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1. 0 Introduction 

Presented herein are the Failure Mode, Effects and Criticality An­
alyses as performed on the Bendix supplied assemblies and compo­
nents of the Lunar Mass Spectrometer Experiment. Work Sheets 
in Appendix A are for BxA and work sheets in Appendix B are for 
UTD. 

2. 0 Applicable Documents 

2. 1 ATM 966, PARTS APPLICATION ANALYSIS, dated: 5/!5/71 

2. 2 ATM 605A, FAILURE R.t\TE DATA FOR ALSEP, dated 10/26/70. 

3. 0 Objectives 

3. 1 Establish the effects of the individual part failure modes on the op­
eration of the Mass Spectrometer. 

3. 2 Establish the probability of occurrence of each recorded part failure 
mode for the mission du?ation of two years. 

3. 3 Establish the most predominat part failure modes in terms of prob­
ability of occurrence. 

3. 4 Establish the Mass Spectrometer reliability from the point of view of 
Failure Mode, Effects and Criticality Analysis. 

4. 0 FMECA Methodology 

The FMECA was made by starting at the system level and expanding 
downward to the componE~nt level. The FMECA has been performed 
in the manner shown in the attached worksheets. This effort follows 
the steps described below: 

1. Identify: Name of System, end-item and subassembly; also identify 
subassembly drawing number and operating time of sub­
assembly for the duration of the ALSEP mission. 
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2. Enter in Column 1 the t~ference designator of the part whose 
failure modes and effects are considered. 

3. Enter in Column 2 the part failure mode considered, and its in­
cidence ratio "(a-)" in relation to all of the part's failure modes. 
This ratio is obtained from ATM 605A. 

4. Enter in Column 3 the effects of the failure mode on the sub­
assembly. This "effect" is described concisely in a most de­
scriptive and most recognizable statement. Ordinarily, it is 
best to enter here the "subassembly" failure mode; at times 
though, it is clearer to indicate what happens to a certain stage 
(i.e. , Ql cut off o:r .saturated, whereupon the output signal could 
be zero). 

5. Enter in Column 4 the effects of the subject failure mode on the 
end-item output functions. Wherever possible, quantitative data 
is entered here; where quantitative data is extremely difficult 
to arrive at, a concise qualitative statement is entered instead. 

6. Enter in Column 5 the failure mode probability of occurrence. 
This figure (aQ = a-X. t) is the product of the subassembly op­
erating time throughout the mission, the part generic failure rate 
obtained from the Parts Application Analysis (PAA) worksheets 
given in ATM 966, and the failure mode incidence ratio obtained 
from ATM 605 in Column 2. The part failure rate obtained from 
the PAA worksheets already reflects the part's duty cycle. 

7. Enter the criticality ranking in Column 6. (See Paragraph 4. 2) 

4. 1 Assumption 

The failure rates are taken from A TM 966 as stated in item 6 above with 
the exception of operations for relays and dust cover control circuits. 

4. 1. 1 Relay "~ 

The value of relay failu::::-e probability is based on the number of ex­
pected operations during the two year period. The number of 

.I 83 
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operations is 30 for all but the dust cover release relay which is 
50. The value of Q is given by: 

Q = • 01 x No. of Operations 

10
4 

Operations 

4. 1. 2 Dust Cover Release Circuits 

The time "t" for calculating the failure probability for all compo­
nents in the dust cover release circuits except the relays is given 
as 5 hours since this circuit will not be used after the dust cover 
is released. 

4. 2 Criticality Ranking,s 

The guide for the criticality rankings is given below: 

CRI -End-Item failure modes that totally disable the Mass Spectro­
meter. 

CR2 - End-Item failure modes that partially disable the Mass Spectro­
meter such as loss of some, but not all, data. 

CR3 - End-Item failure modes that have no adverse effect on the Mass 
Spectrometer but made data analysis difficult. 

CR4 - End-Item failure modes that have no effect on the Mass Spectro­
meter. These failures are all of the monitor type such as var­
ious currents and temperatures as well as some heaters. 

In addition, there are some failures which if they occurred would be 
difficult, if not impossible to determine. There would be no loss of 
data or functions. These failures are noted as "0". 

4. 3 Single Point Failure Sunurary 

Presented herein is the Single Point Failure Analysis Summary as 
performed in the Lunar Mass Spectrometer. A summary sheet 
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summarizes the total crid~ality for each assembly at each criticality 
level: criticality level 1 (CRI ), criticality level 2 (CR2), criticality 
level 3 (CR3), and criticality level 4 (CR4). Component parts for 
each assembly have also been criticality ranked. Criticality levels 
are further distinguished at high or low logic output levels. For each 
circuit the reliability for CRI is" 

_ -A 1 t 
RCRI - e 

where A 
1 
t is equal to the sum of the 11A t" in the criticality CRI. This 

ia the highest reliability value and is the reliability for the single point 
failures. Likewise the reliability number for CR2 is the sum of the 
!'At" for CRI and CR2; the reliability for CR3 is the sum of the "At" 
for CRl, CR2, and CR3 and for CR4 is the sum of the 11 A t" for CRI 
through CR4. Criticality 4 is the lower reliability since the total cir­
cuit must operate. The value of the reliability is given for each crit­
icality and each circuit for both BxA and UTD built circuits as detailed 
below: 

TABLE 1 is the single pobt failure summary for BxA circuits. 

TABLE IX is the single point failure summary for UTD circuits and 
the total for the experiment. 

TABLES II through VIII are the Single Point Failure Summary for each 
of BxA built circuits. TABLES X through XXII are UTD's SPFS. 

TABLE Xlll is the criticality summary for the command functions. 

4. 4 Circuit Operation 

4. 4. 1 The LMS consists crf a three channel mass count, each of. the three 
channels covering a different mass range. While meaningful data 
may be obtained from any one channel, the channels are not redun­
dant except for a small overlap between each adjacent channel. In 
addition housekeeping data such as instrument temperatures may 
be obtained. Unit failuref: are defined at outputs, not inputs. 

Only single failures are d5.scussed. Multiple failures necessary 
to cause a failure are a.low probability. 

" 

IBl 
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The values of "Q" discusi~d in the summary are based on the 
FMECA for UTD and BxA. These values may not agree with 
the information given in ATM-965 and ATM-966 since those Q 
values were based on a parts count only and do not include the 
effect of a. Each circuit is discussed below. 

4. 4. 2 Counting and Data Compression (FIGURE 1) 

5/15/71 

There are three separate channels. Failure of any one channel 
will not cause failure of either remaining channel. There is no 
redundancy within a given channel; therefore, each component will 
have a failure mode which will cause a loss of the total channel as 
reflected in the FMECA. The value of "Q'' x Io-5 is given in the 
summary. Each channel is rated as criticality two. There are 
5 single point failures. 

4. 4. 3 Command Decoder and Signal Condition~r (FIGURE 1) 

This circuit contains two functions, one is the command decoder. 
This circuit combinee the "6" command signals, in groups of two, 
to form the 15 functior.;, commands. Command "7" is an execute 
command for each of the 15 commands. Any unit in the command 
"7" circuit has a criticality of "1". Loss of this command will in­
hibit clearing the command register and executing the commands. 
Likewise, any element in the command register circuits, is given 
a criticality of "1" sin,~e each command signal is used at least once 
in a critical function. 

There is one capacitor on each board which is critical to all cir­
cuits. On the Command Decode and Signal Conditioner the ref­
erence designator is ' 1C

1
". This capacitor is across the +5 volt 

of D. C. line and is a decoupling capacitor. An open circuit n;tay 
cause O$Cillation of the digital circuit and a short circuit will cause 
a loss of the low voltage power supply output until the short is re­
moved. Change in capacitance value (± 25%) will not cause any degra­
dation. The fifteen co:mmand functions are listed in Table IV. This 
table indicates the criticality of each command in the "on" and "off" 
condition. 
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4.4.4 

• I 

The Signal Conditioner is a serializer for the three input channels 
as well as for the houselaeeping data. In these circuits, as in 
other circuits, an ou.tput of a unit may have one criticality in the one, 
"1 11

, state and another criticality in the "0" state. As an example, 
the housekeeping output if locked in a "1 11 will cause the loss of all 
housekeeping data, a criticality of 4; if locked in a "0" it will in-
hibit data from all three channels and is a criticality of 1. To deter­
mine the effect of ea~h output on the eight possible failure modes, a 
table was made up listing the outputs (down) and the failure modes 
(across). For each output the "1" state and "0" state was noted under 
the appropriate failure mode. These modes are given below with their 
criticality rating. 

Number Mode ---- Logic Criticality 

1 Loss of all Channels A'B'C' I 
2 Loss of two Channels A'B'C II 
3 Loss of two Channels A'B C II 
4 Loss of two Channels A B'C' II 
5 Loss of one Channel A'B C II 
6 Loss of one Channel A B'C II 
7 Loss of one Channel ABC' Il 
8 Loss of Housekeeping (HK)' IV 

A table describing each output by reference designator is given in . 
Table XXIV. There is no redundancy in this circuit since the failure 
probability is low and would not be improved by redundancy due to 
the added circuits. The effect of each component is reflected in 
the FMECA and the value of Q x 10- 5 is given in the single point fail­
ure summary. 

Low Voltage Power Supply (FIGURE 2) 

This circuit consists of a multivibrator controlled inverter, recti­
fier and filter outputs of -20, ±15, +!3, and +5 volt D. C., and three 
regulators with outpt:,ts of + 12, -12, and -15 volts. Loss of any of 
these outputs will cause a loss of the total experiment. 

There is a short circuit protection circuit which consists of a one­
shot. Excessive current in the primary circuit will cause this one 
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shot to trigger which in :atrn will remove the power from the multi­
vibrator for about one second period. The short circuit protection 
has a criticality of 1 for a failure that removes power from the os­
cillator and 4 for failure to remove power in an overload co:Q.dition. 
None of the circuitry is redundant. Failure of any component as 
indicated in the FMECA will cause total loss of the experiment. The 
value of Q x 10- 5 is sununarized in the single point failure summary. 
There is a time delay turn on for the L. V. P. S. This circuit eli­
minates a current spike when the power is initially applied to the 
L. V. P. S. The transformer in the power supply has a 2. 5 volt winding 
which, when power has reached a steady state condition, will saturate 
the turn on transistor. 

The solid state circuitry used to latch the relays for turn on and turn 
off of the H. V. P. S. s is located on this circuit. 

Electron Multiplier High Voltage Power Supply (FIGURE 2) 

This circuit consists of: 

1. An on/off D.P. D. T latching relay 
2. A voltage feedback for regulating the output voltage 
3. A redundant tuned circuit oscillator inverter 
4. A voltage multiplier filter 
5. A circuit to control the multiplier H. V. for high and low gain 

setting 
6. A short circuit protection , 
7. An output amplifier to housekeeping for voltage out monitor. 
If the elements in question fail such as'to inhibit the inverter, the 
failure mode is a criticality of "1 ". If the failure mode causes a loss 
of regulation, the mode is assigned a criticality of "2". Failures 
which cause the loss of housekeeping data are given a criticality of 114 11

• 

The rectifiers in the Yoltage multiplier are redundant to short circuits 
since each rectifier is capable of withstanding 1 KV -PIV. Of course, 
and open in one of these diodes causes a total failure of the high 
voltage and loss of experiment. 

Ion pump Hi-Voltage Power Sup.E.!y (FIGURE 2 ) 

This circuit consists of: 

.. 

183 
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1. An on/ off D.P. D. ~g latching relay 
2. A short circuit protection circuit 
3. A voltage regulator input 
4. A non-redundant oscillator/invertor 
5. A high voltage oscillator 
6. A log amp for monitor of the ion pump current (and pressure) 
7. A voltage monitor circuit. 

4. 4. 7 Control and Monitor (Figure 1) 

This circuit consists of three controls: 

1. Control of the bake out/ survival heaters: this circuit operates 
in the stand-by mode only and either bake out or the survival 
heaters will be on in stand-by. The criticality of this circuit 
is 4. 

z. Dust cover release control: this circuit consists of a one shot 
pulse generator which applies power to a heater. This circuit will 
be used once after deployment within 28 hours after turn on. The 
circuit has a criticality of 3 since failure of the circuit will cause 
data failure during lunar day. 

3. Backup Heater Control: this circuit is used to turn on a heater during 
lunar night operation should added power be needed. The criticality 
of this circuit is 4. 

4. 4. 8 Analyzer Assembly (Figure 5) 

The Analyzer Assembly consists of an Ion Source, and Ion Pu..-np, a 
Getter, a Magnet, three multiplier tubes, and a chamber assembly. The 
r~re gas enters the Ion Source and is ionized by a cross- stream bombardment 
of electrons. These ions are accelerated by an electric field created by the 
sweep hi-voltage. For any given point in the time- sweep curve, the energy 
o~ the ion is a constant for a single ionized atom irregardless of the mass. 
Assume an ion of mass "m '' has a charge "0" is accelerated through a voltage 
"V" in the "X" direction. A magnetic field "Bz" is applied perpendicular to 
the plane of motion (xy). This field is represented by "+" symbols •. 
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The particles will leave the slit in the Ion Source and enter the 
chamber with an energy "E" which is: 

E = VQ 

but the energy is also given by: 

• 

"2 
E=~ 

2 

where X is the velocity of the particle. Since the energy is constant, one 
can say: 

•2 • 
X a 1/ m or X a 1/ Vi:n 

The magnetic force due to a moving charge in a magnetic field acts 
on the ion at a right angle to its linear velocity causing the ion to move in a 
circular motion of radius "R". The radius is defined when the centrifugal 
force of the particle equals the magnetic force, or: 

•2 • 
m X I R = K, XQB z 
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Using the fact that the velocity is proportional to the square root of the 
mass of the ion, one can derive the radius "R" as ·being proportional to the 
square root of the mass or: 

R a Vm 

Therefore, one can conclude that the radius is a function of the voltage 
and mass. 

4. 4. 8. 1 Ion Source 

The Ion Solr ce consists of two filaments, one of which acts as an 
anode and the other (heated) acts as the cathode for the electron bombardment. 
The energy and number of these electrons are controlled by the emission 
control circuits. This total circuit acts as a positive pole for the ion accelerator. 
The Ions are accelerated to the slit in the chamber opening. Two plates, 
called "J" plates, are used to focus this beam on the slit. In the event that 
one filament should burn out, the other filament can be activated, by remote 
command, as the cathode and the burned out filament used as the anode. 

4. 4. 8. 2 Analyzer Chamber (Figure 5) 

The Chamber consists of the main chamber area which has permanent 
magnet mounted such that the magnetic field is perpendicular to the plane o£ 
motion for the ions. There are three slits.,. in back of which the multiplier 
tubes are mounted, which must be aligned accurately in order to have the 
correct data output. 

4. 4. 8. 3 Ion Pump 

This device is a cold cathode type of ionizing pump in which the gas 
atoms are ionized and trapped in an area of high magnetic field. The current 
generated by the ion flow in the pump will serve as a vacuum measurement; 
one of the most important functions of this device. 

4. 4. 8. 4 Getter 

This device is used to absorb gas atoms and thereby serves as a 
second unpowered vacuum pump. 
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4. 4. 8. 5 Multiplier Tubes 

This device consists of a tube with a number of grid elements 
mounted and evenly spaced along the tube. These elements, when 
machanically shocked, will emit electrons. Equal value resistors inter­
connect each element making an equal- potential distribution along the 
tube for acceleration purposes. The positive potential is applied to the 
anode, last grid, and the negative ground is connected to the first grid. 
When the ion impinges on the first element of these tubes, a small 
number of electrons are emitted from this element. These electrons are 
accelerated by a divided potential between the first and second element 
of the tube. Upon impinging with the second element, a secondary 
emission of electrons is given off which, in number, is greater than the 
first quantum of electrons. This process is repeated through repeated 
elements until the electrons are collected on the anode of the tube, hence the 
name "Electron Multiplier". This process allows a single charged ion to 
be multiplied, charge wise, to a measurable pulse. The number of 

··-

electrons collected on the anode, and the size of the pulse, is proportional to the 
energy of the ions; therefore, an ion accelerated by the low voltage end of 
the sweep will have lower output pulse amplitude and higher signal to noise 
ratios. 

4. 4. 9 Emission Control (Figure 8) 

The emission control circuits control the number of bombardment 
electrons used to single ionize the gas atom to be analysed. This is done by 
circuits which will: 

1. Supply a variable A. C. voltage for exciting the filament which 
is used as the cathode. 

z. Supply a fixed - 80 D. C. voltage to the cathode (heated filament~ 
and a fixed +45 D. C. voltage to the anode (unheated filament). 

3. Operate a variable D. C. ladder network to supply four different 
J-plate voltage ratios which when set, will be a fixed percentage 
of the sweep high voltage output. 
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The variable A. C. voltage is cofttroled by a fixed A. C. voltage in series with a 
variable inductance (magnetic amplifier) which in turn is controlled by a 
emission current sensing amplifier. There is also an op-amp output for 
Housekeeping monitoring of the emission current. It should be noted that 
this circuitry as well as the filaments are floating at the high negative sweep 
voltage potential. 

There are three modules and a motherboard which physically 
make up the emission control board. (See figure 3.) 

4. 4. 10 Program Sweep Hi- Voltage Power Supply (l'igure 10 ) 

This circuit produces the sweep high voltage which is used to 
accelerate the ions. The cil"cuit physically consists of a motherboard and five 
modules. The motherboard interconnects the circuits for the five 
modules and has the circuitry for the digital to analog programmed sweep. 
The digital circuitry is such that the output will sweep out a voltage which 
is exponetial with respect to time automatically, or can the manually 
stepped (exponetial) or can be locked at a given voltage. The exponetial 
voltage waveform in accomplished by counting first every fourth frame count, 
then every other count, and :finally every count. This digital count is fed into a 
D/A converter, the output of which will have an approximate exponetial 
waveform. This output is fed to the comparator in module 2. Module #3 
receives a fraction of the high voltage out and conditions it for the house­
keeping monitor and for the comparator in Module #2. When the sampled 
negative hi-voltage exceeds the D/A output, the switch in Module #5 
will turn off the inverter oscillator in Module #1. When the oscillator is turned off 
the hi-voltage will drift down. slowly (due to leakage) until the D/A output 
exceeds the hi-voltage sample from Module #3. At this point the switch in 
Module #5 will turn on the oscillator. In this way the hi-voltage will 
track the D/ A output function- wise. 

• 
Module #4 contains the multiplier and filter for the 1450 volt 

output. 
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4. 4. 11 Pre-Amp/Discrimator (tl~ure 6) 

NO. REV. MO. 

ATM 970 B 

PAGE 19 OF 183 

DATE 21 March 1972 

This circuit consists of three separate amplification circuits, one 
for each channel of Data. Also included is a calibration oscillator and pulse 
shaper. The oscillator is used once during each cycle to produce a known 
count in the counter. This count can be used to check the operation of the 
counting and data compres sian. A switching circuit is used to set the dis­
criminator level high or low. This level determines the height of the pulse 
necessary to pass the discriminator and allows the counts to go through but 
inhibits the noise level. 

The preamp has a high impedance FET input stage. The circuit has 
about 40 db of gain and has a pulse pair resolution of 500 nsec. The discrim­
inator has two levels of discrimination each 6 db apart. The output of the 
discriminator is fed into a one shot pulse shaper with an output of 150 ns and 
a 2. 5 volt minimum pulse height. 

5. 0 Conclusion 

As a result of the FMECA work sheet analysis and the SPFS, the 
following statements can be rna de: 

5. 1 The probability of the LMS working for 2 years with at least one 
channel of mass count data as minimum is . 978. (CR 1) 

5. 2 The probability of the LMS working for 2 years with at least all 
three channels of rna s s count data as a minimum is . 938. (CR2) 

5. 3 The probability of the IMS working for 2 years with at least all 
three channels of mass count and all functional variation of accumulating this 
count during both lunar day and lunar night is . 915. (CR3) 

5. 4 The probability ci the lMS working for 2 years without a single 
noticeable failure both in lunar day and lunar night is . 876. (This includes 
all housekeeping monitors and environmental controls.) (CR4) 

5. 5 In the addition of the multimode emission control circuitry (per 
Revision "B" ot this document), the increase in parts have affected the 
Reliability by less than 0. Olo/o. 



LMS Reliability 
FMECA and SPFS 
Contract No. NAS 9-5829 

NO. 

ATM 970 

PAGE 20 

REV. NO. 

B 

DATE 21 March 1972 

The probability of succes$, goal for the LMS for 2 years (. 90) 
has been met for CR 3 and is 96% of the goal for (CR4). 

6.0 Revisions 

6. 1 See page 174 for revision "A" change description, 

6. 2 The "B" revision includes the design change by UTD to include the 
multimode emis swn cop.t,~l circuit. This change effects the Em is sian 
Control assembly only. and oath circuits are electrically interchangeable. 
The change involves a redesign of the "J" Plate voltage control circuitry; 
the addition of a Quad mode ion source ionization voltage; and a new 
power transformer with different output voltage levels. The multi-
mode assembly (151-550) has one additional cordwood module. 

