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1. 0 INTRODUCTION & SCOPE 

This Detailed System Hazard Analysis Report consists of two major 
sections; (1) The Detailed Fault Hazard Analysis and (2) The Fault Tree 
Logic Diagrams which evaluate the hazard potential of the LSP explosives 
during the full scope of t.he mission phases of installation, launch, flight, 
and lunar stay. 

1. 1 Summary and Conclusion 

The Fault Hazard Analysis reveals three single point failure modes 
which are considered catastrophic or critical as defined in paragraph 3. 3. These 
modes of failures are all related to premature or uncontrolled detonation of the 
main explosive charges. The probability of occurrence of such an event is 
extremely minute due to the nature of the HNS explosive. 

The Fault Tree Logic diagrams reveal 49 independent events (basic 
faults) which could occur during the four operational phases on a direct path 
(through "or" gates) to the undesired top event of inadvertant explosion.· 
However, 33 of these events are related to environmental instability which 
would require conditions well in excess of the design environmental limits to 
which the LSP explosives are to be subjected. An ad~t~l 11 events are 
sympathetic responses to an external explosion, which can be minimized by 
procedural means during handling and installation. These must be considered 
insignificant secondary hazards in the flight and lunar stay phases of the mission 
as the primary explosion would already have caused a catastrophic situation. 
Of the remaining five events, three are the result of detonation of the EDC by 
static electricity, which has been minimized through deaign f.;atures; i.e., 
grounded and shielded cables and the safe-arm slide ground switch. Two are 
the result of EMI, a problem which has been investigated and reported on in 
Bendix document ATM-1004 and which defines the requirements for a test to 
be conducted to assure the hazard is non-existetll. 

The hazardous limits of the basic events for high temperature, shock, 
and propellant degradation have not yet been defined. Preliminary eva1uation 
shows that HNS becomes less sensitive with respect to time and autoignites at 
temperatures of approximately 600°F, but does detonate. These events may be 
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deleted or have an output from an "and" gate as combinations may result in 
hazardous effects; however, they will remain as a worst case analysis until 
substantiated data dictates the changes. 

1. 2 Assumptions and Considerations 

The following assumptions have been utilized in the preparation of this 
report. 

• 

All basic fault erents are independent of each other. 

The system is composed of functional elements which are 
either operating properly, or are in a failed state. 

The system may be represented in logic form as related 
combinations of possible fault event sequences, normal 
sequences of system operation and human factors. 

An event resulting from four or more events below an 
"and" gate need not be shown on the Fault Tree Analysis. 

2. 0 APPLICABLE DOCUMENTS 

The following documents have been referred to in the preparation 
of this report. 

2.1 References 

BxA ALSEP-LS-10 
6 April 1971 

System Safety Plan for ALSEP 
Flight Array E Lunar Seismic 
Profiling Experiment Subsystem 

Boeing D2-118195-l 
25 July 1968 

BxA ATM 976 

Guidelines for Apollo Spacecraft 
Logic Diagram Analysis 

Failure Mode, Effects and 
Criticality Analysis LSPE ALSEP 
Array E 
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3. 0 DETAILED FAULT HAZARD ANALYSIS 

3.1 Introduction 

This section presents an analysis of failure modes of the equipment 
within the ALSEP Array E, and their hazardous effects upon personnel and 
adjacent equipments during the mission pha~e~sof installation, launch, flight 
and lunar stay. The analysis is based pri y on the Failure Mode, Effect 
and Criticality Analysis (BxA ATM-976) and1he Block Diagram of the Explo
sive Package as shown in Figure 1. The analysis has not considered failures 
modes of piece parts within the electronic packages 'because of the multiple 
redundant safety features within the system which will not allow any single 
electronic failure mode to result in a hazard. However, wb.ea pertinent, 
this ki11d of failure mode has been incorporated in the fault tree. Wider "and" 
gate Number 9. 

3. 2 Philosophy 

The Fault Hazard Analysis is a systematic, hazard-identifying, analytical 
tool which requires a detailed investigation of the system to determine component 
failure modes, various causes of failures, and resultant effects or the safety of 
the system. The analysis 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 asso
ciated with the system logic, serves as the basic fault input to the Fault Tree 
Analysis of Section 4. 0. 

3. 3 Fault Hazard Analysis Form Explanation 

Item 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 ways in which the item 
may fail and the effect of the failure on the system. 

