazard unique to this operation. 

86 



6.5.3 

6.5.3.1 

6.5.3.2 

6.5.3.3 

~3TORAGE 

WSTF Storage 

The E&SA's and the H&C's prior to assembly, and the EP's 
after assembly are placed in a non-environmentally controlled 
~;ontainers and stored in a non-environmentally controlled 
structure until ready for use at the test site • 

. :esc Storage 

The above storage procedure differs at KSC where the E&SA's 
are stored within the environmentally controlled shipping con­
tainer in a bonded environmentally controlled area, while the 
H&C's are stored in an explosive storage bunker. The two 
assemblies are not combined into EP's until shortly before 
~.nstallation into the LM. 

Hazard Consideration 

.)ame as paragraph 6.5.2.3 for WSTF storage. 

6. 5. 3. 3. I Recommendations 

6.5.4 

6.5.4.1 

Same as paragraph 6.5.2.3. I. 

MAINTENANCE 

WSTF Maintenance 

After the EP's are assembled they are placed in individual 
.:ontainers and transported to the deployment sites. If a 
mishap should occur which requires a maintenance action, 
the EP's would be disassembled and the E&SA returned to 
a maintenance area and repaired prior to redeployment. 
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6.5.4.2 

6.5.4.3 

6.5.5 

6.5.5.1 

KSC M-aintenance 

DurinJ the Crew Fit and Function (CF2) exercise the EPTM 
with Eve EDC's and Leads, and an inert H&C block are de­
ploye•., simulating Lunar deployment. Tre results of the 
exercise will determine necessary modifications and decal 
implacements. The items used for CF2 will be refurbished 
as necessary for use as flight hardware. The EP pull pins 
will not be exercised at this time. 

Conc-~usion 

The:·e are no known unique hazards during these operational 
pha~ es. 

Functional Test 

Functional testing is conducted on the E&SA's (without an H&C) 
at BxA, WSTF, and KSC during various points of the hardware 
f~ow. The functional tests are conducted to determine the 
tnectronics equipment integrity after environmental testing. 
Three types of testing equipment are used for the functional 
t,:~sts; (I) The LSP-ETS Electronics and S/A Assembly which 
provides for suppling 5. 5, 13. 75, 24.75 VDC to the E&SA and 
provides a load for the E&SA assembly checkout. A ground 
is provided across the EDC connections to maintain the E&SA 
assembly in a safe condition when it is functioned and allowing 
the grounding switch to be opened, (2) The AIRME which allows 
the testing of the EDC Bridgewire. This test is done by allowing 
a maximum of 20.0 milliamperes to flow across the EDC bridge­
wire for a maximum of 15 seconds (automatic timer to keep 
exposure time of all initiators appr )Ximately equal). During 
this test the EDC grounding switch connection cannot be grounded 
in order to provide the measurement, (3) A modified ALINCO 
test set to perform the same function as the AIRME. The major 
difference between the two is that the ALINCO does not have the 
110 Volt hazard, does not have the timer capability, and allows 
a maximum current of 5 milliamperes across the bridgewire. 
The modification of the ALINCO test set consists of an added 
resistance range to the instrument from a maximum of 30 ohms 
to a maximum of 3000 ohms. 

88 



6.5.5.2 

6.5.5.3 

Destructive Test 

Destn ::.tive testing is conducted at WSTF only. The E&SA 
and H&C assemblies are combined into an Explosive Package 
and trc.nsported to the test site for "time-out" period sub­
sequer::: Explosive Packages are being assf'mbled and awaiting 
deployment. The sequence of Explosive Packages are as follows; 
(a) one package deployed and three being assembled during 
"time-out", (b) three packages deployed while four being 
assembled during "time-out", (c) four packages being deployed 
whiL· four being assembled and, (e) four being deployed while 
non ·are being assembled. 

Haz ud Consideration 

An open circuit at the test set EDC grounding connection during 
a functional (Paragraph 6. 5. 5. 1) would allow the EDC to remain 
in an unsafe condition when the Safe-Arm Slide moves to the 
armed position. 

6. 5. 5. 3. 1 J.<.ecommendation 

6.5.5.4 

'rhe hazardous condition can be minimized by providing for a 
c ontinuity check of the ground connec Cion prior to testing, 
towever this would not allow for awareness of the circuit 
opening after the continuity check. The hazardous condi-
tion can be eliminated with the use of an indicator which will 
allow the test conductor to be aware of an open circuit through­
out the testing phase. 