To update ATM-970A to the "B" Revision, pages 44 and 46 through 
51 have been revised to reflect the new SPFS. Pages 99 through 
119 (work sheets) have been replaced with pages 99 through 108. 
Pages 109 through 119 are now deleted. 
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SUMMARY OF SINGLE POINT F AlLURES FOR BXA CIRCUITS 

CIRCUIT PROBALITITY OF SUCCESS FOR: TABLE 
CRI CRII CRill CRlV 'NO: 

Counting and Data 0 9999467 0 9745231 0 9742673 0 9742673 II 
Compression 
(A, B, and C) 

Signal Condition 0 9958849 0 9947557 o9917915 0 9897481 III 
and Command 
Decoder 

Housekeeping • 9995367 0 9995367 0 9919044 .9814738 IV 
Multiplexer 

Low Voltage 0 9942753 • 9942753 0 9939349 • 9923856 v 
Power Supply 

Multiplier 0 9974734 • 9965394 • 9965394 • 9961556 VI 
H. Yo PoS. 

ION Pump HVPS • 9999946 • 9999946 • 9999946 • 9968490 VII 

Monitor & Control • 9999697 0 9998798 0 9998798 0 9984371 VIII 

TOTAL .98713'7 .959962 • 949219 .931192 
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1-2 
1-6 
1-8 
1-10 
1-12 
1-14 
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U3 f 
U4 i 
Ul4-8 f 
Ul4-!3 J 
Ul7-2 , 
Ul7-10 f 
Tl8-9 

ul9-9 f 
UZ0-13 ~~ 
UZ9-10 f 
U33-13 

U34-9 
U35-9 

- U36-13 
U45-2 

- U~S-10 
U48-Z 
U48-6 
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,'48-10 

U48-12 
U48-14 
U49-9 
U49-12 
US0-9 

e iSl-13 
f"c< ,~.460 .. 3 
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f 
l 
l 
t 
f . 
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I 

B 

us 
us 
us 
us 
us 
us 
U6 
U7 
us 
UIS 
UIS 
U21 
U21 
U22 
U23 
U24 
U30 
U37 

U38 
U39 

I U40 
U46 
U46 
U52 

U52 
U53 
U53 
US4 
uss 
U32 
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TABLE II 
SINGLE POIN .... FAILURE SUMMARY 

COUNTING AN~ DATA COMPRESSION 

c _._ ___ 
U9 
U9 
U9 
U9 
U9 
U9 
UIO 
Ull 
Ul2 
Ul6 
U16 
U2S 
U2S 
U26 
U27 
U28 
U31 
U41 

U42 
U43 
U44 
U47 
U47 
U56 

U56 
U57 
U57 
USB 
US9 
Ul3 

l 
! 

l 
l 
I 

' 

NOT 

( 

l 
l 
J 

I 
\ 

l 
\ 
! 
J 
t 
i 
! 
~ . 

CR2xl0-S 

S.84 
5.84 
S.84 
S.84 
S.84 
S.84 

36. 7S 
36. 7S 
36. 7S 
17.SO 
8. 75 

17.0S 
17.05 
36. 7S 
36.75 
36. 7S 
3S. 00 
36. 7S 

36. 7S 
36.75 
36.75 
17.05 
17. OS 
5.84 
5.84 
S.84 

USED 
S.84 
S.84 

17.SO 
17.50 
36. 7S 
36. 7S 
8.74 

CR3xl0-S 

8.7S 

I 
I 
l 
l 
i 
~ 
~ 

MO. 

·PAGE 22 Of- ·a. -
DATI! 2/4/71 

GR4xl0-S 

I 
~ 

' f 
I 
I 
j 

~ 

I 
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T ABIJE II (CONT. ) 
SINGLE POINT F~LURE SUMMARY 

COUNTING AND DAltA COMPRESSION 

MO. 

ATM-970 Rev. B 

DATE 2/4/71 

-·--~.-...· ~,.....,....". -t•·~·-·~'""""'._., .. ..,. ... -Jl.IY't.•.,._lll>'ll~.,........,..S f . • aa.=s••'t.r;. --~·-.~,..,_~~"Y'.•• .. v.-.'-•'.,.,.._.."' 

1.e£. Designator 
-1. 

U60-5 
u6o-8 
U60-14 
U61-3 

- U61-5 
- U61-8 

U61-14 
- U64-3 

U64-5 
tT64-8 
U64-14 
U65-3 
U65-6 
J65-13 
U66-9 
U67 -13 

Cj 
C2 

Jl-2 
Jl-27 
Jl-30 

l 
l 

B 

U32 

U32 
U62 

U62 
U68 

U68 
U69 
U69 
U69 
U70 
U71 

C3 
C4 

Jl-9 
Jl-26 
Jl-29 

' t 

I 
l 
j 

! 
j 

l 
; 
I 
' I 

I 
l 

' I . 
j 
l 
I 
l 

i 
l 
! 

c 

Ul3 

Ul3 
U63 

U63 
U72 I 
U72 
U73 
U73 
U73 
U74 
U75 

C5 i 
C6 

t 
Jl-11! 
Jl-2SJ 
Jl-28 

TOTAL PER CHANNEL 

S~BTOTAL ALL CHANNEL' 

C7 

TOTAL ALL CHANNELS 

CR.xl0- 5 CR2xl0- 5 CR3xl0- 5 CR4xl0- 5 

8.74 
8.74 
8.74 

NOT USED 
8. 74 
8.74 

NOT USED 
8.74 

NOT USED I 

t NOT USED 

I 8.74 
17.05 

I 

I 17.05 
I 17.05 
! 36.75 I 

I 36.75 

I .08 I 

.08 

1. 75 
1. 75 
1. 75 

869. 67 8. 75 

2, 609. 01 26. 25 

• 08 
5. 25 

5.33 2, 609. 01 26.25 



Ref. Designator 

Ul-Z 
Ul-6 
Ul-8 
Ul-10 
Ul-lZ 
Ul-14 
UZ-2 
UZ-6 
UZ-8 
UZ-10 
UZ-12 
UZ-14 
U3-9/8 
U3-12/13 
U4-9/8 
U4-12/13 
U5-9/8 
U5-ll/13 
U6-2 
U6-10 
U7-12 
U8-12 
U9-l 
U9-10 
Ul0-2 
Ul0-10 
Ull-2 
Ull-10 I 

Ull-2 
Ul2-10 
Ul3-2 
Ul3-10 

I 

Ul4-l? ! 
f 

LMS Reliability 
FMECA and SPFS 
Contract No. NAS9-5829 

TABLE III 

SINGLE POINT FAILURE SUMMARY 
SIGNAL CONDITIONER & COMMAND DECODER 

CRl Q X 10-5 
CRZ Q X 10-

5 
CR3 Q X 10-

5 

4.69 
4.69 
4. 69 . 
4.69 
4.69 
4.69 
4.69 
4.69 
4.69 
4.69 
4.69 
4.69 

13. 85 
13. 85 
13. 85 
13. 85 
13. 85 
13. 85 
9.70 4. 15 

9.70 
27.90 
27.90 
13. 85 

4.15 9.70 
9.70 4. 15 

13. 85 
13. 85 
13. 85 
4. 15 
4.15 

13. 85 
13. 85 

27.90 
-·.!·-··· 

MO. 

Rev.B 
ATM-970 

PAGE 24 OF .lB 

DATE 5-15-71 

CR4 Q X Io- 5 

4.15 

9.70 
0 
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I! 

TAilLE lli (CONT.) 

SINGLE POL'N'T FAILURE SUMMARY 
SIGNAL CONDITIONER & COMMAND DECODER 

Ref. Designator CR1 Q X 10-
5 

CR2 Q X 10-
5 CR3 Q X 10-S 

.. ~-····--. --·- ·-··--·---· -··---------- -
U15-9/8 6.93 6.93 
U15-1Z/13 
Ul6-9/8 13.85 

U16-12/13 NOT USED 
Ul7-2 4.69 
Ul7-6 4.69 
U17-8 4.69 
U17-10 4.69 
Ul7 -12 3. 28 1. 41 

Ul7 -14 4.69 
U18-8/9 
Ul8-12/13 NOT USED 
Ul9-8/9 6.93 
Ul9-l?/13 NOT USED 
U20-8/9 1 ; .. 85 
U20-12/13 NOT USED 
U21-8/9 13.85 

U21-12/13 6.98 6.93 

U22-8/9 6.93 

U22-12/13 NOT USED 
U23-2 3. 28 1. 41 

U23-6 1. 41 3.28 

U23-8 3.28 1. 41 

U23-10 4.69 
U23-12 3. 28 1. 41 

U23-14 4.69 

U24-2 13. 85 
U24-10 4. 15 9.70 
U25-2 3. 80 
U25-6 3. 80 
U25-8 5.44 
U25-10 1.64 
U25-12 5.44 

~. ·-- -· ~-- .... -·--·--·--- -----

MO. 

ATM-970 Rev. B 1-------
PAGE Z 5 OF J...a; 

DATI 5-15-71 

CR4 Q X 10-
5 

13. 85 

13~ 85 

6. 93 

0 

0 

3.80 
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TABLE III (CONT.) 

SINGLE POINT FAILURE SUMMARY 
SIGNAL CONDITIONER & COMMAND DECODER 

-5 
Ref. Designator CR1 Q X 10-

5 
CR2 Q X 10 CR3 Q X 10 

U25-14 5.60 
U26-3 6.86 

U?6-5 6. 86 

U26-8 2.06 4. 80 

U26-14 6.86 

U27 -8/9 6.86 

U27 -12/13 NOT USED 
U28-2 3. 80 

U28-6 1. 64 

U28-8 3.80 

U28-10 3.80 

U28-12 5.44 
U28-14 5.44 

U29-3 7.70 

U29-5 7.70 

U29-8 2.31 

U29-14 5. 39 

U30-3 6. 86 
U30-5 4.80 
U30-8 6. 86 
U30-14 6.86 
U31-3 4.80 2.06 

U31-5 4.80 2.06 

U31-8 4. 80 2.06 

U31-14 4.80 
U32-2 I. 64 3.80 

U32-6 I. 64 3.80 

U32-8 5. 44 
U32-!0 5.44 
U32-l 1. 64 3.80 

U32-14 5.44 

MO. 

ATM-970 Rev •. B 

PAGE 2 6 OF ...J..B.3 

DATE 5-15-71 

-5 CR4 Q X 10 
-5 

0 
' 3.80 ' i 

J 
0 
1. 64 

I 
5.39 
2. 31 

0 

~ 

I 
~ 

2.06 

I 
l 
1 
I 

I 
l 
; 

I 
1 

~,....._.,_.,.., __ . ' .,.......--.....,__ 
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TABLE m (CONT.) 

. SINGLE POINT FAILURE SUMMARY 
SIGNAL CONDITIONER & COMMAND DECODER 

Ref. Designator CRl Q x 10-5 CR2 Q X 10-5 CR3 Q X 10-5 

U33-7 4.69 
U33-6 3.28 1. 41 
U33-8 4.69 
U33-10 .4. 69 
U33-12 4.69 
U33-14 3. 28 
U34-9 7.00 
U34-10 3.50 3.50 
U34-12 3. 50 
U35-2 9.70 4. 15 
U35-10 9.70 4. 15 
T36-2 9.70 4. 15 

J36-10 9.70 

Cl • 08 
C2 • 08 
C3 • 08 
C4 • 08 
C5 • 08 
C6 • 08 
C7 • 08 
C8 • 08 

I 

C9 • 13 I 

ClO • 08 
CLl • 08 
Cl2 • 08 

• 

.1 • 02 j 
'R.2 • 02 

Connector 39.48 18.40 43.16 
-··--····-..... - ... _ 

Total 411. 51 112.92 396.42 
' 

NO. 
Rev.B 

ATM-970 

PAGE 27 

DATI! 5-15-71 

CR4 Q X 10-
5 

1. 41 

3.50 

4. 15 

33. 12 

109.63 
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TAJ!LEI1{-
SINGLE POINT FAILURE SUMMARY 

HOUSEKEEPING MULTIPLEXER 

CRl (Qxl0- 5) CR2 (Oxl0-
5

) CR3 (Qx1o'"
5

) _________ _._....,.. .. ~·~----···-· .. --.,-----······-····..,·-·-.. --··---·,. .............. _ ... _--____ _ 
Ul-10 
Ul-12 
U2-10 
U2-12 
U3-10 
U3-12 
U4-10 
U4-12 
US-10 
US-12 
U6-10 
U6-12 
.,-- 1 

j 

D;-8 
U7-14 
U8-l 
U8-S 
U8-8 
US-14 
U9-l 
U9-S 
U9-8 
U9-14 
UlO 
Ull-12 & 13 
U?.l-9 & 8 
UlZ-12 &. 13 
1 9 & 8 
i ;12 & 13 
Ul3-9 & 8 
U14-12 & 13 
Ul4-9 & 8 

I 

Not Used 

Not Used 

Not Used 

7.00 
7.00 

6. 35 
6.35 
6. 35 

Not Used 

7.oo 

6. 35 

i 
l 12.70 
~ 

l 

I 
I 
I 
l 

\ 

l 

! 
l , 
! 

I 
I 
\ 
} 

NO. 

ATM 970 Rev. B 

PAGI! 28 OF 183 

DATI! 4-29-71 

---·----\........,..__ i 

12.70 
12.70 
12.70 

12.70 

12.70 
12.70 
12.70 
12.70 
12.70 

7.00 
7.00 

'7. 00 
7.00 
7.00 

29. sa, 

12.70 
12.70 
12.70 
12.70 
12.70 
12.70 
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TABU: IV (CONT.) 
SINGLE POINT F ~LURE SUMMARY 

HOUSEKEEPIN8 MULTIPLEXER 

"R.,.,f. Design CR1 (Qx10-
5

) 

... :·-: ...... 1---·-----· ··-·' ---
--5-12 & 13 
U15-9 & 8 
Ul6-12 & 13 I 
Ul6-9 & 8 · 
Ul?-12 & 13 I 
Ul7-9 & 8 j 

Ul8-l2 & 13 
Ul8-9 & 8 
Ul9-12 & 13 
Ul9-9 &. 8 
U20-3 
U20-5 
U20-13 
021-9 & 8 

1.-12& 13 
.!-9 & 8 

U22-12 & 13 
U23--9 & 8 
023-12 & 13 
024-9 & 8 
U24-12 & 13 
U25-9 & 8 
UZ5-12 & 13 
U26-9 & 8 
U26-12 & 13 

Ql-2 
Ql-7 
Q2-2 
02-7 

2 
,;,7 

Q4-2 
Q4-7 
Q5-2 

I 
j 
I 

! 
I 

I 
i 

I 
l 

12.; 70 
12.70 
12.70 
12.70 

12.70 
12.70 
12.70 
12.70 
12.70 
12.70 
12. 7 () 
12.70 
12.70 
12.70 
.12. 70 
12.70 

27.75 
27~75 

21. 7s 
27.75 
27.75 
27.75 
27.75 
27.75 
27.75 

NO. 

ATM 970 Rev. B 

~,.:'::A=:G!!!:,.:=2~9=:...:o':.:...J::• n L 

DATE 4-29-71 

12.70 
12.70 
12.70 
12.70 
12.70 
12.70 

8.45 
8.45 
8.45 

27.75 
27.75 
27.75 
27.75 
27.75 
27.75 
27.75 
27.75 
27.75 



Ref. Design 

QS-7 
Q6-2 
Q6-7 
07-2 
Q7-7 
Q8-2 
QS-7 

AR-1 
AR-2 
AR-3 
AR-4 
AR-5 
AR-6 

.t-1 
:~.-2 

:t-3 
R-4 
R-5 
R-6 
R-7 
R-8 
R-9 
R-10 
R-11 
R-12 
R-13 
R-14 
R-15 

-16 
-17 

R-18 
R-19 
R-20 
R-21 

LMS Reliability 
FMECA and SPFS 
Contract No. NAS9-5829 

,TABLE IV (Cont.) 
SINGLE P~INT FAILURE SUMMARY 

HOUSEKEEPING MULTIPLEXER 

CR1 (Qxl0- 5} CR2 (Qx10-
5) CR3 (Qxl0-

5} 

(Open Loss of Spare) 

27.75 
27.75 
27.75 
27.75 
27.75 
27.75 
27.75 

\ 

NO. 

Rev.B 
ATM 970 

PAGI 30 OP _,.1Jl,3 

DATI! 4-29-71 

27.75 
27.75 
27.75 
27.75 

27.75 
27.75 

25.35 
25.35 
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NO. 
Rev.B 

ATM 970 

PAGI! j 1 OF -:'~ 
.. 1tao1pace 

.·· ~Dhllalan 
DATI 4-29-71 

J.tef. Design 

-22 
R-23 
R-24 
R-25 
R-26 
R-27 
R-28 
R-29 
R- 30 
R-31 
R-32 
R-33 
R-.34 
R-35 
..... -36 

.37 
4\.-3 8 
R-39 
R-40 
R-41 
R -'1:2 

Cl 
C2 
C3 
C4 
C5 
C6 
C7 
C8 

;) 

Cll 
Cll 
Cl3 

TABLE IV (Cont.) 
SINGLE PO~T FAILURE SUMMARY 
HOUSEKEE~INO MULTIPLEXER 

CRl (Qxl0-
5) CR2 (Qxl0- 5) CR3 (Qxl0-

5) 

---ro----------··· --·-... --.. ·······-·-·-----.... 

Used in Spare ircuit 

. 08 
• 08 
• 08 
• 08 

3.00 

3.00 

3.00 
3.06 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 

3.00 
3.00 
3.00 
3.00 

• 08 -~ 

• 08 
• 02 

• 09 

I 

I 
i . 
) 

.i 
l 
f 
\ 

• 08 

• 09 
• 09 
• 09 
• 09 
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TABLE IV (Cont.) 
SINGLE POINT FAILURE SUMMARY 

HOUSEKE:m:PING MULTIPLEXER 

:t'ef. Design CRl (Qxl0- 5) CR2 (Qxl0-
5

) CR3 (Qxl0-
5

) 

... v. 

ATM 970 Rev. B 

PAGE 32 OF .J~J_ 
.:,;)-

OAT! 4-29-71 

·----+------·-·----· ... ~-- .. ~~· .. ·--~- .. ---~----- ._ ...... --~·-·-~-··~· .... ·----
~J.4 

Cl5 
Cl6 
Cl7 

CRl 
CR2 

J(connector) 

TOTAL 
·---·-----

12. 80 

46.33 

. 08 

. 09 

5.60 
5.60 

9.60 
_,__ ....... -----·----··-- -.. ,._.-... ...... _ ....... _, ______ .._,, 

NONE 763.23 

96 

. 09 

. 09 

l-6Ii:'"24. -"-····-
-· ·-·-----4--- -··· ... ·~··· ... ·······-----.......~:~------



Ref. 

c. B. Dsg. 

A-3 VR1 
VR2 

A-2 VR1 
VR2 

A-1 VR1 
AR1 

M.B. R1 
R2 
R3 
RT1 

Al R1 
R2 
R3 
R4 
R5 
R6 
R7 

A2 Rl 
R2 
R3 
R4 
R5 
R6 

A3 R1 
R2 
R3 
R4 
RS 
R6 
RT1 

A4 R1 
R2 
R3 

A4 R4 

LMS Reliability 
FMECA and SPFS 
Contract No. NAS9-5829 

TABLE V 
SINGLE POINT FAILURE SUMMARY 

LOW VOLTAGE POWER SUPPLY 

CR1 X 10-
5 CR2 X 10-5 

CR3 X 10 

22.60 
22.60 
22.60 
22.60 
22.60 

.42 

2.79 
2.79 

• 04 
2.79 
2.79 

• 05 
• 02 

0 
• 28 
• 02 

2. 79 
2. 79 

10.50 
2.79 
2. 79 
2. 79 
2.79 

MO. 

ATM-970 Rev. B 

PAGI 33 Of 183 

DATE 4-6-71 

-5 CR4 X 10-
5 

14.80 

1. 70 
2.79 
2.79 

. 52. 50 
2.79 
2.79 
2. 79 
2.79 
2. 79 
2.79 
2.79 





Ref. 
C. B. Dsg. 

M.B. Cl 
C2 
C3 
C4 

Tl Cl 
Al Cl 

C2 
A2 Cl 

C2 
C3 
C4 

A3 Cl 
C2 
C3 
C4 

A4 Cl 
C2 
C3 

I C4 
C5 

A5 Cl 
C2 

AS C3 
C4 
cs 
C6 
C7 
C8 
C9 
ClO 
Cll 
Cl2 

A2 Ql 

LMS Relia.bility 
FMECA and SPFS 
Contract No. NAS9-S829 

TABLE V (Cont. ) 
SINGLE POINT FAILURE SUMMARY 

LOW VOLTAGE POWER SUPPLY 

CRl X 10-S CR2 X 10-S CR3 X 10-S 

• 29 
• 30 
• 30 
• 29 
• 08 

• 08 
• 05 
• 08 
• 05 
• 08 
• 05 
• 08 
• 02 
• 08 
• 05 
• 09 
• 08 
• 08 
• 29 
• 29 
• 29 
• 29 
• 04 
• 04 
• OS 
• OS 
• 04 
• 04 
• 04 

.• 04 
17.80 

'··•-,_ 

Rev. B 
ATM-970 

,AOI 35 OP 183 

DATI 4-6-71 

CR4 X 10-S 

• 08 
• 08 



Wttll3•0. 
,.-..Dht1lan 

Ref. 
C. B. 