Hazard Effect - A brief description of the safety hazards asso
ciated with the failure mode. 
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Method of Detection - trfeans in which the failure mode may 
be. tleteeted ih order to correct the failure and 
avoid the hazard. 

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

Crew Reaction Time - The time period beginning with 
initiation of the hazard and ending with removal 
of the hazard from the system. In this analysis 
N/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 sub
system 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 sub
system failure or component malfunction will degrade system 
performance but which can be counteracted or controlled without 
major damage or any injury to personnel. 

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

Mission Phase -

A) Installation - The period of time beginni:rg 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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C) Flight - The period of time beginning with escape tower 
separation and ending with lunar touchdown. 

D) Lunar Stay - The period of time beginning with lunar 
touchdown and ending with lunar lift-off. 

4. 0 FAULT TREE ANALYSIS 

4. 1 Introduction 

This section presents a graphic display of essentially all combinations 
of malfunctions of the ALSEP Array E which will logically lead to a crew 
fatality or incapacitating injury. It conforms to the methodology established 
by the B.oeing Company in DZ-1118195-1, "Guidelines for Apollo Spacecraft 
Logic Diagram Analysis" for consistency within the Apollo Program. 

4. 2 Philosophy 

The Fault Tree Analysis (Figures Za through Zh) is a logical combination 
of functional fault events which can lead a path to a top undesired event or. 
potential hazard. Each of the contributing fault events are further analyzed 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. 

4. 3 Logic Definitions and Symbols 

4. 3. 1 Events 

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

b. The symbols used to represente the various events are: 
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Gates 

1. An event, (usually a fault or malcondition) resulting 
from multiple input events through 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, arising from the failure of 
a basic hardware component; i.e., a basic fault 
event that requires no further development. 

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

4. An event which describes a conditional input to any 
Gate. It defines the state of the system that permits 
or prevenh occurrence of a fault. The condition rna y 
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 frotft the top. In this manner, all event sequences 
move upward through the branches toward the top of the 
fault tree. 
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b. The symbols used to represent the various gates are: 

4. 3. 3 

1. "AND" 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. 

Output 

Two or more inputs 

Transfer Symbols 

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

b. The location to which the sequence of events are 
transferred is denoted as follows: 
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C·FLIGHT 
D·LUNARSTAY 

CREW HAZARD 

CORRECTIVE ACTION REACTION 
CLASSIFI 

:TEI.JINO. PART/COMPONENT FAILURE MODE HAZARD EFFECT METHOD OF DETECTION 
TIME FMECANo,l AND EFFECT 

(T/ CAnON 

I. Safe Ann Slide Timer 
Aso;y. (Timer No, I) 

1.1 Watch Movement 
Subassembly 

.I.l(Al) "0"-Ring Nz leakage resulting A)B)C) None; Pull pins are not A)B)C) None A)B)C)D) None required N/A j.A)B)C)D) in timer beat rate removed and watch movements 
Negligible increase do not operate during these 

phases, 

D) None; This condit~on is not D) None 
considered critical as beat 
rate increase is insufficient to 
result in a safety problem 
during the lunar stay (see 
Bendix Report ATM-1038), 

.l.Z(Bl) lst Pinion Gear Tooth strippage A)B)C)D) None; the failure modE A)B)C)D) None A)B)C)D) None required N/A A)B)C)D) resulting in loss of relates to winding of the watch 
energy to the watch movement which must be succe1 s- Negligible 
main spring. fully accomplished prior to A), ; 

1.1, 3(BZ) Wheel Crown Gear Tooth strippage A)B)C)D) None; Same as 1.1. Z A)B)C)D) None A)B)C)D) None required N/A IA)B)C)D) resulting in loss of 
t'iegligible energy to the main 

I'· I. 4(B3) 

spring, 

First Wheel Gear Teeth strippage A)B)C)D) None; Same as l,l,Z A)B )C) D) None A)B)C)D) None required N/A A)B)C)D) resulting in loss of 
Negligible energy to the main 

spring, 
' I 

Watch Mainspring Structural failure A)B)C)D) None; Same as 1,1, Z A)B)C)D) None 
N/A 

il.l, 5(B4) 
A)B)C)D) None required A)B)C)D) I resulting in loss of 

Negligible I capability to store 

I energy, 

I 
i 
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I D-LUNARSTAV 

CREW HAZARD 

:TEf;!NO. PART/COMPONENT FAILURE MODE HAZARD EFFECT METHOD OF DETECTION CORRECTIVE ACTION 
REACTION 

CLASSIFI 
TIME 

FMECA II) AND EFFECT lr) CATION 

1.1. 6(BS) Winding Wheel Teeth strippage A)B)C)D) None; Same as 1.1. 2 A)B)C)D) None A)B)C)D) None required N/A A)B)C)D) 
resulting in loss of Negligible 
energy transmission 
to the mainspring. 