Hazard Consideration 

The LSPE Field Test Plan (WSTF) 0perational sequence (para­
graph 6. 8) allows subsequent sets of explosive packages to be 
assembled during the "time-out" period of a previously deployed 
package. This could allow assembled packages to be stored 
approximately 3 days without test result knowledge, and could 
lead to possible additional handling in the event of test failure 
or premature detonation which would require field modifications. 
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6. 5. 5.4. 1 Lecommendation 

6.5.5.5 

Subsequent packages should not be assembled until after 
the test results have been examined, (in the case of a 
premature detonation of an unknown cause, the HE packages 
can be detonated without loss of the E&SA's), or a minimum 
.·onsideration would be to not assemble subsequent packages 
,,,.t least 8 hours prior to detonation. 

~-Iazard Condition 

:)uring functional testing of the EDC bridgewire with AIRME, 
the initiator is shorted in a safe condition with switch SID 
and SIE until the test is conducted (15 sec). The Modified 
ALINCO Tester used at WSTF does not incorporate this 
safety feature, resulting in an unsafe condition of EDC through 
the testing operation. 

6. 5. 5. 5. 1 Recommendation 

6.5.6 

6.5.6.1 

rncorporate the shorting feature of tne AIRME into the ALINCO 
Tester. 

LUNAR 

Lunar Deployment 

The LSP is transported to the Moon in the descent stage of the 
LM and deployed on the lunar surface during the second and 
third periods of extra-vehicular activity. During flight the 
explosive materials in the LSP are completely contained within 
8 Explosive Packages stored in Quadrant III of the LM descent 
stage. During lunar deployment the Explosive Packages are 
removed fro1n the LM and placed in Lunar Roving Vehicle for 
deployment at a distance from a few meters to a maximum of 
3. 5 km from the ALSEP Central Station, at which time the 
safety pull pins (3) are removed to start the timers, and the 
antenna is deployed. The timers are set to allow the Explo-
sive Packages to be Armed at a minimum time of 90 hours 
after the pins are removed, at which time, the Crew Members 
have left the lunar surface, and the Explosive Packages may be 
detonated. If the Explosive Packages are not detonated within 
2 hours after the armed position is attained the Safe-Arm Plate 
moves to a resafe position and cannot be detonated by a command 
signal. 



6.5.6.2 Conclusion 

There are no known unique hazards during this operational 
phase. 
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7. 0 SUMWARY OF SAFETY FEATURES 

7. 1 Explc..sive Package Design Features 

When '.he Explosive Packages are in storage during transit to the 
lunar >urface or are on the LRV and until the Explosive Package is 
deployed on the lunar surface the following safety features of the 
Explosive Package exist: 

1) The EDC Bridgwire is shorted. 
2) The Thermal Battery is disconnected from the electrical 

firing and receiving circuits. 
3) The Thermal Battery is de -activated resulting in no 

electrical power in the Explosive Package. 
4) The Safe/ Arm Slide provides a me-::hanical barrier 

between the output of the EDG and the HNS Explosive 
Charge (see Section 7. 2). 

5) The HNS is a highly stable explosive which cannot 
be detonated except thru a high speed plasma shock. 

6) The Safe/ Arm Slide Timer Firing Pin is locked by a 
pull pin so that if prematurely released the pull pin 
cannot be removed and the slide cannot move to the 
respective arm position. 

7;. The Thermal Battery Timer Firing Pin is locked by 
a pull pin so that if prematurely released the pull 
pin cannot be removed and the Firing Pin cannot 
activate the Thermal Battery. 

8) The Safe/Arm Timer is locked in a "O" position by 
a pull pin. If the Timer prematurely advances, the 
pull pin monitors the time at the 11 0 11 position and 
locks so that the pull pin cannot be removed. 

9) The Thermal Battery Timer is locked in a 11 0 11 

position by a pull pin. If the Timer prematurely 
advances, the pull pin monitors the time at the "0" 
position and locks so that the pull pin cannot be removed. 

The f )llowing conditions must be satisfied for detonation of the 
Explc sive Package when deployed on the lunar surface. 

1) The removal, by vertical pull of the safe/arm timer 
pull pin, 1/4 turn and vertical pull of the safe I arm 
slide pull pin and the vertical pull of the gang bar 
assembly including the thermal battery timer pull 
pin and thermal battery timer safing pin. 