LMS Reliability 
FMECA and SPFS 
Contrac.:t No. NAS9-5829 

T A tiLE V (Cont. ) 
SINGLE POINT F AlLURE SUMMARY 
LOW VOLTAGE POWER SUPPLY 

CR1 X 10-
5 CR2 X 10- 5 CR3 X 10-

5 

PAGI 36 0, J 83 

DATI 5/15/71 

CR4 X 10-S Dsg. -··-····---·-.-·----------r-----------r-----...,...------+------·---
A3 
A4 

A4 

AS 

A6 

A4 

Q1 
Q1 
·o2 
Q3 
Q4 
QS 

Q6 
07 
Q1 
02 
Q1 
Q2 
Q3 
Q4 
QS 
Q6 
CR1 

15.90 
15.90 
2.84 
7.95 

15.90 
15.90 
15.90 
15.90 
18.50 
18.50 
7.95 
7.95 

NO 
CR2 NO 
CR3 .NO 
CR4 4. 62 
CRS 11.55 
CR6 11.55 
CR7 NOT 
CR8 NOT 
CR9 4. 62 

EFFECT 
EFFECT 
EFFECT 

USED 
USED 

AS CR1 11.55 
CR2 11.55 
CR3 11.55 
CR4 11'. 55 
CRS 11.55 
CR6 13.81 
CR7 13.81 
CR8 13.81 
CR9 1 13.81 
CR10 I 11.55 
CRll 11.55 
~;ii l 11. 55 

_____ connect~E~~s--·-~---
TOTAL i 572.47 00.00 

15.90 
15.90 

i 

7.95 
7.95 

15.90 
15.90 

J 12.4 3 4. o4 ----·+--rs4_,. 9~3=------



r 

I '\DIJ18D8 
l8nlw Dlvhllan 

LMS Reliability 
FMECA and SPFS 
Contract No. NAS9-58Z9 

TABLE VI 
SINGLE POINT Pi\ILURE SUMMARY 
ION PUMP HIGH VOLTAGE SUPPLY 

Design. CRI x 1o·5 CR3 x 10-S 

Rev. B 
i.ATM-970 
~------------~ 

PAH 37 or...ll,_ 

DATI 14 May 1971 

CR4 X 10-S -·-·- ______ .,..,___..... ___ .______.._ . .., .. __ -----·-··---·---·-··-· 

VRI 
(A!)CR1-16 

CR1 
CR2 
CR3 
CR4 
CRS 
CR6 

I 
I 

' ! 
1 

I 
i 
i 

' l 
' 

I 
I 

i 

l 
t 
I 
J 

1 
f 

f 

{ 

f 
! 
• ) 
1 

2. 89 
17.80 
27.70 

8. 10 
16.80 

8.09 

8.09 

3. 46 
111. 04 

4.61 
4.61 
6.94 

• 0 
1. 59 
1. 54 

• 02 
• 02 
. 39 
. 39 
• 35 
• 02 
• 02 
• 02 
• 02 
• 02 
. 39 
• 39 
• 39 
• 39 
. 39 
• 39 
• 39 
. 39 
• 39 



Asra•a~•ae 
~Dhtalon 

LMS Reliability 
FMECA and SPFS 
Contract No. NAS9-58Z9 

TABLE VI (CONT.) 
SINGLE POINT FAILURE SUMMARY 
ION PUMP ffiG;: VOLTAGE SUPPLY 

R~f Design• CRl X 10-5 CR2 X 10-5 CR3 X 10-5 

(A-l)Rl 
j.t2 

Ct 
Cz 
C3 
c4 
c5 
C6 
c7 
cs 
c9 
Cto 
C11 

I 
I 
I 
I 
[ 

I 
i 
I 
j 

' 1 

I 
' I 
' 

• 09 
• 09 

·---r-·-----·-··-·--· 

I 
I 
I 
I 

NOT USED 

t 
I 

I 
I 
1 
~ 

! . 
' ' 1 
' i 

I 
! 
I 

j 
l 
l ,. 
! 

ATM-970 Rev. B 

PA•• 38 1 ''3 ....,. OP--

DATil 14 May 1971 

CR4 X 10-S 

• 39 
• 39 
• 39 
• 39 
• 39 

• 39 
• 39 
• 39 
• 39 
• 39 
• 39 
• 39 
• 35 

• 39 
. 39 
• 39 
• 39 
• 39 
• 39 
• 39 
• 39 
• 39 
• 39 

• 02 
0 

• 10 
• 10 
• 08 
• 08 
• 08 

• 09 
• 09 
. 09 
• 09 



~Jt.~DI£ aoa 
! .... Dhfalon 

LMS Reliability 
FMECA and SPFS 
Contract No. NAS9-5829 

TABLE YI (CONT. ) 

MO. 

ATM-970 Rev. B 

PAGI 39 Of 183 

DATI 14 May 1971 

SINGLE POINT .ll""ILURE SUMMARY 
ION PUMP HIGH VOLTAGE SUPPLY 

--
A DesigDt CRl x 10 

-5 
CR2 X 10-s CR3 X 10-S CR4 X 10-S 

Clz r-09 
c13 • 09 

-..,.-----------:---- ·----r~~----·--·.._.._, _____ _ 

C14 
CIS I .09 
c 16 1 . 09 

cl7 i 

A-I :~~9~ 
Tl l 
::1 I 
ARZ l I 

. AR3 I ! 1 

--·-----1---- .. ~- • ... ····~--···-·· ·-·+··-~. --··-"· ·---··--~-~------· ..,__.~ 
Total !! • 54 . 00 l 00 

-- .. -... ...,.....,. - ___ ... _, ___ ,!. .•. -.,--.. ··~ ..... ,. ... ~...._.... .... ;..,._.~·~._.. ............. _ • .._,. 

• 09 

• 09 
• 09 

• 72 

35.00 
5.00 

11.65 
11.65 
11.65 

.... ,_ ......... ....__-""~_...-.-. _____ _ 
314.56 



LMS Reliability 

·······~aoe 

/ Bv•~ Dhillon 

FMECA and SPFS 
Contract No. NAS9-5829 

--~~-"-'-

Ref Design 

Ql 

Q2 
03 
04 
OS 
06 

AR1 

K1 
K2 

VR1 

CR1 
CR2 
CR3 
CR4 
CRS 
CR6 
CR7 
CR8 
CR9 
CRlO 

C1 
C2 
C3 
C4 
C5 
C6 
C7 
C8 
C9 
ClO 

~---·-----

TABLE vn 
SINGLE POINT tAILURE SUMMARY 

MULTIPLIER HIGH VOLTAGE SUPPLY 

CR1 x 10-5 

44.60 
3. 52 
3. 52 
6.35 
3. 52 
3. 52 

5.00 

10.60 

4.52 
4.52 

6.80 
2. 26 

• 08 
• 08 
• 08 
• 08 

o. 23 
1. 35 

CR2 X 10-S CR3 X 10-S 

24.80 

3.52 

6.35 

5.00 

24.80 

4.52 
6.80 
6.80 
4.52 
4.52 

. 08 
• 08 
• 08 

MO. 

ATM 970 B 

PAGI 40 OF .W.. 

DATI! 5-15-71 

-5 CR4 x 10 

74.5 

6.80 
6.80 

• 08 



Ref Design 

Rl 
R2 
.R3 
R4 
RS 
R6 
R7 
R8 
R9 
RIO 
Rll 
RIZ 
Rl3 
Rl4 
R15 
Rl6 
Rl7 
R18 
Rl9 
R20 

Tl 

Al CRl thru CR12 
Cl thru C6 

t\.2 Rl thru R5 
Cl thru C4 
R6 

Total 

LMS Reliability F 
FMECA and SPFS 
Contract No. NAS9-5829 

T~~E VII 

SINGLE POINT FAILURE SUMMARY 

MULTIPLIER I-IIGH VOLTAGE SUPPLY 

CRl X 10-5 

• 02 
0 
0 

• 02 
• 02 

• 02 
No effect 
• 03 
• 02 

35.00 

116. 00 
.48 
• 10 

0.32 

252. 66 

'·· , ... 

-~ 
CR2 X 10 

0 

. 02 
0 

. 02 

. 02 

. 39 
• 39 
. 39 
• 39 

93.41 

CR3 X 10-5 

HO. 

ATM 970 Rev, B 

PAGE 41 OF~ 

DATE 5-15-71 

CR4 X 10-S 

. 39 
• 39 
. 39 
. 39 

• 48 

• 39 
. -""""·--- ... 

90. 13 
··-·--·-.. ··~ -



·····~1118act 
~DhfiiiDn 

Ref. Design 

R! 
Rz 
R3 
R4 
Rs 
R6 
R7 
R8 
R9 
R1o 
R11 
R1z 
R13 
R14 
R1s 
R16 
Rzl 

Q!A 
Q!B 
OzA 
OzB 
Q3A 
Q3B 
Q4A 

··.Q4B 

.OsA 
OsB 

I 
' I 
·f 

LMS Reliability 
FMECA and SPFS 
Contract No. NAS9-S8Z9 

TABLE VIIT 

SINGLE POINT FAILURE SUMMARY 

CONTROL AND MONITOR 

CRl x lo-S cRz x lo-s CR3 x lo-s 

< <. 01 
< <. 01 

I 
< <. 01 
< <. 01 

I 
I 

I 
i < <. 01 . 

~ 

l 
j 

t 
< <. 01 ' 

i < <. 01 l 

I < <. 01 I • 03 I 

I 
10.60 
11.25 

I 
l 
l 
I 
i 
l 
I 
t 

l 
l 
' i 

MO. 

Rev. B 
ATM-9;,..:,7..:.::0 ___ _ 

'AGI 42 OF ...!Jl_ 

DATE S-1-71 

cR4 x Io-s 

• IS 
0 
0 
.13 

2.78 

• 15 
• 1S 
.14 
.14 

0 
0 

2.61 

5.88 
10.60 

6. 35 
11.40 

16.4S 
16.45 
17.70 
17.70 



Ref. Design 

CR1 
CR2 
CR3 
CR4 
CR5 
CR6 

K1 
K2 
K3 
K4 
Ks 

v1 

3'1 
'•'• •• ·~of". - .. ·---· ...... 

TOTAL 

LMS Reliability 
FMECA and SPFS 
Contract No. NAS9-5829 

TABLE VIII (CONT.} 

SINGLE POINT FAILURE SUMMARY 

CONTROL AND MONITOR 

CRl x lo- 5 CR2 x lo- 5 CR3 x lo- 5 

4.62 

0 
2. 50 

1. 50 
1. so 

• 02 

< <. 01 

3.03 8.99 o.oo 
·--······--~-~·--

NO. 

Rev. B 
ATM-970 

DATE 5-l-71 

CR4 x Io- 5 

4.62 

4.62 
4.62 
4.62 

1. 50 

3.00 
1. 50 
1. 50 

9 .• 65 

144.27 



~ 

~··· 

Aeloapace 
S,ab!Hns Dlvlalon 

LMS Reliability 
FMECA and SPFS 
Contract No. NAS9-5829 

TAB~E IX-A 

NO. 

ATM-970 Rev. B 

PAGE 
44 OF l83 

DATE 3/15/72 

SUMMARY OF SINGLE POINT FAILURES FOR UTD CIRCUITS 

CIRCUIT PROBABILITY OF SUCCESS_ FOR: 
CRI CRII I CRIII CRIV TABLE 

Analyzer • 99996 • 99784 l .99503 • 98500 X 

r*Emission Control • 49719 .44571 ~ .98378 .98367 ! 
8 

Mother Board • 99883 .99735 t • 98823 ~ • 98823 I XI 

I I EC-1 • 99986 '. 99986 • 99931 I • 99920 t XII 
EC-2 • 99958 '. 99958 .99827 . 99827 

) 
XIII I 

EC-3 • 99923 ~. 99923 • 99923 !· • 99923 j XIV 
EC-4 • 99969 .• 99969 ~ • 99869 t • 99869 ~ XXIV ~ ? 

Cal. Oscillator ' • 9999920 .99999 t .9912500 t 
); • 9975908 l XV 

~ 
li i 

~t*Pre Amp/Disc. • 99995 • 99627 . 99627 ~ • 991450 
,\ 

XVI !. r ~ 
I' I. 

~ l 
#1 • 9999842 ' .9987570 > • 9987570 .9971414 I '! :; 

#2 .9999842 .9987570 
~ 

.9987570 $ .9971414 ! 
t ~ ~ 

#3 • 9999842, • 9987570 
f, 

• 9987570 j .9971414 I 

. ~ j 
' \\ 

~ ~ 
f*Sweep H. v. ~ 

.. 
• 99289 .98672 $ .9837206 • 98198 ' 1 . I. 

' I 
,, j Mot'J?.er Board • 9945338 • 9883613 ~ 

0 9869637 .9864810 XVII 
J ~ 

Mod #1 • 999698 t • 9996981 ;. • 9991548 . 9989358 I' XVIII i 

f ' #2 • 9994495 .9994495 i( .9992912 
I 

.9990319 XIX 
l 

#3 .9999?84 .9999784 ·r • 9991130 • 9988047 XX ' ~ 

#4 • 9995280 • 999 5280 ~ • 9995280 I .9993190 ~ XXI I 
!i i #5 • 9996888 • 9996888 t~ • 9996228 .9993351 XXII 
.~ ~ 
t ~ 

TOTAL UTD .9900 • 97668 t .95100 .94103 l 
i? 

1Witllw;Aelt!l "'' ·~--· 4 

;~ 

·~· - II! ""X' oiJF'IIJ- .....,.....~-~~"'"~ 

*Figures are subproducts of items below. 

TOTAL BXA • 98714 • 95996 • 94922 • 93119 ' . • . 

TOTAL LMS - • 97728 • 93759 .90271 • 87628 ' 
•. ~ 



LMS Reliability 

wa•~•• 
JBtems Dhfl1lan 

FMECA and SPFS 
Contract No. NAS9-5829 

I 

TASLE X 

SINGLE POINT FAILURE SUMMARY 
FOR ANALYZER 

Part CRlxl0- 5 

Breakseal 1. 752 

Multiplier fl 70. 070 

#2 70. 070 

#3 70. 070 

Resistor #1 

I 
• 78 

String 
fl. • 78 

#3 .. 78 

Filament #1 

#2 

Temperature Senso2 

Source Heater 

Ion Pump 

TOTAL 1. 752 212. 55 

71.82 

71. 82 

79.72 

52. 56 

275. 92 

MO. 

ATM 970 Rev. B 

PAGI 45 OF 183 

5-15-71 
DATI 

\ 
-5 CR4 xlO 

7. 00 

7. 00 

7. 00 

122. 64 

876. 00 

1019. 64 



Part 

Rl 
R2 i 
R3 t 
R4 ' I 
R5 ~ 

R6 
i 
! 

R7 i R8 
R9 ~ 
RIO 
Rll 
Rl2 
Rl3 
R14 
Rl5 j 
R16 ~ 
Rl7 } 

I 
Rl8 ' l 
Rl9 I 
R20 ' 
R21 
R22 
R23 
R24 
R25 
R26 
R27 

I R28 
R29 I 

R30 
R31 
R32 

I R33 
R34 

LMS Reliability 
FMECA and SPFS 
Contract No. NAS9-5829 

T~LE XI A 

SINGLE POINT FAILURE SUMMARY FOR EMISSION 
CONTROL (MOTHER BOARD) 

CRlxl o- 5 CR2xl0- 5 CR3xl0-S 

. 020 ~ 

. 00 ! 

. 020 i l . 020 i 

. 020 l 

. 020 ! 

I . 020 
. 020 

I 
; . 020 

l 
1 

! 

I . 020 
. 010 i 

i . 010 

I . 020 
I . 38 I 
J . 38 l 
l . 02 ~ 

k 
. 02 J 

~ I . 02 
. 02 ! 
. 02 

j 2.94 
. 02 

. 38 

. 38 

. 02 
. 02 

2.94 26.49 l 
2.94 26.49 j 
2.94 26.49 ! 
2. 94 26. 49 J 
2.94 

J 
26.49 l 

2. 94 26.49 I 
I 

2. 94 r 26.49 
2. 94 1 26.49 

NO. 
ATM Rev. B 
970 

PAGE 46 OF 183 

DATE 3-15-72 

-5 
CR4xl0 

l 
I 

i 
' I 

1 
l 



~ace 
Syste~ns Dhrl$ion 

LMS Reliability 
FME CA and SPFS 
Contract No. NAS9-5829 

TABLE XI A 

SINGLE POINT FAILURE SUMMARY FOR EMISSION 
CONTROL (MOTHER BOARD) 

Part CR2xlo- 5 CR3x1o- 5 

I R.35 2.94 26.49 
R36 . 00 
R37 :()2 

I R38 . 02 

I R39 I . 02 
' R40 ! 

. 02 
R41 . 02 
R42 I . 02 
R43 

I 
. 02 

I R44 . 02 
R45 . 02 

I C2 . 25 i 

C3 . 09 
~ C4 . 09 
i C5 ! . 090 

C6 I . 71 
C7 . 71 I 

I 
Ql 13.77 
Q2 13.77 
Q3 4.94 
Q4 4.94 
Q5 6.94 
Q6 6.94 
Q7 6.94 
Q8 6. 94 
Q9 

! 
6. 94 

QlO 
J 

6.94 
' 

CR1 3.50 
CR2 6.30 
CR3 6.30 
CR4 I 6.30 

~ 

NO. 

Rev.B 
ATM 970 

PAGE 
47 OF Ui3 

DATE 3-13-72 

CR4x1o- 5 

I 
I \ 

\ 

l 

! 
I 
! 

I 

... , .. - . ! . 
~-'- . .,-.. ,·-··-



.1\araapaoe 
Syeterns Dlvlalon 

LMS Reliability 
FME CA and SPFS 
Contract No. NAS9-5829 29 

TABLE XI A 

SINGLE POINT FAILURE SUMMARY FOR EMISSION 
CONTROL (MOTHER BOARD)(Cont. ) 

Part CRlxl o- 5 CR2xlo- 5 CR3xio-5 

CR5 6.30 
CR6 6.30 
CR7 6. 30 
CR8 6. 30 

I 
CR9 6.30 
CRIO 

l 
71. 80 

CRll 71. 80 
CR12 i 71.80 
CR13 i 71. 80 
CR14 5.26 
CR15 71. 80 
CR16 5.26 
CR17 5.26 
CR18 5.26 
CR19 5.26 
CR20 5.26 
CR21 3. 50 
CR22 3.50 
CR23 3.50 
CR24 3.50 -
CR25 3.50 
CR26 3.50 
CR27 3.50 
CR28 3.50 
CR29 21.54 50.26 
CR30 1. 75 
CR31 I. 75 
CR32 1. 75 
CR33 5.26 

Zl t 31.50 
Z2 i 31.50 
Z3 31. 50 

i 

MO. 

Rev B 
ATM 970 • 

PAGE !'Ba · OF ..!.BJ._ 

DATE 3-13-72 

CR4xl0-S 



Part 

Z4 
Z5 
Z6 
Z7 
Z8-2 
Z8-6 
Z8-8 
ZS-10 
Z8-12 
Z8-14 
Z9-3 
Z9-5 
Z9-13 

K1 
KZ 
K3 
K4 
K5 
K6 

T1 
TZ 
T3 

_T_4 
T5 
T6 
T7 

L1 

Sl 

Total 

LMS Reliability 
FME CA and SPFS 
Contract No. NAS9-5829 

TABLE XI 

MO. 

ATM 970 Rev. B 

PAGE 48\j OF~ 

DATE 3-15-72 

SINGLE POINT FAILURE SUMMARY FOR EMISSION CONTROL 
CONTROL (MOTHER BOARD) (CONT. ) 

CR1x1o- 5 CR2x1o- 5 CR3x1o- 5 CR4x1o- 5 

31. 50 
:· 31. 50 

31. 50 
31. 50 

4.38 
4.38 

Not· Used 
4.38 
4.38 

4.38 
8.76 

8. 76 
1:1. fb 

. 3.5 
3. 50 
3. 50 
3.50 
3.50 
3.50 

14.60 2.92 
17.52 
17.52 
17.52 
17.52 
17.52 
17.52 

8.65 

25.00 

117.53 148.23 914. 11 o.oo 
---1 1-...--·--- .. '"""'·""-""" -·~ ___ .......,_.. ___ 
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LMS Reliability 
FMECA and SPFS 
Contract No. NAS9 -5829 

'· TABLE XII 

SINGLE POINT FAILURE SUMMARY FOR 
EMISSION CONTROL 

(EC-1) 

CR1x1o- 5 CR2x1o- 5 CR3x1 o- 5 

. 032 

. 032 

. 019 

. 019 

. 019 

. 019 

. 019 

I 
I l . 019 

I I 
. 019 

2.71 ! 
& 

f 
2.71 ! 

I 
~ 

2. 12 
I 2.14 

10.5 f 
7.0 3.5 
7.0 3. 5 ' 

I 
6.61 
6.61 
4.41 
5.25 
5.25 

HO. 

Rev.B 
lt\TM 970 

PAGE 49 OF 183 

DATE 3-15-72 

CR4x1o-5 

. 019 

. 019 

. 019 

M 

I 
4.24 

, 
I 

4.24 I 

I 
I 2.20 
' ~ ,, 
I 
~ 

' l 

t olal~~l~1-4_._o __ ~~~~~~~--~~~~-5-5_._4_8~~+1~~~11.~ 
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1 
2 
3 
4 
5 
6 
7 
8 

?J 

LMS Reliability 
FMECA and SPFS 
Contract No. NAS9-5829 

' TABLE XIII A 

SINGLE POINT FAILURE SUMMARY FOR 
EMISSION CONTROL 

(EC-2) 

CR1x1o- 5 CR2x1o- 5 CR3x1 o- 5 

' 
.78 

• 79 . 09 
.79 . 09 
.79 . 09 
. 79 
.79 .788 

. 87 

. 87 
.79 

. 02 

. 02 

. 02 

' 
. 02 
• 0_2 

. 02 

. 02 
. 02 

. 02 

}No effect 
42. 06 

3.50 
42. 06 
3.50 

37.58 
NA 37. 58 

... 