1.Z(C) Control Subassembly 

1. Z.l(C1) 0-Rings Leakage allows oil A)B)C)D) None; fail•safe A)B)C)D) None A)B)C)D) None required N/A A)B)C)D) 
(Synla-Viscolube) to ~egligible 
evaporate which pro-

I vides increased fric- I 

tion in the escapement 
resulting in timer 
stoppage. 

1. Z.Z(CZ) Pawl Tooth shear resulting A)B)C) None; Same as 1.1.1 A)B)C) None A)B)C)D) None required N/A A)B)C)D) 
in rapid drum move-

D) None; Rapid timer move- D) Condition may be observed 
Negligible 

ment speed-up. 
ment will allow safe arm plate on the Safe/ Arm indicator. 
to travel to the resafe position 
prior to the activation of the 
thermal battery. 

l, 2. 3(C3) Link Breakage resulting 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)~ 
in timer stoppage 

D) None; Timer stoppage Negligible 

results in a 1ail-safe condition, 

1. z. 4(C4) Coupling Drive. Breakage resulting 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) 
in timer stoppage 

D) None; Same as 1. z. 3 Negligible 

j1. Z. S(CS) Actuator Clock Shear or binding A)B)C) None; Same as 1,1. Z A)B)C)D) None A)B)C)D) None required N/A A)B)C)D) 
I resulting in timer D) None; Same as 1, z. 3 Negligible J 
I unable to start 

11.2. 6(C6) Stem Control Binding resulting in A)B)C) None; Same as 1.1. 2 A)B)C)D) None A)B)C)D) None required N/A A)B)C)D) 
timer unable to start D) None, Same as 1. z. 3 f'legligible 

I 
I 
I 
L --------- ··-----
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CREW HAZARD 
HAZARD EFFECT METHOD OF DETECTION CORRECTIVE ACTION REACTION 

CLASSIFI 
:TEMNO. PART/COMPONENT FAILURE MODE 

TIME FMECA #) AND EFFECT 
(T) CATION 

,3(D) Timer Subassembly 

• 3,l(Dl) Timing Gear Teeth strippage result A)B)C) None; Same as 1,1,1 A)B)C)D) None A)B)Q D) None required N/A A)B)C)D) ing in rapid movement 
D) None; Worst case rapid Negligible of drum 
timer movement will cause the 
Safe Arm Plate to travel to 
the resafe position prior to the 
activation of the thermal 
battery, 

,3,2.(D2.) Drum Mainspring 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 energy 
.D) None; Same as l, 2., 3 Negligible loss and timer 

stoppage 

, 3, 3(D3) Pull Ring No, 1 Structural failure A)B)C) None; Premature A) Visual A)B)C)D) None required N/A A)B)C)D) Retainer resulting in possible starting of timer would release 
B)C) None Negligible inadvertent loss of pull the Arming Pin; however. Safe 

ring #1 and premature Arm Plate would be held in the 
starting of timer safe position with the Pull Ring 

No, 2., 

D) None; Premature time out & 
release of arming pin as 

D) Inability to remove Pin #2. 

described above would cause 
Safe/ Arm Slide to lock up 
Pin #2. and prevent its removal 

1. 3. 4 Escapement Wheel 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) i Shaft resulting in timer 
D) None; Worst case rapid Neglibible 

I 
(Note: Added by BxA speed-up l 
System Safety) movement will cause the Safe I 

Arm Plate to travel to the 

I resafe position prior,to the 
activation of the thermal 

I battery 

I 
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C-FLIGHT 
D-LUNARSTAV 

CREW HAZARD 
METHOD OF DETECTION CORRECTIVE ACTION REACTION 

CLASSIFI 
!TEfJINO. PART/COMPONENT FAILURE MODE HAZARD EFFECT 

nME FMECA II) AND EFFECT 
IT) CAnON 

1,4(E) Base Mounting 
(Arming and Safing 
Pin) Subassembly 

1, 4.l(El) Arming Pin Structural failure A)B)C) None; Safe/Arm Plate A)B)C) None A)B)C)D) None required N/A A)B)QD) resulting in lock-up is held in the safe position 
Negligible of arming pin with Pull Ring Pin No. z. 