1 ) Continued -

Premature occurrence of any of the following events results 
in a pull pin locking up, preventing detonation of the Explosive 
Package: 

-Battery Timer timing movement 
- Battery Timer firing pin movement 
- Safe/ Arm slide movement 
- Safe/ Arm slide timer movement 

2) At "t" hours* the Safe/Arm timer functions-:to release the 
safe/arm slide to the arm position shown by an orange 
indicator moving to the arm position and opening the acti­
vation switch to remove the EDC short. NOTE: The EDC 
short is in place at all times except when the slide is in the 
arm position. 

3) At "t + 1" hours the thermal batte ~·y timer functions to 
release the firing pin to strike and actuate the thermal 
battery connecting the output of the thermal battery to 
the firing circuit. 

4) The thermal battery when activated will power the receiving 
and firing circuits one (1) minute minimum. If the firing 
signal is not received within three (3) minutes of thermal 
battery activation, firing capacitors will be discharged 
through leak resistors, thus diminishing the voltage below 
the firing level. 

5) A special 3 pulsed encoded firing signal is required to fire 
the end detonating cartridge. 

If the Explosive Package is not detonated within the two hour safe/arm 
slide firing window, the slide will move to the resafe position thus 
activating the switch to reapply the short across the end detonating 
cartridge. 

7. 2 VerHication of Safe/Arm Slide Safety Feature 

The Naval Ordnance Laboratory, White Oak, Md, has conducted tests 
to vr rify that detonation of the EDC whil' it is in the Safe or Resafe 
posiiion will not cause the Explosive Package to detonate. 

The ".:est setup is shown in Figure 7. 1. The tests performed are as 
follows. 

* t = 90, 91, 92, and 93 hours after removal of pull pins. 
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1) Varicomp Safety Tests 

The Lead contained PETN, Interface No. 1, was 0. 0 inch gap. 
Six shots were made in the Safe position; two shots were made 
in the Resafe position. In all test shots the detonation did not 
propagate through explosive train. 

2) Design Safety Tests 

The Lead contained HNS-IIA, Interface No. 1, was O. 0 inch 
gap. Six shots were made in the safe position; four shots 
were made in the resafe position. In all test shots the deto­
nation did not propagate through the explosive train. 

3) Lead Misalignment Safety Tests 

Two shots were made with the attenuator in the slide 0.100 
inch off center and two shots were made with the attenuator 
in the slide o. 200 inch off center. In all test shots the deto­
nation did not propagate through the explosive train. 

4) Further Design Safety Tests 

On September 16, 1971 at the Nav:-J Ordnance Laboratory, 
a demonstration of the Safe/ Arm Slide Safety Test was 
conducted using 1/8 lb. and 6 lb. Housing and Charge 
Assemblies. Both of these tests failed in that the EDC 
charge coined the Safe/ Arm Slide although detonation of 
the HNS high explosive did not occur. Failure was 
attributed to the lack of heat treatment to the slides. 
It was determined that heat treated slides would be used 
for Prototype but that heat treatment was not enough of 
a safety factor for Qual/Flight so the design of the slide 
was modified to incorporate a radi.us rather than a sharp 
corner in the RTV filled safety bore. 

During the week ending September 26, three unradiused 
slides were sent to NOL, two were heat treated, the third 
was not. The unheat-treated slide failed during test in that 
the slide coined. The heat treated slides did not fail. This 
test confirmed that the lack of heat treatment was a contri­
buting factor to the Safe/ Arm Slide failure. 
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4) Continued 

On October 11, 1971 six additional slides, which were heat 
treated but unradiused were sent to NOL for test. The first 
four were tested by firing at room temperature. This deto­
nation did net coin the slide. The two remaining slides were 
tested at 200°F. The detonation coined through the first of 
these two slides resulting in the suspension of testing pending 
further analysis. As a result of this failure all prototype, 
qualification and flight slides were to be both radiused and 
heat treated. The prototype unradiused slides were destroyed 
with Qual/Flight slides used as replacements and the rebuilding 
of new color coded Qual/Flight slides initiated. 

Two of the radiused, heat treated original Qual/Flight slides 
were shipped on November 5,to NOL. Conclusive testing was 
conducted verifying that the radiused and heat treated Safe/ Arm 
slides will contain the inadvertent detonation of an EDC while in 
the safe and resafe position. 
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