42.44 00.00 131. 55 

-

HO. 
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DATE 3-15-72 

CR4xlo- 5 

-! 

oo. 00 r 
' l 



c 

( 

(' 

c 
c 

) 

) 

l 

' 

1 1 
\. J 

:<. 2 
E_"l, 

l\4 
R5 
R6 
R7 
[\ 8 

~~ 9 
RIO 
Rll 
RL~ 

L{ 1 ;:; 

r~ 1 £.~ 

')' ,o ta: 

I 
I 

LMS Reliability 
FMECA and SPFS 
Contract No. NAS9 -5829 

T~LE XIV A 

SINGLE POINT FAILURE SUMMARY FOR 
EMISSION CONTROL 

(EC-3} 

CRlx1o-5 CR2xl0-5 CR3xio-5 

. 25 
1. 16 

. 52 
• 61 
. 61 

5.26 I 

5.26 
5.26 
5. 26 
5.26 
5.26 
5. 26 
5. 26 
5.26 I 
5. 26 
5.26 
5.26 
5.26 
5.26 

76.79 

NO. 

ATM 970 Rev. B 

PAGES la OF 1:§1.. 

DATE 3-15-72 

CR4x1o- 5 

I 

00. 00 



Part 
~,:.:·:;..--

~ 
' ' 

Rl 
f R2 
' 
' R3 

R4 
R5 

i 

' R6 
' R7 

R8 --· 
R9 
RlO 

I : Rll 
Rl2 

~ 

Cl 
i 

cz 
I 

C3 ,, 

; C4 
C5 
C6 

CRl 
CRZ 
CR3 
CR4 
CRS 
CR6 

Ql 
Q2 
Q3 
Q4 I. 

i 
Total I ·--

" 

LMS Reliability 
FMECA and SPFS 
Contract No. NAS9-5829 

TABLE XXIV A 

SINGLE POINT FAILURE SUMMARY FOR 
EMISSION CONTROL 

(EC-4) 

CRlxl0- 5 CR2xlo- 5 CR3xl0- 5 

. 02 

. 02 

. 02 

. 02 
.38 
.38 

. 38 

. 38 

. 02 

. 02 
. 02 

. 02 

l . 71 

~ . 71 
. 88 

l • 88 
~ . 88 

i " 
. 88 

i 21.54 

l 21. 54 
21.54 

21. 54 

I 
5. 26 
5.26 

6.94 I 6.94 
6.94 

i 

6. 94 I 

I 

' 

31.02 oo.oo i 100.04 l-~ 

NO. 

ATM 970 Rev. B 

PAGE 5 }b OF l/8-3 

DATE 3-15-72 

CR4xro- 5 

I 

I 
I. 
I 
! 

f 

I 
I 
l 
i 
l 

oo. 00 I 



Part -
Q1 
Ql 

CR1 
CR2 
CR3 

Rl 
R2 I 

R3 
l 

R4 
R5 
R6 

Cl 
cz 
C3 
C4 

Zl 
Z2 

XTL 1 

TotaJ 

-

LMS Reliability 
FMECA and SPFS 
Contract No. NAS9-5829 

Tit\BLE XV 

SINGLE POINT FAILURE SUMMARY FOR 
CALIBRATION OSC.ILLA TOR 

CR2x1o- 5 CR3xl0-S 

23.12 
21. 20 

6. 62 
6. 62 
6. 62 

• 019 
• 019 
• 019 
• 019 
• 385 
• 019 

• 788 
• 788 

• 788 
• 788 

26.28 
26. 28 

105.12 

• 788 224. 704 

Rev. B 
ATM970 

PAll 52 OP 183 

DATI! 5-15-71 

CR4x1o- 5 

4. 416 
4. 416 
4. 416 

I 
• 366 
. 366 
• 366 
• 366 

• 366 

• 088 
• 088 
• 088 
• 088 

• 
15. 43 



Ac1WG' .. Dil 
~Dhlfalon 

Part 

Rl 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
R9 
R10 
Rll 
Rl2 
Rl3 
Rl4 
Rl5 
Rl6 
Rl7 
Rl8 
Rl9 
R20 
R21 
R22 
R23 
R24 
R25 
R26 
Rl6 
R27 
RZ8 
R29 
R30 
R31 
R32 
R33 
R34 

LMS Reliability 
FMECA and SPFS 
Contract No. NAS9·5829 

TA~LE XVI 

SINGLE POINT FAILURE SUMMARY FOR 
PRE-AMP/DISCRIMINATOR 

CRl X 10-5 CRZ x10-
5 

CR3 X 10 

• 019 
• 294 

• 019 
• 019 
• 294 2.649 
• 294 2. 649 
• 019 
• 294 2. 649 
• 019 
• 019 
• 019 
• 019 
• 019 
• 019 
• 019 
• 019 
• 019 
• 019 
• 019 
• 019 
• 019 
• 019 
• 019 

• 019 
• 019 
• 019 

• 019 
• 019 
• 019 • 366 
• 019 
• 019 
• 019 • 366 
• 019 
• 019 

I • 019 
I 

I 
I 

MO. 

ATM 970 Rev. B 

PAGI 53 01' 183 

DATI 5-15-71 

-5 CR4 X 10-
5 

• 366 
2.649 

• 366 
• 366 

• 366 

• 366 
• 366 
• 366 
• 366 
• 366 
• 366 
• 366 
• 366 
• 366 

I 
• 366 
• 366 
• 366 

t • 366 
• 366 
• 366 
• 366 
• 366 
• 366 

l • 366 
( • 366 

l • 366 

i • 366 

l • 366 
• 366 
• 366 



t 
'= '~ 

' -·-"""•'" 

-· 

Part 

Cl 
C2 
C3 
C4 
cs 
C6 
C7 
C8 
C9 
C10 
Cll 
C:~2 

CB 
C14 
Cl5 
C16 
Cl7 
C18 
Cl9 
czo 

Ql 

QZ 
Q~ -· 
Q4 
Q5 
Q6 

CR 1 
CR2 
C.R3 

Zl 
zz 

To:a1 

LMS Reliability 
.i~iFMECA and SPFS 
-acontract No. NAS9-5829 

rfABLE XVI 

SINGLE POINT FAILURE SUMMARY FOR 
PRE-AMP/DISCRIMINATOR* (Cont.) 

CRl xl0- 5 CR2 xlO-S CR3xl0-S 

• 063 
• 788 
• 063 
• 788 
• 788 
• 788 

I 
• 788 
• 788 
• 788 

I • 788 
• 788 

I • 788 

I • 788 
• 788 
• 788 
• 788 I • 788 

• 788 i 

l • 788 
• 788 

I 
8. 23 19.19 
6. 36 14. 84 

12. 93 30.17 
6. 36 14.84 

I 12. 93 30.17 
14. 93 30.17 

I 
6. 63 
4. 42 2. 21 
7. 88 2. 63 

13. 66 7. 36 ( 
2.6. 28 

1. 576 122. 72.0 161. 559 

*Applies to PRE-AMP/DISC's No. 1 or No. 2 or No.3. 

NO. 

1\.TM 970 Rev. B 

PAGI 54 OF __!§_ 

5-15-71 DATI 

• 007 
• 088 
• 007 
• 088 
• 088 
• 088 
• 088 
• 088 
• 088 
• 088 
• 088 
• 088 
• 088 
• 088 
• 088 
• 088 
• 088 
• 088 
• 088 
• 088 

4.42 
4. 42 

15. 77 

39.105 
~·-..!'ltl!l'& ta:ii!il 



Part 

R1 
R:~ 

R3 
R4 
R5 
R(, 
R? 
RH 
R9 
RlO 

Cl 
cz 
c;, 
C4t 
cs 
Cf. 
C7 
Cf, 

Tl 

CRl 
CR2 
CR3 

·CIA 

Zl 
Z2 
Z3 
Z4: 
Z5 
Z6 
Z7 
Z8 

LMS Reliability 
FMECA and SPFS 
Contract No. NAS9-5829 

TABLE XVII 

SINGLE POINT FAILURE SUMMARY 

-A TM 970Rev.-B-

PAGI 55 OF 183 

'DATI 5-15-71 

FOR SWEEP HIGH VOLTAGE POWER SUPPLY 
(MOTHER BOARD) 

CRl X 10- 5 

• 294 
• 294 

• 019 
• 019 
• 019 
• 019 

• 788 

• 788 
• 788 
• 788 

• 788 

17. 52 

8. 32 
8. 32 
8. 32 

6. 57 

13.14 
7.88 

18.40 
13.14 
26.28 

CR2 X 10- 5 

1. 96 

26. 28 
26. 28 

CR3 X 10- 5 

z. 649 
2.649 

17. 52 

3. 92 

13.14 

13.14 
18.40 
7. 88 
8. 76 

CR4 X 10- 5 

• 385 
• 385 
• 385 
• 366 
• 366 
• 366 
• 366 
• 385 

• 088 
• 876 
• 876 
• 088 
• 088 
• 088 
• 876 
• 088 

5. 68 
5. 68 
5. 68 
3. 92 

4. 38 



_::; .. .... ,.aa.p.D& ' 
.~Dr~ 

Pa.,.t . 

Z9 
Z10 
zn 
Z12 
zu 
Zl4 
ZlS 
Zl6 
Zl7 
z1a 
zn 
zzo 
Zll 
Z22 
Z23 
Z24 
Z25 
ZZ6 
Z2,7 
Z28. 
z;:.9 
Z30 

• Z~>l 

Z32 
Z33 
Z~?4 

z:·'·5 
Z36 
Z37 
Z38 

':fota1 

LMS Reliability 
FMECA and SPFS 
Contract No. NAS9-5829 

-;-ABLE XVII . ; 

SINGLE POINT FAILURE SUMMARY FOR 
SWEEP HIGH VOLTAGE POWER SUPPLY 

(MOTHER BOARD) 

CRl X 10- 5 CRZxl0- 5 
CR3 X 10- 5 

26.28 
13.14 13.14 
13.14 
26.28 
26.28 
26. 28 
26. 28 
26. 28 
26.28 
26. 28 
17. 74 8. 54 

57. 81 
57. 81 

' 57. 81 
26.28 
13.14 13.14 
21. 90 
26. 28 

57. 81 
57. 81 
57. 81 

17. 08 9. 2 
6. 57 6. 57 

13.14 13.14 
20.59 1. 31 

57. 81 
57. 81 
57. 81 

14.89 11. 39 
26. 28 

546. 6ZO 624.080 141.498 

-· ATM 970 Rev. B 
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DATI 5:-15-71 

13.14 
·~ 

4.38 

48. 932 . . ..... 



'IH'OiiiJII08 
Jy&~E~ 

Part 

Rl 
R2 
R3 
R'.! 
R~· .I 

R6 

Cl 
cz 
C3 

Ql 

QZ 

Ll 

Total 

LMS Reliability 
FMECA and SPFS 
Contract No. NAS9-5829 

TABLE XVW 

SINGLE POINT FAILURE SUMMARY 

NO. 

ATM 970 Rev. B 

PAOli 57 OP 183 

5-15-71 

FOR SWEEP HIGH VOLTAGE POWER SUPPLY 
(MODULE 1) 

CRl X 10-S CR2 X 10-S CR3 X 10 -s CR4 X 10-S 

• 294 2.649 
• 019 • 366 
• 019 • 366 
• 294 2. 649 
• 019 • 366 
• 019 • 366 

• 788 • 088 
• 788 • OB8 
• 78B • 08B 

9. 2 21.46 
9. 2 21.46 

B. 76 B. 76 17. 52 

30.1B8 54.329 21. 897 



Part -
Rl 
R2 
R3 
R4 
RS 
R6 
R7 
R8 

C1 
C2 
C3 
C4 
cs 
C6 
C7 

01 

CRl 

Zl 

-
Total 

LMS Reliability 
FMECA a.nd SPFS 
Contract No. NAS9-S829 ~. 

TABLE XIX 

.. 
ATM 970 Rev, B 

PAOli 58 Of~ 

DATI 5-15-71 

SWGLE POINT FAILURE SUMMARY 
FOR SWEEP HIGH VOLTAGE POWER SUPPLY 

(MODULE 2) 

CRl x 10-s CRZ X 10-s CR3 X 10-S . CR4 X 10-5 

• 019 • 366 
• 019 . • 366 
• 019 • 366 
• 019 • 366 
• 019 • 366 

• 019 • 366 
2. 943 

• Z94 2.649 

• 788 • 088 
• 788 • 088 
• 788 • 088 
• 788 • 088 
• 788 • 088 
• 788 • 088 
• 788 • 088 

6. 93 12.19 

4. 62 6. 93 

37.58 20.23 

ss. 035 25. 841 25. 932 



--·-~ . 

·~oe . 
.d8nW~ 

Part 

Rl 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
R9 

C1 
C2 
C3 
C4 
cs 

CR1 
CR3 

Zl 

-
Total 

.. 

LMS Reliability 
FMECA and SPFS 
Contract No. NAS9-5829 

TABLE XX 
SINGLE POINT FAILURE SUMMARY 

no. 
ATM 970 Rev. B 

PAGI 59 OF 183 

DATI!! 5-15-71 

FOR SWEEP HIGH VOLTAGE POWER SUPPLY 
(MODULE 3) 

CRl X 10-S CR2 x 10-
5 

• 294 

• 294 

• 788 
• 788 

2.164 

-5 
CR3 X 10 

2. 649 
• 019 
• 294 
• 294 
• 294 
• 294 
• 294 
• 294 

2. 649 

• 788 
• 788 
• 246 

6. 61 
6. 61 

57. 81 

86.543 

CR4 X 10-5 

• 366 
2. 649 
2. 649 
2. 649 
2. 649 
2.649 
2. 649 

• 088 
• 088 
• 088 
• 088 
• 984 

4. 41 
4. 41 

30.826 



--· 

" t'G lq38De 
~Dhlla\Dn 

Part 

Rl 

Cl 
C2 
C3 
C4 
cs 
C6 
C7 

CRl 
CR~! 

CRJ 
CR4 

- ., 4 -- ;, 

Total 

LMS Reliability 
FMECA and SPFS 
Contract No. NAS9-5829 

TABLE XXI 

SINGLE POINT FAILURE SUMMARY 

NO. 

ATM 970 Rev. B 

PAOI 60 OP 183 

DATI 5-15-71 

FOR SWEEP HIGH VOLTAGE POWER SUPPLY 
(MODULE 4) 

CRl X 10-s CR2 X 10- 5 CR3 x 10-s CR4 X 10-S 

• 019 • 366 

2. 523 • 380 
• 788 • 088 
• 788 • 088 

1. 07 • 119 
4. 73 • 526 
4.73 • 526 
4.73 • 526 

6. 93 4.62 
6. 93 4.62 
6. 93 4.62 
6. 93 4.62 

47. 098 20.999 



Par-::: 

Rl 

C1 
C2 

Z1 

CR1 

Total 

.... 

1'10. 
ATM 970 Rev. B 

LMS Reliability 
FMECA and SPFS 
Contract No. NAS9-5829 

I"AGI 61 

DATI 5-15-71 

TABLE XXII 

SINGLE POINT FAILURE SUMMARY 
FOR SWEEP HIGH VOLTAGE POWER SUPPLY 

(MODULE 5) 

CR1 X 10-s CR2 X 10-S CR3 X 10-s 

• 019 

• 83 3. 3 
• 83 3. 3 

18. 92 

10. 52 

31. 119 6. 6 

-5 
CR4 X 10 

• 366 

12. 62 

15. 78 

28.766 

183 



LMS Reliability 

·····.~ 
··9ya~~:e~ne Dhrialon 

FMECA and SPFS 
Contract No. NAS9-5829 

Symb?l 

CA-l 

CA-2 

CA-3 

CA-4 

CA-5 

CA-6 

CA-7 

CA-8 

CA-9 

CA-lC 

CA-ll 

CA-12 

CA-13 

CA-14 

CA-15 

';ABLE XXlli 
~·..; ~ 

COMMAND FUNCTION CRITICALITY 

Function 

Step, Mult, and Sweep H. V. On 

Lock (Sweep Hold) 

One-Step 

Emission/Fil. Off 

Filament #1 On 

Filament #2 On 

Mult High 

Mult Low 

Disc High 

Disc Low 

Bake Out Enable 

Bake Out Disable 

Dust Cover Removal 

Ion Pump On 

Ion Pump, Mult, and Sweep H. V. Off 

MO. 

ATM-970 i>e:v. B 

OF -lJU 

DATI 5-i5_:71 

Locked 
On Off 

II I 

II II 

III III 

I II 

II II 

II II 

III III 

III III 

III III 

III III 

IV IV 

IV IV 

III Ill 

I IV 

I - II 



NO. 

Rev.B 

LMS Reliability 
FMECA and SPFS 
Contract No. NAS9-5829 

TABTJE XXIV 

ATM-970 

PAGE 63 OF 

DATE 5/15/71 

SPF CRITICALITY COMBINATl~NS FOR SIGNAL CONDITIONER 

This te>.ble gives the criticality rating and effect on each channel with respect 
to thej :ailure mode of each circuit output in the Signal Conditioner. The 
primed letters indicated the respective failed channel. HK1 is the lose of 
housekeeping digital date only. 

II II II II IV 

183 

Critic2.lity I II II 
Ret. Design A 

1
B

1
Cf AB 1c' A1 BC~ A 1 B1C AIBc AB~ C ABC' HK" Channel 

j
i ? 24-2 

u 25-10 

1/0 

1 
I 

,.._l ---··- ·---

u 31-3 

u 31-5 

0 

0 

u 31-8 I o 
I u 31-14 0 I 

1 

0 

1 

l 1 

1 

0 t u 32-2 1 1 

!--u-3_2_-lf·_,---1----+--1 ---i-1----L-----·-~--o-"-*1 _____ -+-~--\....-----+j 
u 32-12 i 1 I 0 I 
U 33-2 t 1 0 I 

u 33-e ' 1/o I l j 

u 33-10 1/0 I I j' 
----~------~------~-----4~------~-----~~---·~-----+----

u 33-12 o 1 1 l ! ' 

u 33-l-4 I' 0 I I 1 I 
I j !I I 

u 34~9 1:0 I I 
I 0 ~ 

u 3512 0 I 1 I I 

u 35-l o o 1 I ! 

u 34-12 

! 

u 36-2 I 0 I I 

~._0 
__ ...._11 __ 

0 
__ ...__ _ _____.. ___ j ___ ....___--lj _____ t-·-J 1 

__ L 
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APPENDIX A 

BxA FMECA 
WORKSHEETS 

NO. 
ATM 970 B 

PAGI 64 OF~ 

5-15-71 
DATI 



Channel A 
Countif!&_aE.d Data Com_kress!on 

p Th TEM rK!:.I-'Af'flJ BY 
ALSEP-Arrav_E ..&. W, Hiebert ~TM..9~·B 

rR-l1 ITEM IUW<> NU. 
rLMS I 2347400 PAGE 65 of 183 

FAILURE MOOt_) EFFECT & CRITICALITY ANALYSIS WORKSHEf:f _I':Ii':ry- -~.~c, ~. 

Y'-'count. & nE.__J 2347'>52 f!Ak .>it.·!/ II 

FAILURE MODE 
EFFECT OF FAILURE PART/~ 

SYMSOL. 1- ( OC) ASSEMBLY END ITEM ~ 
Ul Pin 2. or 6 = 1/0 1 Loss of clear to c-ounters and loss of Loss of Channel A data 

CRITIC­
ALITY 

parallel dump of input data to shift 
1 I registers Pins 10 or 12. = 1/0 Ul 

Ul Pins 8 or 14 = 0 .7 

Ul4 Pin 8/9 = 1/0 

U49 Pins 12./13 = 1/0 

U49 Pin 9/8 = 1/0 '1 

U4S Pin 2 = 1/0 

--· -- I·-- 1---·------ -· ------------1 
UZ, 3, 4, 19, 20, 35, 36, I All Pins = 1/0 Loss of all data in Channel A 
~._ 5]-'-6~, .§Z,l_8..2_4, 
65 

~------------ -· --
U60 

------·-----

TJ<~8 

U45 

U64 

Ul7 

Ul 

Pi~-3 = Ifo r-
·-·-·--·--------- -----1- f 

Pins 3 = 1/0 

Pins 5 = 1/0 

Pins 8 = 1/0 

Pins 14 = 1/0 

1 I Loss of 2.00 kc (free run) clock 

----------- ~--------------------

Pins12.or 14= 1/0 

Pin 10 = 1/0 

Pin 3 = 1/0 

Pins 2 or 10 = 0 

Pins 8 or 14 = I 

Loss of 200 kc clock as shift pulse 

.7 

• 3 

II 

2(5. 84) 

2(4. 0'!) 