D) None; Lock-up of the Pull D) Pull Ring Pin liZ cannot 
Ring Pin #Z by the Safe Arm be removed 
Plate will not allow Pull Ring 
Pin liZ to be removed 

.4. Z(EZ) Safing 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 could Negligible mature movement of 
never be in the armed position the Safe Arm Plate to 

the resafe position 

,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) resulting in the Armi~ 
Pin to retract D) Pull Ring Pin 112 cannot 

be removed 
D) Same as 1. 4, 1 Negligible 

,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)D) None required N/A fA)B)C)D) resulting in premature 
D) None; Same as 1. 4. Z ~egligible mew ement of the Safe 

Arm Plate to the 
resafe position 

l, 4, 5(E5) Arm Lock Lever 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 Armin! 
D) Pull Ring Pin #Z cannot Negligible Pin to retract 
be removed 

11. 4. 6(E6) 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 Armin1 
D) Pull Ring Pin liZ cannot ""egligible 

i 
Pin to retract 

be removed 

I 
l 
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0 ·LUNAR STAY 

CREW HAZARD 

FAILURE MODE HAZARD EFFECT METHOD OF DETECTION CORRECTIVE ACTION 
REACTION 

CLASSIFI :TEiol1~10. PART/COMPONENT TIME 
(FMECA II) AND EFFECT (T) CATION 

1, 4. 7(E7) Safing Pin Latch Struchrral failure A)B)C) None; Same as 1,1. 2 A)B)C)D) None A}B)Q D) None required N/A A)B}C)D) 
resulting in prematurE D) None;Same as 1, 4, 2 Negligible 
movement of the Safe 
Arm Plate to the 
resafe position 

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

1. s.l(Fll Pull Pin Structural failure A)B)C) None; Same as 1,1.2 A)B)C) None A}B}C)D) None required N/A A)B)C)D) 
results in the inability 

D) None; Safe Arm Plate can- D) Visual examination of the 
Negligible 

to start timer 
not move to the armed position Pull Pin Subassembly 

1. 5. Z(F2) Sleeve Binding resulting in A)B)C) None; Same as 1.1.2 A)B)C) None A)B)C)D) None required N/A A)B)C)P) 
the inability to start 

D) None; Safe Arm Plate D) Visual examination of the 
Negligible 

timer 
cannot move to the armed Pull Pin Subassembly 
position 

1, 5. 3(F3) Shear Pin Shear pin fails after A)B)C) None; Same as 1,1, 2 A)B)C)D) None A)B)C)D) None required N/A A)B)C)D) 
(/124 AWG Buss Wire) Pull (Safety) Pin has 

D) None; Timer is allowed to Negligible 
pulled clear of the 
drum start although unknown to 

crew member. Crew member 

I 
may decide not to remove Pull 
Pins No. 2 & 3 on an operative 

lz.o 

system. 

Safe Arm Slide 
; Assembly 
' I 
lz.l Pull Ring Pin No. 2 Structural failure re- A)B)C) None; Pull Ring Pins A)B)C) None A)B)C)D) None required N/A A)B)C)D) 
I sulting in an inopera- are not removed during these Negligible 

I 
tive slide (Note: Inad-
vertent loss of pin has D) None; Safe Arm Plate canno1 D) Visual inspection of Pull 

not been considered as move to the armed position Ring Pin 

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

l 70°CCW turn in order 
I to enable pin removal.) 

l 
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I CREW HAZARD 

FAILURE MODE HAZARD EFFECT METHOD OF DETECTION CORRECTIVE ACTION 
REACTION 

CLASSIFI !TEfiHJO. PART/COMPONENT TIME 
FMECA II) AND EFFECT (TJ CATION 

z.z Safe Arm Plate Binding resulting in 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) 
the ·loss of capability D) None; Safe Arm plate will Negligible 
of the slide to move not move to the armed positior 
to the armed position 

z. 3 Booster Charge Premature Detonation A) Booster will detonate the A) None A) None available A) Zero A) Cata-
(Note: Although the H. E. charge, resulting in strophic 
nature of HNS-1 is probable fatality to personnel 
extremely insensitive and sever damage to adjacent 
and the probability of major subsystems 
a premature detona-