17.50 

17. ~0 

17. 50 

5. 84 

Fl4(36~;-
17.05 

8. 74 

8.74 

8.74 

8.74 
1----·-

2(5. 84) 

5. 84 

8.74 

2(11. 80) 

2(1.75) 



PART/~ 
$'l'MOOl, 

,ul4 

iU29 

,.-------..--· 

U61 

U65 

U48 

Ul7 

U48 

U45 

!]64 

U33 

-· 
U61 

--
U61 

Ul4 

Cl, 2 

Jl Pina 30,27 

[a 
Jl Pina 1 & 31; 

10 & 40 
24,82 

-----------------

Channel A 
Countin11 and 

::.~~EP 
-~~ 

_...,.,. -VI-'~ .I IJCIUWI\,QI 

'R: W-~ H~bert ~TM 97o F""· Ji 
-'""'~ ""-' 2'-47400 P~_6.6. of' 183 

FA LURE MOO£, EFFECT & CRITICALITY ANALYSIS WORKSHEET ~~~~t. 8c D/C ~4'ft5z f-P<ll:.l/29/71 

EFFECT OF FAilURE FAILURE CRITIC-
FA ll.IJ~£ MOO£ ~:~T't ALITY 

( (!(.) ASSEt&Y END ITEM 

Pin 12/13 a 0 • 5 ZOO kc clock Ia inhibited 8. 75 

Pin 10::: 1/0 1 35.00 

-
Pin• 5 or 8 ., 1/0 1 Lou of dump of compreaa data 2(8. 74) 

-----·--· I 

Plna 5 or 13 = 1/0 1 Lou of digital multiplexer Lou of Channel A data 2(17.05) 
I 

n 

Pill 8 = 1/10 1 5. 84 -
Pln 2 or 10" 1 • 3 Z(S. 25) 

Pln 6 = 1/0 1 5. 84 

Pill Z"' 1/0 1 17.05 

Pln 14 = 1/0 1 8.74 

All outputs = 1 /0 1 36.75 

Pin 5 = 1/0 1 Lou of J~blft puhse 8.74 

·-·------. 

Pin 8 = 1/0 1 Lou of MODE 8lld CLEAR pulse for 8.74 
compreued data circuits 

- . --------- -- - ------ --·---
• 

Pbt lZ/13:: 1 • 5 Counter will not stop at full count Lon of Information only on full resister: a. 75 m 
data may be d!fl!eult to interpret 

. --------- -- -----~---- --- -· 

Open or Short .9 Loss of Channel A oacillator Loss of Cllannel A 2(. 08) II ------- ·- -· ~---- ------.. -~--· . ----- ·-~----

1 Lo'ss of Channel A data 3(1.75) 

--1--

Short .9 Lou of power (+5 VDC) Loa a of aU data .08 I 

1 2(. 88} 
2(1.75) 

-~ -~ -



Channel B 
Counttng and D&.ta Compreulon 

~~-~~~E: :~~Hlf!bert ~Ji!51t: ITER - • 
L~1S .. ~'! ~7,!~0 ;,Pf"~ ~-.-, cf' ~q:! 

us 

us 

us 

PAAT/~ 
SYMOOL 

UlS 

U53 

053 

usz 

FALURE MOD£. EFFECT & CRITICALITY ANALYSIS WORKSHEET (A$-s'Y 1DW5 NO~ 
C:nunt, a. D/C I 2347 552 

FAILURE MOO£ 

Pin 2 or 6 = 1/0 

Pins 10 or 12 • 1/0 

Pins 8 or 14 = 0 

Pin B/9 = 1/0 

Pins I 2/13 = 1/0 

Pin 9/8 = 1/0 

Pin 2 = 1/0 

(Ct) 

.7 

1 

EFFECT OF FAilURE 

ASSEWBLY END ITEM 

Loss of c:1ear to countera and lou of I Lou of Channel B data 
parallel dump of Input data to shift reglateL-a 

I -~ -1 •• -· 

UJZ PlntJ 3 = 1/0 

Pins 5"' 1/0 

Pins 8 = 1/0 

Pins 14 = 1/0 ; 

l 
usz Pins lZ or 14 "' 1/0 • 

U46 Pin 10 = l/0 

U68 Pin 3 = 1/0 

U21 Plna 2 or 10 .. 1/0 

us Pins 8 or 14"' 1 --
CIS Pin 12/13 " 0 

l'30 Pin io = I/O 

""t¥\lo.. ,,. 

pl~TE 3/1.9/71 

FAILURE I CRITIC-
~TY AI..ITY Ou_ 

2(5. 84) I II 

2(5. 84) 

2(4. 09) 

17.50 

17.50 

17. so 

5. 84 

--
14(36. 7 5) 

l7.0S 

-
8.74 

8.74 

8.74 

8.74 

I 
2(5. 84) 

5. 84 

8.74 

2(11. 80) 

2(1. 75) 

-
8. 75 

35.00 



Channel B 
-- ----:p ,. .... --- ._._ ...... r .. ~~ .... ...,•-•• 

P~rt!"_ ·;;- ,:;- 1St' f«J_: ll'(t.V,A 
AJJSEP-Array E R W Hiebert ATM «17n I 11i!B'' 

~~ ~4~oo PAC>£ 68 of =,.lll 

• • '·"'· .,
0
,., •••• f~.!!:~- MopE~ EFF-ECT & CR~TlC.t.UTY ANALYS!S WORKSHEET ;"~"';,imt &_D/c ~317\'52 ~,., 3! lQ/7t ,, 

~/~ EFFECT Of FAiliJRIE FAILURE CRITIC-

. StMliKll. FAIUJRI MOO£ («.) ASS£fl&Y £HO ITEM ~~:::::~~n ""'JTY 

--·--~~~------~--------------------------~~~--------~~~==~----------~~----------~--~~----------~r-~~~~~~----~ 
I 

U62 Pine 3 o:r·14 • 1/0 1 Lou ol dump of cmnp:reu data 2(8. 75) 

I U69 P-;n• 5 -::-;3" 1/0 1 Lou of digital multiplexer Lou of Channel B data --~7. ~:- II 

U52 Pin 8,. 1/0 1 5. 84 

Ull Pin 2 or 10 '" 1 • 3 2(5. 25) 

U52 Pin 6 = 1/0 1 5. 84 

U46 Pin 2 = 1/0 l 17. OS 

!]68 Pin 14 = 1/0 1 8. 74 

U37 All outputa = 1/0 1 36.75 
I 

~· I 

U62 Pin 5 = 1/0 1 Loss of ahllt pulae 8. 74 ! 

-·- -· I 

U62 Pin 8 = 1/0 ·1 Lou of MODE and CLEAR pulse lor com 8.74 
preued data drcuih 

---------------~~----------------------------~------------------------------+-----------------------------;------------~~--~ 
Ul5 Pin 12/13 = 1 • 5 Counter will not wtop at full count Lou o! ln!ormatlon only on full resister; 18.75 m 

· data may be difficult to lnte7pret 

Jl Pins 9, 29, 26 Open Lou of Cbannel B Loss of Channel B • 3(1. 75) II 

~-~··-----

C3, 4 Open or Short Lou of Channel B oscillator 2(. 08) 

'. 

-- -- ------------------·----- ----~------------ L_ _____ " ----------------~--



U9 

09 

U9 

Ul6 

U59 

U57 

Pin lor 6= l/0 

Pins 10 or 12 • 1/10 

Pins 8 or 14 = 0 

Pin B/9 = 1/0 

Pins 12/13 = 1/0 

Pin 9/8., 1/0 

.7 

U56 ~~~~----~-------~----------~~----, ~-----------~ 
Pin 2 = 1/0 

UI o, 11. !l,l9, 28, 43, All pins = 1/0 Loaa o! all dah In Channel C 
~58, S?~· 26, ----r-i 
42, 73 

~· 1- i U13 -- ~ ~--.. --·· -1 

U56 

U47 

072. 

U25 

U9 

Ul6 

U31 

Pins 3 = 1/0 

P!n11 5 = 1/0 

Pine 8" 1/0 

Pins 14 = 1/0 

I Pins IZ or 14,. 1/0 

I Pin 10 = 1/0 

Pin 3 = 1/0 

Pins 2 or 1 0 = 0 

Pina 8 or 14 • 1 
A .... --~ 

I Pin 12/1 3 = 0 

I Pin 10 = 1/0 

Loas ol. ZOO kc (tree run) clock 

1 I Lou of 200 kc clock as shift pulse 

• 7 

• 3 
---+1-- --- . . 4 

• 5 I 200 kc dock Ia Inhibited 

Channel C 
Counting and Data Compreu!on 

~J::~aArravE 
~ 

~ .. .,. & MAL 01 ro:v ....,;,; llll Qo4l;; o: L . .......,........,_...., ~ .,.'l:l"~-·-------------------.d..--------L----..J 



PMT/~ 
SYMOOl. 

U63 

FALURE MODE, EFFECT & C~ITICALITY ANALYSIS WORKSHEET 

FAIUJR£ MODE 
EFFECT OF fAilURl 

CCX) AS~Y 

Pine 3 or 14 • 1/0 1 Lou of dump of compreu data 

Ch~Umel C 
Countmg and Data Compre1111lcm 

EM) ITEM 

2347400 AGE 70 of' 183 
"""p;f~~~-;~'''=~--r=·~y~ ·-~~-~9/7; '". 

fAILURE 
PAOOAB!LJTY 

0 x I<P 

C~ITIC­
AliTY 

t- " --------- ·---·-· ' ---------------- ·- ··--- . '---· . ~· -- .. ---····-------
2(8. 74) 

1----
U73 I Pine 5 or 3 ,. 1 /0 

U56 I Pin 8 1/0 

U25 Pin Z or 10 = 1 

U56 I Pin 6 = 1/0 

U47 I Pin Z,. 1/0 

U7Z I Pin 14 = 1/0 

U41 All outputs = 1/0 

~-
U63 Pin 5,. l/0 

-- -· 
C63 Pin a,. I/o 

-
Ul6 Pin 12/13 = 1 

Jl Pina za. z5, 11 Open 

C5, 6 Short or Open 

Lou of Cha!lnel C data 

1 

• 3 

1 

1 

1 

1 

1 I Lou of ehlft pulse 

1 I Lou of MODE and CLEAR pulse lor 
compressed data circuits 

• 5 I Counter will nat atop at full count 

I Lo .... "'·-··c .... =·, 
Lou of Channel C oscillator 

Lou of Channel C data 

Lou of Information only on full resl9tor: 
data may be difficult to interpret. 

Lou of Channel C 

1»---

17.05 

s. 84 

2(5. ZS) 

5.84 

17.05 

8.74 

36.75 

8.74 

8. 74 

18.75 

3(1.75) 

2(. 08) 

n 

m 



SIGNAL CONDITIONER 1o 

FAILURE MODE. EFFECT &. CRITICALITY ANALYSIS WORKSHEET fiE~:=~ss~ ee Above 4 41 

PAAT/~ EFFECT Of' FAilURE . FA!l.lJR€ CRITIC-FAILURE MOO£ 
(«.) P~sf~TY Al.ITY S'fMS(lL ASSEM'ILY END ITEM 

J 
Rl Open • 05 Loas of all three 'channels Lou of aU three cbanneb (ABC) • 02 Rl Open • 05 to central station • 01 Cll Short .9 

• OA I Cll Short • 9 
. 08 C9 Short . 9 
.ll CIO Short • 9 
• 08 J Pinu18,31,\0 1 

l(3. 68) & 40 
·--~- --r----UH Pin 10= 0 • 5 

3.50 U34 Pin 9 = (1/0) t;o 
7_.,0 I UH . Pin 10 = (1/0) 1.0 
4.~9· -- --- 1----1:--U33 Pin 8 = 1/0 1.0 
4.69 

-~ I c.:s Pin 8 = (I/O) 1.0 
5.44 

--------~ -- t-·------ ------U36 Pin 10= 0 .7 
9. 70 t: 25 Pin 10 = 1 • 3 
1.63 I ·- -------- ·----·- ------------ --L-3z · Pin 6 = 1 • 3 Lou of channelu B and C but not A 1. 63 ~ ·-· ... 

nz Pin Z = 1 • 3 Lose o{ channels A and C but not B I. 63 
JL -- --- ----~~ .- --t: 3.Z PinlZ=l • 3 Doss of channel a A and B buill not C I. 63 

--· -·· t-----·---U31 Pin 3:: 0 .7 
4.80 un Pin 5 = 0 .7 
4.80 U31 Pin 8 = 0 .7 
4.80 1 U24 Pin 2 = 1/0 1.0 
6. 86 U31 Pin 14 = 0 .7 

-# 4. 80 f-.. --·--- ~--.. - ---------- --~--... ------ -- ~---U34 Pin 17 = 1 • 50 Partial Loaa of Data Loe s of Channel A and B and not C 3. 50 t'33 Pin 14 = 0 .70 
3.l8 II tiH Pin li! = 1 • 30 
I. 41 U3S Pin 10 = I) .tzo 
'~·70 

~-··•><t:"l;f><••'''"''''q:'''''";!'''"'"'''"'l"•---



SIGNAL CONDlTlONER & 
COMMAND DECODER 

a~EP-ArrayE~e rt -~·~--;~~ 
.~~= ~::~u:;;;; 

c"" ••nc- IVn"t-~ l!:'~ec-rT 11 ro•T•rALtTv AM-'L"'e•e '~'nnvt::-•~ET •r. ~ i"\~~-y;"''- ~~~'i~w-~:.. e-- • '-'- ~ "'-'''. "'"'*,.. ... lli" • 1""'\~~M '.,..,. • ....; W'WVi\¢,-Ji ·~ j_ ~t:t .M.""u'VC r ... J.-t-1..;4... I 
I --

PAAT/~ ' ' EFFECT OF fAilURE FAII..Uf£ CRITIC-

S'M!IOL ' FAILURE MOM (Ot) ASSEMILY END ITEM ~~TV ALITY 

U34 Pin 10 " 1 • sp • I Lon of Channel Aand c but mt B 3. 50 
U33 ' Pin12=0 .70 "3,<;0 ll 
U36 Pin l = 0 • 7f 9, 10 

t--- ·~--~ ·~----.··------- .. --.--~ . -'~-- _....,. ----• ~-- ••-w-- •' • • ~·-·-• - •.,. 
U35 Pin 2 = 0 • 70 Loss of Channel B and C but not A ~. iO II 

-----"tils PinZ =1 • 39 · -·--
U32 

1 
Pin 6 = 0 • 70 Lou of Channel A only f: ~~ n 

U31 ; Pin3,.J .3b ,.06 
.T Pin lb 1 1 1 3. 68 

-· 3& ' --··· -·- .~ -·---------- --- ---t--~----1 

~Hf pf:~~ ; \ ·. 30 t Loss of Channel B only "\·.lJ6 , 
U31 Pin 5 = 1 • 30 2. 06 II : 
U32 Pin l = 0 . 70 3. 80 1 

J Pin 25 1 3. b8 I 
-- U35 Pin 10 = 1 30 ------ f---·--:~ ----1 

U34 Pin l.! " 0 :51> Loss of Channel Conly ~: '?o i 

U33 Pin Z = 0 . 70 I. 40 II I 
t:3l ' Pln8;1 .30 : '.06· 
U32 Pin 12 " 0 • 70 ' 3. 80 
J Pin .!9 1 3. 68 

r-- . ---- ·- ·- -t-------1-----l 
ll' 1 Pm 14 " 1 • 30 l u. 
U25 Pin 10 = 0 • 7p Lou of Housekeeping Data 3'. "'10 
U36 Pinl0=1 .30 4.15 IV 
U31 Pin 14 = 1 • 30 .,. . 06 - ---- - ---·-· --uz. 6, 8, 10,1Z, Output Pins = (1/0) 1. 0 Lou of Commands Ill through 6 Lon of all data 6(4. 69) I 

H 
~ .. -- ~ ~- -··--· ·--~ --~ --- -··. 

UZ, 6, 8, 10, lZ, Output Pina = (1/0) 1. 0 6(4. 69) I 
14 ---------+-----------------+--------------- -- . ---·· ---- ~--
Ul7 Pin 14 = (1/0) 1. 0 Lou of Command including 7 4. 69 
U.!5 Pin 14" (1/0) 1. 0 5. 60 I · 
U30 Pinl411:(1/0 1,0 6.86 
030 Pin 8 = (1/0) I. 0 6. 86 
Ull Pin 9 !I (I/o) I. 0 5. 44 
V~l. Pin 14 =(1/0) l. 0 5. 44 

- - --------- ~--------~-------
03 Output Pins= (1/0) 1. 0 Lou of Commands 11 through 6 6(13. 85) I 
U4 I. 0 
t'S 1. 0 

... 



i 
i; -.... ~.,~~~, ~! lt' 1 1t""5M'rte'm'e"4~~-r ·D·MbntPe::?t?r''l%:A ·kilo\ ,, r:tfrl'.t .•1=Me~~\'iml:ir~~<:C::. ~'l!~ts.,tafl&<St~"k~ 