B)C) Booster will detonate the B)C) Possible sensing from B)C) Mission abort B)C) Wors B)C) tion is very remote, 
this failure mode is H. E. charge resulting in I. U~ or during visual inspec- Case woulc Critical 

being considered fron probable catastrophic damage tion of the LM be prior to 

an analytical viewpoilt to the LM lunar land 

The failure mecha- ing and 

nisms which could could be 

cause the failure mod <1 minute 

are unknown at this D) Booster will detonate the D) None D) None available D) Zero D) Cata-
time). H. E. charge & expose LM & strophic 

crew to a potentially catastro-
phic hazard 

Z.4 Slide Spring Structural failure A)B)C)D) None; Same as z. 2 A)B)O)D) None A)B)C)D) None required N/A A)B)C)D) 
resulting in the loss Negligible 
of capability of the 
slide to move to the 

! 
armed position 

i ,3.0 Thermal Battery 
! Timer Assembly 
i (Timer No. Z) 

I 
I 

I 
---

I 
I 

! 
i 
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CREW HAZARD 
FAILURE MODE HAZARD EFFECT METHOD OF DETECTION CORRECTIVE ACTION REACTION 

CLASSIFI 
!TEIJINO. PART/COMPONENT 

TIME (FMECA II AND EFFECT 
ITI CATION 

3,l(A&B) Watch Movement 
Subassembly 

3,l,l(Al) 0-Ring Leakage resulting in A)B)C) None; Pull pins are not A)B)C)D) None A)B)C)D) None required N/A A)B)C)D) timer beat rate speed removed and watch movements 
Negligible up do not operate during these 

phases, 

D) None; This condition is not 
considered critical as beat rat• 
increase is insufficient to 
result in a safety problem 
during the lunar stay (see Ben-
dix Report ATM-1038), 

3,1, Z(Bl) First Pinion Gear tooth strippage A)B)C)D) None; Same as 1,1, Z A)B)C)D) None A)B)C)D) None required N/A A)B)C)D) resulting in loss of 
Negligible energy to the watch 

mainspring 

3, l, 3(BZ) Crown Wheel Gear tooth strippage A)B)C)D) None; Same as 1.1. Z A)B)C)D) None A)B)C)D) None required N/A A)B)C)D) resulting in loss of 
Negligible energy to the main-

spring 

3,1, 4(B3) First Wheel Gear teeth strippage A)B)C)D) None; Same as 1,1, 2 A)B)C)D) None A)B)C)D) None required N/A iA)B)C)D) resulting in loss of 
jNegligible energy to the main-

I 
spring 

1 3,1, 5(B4) Watch Mainspring Structural failure A)B)C)D) None; Same as 1,1,2 A)B)C)D) None A)B)C)D) None required N/A IA>B)C)D) i resulting in loss of 
!Negligible 

I 

13,1, 6(B5) 

capability to store 
energy 

Winding Wheel Teeth strippage result A)B)C)D) None; Same as 1.1. Z A)B)C)D) None A)B)C)D) None required N/A A)B)C)D) ' ing in loss of energy 
!Negligible transmission to the 

mainspring 

~-
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CREW HAZARD 
HAZARD EFFECT METHOD OF DETECTION CORRECTIVE ACTION REACTION 

CLASSIFI 
:TEf;JNO. PART/COMPONENT FAILURE MODE 

TIME (FMECA #) AND EFFECT 
IT) CAnON 

3.Z(C) Control Subassembly 

3. Z.l(Cl) 0-Rings Leakage allows oil A)B)C)D) None; Same as 1.1. Z A)B)C)D) None A)B)C)D) None required N/A A)B)C)D) (Synta-Viscolube) 
Negligible to evaporate which 

provides increased 
friction in the escape-
ment resulting in 
timer stoppage 

3. z.z(CZ) Pawl Tooth shear resulting A)B)C) None; Same as 1.1. Z A)B)C)D) None A)B)C)D) None required N/A A)B)C)D) in rapid drum move-
D) None; Rapid timer move- Negligible ment speed-up 
ment will allow premature 
Thermal battery activation; 
however, Timer No. 1 would 
not allow the Safe Arm Plate 
to be in the armed position 
prematurely and EDC will not 
have received a firing pulse 
prematurely. 

,3. z. 3(C3) ,Link Breakage resulting A)B)C) None; Same as 1.1. Z A)B)C)D) None A)B)C)D) None required N/A A)B)C)D) in timer stoppage 
D) None; Same as 1. z. 3 Negligible ! 

I 
i3• z. 4(C4) Coupling Drive Breakage resulting A)B)C) None; Same as l.l.Z A)B)C)D) None A)B)C)D) None required N/A A)BC)D) i in timer stoppage 

D) None; Same as 1. z. 3 Negligible i 
13. z. S(CS) Actuator Clock Shear or Binding A)B)C) None; Same as l.l.Z A)B)C)D) None A)B)C)D) None required N/A A)B)C)D) resulting in timer 

D) None; Same as 1. z. 3 Negligible l unable to start 

b.z.6(C6) Stem Control Binding resulting in A)B)C) None; Same as 1.1. Z A)B)C)D) None A)~ C)D) None required N/A A)B)C)D) i timer unable to start 
D) None; Same as 1. z. 3 Negligible 

I 

: 
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CREW HAZARD 
!TEfiiNO. PART/COMPONENT FAILURE MODE HAZARD EFFECT METHOD OF DETECTION CORRECTIVE ACTION REACTION 

CLASSIFI (FMECAII) AND EFFECT TIME 
(T) CATION 

3. 3(D) Timer Subassembly 

3. 3.l(Dl) Timing Gear Teeth strippage re- 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)Il) 
sulting in rapid 

D) None; Same as 1. 3.1 Negligible 
movement of the drun 

3. 3. 2(DZ) Drum Mainspring Structural failure A)B)C) None; Same as 1.1. 2 A)B)C)D) None A)B)C)D) None required N/A A)B)C)D) 
resulting in energy 

D) None; Same as 1. 2. 3 Negligible 
loss and timer 
stoppage 

3. 3. 3(D3) Pull Ring No. 3 Structural failure A)B)C) None; Premature A) Visual A)B)C)D) None required N/A A)B)C)D) Retainer Spring Clip resulting in possible starting of the timer would 
B)C) None Negligible inadvertent loss of th allow the Thermal Battery 

timer No. 2 Pull Pin Firing Pin Mechanism to be 
and prematurely activated. However, the 
ll!tarting the timer Safety Pin between the Firing 

Pin Mechanism and the Ther-
mal Battery would not allow 
activation of the Thermal 
Battery. 

D) None; Firing Pin would D) Visual 
lock-up on its pull pin result-
ing in the inability to release 
the complete Pull Ring No. 3 
Subassembly 

3.4(E) Base Mounting 
(Firing Pin Mecha-

I 
I 

nism Subassembly) 
I 
j3. 4.l(El) Firing Pin Body Binding resulting in A)B)C) None; Pull Ring Pin A)B)C)D) None A)B)C)D) None required N/A A)B)C)D) 

I 
the inability to acti- /13 is not pulled during these 

Negligible vate the Thermal phases and firing pin is not 
Battery allowed to activate Thermal 

I 
Battery 

D) None; Thermal Battery 
cannot be activated 

I 
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CREW HAZARD : 
FAILURE MODE HAZARD EFFECT METHOD OF DETECTION CORRECTIVE ACTION REACTION 

CLASSIFI 
:TEM~JO. PART/COMPONENT 

TIME (FMECA #) AND EFFECT 
IT) CATION 

3, 4. Z(EZ) Firing Pin Tip Structural failure A)B)C)D) None; Same as 3, 4,1 A)B)C)D) None A)B)C)D) None required N/A A)B)C)D) resulting in the in-
Negligible 

ability to activate the 
Thermal Battery 

3,4, 3(E3) Firing Pin Spring Structural failure A)B)C)D) None; Same as 3. 4.1 A)B)C)D) None A)B)C)D) None required N/A A)B)C)D) resulting in loss of 
Negligible spring force and the 

inability to activate 
the thermal battery 

3,4,4(E4) Thermal Battery A) Open failure A)B)C) None; Same as 3. 4.1 A)B)C)D) None A)B)C)D) None required N/A A)B)C)D) Switch resulting in the in-
D) None; EDC cannot be Negligible ability of the Thermal 