SIGNAL CONDITIONER lo 
COMMAND DECODER 
:>l'ltlf.M 

'R: lii:':b~t AL"'F.P - AY"Pav F. 

~~~r f-''1'1\:1 I'll!, 

-~--"%."~-"""~ ... ~ •• -

~M'l70 F·:a_ 
PAC..£7 7.7of' lli3 

FAILURE MODE, EFFECT & CRITICAliTY ANALYSIS WORKSHEET A!>.?,'.! ~"~"~ ~.~-1;12 f.!Alt. 
.......,_....._,"'-">~.._,_..,._, . ...,_<.>=-!~~ '"'-'""'""-'1o--.·=·•·~~o<-'j.'<Q1•;,->,...N~~-- ' ' ' -- • , • ~ 

PAAT/~ • EFFECT OF FAilURE FAILURE C~ITIC-j FAILURE MOO£ I PR~:~TY ALITY 
S'tMSOL i (OL) • ASSba.Y ENO ITEM 

' 
U25 I 

Pin 6 = 0 o. 7 \ Lou of U through 6 comma-nds Loae of all data 3.70 --- -------
U25 Pin 2 = 10 l.O l Loas of Command 7 to command gate• I 3.80 
U32 Pin 10 = 0/1 ·1.0 

I 
Loss of +5 tum on puhe 5.44 I 

Short/Open 
1-· 

Cl .C) Lose of Power or oecitlatiOD • 08 

C2, 3, 4, 5, 6, 7, 8 Short .'J Lou ol a command alpall through 6 7(. 13) 
J Pin• 33, 34, 35 1. 0 . 6(3. 68) I 

36, 37,48 

uzo Pin 9 = 1 (8 a O) • 5 Disc gain locked low, J -plate gtep Looe of !lome data but not all 6.93 
Ul3 Pin 10 = 1 • 3 Inhibited 4. 15 n 
Ull Pin 2 = 0 .7 9.70 
J Pine 46,11 Pin 46,11 1. 0 il 2(3. 68) --
uzo Pin 9 = 0 (8 ,. 1) • 5 Disc gain locked hiP, 1-plate step 6.93 
Ul3 Pin 10,. 0 .7 unable to Inhibit. 9.70 n 
Ul3 Pin Z = 1 • 3 4. 15 r----- ---. ----·· --
J Pin 19 Pin 19 (1) Unable to turn ?~ bakeout heater Loss of bakeout function no lou of 3. 68 
U28 Pin 10 = 0 .7 data 3. 80 
UZ9 Pin 8 = 1 • 3 2. 31 
UZ9 Pin 14 = 0 .7 5. 39 rn 
U19 Pin 8 = 0 (9 = 1) • 5 6.93 
U6 Pin 10 = 0 .7 9.70 
U12 Pin 2 = 1 • 3 4. 15 
UZ8 Pin 6 = 1 .3 1. 64 

-· UZ8 Pin 10 = 1 • 3 Unable to turn OFF bakeout heater Bakeout heater automatlcal\y cornea 1.64 
U28 . Pin 6" 0 .7 on In atand'by. No lou of data 3.80 
U29 Pin 8 = 0 .7 5.39 
U29 Pin 14 = 1 • 3 2. 31 IV 
Ul9 Pin 8 = 1 (9 • 0) • 5 6.93 
U6 Pin 10 = 1 • 3 4. 15 
Ul2 Pin 2 = 0 .7 9.70 
J Pin 18 Pin 18 1 3. 68 

··-·~ - ·---------·----------·-·--- --



FA LURE MOD£, FFFECT 4 
"-·'-"'"' ---~~"~-"-- -- . . .. -

FM'T/~ FA llUR£ MODE 
StMaa. --; 
J Pin 50 Pin 50 
U23 Pin 10" 0 
l123 Pin 14" 1 

J Pin 52 Pin 52 
U23 Pin 10 = 1 
U23 Pin 14 = 0 

Ul5 Pin 8 = ~ (Pin 9 = 1) 

U9 Pin 10= ~ 
J Pin 42 

-
Ul3 Pin 6 = 0 
U23 Pin 12 = 1 
U23 Pin 2 = 1 
U24 Pin 10 = 0 

r----- -
Ul6 Pin 8 = 1 
U17 Pin 6 = 1 
U26 Pin 5 = 0 
J Pin JS 

~-----.--· --~ 
Ul6 Pin 8.,. 0 
Ul7 Pin 6 = ~ 
U26 Pin 5 = 1 -
U9 Pin Z" 1/0 
J Pin 21 

:--

Ul7 Pin 10 = 0 
TJll Pin 10 = 1 
U26 Pin 14 = 1 
Ull Pin 2:: 0 
J Pin 14 

·'~ 

CR!T!C,.,,UTY ANALYSIS WC~t,SHEET 
ef: -:~ .. ~~ !!!~=-,, ~..:t:~ 
l"1fee Above ~41542 

SIGNAL CONDITIONER & 
COMMAND DECODER 

EFFECT OF FAitUR£ . FAILIJRE CRITIC-
( (lt.) END ITEM p~:~~TY ALITY ASS£HB!..Y 

J. 0 Unable to turn backup heater off Los a of function 3. 68 .7 
• 3 3. 28 IV 

). 41 ----- _ .... __ ~ 
1. 0 Unable to turn backup heater on· 

3. 68 .7 
• 3 3.28 IV 

~· 
1. 41 

-• 5 Sweep high voltage unable to turn Clll Lou of all data 6. 93 I - ----......... _______ ,. ______ 
··-·------- -~---r· . 7 U:lable to turn ol! sweep high voltage Lose of function 9.70 Ill 1 

3. 68 -- .. ---... """'""''""" ....... ~ ....... _. .................. _ .... --. .,....._ __ '·-.7 Unable to turn multiplier high voltage l.os o of function 3.28 • 3 off 
• 3 1. 41 tii 

1. 41 ' .7 
9. 70 . 

~--- --·----.5 Lock high Unable to manual step once set 6. 93 • 3 
.7 3.28 m 

1 4.80 
3. 68 - - ------------- ----• 5 Lock low Step only, unable to eweep · 6. 93 .7 

• 3 3. 28 m 
2. 06 - .... ~ ---~-·--....._--·-·--· .. ---- ---- ... ~-----·-~- ·------ -- __ ... _ 

1 Unable to ~rate J-plate or step functic Partial lon of data 13. 85 III 1 
3. 68 

.7 Unable to set mutt gain high 
3. 28 • 3 

. 3 4. 15 

• 3 4. so m 
1 9.70 

3. 68 



FAAT/~ 
~~ 

U17 
Ull 
Ull 
U26 
J 

U29 
UZl 

1--· 
U29 
UZl 
U7 
uz8 

-------· 
J 
Ul4 
UZ9 

·-·--,__._-...,. 
J 
UZ9 
U7 
UZ8 

U21 
U17 
UZ6 
UlO 

.. 
U21 
Ul7 
U26 
UlO 
U33 

U28 
U30 

SIGNAL CONDITIONER Ia 
COMMAND DECODER 

FAILURE MODE. EffECT & CRITICALITY ANALYStS WORKSHEET 
a;,~~···~~;-~ 

Above l4 542 

EFFECT OF FAILURE FAILURE CRITIC-
FAII..UR£ MODE PRge:~TY ALITY 

(0!.) ASSEf.6.Y ENO tUM 

Pin 10., 1 • 3 Unable to 1et multiplier low Partial lou of data I. 41 
Pin 10 = 0 • 7 9.70 m 
Pin 2 = 1 • 3 4. 15 
Pin 14 = 0 .7 4.80 
Pin 54 1 3.68 --- __ .,.__............. .. 

__..__. .. ....,_ __ ---·-.. --:-----~-- --· -----···-- --· .. _ --------------- ----- -·-·-··-· --~·--···-
Pin 5 = 0 .7 FIL Ill Locked oo "0" (Unable to FIL I 2 Locked olf, unable to tum 5.39 m 
Pin 9 = 1 (8 = 0) • 5 turn off FIL Ill) on FIL IZ 6.93 

---
FIL ti-L-;cbd .. off, un~t;t;;;;;;;-:-

.._:...___ 
Pin 3 = 0 .7 FIL 12 Locked On (0), Unable_ to 5.39 
Pin 9 = 0 {8 ,. 1) • 5 turn off FIL /12 11 6.93 m 
Pin 12 = 0 .7 19.50 
Pin 14 = 1 • 3 1.64 

Pin 3 1 Unable to tum on FIL I 1 Unable to turn on FIL Ill 3. 68 
Pin 12 1/0 1 27.90 Ill 
Pin 5 = 1 .3 2. 30 

--------~----- __________ ._..._.....:.,. ------- f-----
Pin 2 1 Unable to tum on FIL I 2 Unable to tum on FIL I 2 3. 68 
Pin 3 = l • 3 2. 31 m 
Pin 12 = 1 • 3 8. 36 

I Pin 14 = 0 .7 3.80 
. --I pin 12 = 1 ( 13 .. 0) • 5 Unable to tum off filaments Unable to switch !rom FIL If 1 (2) to 6.93 

Pin 12 = 1 • 3 I 2 ( 1) or turn of{ Filaments 1. 41 111 i 
Pin 8 = 0 • 7 4.80 I 

! 

Pin 2 = 1 • 3 4. 15 

- ----- - ------
Pin 12=0(13= 1) • 5 Unable to turn on either fill. Both Loss of all data 6. 93 
Pin 12 = 0 .7 fill will lock off • 3. 28 l 
Pin 8 = 1 . ~ 2.06 
Pin 2 = 0 .7 9. 80 
Pin 6 = 0 .7 3.28 

- -·- _.._ _____ -
.. --~----------- ·----- ----·----- -·~--....-----~ .... ----~- --· ,_ . ··--- --4 - -· ~ - -- .. -- -

Pin 12 = 1/0 1 Unable to turn on either Fill. Both Fill Lou of all data 5.44 I 
Pin 3::: 1/0 1 will lock off 6.86 

1--· . - . -----

. 

-- -



fALU~ MOot, Ef'FE.CT & CRHICALOY ANALYSIS WORKSHE.E.f 

SIONAL CONDITIONER & 
COMMAND DECODER 

~EP • ArraxE 

MP" 
~~T Above r·-see 

-~if( 
R. Hiebert 

b:!'~ 
23:fs4Z 

E;~El( 
. 76 of' 183 rrc: ··--·--· 

C~T!C­
ALITY ~ 1 . . . ( «, r=: ~=~SS~Y= = 1 : f.;-.~EM __ 1 ~::~TY ~- . ·-"'~-

EFFECT OF FAILURE 
FAILURE MOO£ 

.7 
• 5 
• 3 
.7 

1 

Failure to remove dust cover Imped data taking operate only during 
lunar nlte 

3. 80 
6. 91 
4. 15 
3.80 
3.69 

m 
Pin a .. o 
Pin 8 = I 
Pin 10 = 1 
Pin 2 = 0 
Pin 20 

------~---------------------41 ---t ~--
Pin 8 = 1 
Pin a·= o 
Pin 10 = 0 
Pin 2 = 1 

Pin 8 = 0 
Pin 12 = 1 
Pin 9 = 1 (8 = 0) 
Pin 8 = 1 
Pin 16 

• 3 
• 5 
.7 
• 3 

.7 
• 3 
• 5 
• 3 

1. 0 

When -cover Is removed thla h a "don't I No Failure 
care" condition 

Ion pump locked off or unable to I Unable to use Ion pump 
turn en 

0 
0 
0 
0 

4.69 
8.37 
6.93 
I. 41 
3.68 

IV 

m 

--- I ~ - -----1 I ----
Pin 13 1/0 I. 0 I Ion pump flag Incorrect I Lou of housekeeping data on Ion pump 

-----~----I.._..-P_in--2 :7 . .. ·-- :J·ru~a"bi;-t~ci"FF''htgh voltage;-- --io·;;;,;{!~~i~--------- ---- ----
Pin 49 1 

1---;~~-:-;,- - -·· -- .;...7_l_!:r~ab;;~~~~-;;~-;h7gb~oitag-;;-{L-;;; ~{;ii-d.rt"~-~·-----· 

13.85 I IV 

-- ---4. f~---··--r -itt-. 
3.68 

-·-- 9."7o- r-·· i'' 
19 

~ . I - . . -J..--- - --l·· ~---·----· -·-··--.. -- -· ---- ···--· ·--· ~1 -·~-

U.Z3 Pin 8 = 0 .1 J u~in 51 1 
US Pin 1 Z : f • 7 

t-----IDL- 8 = -~ • 3 

U23 
U23 
U9 
U23 
U24 
J 

Pin lZ = 0 
Pln 6 = 1 
Pin 10,. 1 
Pin Z = 0 
Pin 10 = 1 
Pin 53 1 

.7 
• 3 
.l 
.7 
.3 

Un:(l.ble to turn Ion pump off Loss of function 

Unable to turn on mult H. V. Lou of all data • 

l. 68 
3. 28 

19. 50 
I. -II 

III 

---- ··- t-1---
3. 28 
I. 41 
4. 15 
3.28 
4.15 
3. 68 

I 



I 

SIGNAL CONDITIONER. 6 
COMMAND DECODER. 
15'VSTFK ~ 8'( 
ALS~P - APO•Av li' I 'IL Jtf.,'h ... t ~ .. :-:~~-~ 
~rmr pwG NO. LMS 

IWn'/~ 
S'VMl!OI. 

FAiLURE MOot. EffECT &. CRiTiCALiTY .ANALYSiS WORKSHEET 

FAll..UR£ MOD£ 
EFFECT OF FAILIJA£ 

(4) ASSEMI!I.V 

A'SS'Y 
See Above P"'t3!f¥54z 

£NO ITEM 
1 
1 
1 
1 

Ma.nual one Step Lock High or Low 

UlS I :~ :•:,}~0 -!-----·-··-· .. -~a~:~~·;:,~~~~~: Ul6 Pin a.t/0 Lon olhou•ok• .. ••l t127 Pin 10 = 1/0 -----1- level UIO ··---· 

Pin 8 = 1/0 t118 Mutt gain flag Inoperative 

Loaa of Ma.nuat Step Ability 

PAGE 77 of 183 
<o~ 

FAILURE 
PAOBAB!UTY 

a "' Kf'l 
5.-!4 
6.R6 
6. R6 

13. 85 

CRIT'C­
ALITY 

m 

·---·-·. I---· 
13. 85 IV 

U34 
U33 
U31 
J 

PinlZ: 1 
Pin 14: 1 
Pin 14 = 1 
Pin 30 

--·-··- -· . ______ .. _ --·---------·---~----- -
• 5 J Lou of all housekeeping data Lou of all housekeeping digital data 
• 3 
• 3 

t133 ~--------1---- -~-- r· - -
Pin 6 = 1 • 3 Loss of turn on puhe May have to reset two command 

1 

I - •--·-----· ---·1 -----·-·-·-·"-·----·· ......... ·-----~-

3. 50 
1. 41 
2.06 
3. 68 

-----------~·------). 41 m 
U30 Pin 5 = 0 

Lou of discgaln flag 
Lou ol ion pump flag 
Lou of bakeout Clag 
Loss of FlL flag 
Lou ol multgaln flag 

Los a of all data 

~ I --- 1----------- ----1-L;;~ ~~h~s~k;~pi;& d~ti ... '" ·-~· ""-··-~ ··----~J--·Iy-
• 7 I Lou of all commanda ·----- I ·-4. RO 

J Pin 45 
Pin 44 

\ Pin 12 

1 
1 
1 
1 
1 

J 

Pin 17 
Pin 13 

Pin 43 
Pin 47 

-·m ·----·~----·-------+-1 ~---- .... ___ _ 
1 Lou ol data demand Loss of all dau 
1 Loss of frame mark 

~--------.. ·---- ... ·---- ---·- --- -·-~---·--· 
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'FALURE MODE. EFF£CT & CRJTICALITY ANALYSIS WORKSHEET 

•• cs 

I'AAT/~ 
SYMOOL 

FAILURE MOO£ 

Ia Short 

i t EFFECT OF fAII..OO£ I 
( « ~ ASSDim.Y I END ITEM ... 

0.2 1 1. Losa of Emission current monitor I. Losa of Emi .. ion Current.Monitor. · 

~---------H--------------------~ Z. Lou of Other data .also. 2. Lou of Analog Housekeeping. 

u9/l' 0 8/1' 0 11/9' ; I Htp/Low 
t; u .. (1 ' 
11

19'· 18' 
0

2z• 0 zl'' 

13
H-1413, H' 0 z6•; 
H 

AR4, AR
3 

I High/Low/Drift 

0 1• 0 2• 03' Q 4 I Short 

0 5/7' 0 6· a,. Q 8 

R 2 I Open 

R 21 • R 22, R
13

, R 14 I Open/Short/Drift 

Rl7' R37 

0 s;z. Open 

0 z4-918 9 High/Low 

RIS' Rt6 Open/Short 

{Ill 

I 

(1) 

(. 5) 

• 1 

(. 5) 

• 1 

Open/Short 
ciS' c., - I 
CR, CRz ~ 
-~-----

Short 0.4 

c, . .~ 

1 

r.;9/5' 0 7/1&5 

Short 
-prnz6 

Pin 3/33 
Pin Z/32 

High/Low 

0.9 
1 

1 
1 

Loa 11 of 90th Frame Mark Lou of System Data 

~-········---~-­

LA'r.M._Cl7 0 I --·A 
~}8 .. «?f.l!J3 ''<C 

p\t£-tllq/11 

Fj\U..UR£ 
fROBABtUTY 
Ox~ 

0.02 

178.45 

50.70 

416. 25 

,04 

18.00 

27.75 

12.70 

O.Oil 

o. 18 

11.20 

0.08 
3.20 
3. zo 
3. 20 

6. 35 
H.OO 
0.08 

CR!TIC­
ALITY 

Ill 

I C 7 t ~ort o. 9 
P1n -1 
Pin 1 & 31 1 

--3-.-z---
Pin10&40 1 

I Pin IZ 1 

3. z 
3.2 
3. z 
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PMT/~ 
t 

EFFECT OF FAILURE fAIUJR! CFUTJC-FAILUR£ MODE 
(OL) PRcr:~y AL•n SYMJOOL ASSEMSit.Y ENO ITEM 

a1-z ~pen • 5 ~tem (1 ): Ion Plfmp Current Mon. Lou ol all Analog Housekeeping Data l.1. 75 VI • tExcept Emission Current Monitor . 
RJS ~ort/ Open/Drift 1 I I 3.00 

---·--· ·-~---a
1

-7 ¢>pen • 5 !,Lou of Item (Z) i Z7. 75 
Rl9 $hort/Open/Driit 1 .lion Pump Voltage Mon. i 3.00 

1--· 
j 

~ 
Q -l. ~pen • 5 :Loss of Item (3) 27.75 2 

.$bort/Open/Drift Itt ZV monitor R!Z 1 ' 3.00 
I I 

?pen !Lou of Item (4) -· ' Q!-7 • 5 ! l7.75 

~ort/Open/Drift 
I . ! 

' Rzo 1 ;Experiment Current Mon. 
i 3.00 ! - . 

Open 
I - , 

Q3-l • 5 ;Lou of Item (5) Z7. 75 

~ort/Open/Drift , 
I R26' R27' RZ8 1 +1 ZV monitor I 9.00 i I I f-·---· 

03-7 fpen • 5 Lou of Item (6) I . Z7. 75 

' I 

1+5V monitor I Rl'}' R , R $hort/Open/Drift 1 
9.00 ! i I 30 31 --------a;::r- ~pen • 5 tLon of Item {7) ' 27.75 : I 

Ro' Rs• R4, R3 Short/Open/Drift 1 ron Source Temp Monitor I lZ.OO ! . 
I AR-1 High or Low 1 I 

zs. 35 

c9 - c1o Short/Open (1) 
0.18 -

a 4 -7 Open • 5 Lou of Item (8) 27.75 

R9, Rll' RlO' ~ R~ Short/Open/Drift 1 Emiuion Control Temp Monitor 15,00 

ell, ell Short/Open (1) 0.18 

AR6 High/Low 1 Z5.35 ·------- -
as-7 Open • 5 Lou of Item (9) 21.75 

R38 Short/Open/Drift 1 FIL fl Monitor 3.00 

- -· 
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A~W"/COM?<HNT EFFECT OF FAilURE FAILURE CRITIC- ' FAILU~E MOOIE 
PRQeAS:NTY ALITY I 

S'IM'iiOL (or.) ASSEMS!..Y END ITEM a)( , 
Cls-z Short (. S) Lou of all Items but Emiuion Current Loss of all Analog Item except Emisaion 27.75 IV Mont Current 

------ --------
Q6-Z Open (.5) Lou of Item 10 -IZV Monitor Loss of Ana log,Housekeeping functions Z7.75 

R36' R35' RZ3' RZ4 Short/Open/Drift (1) 
IZ.OO 

c,6 Short/Open (1) 
0.09 

ARS High/Low (1) 
25.35 r--- -- -

Q6-7 Open (. 5) Lou of Item 11 -15 Volt Monitor 27.75 

R35' R33' R3Z' R34 Short/Open/Drift (1) 
12.00 

cl7 Short/Open (1) 
0.09 

ARZ High/Low (1) 
25. 35 ------

Q7.z Open (, S) Lou of Item lZ LV PS TEMP MON 27.75 

R41 Short/Open/Drift (1) 
3.00 .--- -·~ ~-~ -------0.,-7 Open P> Lou of Spare No~oi-;ny Data _____________ 

'27~7s 
- _0 ___ 

R42 Short/ Open/Drift (1) 
3.00 . 

- ---~-- - . .. . . ------ .. --- .. - .. ---Qa-z Open (. 5) Lou of Item 13 Fil f#Z Mon Loss of Analog Housekeeping function 27.75 IV 

Short/Open/Drift (1) • R39 3.00 ----
Cla-7 Open (. 5) Lou of Item 14 MHV MON 27.75 

R-40 Short/Open/Drift (I) 3.00 
r------ --- -~----·-- -----!' u High/Low 1 .Loss of Word 1 & 90th Frame Pulse Lou of All Digital H. K •. Data 1 z. 70 IV J6/10' 10 

Shupe 29.88 " ~7/14 7.00 ---------
-~--

v7/8 High/Low 1 Loss of Word 1 Shaped 7.00 
------- ------ -~.,-- --- ------------------· ·- ---------- --------- IV ,. 

High/Low I Loss of 90th Shaped 7.00 'K;5 
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PAAT/~ 
St'MiiOL 

u9/8 a. 14 High/Low 

FAIUJR£ MOD! 
(«) 

... I -cl Short 0.9 

c;!. c 3, c 4 , c 5 

0 tr 0 1Y ul~ ul~ 

ut6 

Short 

High/Law 

-- 4---
t' 17-12/13 High/Law 

0.9 

--
(1) 

-·--· 
(1) 

EFFECT OF fAilUR£ 

ASSEMBLY END ITEM 

Lou of Shift Pulse Lou of AU data 

-..-~- - -

j Lou of +12, -12, -15, or tS Vol to J Lon of a 11 data 
Experiment 
-~-- --· ____ .. _______ ---
Lou of ahift Regietor Lou of All Digital H. K. Data 

l 

~ ----- ----------· ----
Lou of 1/2. Digital H. K. Data Lou of 1/2. Digital H. K. Data 

r'R."H'kb~t f!'.;.u Q7n F"·.-
~3W4oo _kAGE 81 or 183 cws·· r~~n: · · ··---OW~·····~· - .... · ·-
r. ll:.-1557 r 4/l9/ 

FAILURE I CRITIC-
PROB~BIIJTY Al.ITY 

Q l( I(P 

12.70 

:Os 

• 32. 

-1-
27.00 IV 

----~~ ~-· --
12..70 IV 

-------- - ·---· -~----- ----------------···· ~~ ---~- ... - ... - --· 
t: .qja 

17 
High/Low (1) 

'u -:.TZ" ----
2 • - .3 b----- J-High 

High .3-· 

U I -12. 

Lou of 1/2 Data 

·lAi;a-;fc~~~i 6 s~~"Eii: P.b:g-· 

Comb IS atatus & Mult SW H. V. FLG. 

• 3 1l Comb lf4 Status &. source Heater F LG High 

t) -t -12. -------· !I -. -- -·------...---------:·· --------·· 
u l-IZ I H;gh • ' ~ Comb " ........ """ c~ .. FLG. 

1 u6 _ 1 ~ ~~ ; High = . u .3 --fc_o~-~~ Status 8don Prmp FLG. 

Comb fl Status &: Lock Sup Hold Flag ,3 High 

Lou of 1/2. Digital H, K, Data 

---
Losa of 2./15 H. K. Digital Data 

U S-12 

1-;:---··-- I Law/High .1 I Unable to Clk out H. K. Digital Data ., Lou of all Digital H. K. Data ·s-lo --
Loss of 1/15 of Digital H. K. Data • 3 Loss of Sweep Start F LG, C' 20-3 

~~------ I 
High 

l' 20-5 
f-- I - -- I 

Lou of Diec Hi/Lo Fig • • 3 High 

Lou of Mult. Hi/Lo Fig • High • 3 

12.. 70 
--. ---· 

3. 81 

----
3.81 

-
3.81 

-
3, 81 
-
3.81 -
3.81 --

1 z. 10 

---L~- ------
z. 54 

-
z. 54 

-
• 08 

-
ll. 70 

---

C 20- I 3 

~~~:~ = --~:~::~:·- ~ -7--- -t:; ::.f~E .. I~ .. of DigUal H.K. Da~ _,_ 

High/Low 1 Lou of Clk (word #1) 

Loss of Digital H. K. Data. 

t·~./14 --1-- -------·-··-·· --·-----
1- · - High/Low \' ·:--.iS 

Loss of reaet 

7.00 

-
7.00 

IV 

IV 

IV 



Mm/~ 
Sw.t!IOL 

u1-1Z 

u2-u 

u
4

-IZ 

U3-1Z 

U6-1Z 

u5-1Z 

~EP"E" 
pc "U:~;!II; 

FAILURE MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET ~ ,. 
Houaekeo:pinll. 

'AlLURE MOO£ 
EFfECT fW FAII..Uftl 

(Ot) M!.Da.Y £NO ITEM 

Pin IZ - Low • 7 I Lou ol all H. K. digital data Loss of all H. K. digital data 

Phi IZ - Low 

Pin 3- Low .7 

Pin 5- Low 

Pin 13- Low I 
• 7 

uzo·3 

uzo-s 

uzo-13 

Rl- -----1 - - .. - I - ---- t-1 -:-:-~--------· Open Shan or or1n No effect 

::!J 

-·- --------

-·-- - -· -- ------· ·----1· ··--------- ---· ·-·---- ·-·---------·· .. ---- -· -. .. 
Pine 18, 45, Zl, 8, 13, 7, 34, 6, 
15, 9, 14, 4, 17, s. 16, 51, 43, so, sz, 
23, ZZ, 20, Z4, 25, 28, 27, 57, 42, 11, 

-~------- . 