Battery to charge the detonated 

Signal Processor and 
Firing Pulse Genera-
tor 

B) Closed failure A)B)C)D) None; Thermal A)B)C)D) None A)B)C)D) None required N/A A)B)C)D) resulting in the abilit' Battery cannot be activated 
Negligible of the Battery to until the Firing Pin Mechanisrr 

charge the Signal has been fired, This would 
Processor and Firing result in multiple failures for 
Pule e Generator this condition to be a hazard 

3, 4, 5(E5) Switch Actuator B"'nding resulting in A)B)C)D) None; Same as A)B)C)D) None A)B)C)D) None required N/A A)B)C)D) the inability to allow 3,4,4A 
Negligible the Thermal Battery 

Switch to close 

3,4, 6(E6) Switch Actuator Pin Structural failure A)B)C)D) None; Same as A)B)C)D) None A)B)C)D) None required N/A A)B)C)~ resulting in the inabil 3,4, 4A 
Negligible 

I ity to allow the Ther-
mal Battery Switch to 
close 

I 
I 
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CREW HAZARD 

PART/COMPONENT FAILURE MODE HAZARD EFFECT METHOD OF DETECTION CORRECTIVE ACTION 
REACTION 

CLASSIFI lTEIJINO. 
TIME 

(FMECAII) AND EFFECT ITI CATION 

3, 4, 7(E7) Firing Pin Lock Structural failure A)B)C) None; Pull Ring Pin A)B)C) None A)B)C)D) None required N/A A)B)CJD) 
resulting in lock-up No, 3 is not removed during Negligible 
of the Pull Ring Pin these phases and Firing Pin 
No, 3 will be locked up on the 

firing pin safety pin 

D) None; Firing Pin will lock- D) Visual 
up Pull Ring Pin resulting in 
the inability to release the 
complete Pull Ring No, 3 
Subassembly 

3,4, 8(E8) Firing Pin Latch Structural failure A)B)C)D) None; Same as A)B)C)D) None A)B)C)D) None required N/A A)B)C)D) 
resulting in prematur 3,4,7 Negligible 
release of the Firing 
Pin 

3,4,9(E9) Latch Shaft Dowel Structural failure A)B)C)D) None; Same as A)B)C)D) None A)B)C)D) None required N/A A)B)C)D) 
Pin resulting in prematur 3, 4. 7 Negligible 

release of the Firing 
Pin 

3, 5(F) Pull Ring Pin (Timer) 
No, 3 Subassembly 

3, 5.l(Fl) Pull Pin Structural failure A)B)C) None; Same as 1.1. Z A)B)C) None A)B)C)D) None required N/A A)B)C)D) 
(Timer Mechanism) resulting in the 

D) None; Timer cannot operate D) Visual examination of the 
Negligible 

inability to start the 

! Thermal Battery resulting in a fail-safe Pull Pin Subassembly 

Timer condition 
I 
I 

' 
l3, 5,Z{FZ) Sleeve Binding resulting in A)B)C)D) None; Same as 3, 5,1 A)B)C) None A)B)C)D) None required N/A A)B)C)D) 
I Pull Pin remaining in Negligible I D) Visual examination of the 

l 
position and the inabil 
ity to start the Therm 1 Pull Pin Subassembly 

Battery Timer 

I 
I 
I -- ----- ---~- ----- ------------------------- --
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CREW HAZARD 
!TEMND. PART/COMPONENT FAILURE MODE HAZARD EFFECT METHOD OF DETECTION CORRECTIVE ACTION REACTION 

CLASSIFI (FMECA II) AND EFFECT TIME 
lrl CATION 

3. 5. 3(F3) Shear Pin Shear Pin fails after A)B)C) None; Same as 1.1. Z A)B)C)D) None A)B)C)D) None required N/A !AJB)C)D) (1124 AWG Buss Wire) Pull (Safety) Pin has 
D) None; System is operating Negligible pulled sufficiently to 
correctly and safely; however, start the Timer 
crew member is unaware of 
this condition 