Lou of all H. K. digital data Lou of all H. K. digital data 

1------------------··-----. 

~fN 
R. Hi.,bert 
~m~ 
1"'''":,1~7lfll) 

""""~ l"''"hnss7 

E;t.A-o~n-FlJ 

.-lf~ .. ,«?tJf~-~-
r _.,lQ/71 

FA I~ 
~&JTY 
Ox~ 

CAO'IC­
AI..ITY 

6(8.9) IV 

8.9 

8.9 

8.9 

0 lV 

106.0 

+-------·· 

~4~~4DZ --m ~~~-~~--~~--~Qq~-=~~--~s-~-1._._~--~--~~--~-=--------~----~------JL~_.._._.__. __ _JL_._._~~_J 
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FALURE MODI:;LEFFECT & CRITICALITY ANALYSIS WORKSHEET 

FA !LURE MODE 
EffECT OF FAilURE 

(«) ASSEMB!.Y 

-~~;=E ab~t =:: fli~-~~~:N 
~a m .. , .. v.J ~AI.>t,O.:> OY jljj 

LV:x; ==~ =-~ ::~4~BZ - ~t;71 Q---
END ITEM 

FAILURE I CRITIC·~ 
PROBABI~TY ALITY 
~ 

!A-41 10
1 

(At. B) Collector-emitter: Collector-base: 
or Emitter-base Shor~Collector, 

1, Lou of oscillator drive Lou of all Data 15.90 

I 
I 

IA-41 lc2 

N.B.J c
1 

Rl' R2, R3' R4 

f!l-1. B. 1 lc 2• c3 

IA-41 CR
5
, CR

6 

(A-41 

IA-31 

IA-4) 

c 1, c 4 

\'R l 

cl 

cz 

Rl 

R3 

Rz 

RTI 

--
0 2• Q3B 

Q3 (A) 

R9' Rl1 

Rl5 

Base or Emitter open• .35 
Z. Wave form will become unsemetri­

cal causing saturation of power 
transformer 

Short , Z 

Short • Z 

Short, open, or drift In value 1 

Short, open, or drift in value 1 

Short or open 1 

Short 

Output inoperative 

Short 

Short 

Open 

Open 

Short 

Short 

Collector-base short 
Collectol'-Emitter short 

Emittel'-base shor~ collector 
base, emitter open 

Open 

Open 

.90 

.65 

.90 

• zo 

.05 

.10 

0 

. z 

Lou of 1 Z V to oscillator due to !alae 
• 125 I tull'n on of power supply protection 

circuit. 

• zzs 

.05 

.10 

. 

R R 
R R lShort -~-~-~---1--~----~--.. . . ..J. ~.?.:..._JO' = ll' .....!.!.m_, - - -- 0 

• 29 

.os 

{ 2. 79) 

( • 30) 

( 11. 55) 

( • 08) 

22.60 

.08 

.OS 

.02 

.28 

0 

• I 10,50 

--
2.84 

7.95 

( , OZ) 

.28 

0 



-, 

rt~~~ 
~---- ~-- ---
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""""·-·~ • UiY P.i\iALYSiS WOMKSHEE...,. 

!WIT/~ EFfECT Of FAilURE FAILURE CI'IITIC-FAILURE MODE 
i>ROBA~TY AI.ITY S'IMBOL iOt) ASS DaY END ITEM Ox 

CR-4, CR
9 

Short .40 Lou o! all Data z ( 4. 62) I 
--------~---~-~--,--- --~ ·- - ·------. ····· -.. - ...... - ,. . --- .. --- . ·-- ... -

.) Rl Open • 20 Lou oC grd return .42 
--- -· ---~-------- --

Tl Open/Short • 50 Loas of part to one or move output 17.50 
suppliea 

c, Short .90 
.• 08 - ··- --

R6, Rl9 Open -.10 Lou oC Inverter drivins circuit. z ( • 28) 

R9' R.ZO Open -. 05 
~ ( • 02) .. 

Rl7 Open or drift up • 55 
• 22 

cs Short .90 
• 08 

R!6' Rl8 Short 0 
0 

a"'. 05, Qb' and~ all modes except B drift< 25% • 350 
' 4(15.90) 

' 

c 1' cz Short .20 z (. Z9) 

0 1· 0 z All failure modes except B dri!t>ZS%,350 
Z ( 18, SO) 

Rl Open or Short • OS • .oz 
CR 1 and CR

2 Open or Short 1 Z(l1,55) ------------ -- - -
CR

3 
or CR

12 Open or Short 1 Lou of -15 and/or ~zo volt supply 2 ( ll. 55) 

c3, c4 Short or Open .z z ( • 29) 

Ll Open .8 2.80 

R 1, Rz Open, Short, or drift l 2 (2.79) 

R~ Open .10 
.04 

~ 

z. 
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FALURE MODE. EFFECT & CRITICALITY ANALYSIS ·WORKSHEET 

FAII..UM MOD£ 
EFFECT OF fAI.UR£ 

((It) A$S£Mi!LY ENO ITEM 

cl 

cz 

Short. .9 Lou ol -12 and/'or -15 volt 11Upply Lou of all Data 

Short • 2 

\" R 1 All failure mod'"e 

c-t Short ,l. 

1-----·- -l t ------
CR~, CR11 

cu,c11 

L 
·l 

c3 

c4 

R6 

RS, R4 

Ql 

VR-2 

Short or Open 

Short/Open 

Open 

Short 

Short 

Open 

Short/ Open/D.rift 

All failure modes except B 
drift< 25% 

All failure modes 

Lou of -12 Volt Regulator 

.z 

.8 

.9 

.2 

.05 

,35 

·- -- OR oo t ~ ---l 
Ql All failure modes except B 

drift< 25% 

VR
2 

R5' R6 

ARTl 

c3 

c4 

R4 

All failure modes 

Short/Open/Drift 

Short 

Short 

Short 

Open 

.35 
Loss of +I Z Volt Regulated aupply 

• 20 

• 90 

• lO 

.05 

'..<·· ·' 

fAIUIR£ 

~~y 0 )( I 

.08 

.os 

l2.6 

.29 --
2 ( 11.551 

2 ( ,041 

2.80 

.08 

.os 

.OS 

2 ( z. 79) 

17,80 

22.60 

-
15.90 

22.60 

.• 2 ( 2. 791 

10,5 

.08 

.oz 

.02 
L ~~~ z:~""""~~~ ·-·--·-· 

I C~TIC-
.A!.ITY 

I I 



PAAT/~ 
SflJ80L 

c.,. c6' c9, cto 

CR
6
, ca

10 

Lz• Ll 

cas· c9 

'\ 

.. 
FAl.URE MOot, . EFFECT & CRITICALITY ANALYSIS WORKSHEET 

~A, ... ; fiiE:: ~~~~~ ~~- •-m-~_:z;;z;:: : ::: =-.:::; 
PS ~Hbl t/6171 

F'AIUIR£ MOO£ 
{or.) AS$a&Y 

Open/Short • zo Lou of + U volt wpply 

Open/Short l. 

Open ,8 

Open{ Short 

EFFECT Of FAILUR£ 

ENO ITEM 

Lou of all Data 

f'AII..URE 
p~~TY 

4 ( .04) 

z ( 13.81) 

z ( z. 80) 

CRITIC­
AliTY 

1-- -·----- ----1 
Z I 11. 55) 

c~, CR8 

c7. cs 

Ll 

OpenjShort 

OpenjShort 

Open 

1 Lose of +5 volt source. z 113.81) 

• zo z I. 05) 

.8 

IV 

f£ ~ I -------+~==~==~ r-
RJ' R~, R 5, R6, ~ 

z.8o 

Los a of Power Supply Current Monitor 7 ( z. 79) 
Open,Short,~ or drift Lou/incorrect reading• of current 

from current monitor 
Rl' Rz 

AR
1 Output inoperative •. 65 

14.8 

cl' ~z z I . 08) 
Short .90 

Short/Drift .8 
1, 70 

Rl 

Rl' ~4 
~-----------~~------------------------~------------------- ~--------·------

Open, Short -

QlA' 0 zA 

No Lon of Data [\ 

• 

• 1 Unable to turn multiplier H. V. off-
Locked on 

,35 

Z ( • Z8) 

z (7.95) 

R2' R3 
---- •---------

4 

-+ --~--·z--;~;~~--~-~---
Lou of all Data • 1 I Unable to turn multipllel' H. V. on 

Locked off 
QlB' 0 zs 

R5' R8 

Q3A, Q4R 

• 35 

---a-~--.. --~_........._.---. __ 1---_____ ~---·-------

Short/Open 

All modes except B drifU>Z5~ 

<\10 

• 1 

.35 

Unable to turn multiplier gain low, 
Icx:ked hish 

z (7.95) 

z 
·--·----~-~-:-;,-1-u;- --Loaa of eome Data 

z ( 7.95) 

., 
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(a.) 
PART/~ 
~ 

FAIUJR£ MOO£ 

R6' ~ Short/Open • 1 

o
3
s, o

4
s All modes except B drift >25.,. ,35 

A$SEII8.Y 

Unable to turn multiplier gain high, 
lcx:ked low 

END ITEM 

Lose ol Some Data 

r:~l:l'f 
IR. Hiebert 
~NO. 
l347-IOO 

~7~2 

\ 

~-uQ;~FJ·"B 
PAG£ a1 o~ ts3 

',,.~;?. 
C~ITIC­
Al.ITY 

Ill 

~----- -r ~--------- --· -· --·-··-··------- ··--· -------- ···t---. --···------
R9. RlZ Sbort/Open 

Q5A' Q6A All modee except "8" drift>ZS.,. 

• I 

,35 

lon pump H. V. power uupply locked on 
unable to tul'n of! inoperate mode 

No lou of Data 

1- l- --·-· 
RIO' R4 Sbort/open 

Q5B, 0
6

B All modes except B drift>Z5'!'. 

Rl Open Short or Drift 

RTl 

R3 

• I 

,35 

Ion pump H. V. power 11Upply locked off, I Lou of data on vacuum 
unable to turn on inoperate mode 

Lo11o ol temperature monitor on 
L. V, P. S. 

Loss of temperature monitor on 
L. v. P.S. 

----------t--------~------r---
Connector 

Pins .J & l4; 54.Z5; I Open Connection 1 I Lou of Power J Lou of Data H & 34; 13 L 33; on connector 
15, 35, 17, 37, Z9, 9 
40, 11 "' 31; z .. lZ: 
!0 a. 30; I L 21; 
3 & Z3 

!---- - ~ 10---

Connector 

I Lou of houae keeping data or lOn I No Lou of Data 
Pino 39, 36, 38, 19, Open Connection 1 
20 pump power 

IV 

IV 

IV 

I 23.8 I l 

I 12.4 r-::--

b- ~-~........J-• m = ' ~J I w ~ 
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FAILURE Moot, ·EFFECT & CRITICALITY ANALYSIS WORKSHEET r='~t~LT nv/PS P';i.tt;·]l r,_~ns1a 
FAILURE MODE h 

· ER'ECT OF FAIU.IRE FAILURE ___ T "r.liTIC-

' PROSABIUTY 4 ,.,..:!TY ........ J (OC.t ASSEMai.Y i E.NO ITEM ·ax 1~ . , .------.j 
. ' ! I 

All Failure Modea 1! Lou of Multiplier H. V. Loss o{ Multiplier Hi-Voltage Power 7-t. 5 

Tl 

A-Z: 

c 1• c 2, c
3

, c
4 

R
1
, R

2
, a

3
, R

4
, R 

---------· 
Oz. 03 

R8, R9 

a~,.~ 

cz, cl 

Open/Short 

Short, Open, or Drift 

Short, Open, or Drilt 

Open, Short 

1 Monitor Supply housekeeping data 
19 . 

1 

1 

• 6 

··- I ---1----
Lou of Multiplier H. V. 

.08 

4. (. 391 

.39 

2(6. 80) 

Short or Open 

Short or Open 

Short or Open 

All Failure Modes 

Short 

Open 

Collector Base Short 

Open 

Short 

. 9 

• 9 

.60 

• 90 

.OS 

• 1 z~ 

.05 

0 

Loe a of all Data 

-~ 

Oscillator will not 

Operate 

3(. 08) 

3(. OS) 

rl16.oo· 

35. 00 

4(. OS) 

5{. 02) 

2(3. 52) 

2(. 02) 

2(. OS) 

IV 

I 

- -----t--- - I·---· ---~··--- -+------~--~ 
Ql Emitter, baee, or collector 

o. Open; Emitter-Bau Short 

0 s· 0 6 Collector- Base Short 

c6 Short 

c 
7 Short 

CR
6 Open 

R5, Rll' Rl4 Open 

Rll Short or Open 

;.~~~"-' 

. 22 Lou of Power to Oscillator 

. 12 

• 20( 

. zoe 
• 20 

.05 

.05 

Lou of Multiplier High 

Voltage and AU Data 

44.60 

6. l5 

2(3. 52) 

. 23 

1. 35 

z. 76 

3(. 02) 

. 03 

1 



\ 

m•tl\1 
~4~7, - ti-~ 

J""'~;JLT HV/PS f'l't ~ -- .... -- -·---· 
- ".. ~!........;,..._ t ·-· PAAT/~ EFFECT OF FAll!JftE FAII.JJRE CRITIC-FA!WRE MODE 

f'~~T'f $~ ! (Ct.) ! AS$£1\&Y END ITEM ALIT'r -
VR

1 l Short • 30 P Lose of <acillator ' 10.60 

I ·Lon of all data I 
. cs. c9 Short or Open .90 

' 2(.081 
i ' CR

5 Short/Op41n .60 I I 6.80 ' 
CR

1
, CR

2 I Short .40 

l 
2(4. 5Z) 

I Kl ,.I All·'Failure·on·datea·'····· .·-· 1~· 
'. 5.00 -- ~· 

~-
-· - ---Kl All Failuxe Mode• 1 Lou of Regulation and/ox Partial Lou of data 5.00 II I 1 ability to change gain 

FALURE · MODE. EFfECT & CRITfCAUTY .'YSIS ORtC 

Cil,f CR 10, CR6 
Short .40 3(4. SZ) 

o, Collectox-&u Short • lZ 24.80 

04 Collector- Base Short .12~ J.SZ 

Q6 Emitter, &ae, or 
Collector Op41n .z2~ 6. 35 

VR
1 

Open • 10 l. 13 
CR

7
, CR

8 
Short or Open • 60 2(6. 80) 

ce. c9 Short or Open .90 2{. 02) 

RlS' Rl6 Short or Open .05 2(. 02) 

Rl7' Rl8' R;9' RZO Short, Open, or Drift 1.0 4(. 39) 

RS' R!1 Short 0 0 

RIO Open .OS .oz 

• 

. 
1._..,.....,,_ -- -· 



p~PE Br 
R". f:ri;,;rt ~;,. .. ,."'~· 4 

~'JEM P'4"1t> NO. PAbi:. Ot) o'l' IIH 

- - ~- -·- ·-- ----FAILURE MODE-.--Ef'fECl & CR&TlCALITY ·ANALYSIS WORKSHEET --~c'"~- i fon P~;,P H• v. P.-5• m.j'R7o-- "..;:'·-'-, ~ ----~-------5tl5l71 ____ 

PAAT/~ 
EFFECT OF FAILURE FAli.URE CRITIC-

FAILURE MOOE '"ga:~TY ALITY 
SYMaOL. ( (lt) ASSEJ&Y END ITEM 

Ql C-B Short • 125 Regulator Inhibited from turning on Ion pump cannot be turned on 2.89 IV 

QZ E-B Short; Collector, Buae, • 225 11. 45 

Q3 or Emitter Open 17.80 

Q4 5. 20 

VRr S!fort · • 30- ~,, . . .. 1·-·· l; 46 ··-·;<· 

R1 Open .05 . 02 

Cl Short • 20 .10 

R3,R4 Short, Open, or Drift 1 2(. 39) 

RS Open, Short, or Drift 1 (. 35) 

R2 Open • 05 . 02 

CRl, CR2 Short .40 7(4.61) 

Kl All failure modes I s.oo 
cz Shorted .2 Oo clllator in operative . 10 !V 

Q5 Emitter-base; collector-base 
short or emitter, base, or 
collector open . 350 16. 80 

C3 Short .90 . 08 

R7 !:>'hort or Open • OS . 02 

C4 Open or Short .90 . 08 

R6 Short or Open • 05 . 02 

-----
Tl Open or Short 1 Failure of H. V. 35.00 

Cl thr11 C9 Short or Short .90 Output 9(. OS) 

CR1 thru CRI6 Open or Short • 60 16(6. 94) 

Rl Open • 05 • 02 

RZ Short 0 0 
. 1----- - --- -----

CR3 Open or Short . 60 Lou o( hJgh voltage No effect on Ion pump. Lou of housekeep 6.94 IV 
R8, 9, 10 Open or Short • 05 out monitor lng data 3(. 02) 

cs Short or Open .90 . 08 

- ·- -- - ------
CR4 Open or Short • 60 Lou of temp compeneatlcm to voltage No loea of data: no effect on circuit 0 0 

out monitor 
-- -·------- --·---". -- ---· . - ·--

Q2 Collector-base Short .125 Lou of Regulation on htgh voltage Ion pwnp voltage wUl be high or low IV 
Q3 output 
Q4 
VR-1 Open .10 2.90 
Rl Short • OS • 02 

_ ... 

~-"i" ... W""'!UJII':2llol "1 ':.<'" ~ -



p~ Al.SEP E ~~ 
~ ITD41MS pN6 NO. 

FALURE MODE. EFFECT & CRITICALITY ANALYSIS WORKSHEET 11.55'Y DN6 NC. 
lion Pwno H. V, A. S I _D.i15]j) 

FAILUR£ MOOl 
_j,(l,} 

Drift Up or Open . s 

" .s 
Collector-Emitter or Collectorba1e. 1Z5 
Short 
Emitter-bau Short 
Emitter, Collector, base Open 

Drift Down or Short 

Output Locka HJ.ah 
Output Low· 

Short 
Short 

Open 

Short 

. ZZ5 

.5 

.5 
• 5 

.4 

·' 
0 

.C) 

EFFECT OF FAn..URE 

ASSEta.Y 

ARt reade hl&h: • 
AR3 read• hlah 
ARZ read1 low 

END ITEM 

Monitor will indicate high current 

·-·- . ·~ - ~--·-·. - .. ·------ .. -
Output of AR3 lDcurreDt Lo .. of Current Monitor 

Ampllfler1 may 01cUJate 

Lo11 of au a&Q 

t--- I 
Lou of + or - lZVolt DC Power • - , •• • 

!:&M ci1o?A 
PAG£ q, or __ill 

pm: 5/15/71 

FAILUR£ 
PROBABIUTY 
Ox~ 

13(. ZOI 

1 (. 171 

Z.89 

5.ZO 
18 {. 191 

zo 1.651 
11.65 

Z(l. 591 
6(.091 

0 

6(. 091 

CAITIC­
ALITY 

IV 

IV 



FMT/COMPON£NT 
!>YMBOL 

Rll' RIZ' Rl4' Rl6' 

R11' Rl8' Rl9' RZO 

R23' RZ4' RZS' RZ7 

R30' R31' R3S' R36 

R38, R39 

0
6 

(1, Z, 3) 

o
6 

{S, 6, 7) 

Rl3, R15' RZl' Rzz 

RZb' RZ7' RZ9' R34 

R37' R40, R41' R42 

R43 
R3Z 

ARl, AR3 
ARZ 

~AL§EP E r::. ~-ITEM . 

FALURE MODE, EFFECT & CRITiCALITY ANALYSIS WORKSHEET 
LMS ' 

·~ ·--·--,.;;~. 

'1'o'n Pump H. V. P. S t""t3~(i571 

FAILURE MODE 

Drift Up or OpeD 

Collector-Emitter or Collector 
base short 

Emitter-baae abort 
Emitter, base, or Collector 
OpeD 

Drift Down or Short 

" " " 

Output loc l«t lOG 
Output High 

(at) I ASSEMI!LY 
• 5 I ARl, AR3, read• low 

ARZ reads high 

.us 

• zzs 

.5 

.s 

.5 

.5 

EFFECT OF FAILURE 

END ITEM 
Monitor will indicate a low ctll"rent 

E;~·;;;r:v·li: 
:ta: 91._or 183 

"\·"'To:;: 5/15/71 

FAti.UR£ 1 crur•c-
PAOBAWUTY .1\ld~< ·. a l( tcP 

18(.201 I IV 

2.89 
5.20 

'H(. 19) 

(. 18) 

Z(ll. 65) 
11.65 



f.>~TEM ~ BY · W· R\T, M!1 
ALSEP "E" I R. Hiebert • I ATM q7n I -~ 

I'Ml ITt.M •• -~ DWG l«J, ~~_9l__ qt" l8l r- "'-'"'&.:» i 

.,== _ fAILURE MOot, EFFECT & CRIJICALITY A_~ALYSIS WORKSHEET r£~~rol~!,f,onitor rn .. 1'532
1 

• F'TE 4/f.?.L7.1 -1 

?AAT/~ 
~ 

l\ 
c1• cl' c3 

r:l Pin6 

~a, 

Kl 

c.a3 

Q3A 

Q3B 

Jj 

Jl 

R9" Rzo 

FA lt.UR£ MOOIE 
(«.) 