3.6(G) Pull Ring Pin (Firing 
Pin) No. 3 Subassem-
bly 

3. 6.l(Gl) Pull Pin Structural failure A)B)C)D) None; Same as 3. 5.1 A)B)C) None A)B)C)D) None required N/A A)B)C)D) resulting in the 
D) Visual examination of the Negligible inability to activate 
Pull Ring Subassembly the Thermal Battery 

3. 6. Z(GZ) Sleeve Binding resulting in A)B)C)D) None; Same as 3. 5.1 A)B)C) None A)B)C)D) None required N/A A)B)C)D) Pull Pin remaining in 
D) Visual examination of the Negligible position and the 
Pull Ring Subassembly inability to activate the 

Thermal Battery 

3. 6. 3(G3) Shear Pin Shear Pin fails after A)B)C) None; Same as 1.1.2 A)B)C)D) None A)B)C)D) None required N/A A)B)C)D) (1124 AWG Buss Wire) Pull (Safety) Pin has 
D) None; Same as 3. 5. 3 Negligible 

I pulled clear of Firing 
Pin 

I 
Thermal Battery Premature Voltage A)B)C)D) None; Voltage output A)B)C)D) None A)B)C) D) None required N/A A)B)C)D) 

,3. 7 
Subassembly output is stopped at the open contacts 

Negligible 
I of the Thermal Battery Timer l 

Switch; therefore, Z4VDC and I SVDC cannot be supplied to 
! the EDC and signal processor 

I 
I 

I 
t 

I 
! 
l 
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3. 8 

3,9 

PART/COMPONENT 

End Detonating Charg 
(EDC) Subassembly 

High Explosive (H.E. ) 
Charge Subassembly 
(HNS-II) 

FAILURE MODE 

AND EFFECT 
HAZARD EFFECT METHOD OF DETECTION 

Premature DetonatioJ A)· Possible severe injury to I A) None 
(Although the HNS-1 personnel while handling 
is extremely insensi- . · 1 
. d th b b'li B)C) None: the Safe Arm Shde B)C) None hve an e pro a 1 . . . . 
f t d t w11l rema~n 1n the safe pos1-o a prema ure e ona• 
. . t t ion and detonation of the EDC hon 1s very remo e, . 

(thou h Lead Azide is alone is not con81dered suf-

1 t~ 1 . ficient to be destructive to re a 1ve y more sens1 . . 
t ive to shock and adJacent eqwpment. 

static electricity) this D) Possible damage to the I D) None 
failure mode is being crew members' life support 
considered from an equipment (worst case during 
analytical viewpoint, LSP deployment) resulting in 
The failure mecha-1 crew member(s) fatality 
nisms which could 
cause the failure 
mode are unknown at 
this time,) 

Premature detonation 
(Note: Although the 
nature of HNS-ll is 
extremely insensitive 
and the probability of 
a premature detonatio: 
is very remote, this 
failure mode is being 
considered from an 
analytical viewpoint 
and the failure mecha 
nisms which could 
cause the failure modt 
are unknown at this 
time.) 

A) High explosive detonation 
would result in probable fatal
ity to personnel and possibly 
damage adjacent equipment 

B)C) High explosive detonation 
would result in probable sever 
damage to the LM 

D) High explosive detonation 
would result in catastrophic 
crew member fatality 

A) None 

~~ 
B)C) Possible sensing from 
the I. U. or during visual . 
LM inspection --.. 

D) None 

CORRECTIVE ACTION 

A) None available 

B)C) None required 

D) None available 

A) None available 

B)C) Mission abort 

D) None-available 

DATE 8-16-71 

PAGE __.U 

CREW 
REACTION 

TIME 
(T) 

Zero 

N/A 

N/A 

Zero= 

B)C) Worst 
case would 
be prior to 
lunar land-
ing and 
could be 
~ 1 minute 

D) Zero 

HAZARD 

CLASSIFI 

CATION 

A) Cata
strophic 

B)C) 
Negligible 

D) Cata
strophic 

lA) Cata-
strophic 

B)C) 
Critical 

ID) Cata-
strophic 
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*This event may not 
meet the conditional 
input. See ATM 1038. 

Timer No. I 
(Safe Arm Plate) 
Failure 

Detonation due to 
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Electrical 
Failure 

EDC Firing 
Pulse 

Received 

Figure 2e 

Timer No. 2 
Failure 
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