Shorted/Open • 05 

Open/Shorted • 20 

Locked Low • 50 

Open/Short • 05 

Locked Opeza • 50 

Shorted .40 

Emitter ban Short • 225 

Emitter, base. or collector open • 225 

I. 00 

Pin lZ. 19, 16, 17 open I. 00 

Open • 20 

EFFECT OF FAILI.Ift£ 

ASSDB..Y END ITEM 

Unable to release d1.1&t cover Partial loas of data 

FAI!JJR£ 

"r~~TY 
<<.OJ 

<<.OJ 

• 02 

< < • OJ 

z. 50 

... 62 

10.60 

ll. 25 

<<.OJ 

< < • OJ 

CRITIC­
,;..;.; It 

11 

---- - I -1 
c,. Short • 20 Lou of +5 volt• Lou of all d3ta • 03 

---------r---------------------+---------------------+--------------·------~1 --
Rll" R13 

RIO' Rll 

Q4A' Q4B 

0 sA' QSB 

CR
4

, CR
5 

K3 

Jl 

Short/Open 

Short/Open 

AU Failure modes e%cept p drift 

.05 

• OS 

< ZSGJ' ,35 

Same as above .35 

Short .40 

Locked in position A or B I. 00 

Pin 8, 20 open I. 00 

Los·a of backup heater control No loss of d&t& 2(. 14) 

Z(. 15) 

• 
2(16. 45) 

2(17. 70) 

2(4. 6Z) 

3.00 

2(1. 93) 

R 21 Open/Short • 30 z. 61 

-- Rs Open Short drift'" 1 Lou of Analoge Channel -- Loss of a.naloge cru,;;:;;;-;,1 to ground 2. 78 

-

IV 



FAitJJRE iviCD£. EFFECT & CRiTiCALITY ANALY51S WORKSH£t.T n·-:.r-r;v=- • . ~-. _ ?+~:~~m~~.,.-"'-~;o-·.,.~·.r,k,., 
r'<fontrol t. Monitor ~23-&7532 1":'.:!~-~UU . 

PAAT/~ FAILURE MODE 
S'i'MOOL 

Jl Pin 291 15, 11, OJHnl 

K-1, K5 
Locked· open 

Kl Locked "A" 

CR2 Shorted 

QZB El1lltter - baae abort; 

0
1
B Emitter, baee, collector cpa 

Rl Open 

a,. Open 

Q2A Collector Baae Short 

QlA Collector Baoe Short 

Rz Shorted 

CR6 Shorted 

-
-~~----~~~c~-

K 1 Locked B 

CR
1 

QZA 

0
1
A 

R2 

R3 

0 2B 

Shorted 

Emitter base Short 

Emitter, base, collector opeo 

Open 

Open 

Collector -baoe Short 

EFFECT Of 

ASSEMSLV 
1. 00 Lou of control for bake out heater in 

standby 

• 50 

. so 

.40 

• 225 

• 225 

, OS 

• 05 

.us 

.us 

.o 

.40 

• 5 ' U!l&ble to disconnect bake out heatera 

0 . U~bl;~ off bake out heater in 
standby 

FAilURE 

END ITEM 
FAILURE I CR1TIC-

Pft09ABILJTY Ali f'f 
Q lC l<fl 

LMS cannot be outgaued 3(1. 93) IV 

2(1. 50) 

I. 50 

4.62 

11.40 

10.60 

• 15 

.u 

6.35 

5. 88 

0 

4. 62 

Arcing of high voltage 
Lou of all tbtt.a 2(1. 50) I I 

~~i~~t~n~a~a . -J- 0 --r--o--

~!~ " ~C~llector-base Short .., I •= I I I J 



" 

P''~~llti"'ALSEP "E" 'it. "!lieb~t ~M_q7n rz-v•JI 
r.J'IO "1:1'1.~ ~Wb NU, 

~~ f':':~ ~.f' :'!~ 
FAILURE MODE. EFFECT & CRITICALITY ANALYSIS WORKSHEET ~e~~trol & Monitor ~zros3z P"~5z7 11 

f'AAT/~ EFFECT OF FAIL~E FAILURE CAITK:-·· FA II.URIE MOOl 
Pi\r:~TY All TV SI'M!OL (Ot) ! ASSOB.Y EHO ITEM 

1-il,.,._,... 
Rl Shorted 0 j Unable to turn ofl bake out heeter ill No effect on data 0 0 

, standby 

Rl4/1S Open I Lou of survival heeter • 0 0 

' . 
--

! 
I 

I I 

I i 
I ' I 

I 
' I 

I 
: ! 

I 
I 

; 
I i i I 
i 

I 
\ I 

i 
! 

! . 
~ ! 

' : 
' l 

I 
I 
i 

I 

! • I 
1 

! 

; 

, .. 
- ----------··------·-----



LMS Reliability 
FMECA and SPFS 
Contract No. NAS9-5829 

APPENDIX B 

UTD FMECA WORKSHEETS 

NO. IIY. MO. 

ATM 970 B 

PAOI 96 01' ..1JU.. 

CATIIS-15-71 



FAILURE MOot, EFFECT & C'RlTiCAUTY ANALYSIS WORKSHEET ~~:w~:~~~~ 
ANALYZER l-10-71 

~T/~ : EFFECT OF FAilURE: FAILURE . CRITIC-FAIUJR£ MODE ' 
~:~c?JTY ~ («)' ASsaa.v END ITEM ALITY 

M•~ltiplier 11 Low Gain .5 Lose of data for one man range No counts on one tnasa range 35.03 2 . 
Open Connection .5 Loss of data for one 1'1"...a&ll range No counts on one masa range 35.03 z 

l 

Rl - Rl6 Open • J Loaa of data for one maaa rmge No counts on one mass range 77.789 z 
Drift .9 I Minor effect SUght change in multiplier gain 700.11 .. 

Multiplier IZ Low Gain .5 ! Loaa of data for one maaa range No counts on one mass range 35.03 z 
Open Connection .5 I Lou of data for one maas range No counts on one mass range 35.03 z 

Rl7 - R32 Open .1 ! Lou of data for one mass range 
! 

No counts on one ll'l8811 range 77.789 2 

Drift .9 I Minor effect 
i Slight change in multiplier gain 700.11 .. 

I : 
Multiplier f3 Low Gain • 5 f Lou o! data for one maes ranae No counts on one mas11 range 35.03 z ' i 

' Open Connection .5 Loss of data fo:r one mal a range No counts on one mass range 35.03 z I 

R33 • R48 Open . • 1 . Lou of data for Ofle mau r!UISe No counts on one~~~~ range 77.789 z I 
i 

' Drift ·9 Minor ef!ec:t Slight change In multiplier gain 700. II 4 

Filament fl Open 1.0 None unleu Filament #2 fails No Filament 11 emluion 71. 82 3 
' 

l."ilament fZ Open 1.0 None unleu Filament 11 fails No Filament 12 emiuion 71.82 3 

Temp~nture . 
i 

Sensor Open • 1 No temperntu:re indication for flanges 
! 

No temperature sensor 7.97 3 

Drift .9 Error In temperature indication : Error In sensor 71.75 3 
I 

Ba~'eout Heater Open .2 ! Data during lirst month of miuion Cannot bake out ion source 35.04 3 
I may be inaccurate 

Short . 1 Data during first monCh of miulon Cannot bake out ion eo1.1rce 17.5Z 3 i may be inac:cQ.rate 

Drift .7 No effect No effect 121.64 .. 
Analyz•r Loas of mec:hanlc:al alignment 1. 0 Lou of data Lou of output l. 752 1 Alignment -



FAILURE MOot EFFECT & CRITICALITY ANALYSIS WORKSHEET 
-·-------,-=~~~~~~~--~~~~~~~~~~~~--~~-A~~~~--~--~~~~~ 
';N(T/~ 

~'n'lB:OL. 

EFfECT OF fAI1.UR£ 
fAILURl MOO£ 

lrealtacal Will not open 

on Pump Open or abort 

( (!t.) ASSEMSLY 

1. 0 I No useful data 

1.0 I Poaaible lo011 of some data in early 
part of mhaion 

EMO ITEM 

Cannot expose analyzer to atmosphere 

Vacuum may not be maintained ln 

I'AIL\JR£ 
PROSABIUTY 
ax t<P 

I. 752 

876 

CRITIC­
Al.ITY 

4 

~""""~ ~ I i' ;::Dti :l!l>om:i'J"'h::::" l-- -= .......... ~ WtW ""li:SZWI>UIWIU!l!:a: I - J I __J -



E MISSION C0NTJ 

~~LS;; E ~W'~ert 
' -~ 

~M 970 re-vs· 
~ ITEM" LMS jOWG NO, 

fAGE 99 of 183 
. FAILURE MOOt, EFFECT & CRITICALITY ANALYSIS WO~SHEET__ jAS5~other Brd 1W:ssz 

[ 
~RT/~NT I . : ~AILUR;~ MODE ·~ E =:~ = i EFFECT OF FAILURE . ...........___,._.,____,_C--IRITIC-

-~~ . _ _ _ ~ ... _ ( OC) _ __ ~ _ASSEMBLY END ITEM ALITY 

R
27 

thru a
35 

R26 

CR 29 (Z) 

CR25 thru 28 

Open or Short 

Open/Short 

Short 

Short 

. 1 

.05 

• 3 
• 4 

Loss of J Plate Voltage Loss of all data 2.94 

. 02 

21. 54 
3.50 

r 

·~------ -----k...._ _________ _ _ __ .. ____ -~------ -~- ------ -------· 
--------~·-···------- -------- -tl---

KS & 6 

CR29 

a
27 

thru R
35 

Z6 

Rl8, 39, 42 
Q7 

CR32 

Z8 - 10 

Z9- 3 

Z8- 2 

Z8 - 6 

All Failure Modes 

Drift or Open 

Drift 

All Failure 

Open/Short 

All but B drift < 25o/o 

Open 

Locked in 1/0 

Locked in 1/0 

Locked in 1/0 

Locked in 1/0 

1.0 

.7 

• 9 

1 

1 

1 

1 

.05 

.3 

• 2 

1---~---·-··· -------+-----------------------------···"1.':~--
CRll, 12, 13 
15, 16, 10 

Open/Short/drift 

CR14 

CR21 thru 24 

CR17 thru 20 

K/K4 
K 

2 

CR-10 

R2S 

Rl6, 40, 37 

Q5 

CR30 

Open/Short 

Short 

Short/Open 

Any Failure 

B 1 to B
2 

open 
A 

1 
to A

2 
open 

Y coil inoperative 

Open/Short/ drift 

Open/Short 

Open/Short 

All but B drift < 25% 

Open 

• 6 

.4 

• 6 

• 6 

.05 

.05 

. 3 

J Plate Voltage Can~ot be changed 

<·~ • ....,..,.,.. ..... , _ _,___._....,.,..~· .. ~~--"'"'""'"··~·· 

Incorrect/loss of Emission Control 
Voltage in multi Mode. Unable to 
step through E. C. Voltage 

Data difficult to interpret 

~--~-.... ..--~-~·-...----·- ··-
Loss of function 

3. so 

50.26 

26.49 

31. 50 

.02 

6.94 

I. 75 

4.38 

&.76 

·:;. 38 

4.38 

II 

~·••·· • ···-•- .. • ···•i- L"··~----
71.8 Ill 

5.26 

3. 50 

5.26 

3. 50 

2. 10 

71. so 

02 

02 

6.94 

1. 75 



c:RT/~HT SYMBOL -· 
L8 -14 

Z9 - 5 

Z4 & 7 

R20 

R43, 44, 45 

R19 

R22 

08, 9, 10 

F.MJSSION CO~TR~ 

ALSEP E ~ft11 

FAILURE MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET 

__ ~P.Jbert EATM 97E':\il 
~ 'AGE_/IJOof 18 3 

rrsq L;;-
jA";>::.'lrother Brd. ~tP:ss2 ~r~-13-72 

FAILURE MODE 

Locked in 1/0 

Locked in· 1/0 

All failure 

Open/Short 

Short or Open 

Short 

All but p drift < l5% 

(OC) 

EFFECT OF FAILURE 

ASSEMSLY ...1-.- ENQ,D:.~f:4 _ . _ . . 
Incorrect/loss of EmiFsion Control I Loss of function 
Voltage in multi Mode. Unable to 
step through E. C. Voltage 

F' AlLURE I CRITIC-
PROBABILITY ALITY 

Q x to-5 ,., .. ,,,., .... , __ 
4.38 

8.76 

31. 50 

.o .02 

.0 .02 

.o .02 

0.0 o.oo 
0.3 6.94 

·-~-----1 ' ~~~---- . : -~~-----· ·--~·----~. ·--- -- ~--·---~-· --·· 2. 94 --t-~---
R22 r Open n T --- -L ---- ·- n•" •• • 0 

0.0 

Loss of sweep Hi Voltage Loss of all data 

R21 Short 

C7-----~ ~. :::: ~ift . '--·-·~~h-~:::;;:::;:n-·;;::~~:-:~ni::;~ 
R23, 24, 

Rl4, R15 

51 

CR33 Open/Short 

Z3 All failure Modes 

C6 Short 

( 1) 

• 6 

1.0 

• 9 

Incorrect readings 

0.04 

o.oo 
0. 71 

·~···~~------~-~---- I t 
Loss of Housekeeping data .38 

zs.oo 
5.26 

31. 50 

0.71 

Ill 

--- l~--;;r~-U-~ab1:-:~~~-;.~;, ;: ~~~-----~-·~s s o;;unctio-::::::-:;::::-·---Z9 - 13 Locked in 1/0 
8.76 

r------ ·----
Ill 

Z8 - 12 

CR31 

Rl4, 41, 38 
Z5 

K2 

06 

Open 

Open/Short 

Any failure 

X Coil open 
AI/A2 or B2/B3 open 

All but 13 d ri:ft < Z5"'o 

1.0 

• 2 

. o: 

1.0 

.4 

.3 

fixed mode of operation 

4.38 

l. 75 

.02 

31. 50 

l. 40 

6.94 



EMISSION CON T~R~::;..,.,.,.f"i'm'!li!"''\'""'llla""----,m----,l:li:V-"'1 

~AL~E~-~w~;rt: ffTM- 97--o E'i~:-1 
El'rLMS =-~ [AGE jt'Jf of 183 ~l 

r--- FAILU_RE MODE, EFFECT & CRITI~Y ANALYSIS WORKSHE;_~T _ F5'}.rother Brd 

PARTAXlMPONENT EFFECT OF f"AILURE 
/ FAILURE MODE l 

1 SYMOOL ( OC) ASSEMBLY END ITEM 
I =·,..~~-"" .~,..,.,. ... ,._,_="' ., 

,. ... ....," 
"' -~ • ..i. 

R1 

L1 

~8 
C2 

T1 

C3 

Ql 

Q2 

!-----
Tl 

T2 
! 
1 

T3 

T4 

D1 

Q3 

---
Rll, RIO 

Z1 

Z2 

~->--

".::tl1u.Lts 

Shorts/Opens 

Opens 

Opens 

Shorts/Opens 

Coil 1, 2, 3 open/short 

Coil 4, 5, 6 open/short 

Icon 7, 8 short 

Coil 9, 10 short 

~oil 11, 12, 13 short 

oil 14, 15 short or open 
16, 17 
18, 19 
19, 20 

~hort 

~11 But B drift< 25% 

~11 But B drift < 2 5'7o 

oil 7 - 8 open 

- 4 open 

- 4 open 

- 2 open 

oil #2 open or bud cont. 

en 

ppen 

~U But Sensor Short 

E'nsor short 

.4 

.05 

.25 

.05 

• 2 

• 5 

• 5 

.25 

.25 

.25 

. 50 

. 1 

• 3 

• 3 
--
.24 

.25 

.25 

.25 

. 5 

• 2 

.05 

• 8 

• 2 

E. C. Power oscillator stops loss. 
E. C, Voltage 

No Filament #I cur rent 

Filament #1 can not be commanded on 

Loss of all data 

None unless Filament 72 Fails 

"'-~o ~TE~ pw6N02~~ 
FAILURE 

PROBAB~TY 
()vi 

__ ..,._··'·""'~". 

3.5 

.02 

8.76 

.02 

.25 

2. 92 

2.92 

.73 

.73 

1. 46 

1. 46 

.73 

4.38 

4.38 

4.38 

I. 75 

4.94 

.02 

25.2 

6.3 

I CRITIC-
ALITY 

I I 

III 



EMISSWN CONTROl 
'; -·--·-liil;, ~- ~'r~ 970~-! f:>~TEM ALSEP E iR": _w_. -Hm'bert 

fM'J ITEM LMS IJWI:I NU, 
PAGE:Iml.of 183 

FAILURE MOD~, EFFECT & CRITICALITY ANALYSIS WORKSHEET fi'S~'Mother Brd pwG NQ. 151-552 [UATE 3 -13-72 

~~ I :: : :A:~LURE MODE 

EFFECT OF FAILURE FAILURE CRITIC-

( oc) END ITEM PRge:~~TY ALITY 
ASSEMBLY 

R Open .05 No Control on Filament #I cur rent .02 m_ __ fL._ ____ 
~·~~-------"-· ---------------------------~-- ---------------·-····-- ----·----· ·-----------~-

TI Coil 9 - 10 open .25 No Filament #2 current None unless Filament# I fails .73 Ill 

T5 Coil 3 - 4 open .25 4.38 

1'6 Coil 3 - 4 open .25 4.38 

T7 Coil 1 - 2 open .25 4.38 

KI Coil # 1 open or short bad contacts • 5 I. 75 i 
I 

_Qi_ ~--~---- .z No 4.94 _. 
~ ·--------- ' 

Zl Sensor Short .4 Filament #2 can not be commanded on 6.30 

Zl All but sensor short .6 25.20 

R12' R};!" Open .05 .02 

R7 Open .05 No Control on Filament #Z current .oz 

No Filament #1 monftor or incurrent" 
- - --~~-<.. ·---.~--·T'--••• •' -··---- --· -R4, R5 Open .05 Loss of monitor on Housekeeping .02 III 

values noted 

CR2, 3, ,4, 5 Open/Short . 6 6.63 

C4 Short . 1 .09 

T4 Coil 1 - 2 short .25 4.38 

Coil 3 -4 open or short • 5 8.76 -----
T7 Coil I - 2 short .25 No Filament ill monitor or incorrect 4.38 

Coil 3 - 4 open or short . 5 
valves noted 

8. 76 

C5 Short . 1 .09 

R8' R9 Open .05 .02 

CR6, 7, 8, 9 Open or short . 6 6.63 
........ ____________ -- - _,.,. .. ---------1------
'['5 Coil 1-2 open/short • 5 Filament #2 operates at all times at Minor degradation of data 8.76 Ill 

Coil 3-4 short .25 
maximum current 

4.38 

T6 Coil 1-2 open/short • 5 8.76 

Coil 3-4 short .25 4. 38 

T2 Coil l-2 open/ short • 5 Filament #I operates at all times at 8.76 maximum current 

--- - - ---~ ----- -- '--------
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PROBABI~TY ALITY ~ ((X.) ASSEMSLY -~JE~= ········ . Q x _ro .....••.•••• d 

Coil 3-4 short .25 Filament #I operates at all times at Minor degradation of data 4.38 ill 
maximum current 

T3 Coil 1-2 open/short • 5 
8.76 

Coil 3 -4 short .25 
4. 38 r--·--·-·-··----~--~ 

.... ___ , _______ ~----~-- - -- . . ......... _ ... 
T1 Coil 11-12 open .25 Filament current operates about .73 

Coil 12-13 open .25 
1/2 power 

.73 
-~..,.,....~--~ ..... -, ... _...~ ·-... ~-..~·""'--· ......... --... ,._ ............................... ..,>'ff_,_ 

~--·-- r 

I 

I 
! 
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FAILURE MODEl EFFECT & CRITICALITY ANALYSIS WORKSHEET 
~ I 

. - . ~ EFFECT OF FAILURE FART/COMPONENT 1 FAILURE MODE 
SYMBOL r--------- -----

' Cl j Short 

___ ·r t ()(. J I A~::>EM6l.Y f --------"""~';~-~ I,I~M 

. 9 

C2 Short . 9 

Rl Open • 05 

Rl Open . 05 

R3 Open . 05 

R4 I Open • 05 

R5 I Open . 05 

R6 Open . 05 

R7 Open . 05 

RB Open . 05 

R9 Open - 05 I 

RIO Open . 05 

Rll Open . 05 

Ql Open . 2 

Short . l 

Q2 I Open -2 

Short . 1 

No effect unless system overheats 

No effect unless system overheats 

No effect unless Filament #2 fails 

No effect unless Filament # l fails 

No system effect unless Filament ;; 2 
is on 

No system effect unless Filament #1 
is on 

Filament 112 command might not 
operate - Filament I! l - OK 

None unless Filament #2 fails 

None unless filament in operation fails 

None unless Filament# l fails 

Filament ~ 1 command might not operate 
Filament #2 - OK 

No effect 

No effect 

No effect 

No effect unless Filament #2 fails 

No effect 

No effect unless Filament "l fails 

No effect except 1. 74 watt extra powpr 
dissipated lm Kl. 

No <'ffect except 1. 74 watt extra power 
dissipated lm K 1. 

Filament #1 will not operate 

Filament # 2 will not operate 

Filament 1/1 cannot be turned of{ 

Filament 1/2 cannot be turned off 

C2 of Kl would be energized for 
Filament #1 or Filament #2 command 

Filament # 1 cannot be turned on 

Filament commands will not function 

Filament # 2 connot be turned on 

CZ of K1 would be energized for 
Filament 1/2 or Filament "l command 

Filament "l will not turn off 

Filament #2 will not turn off 

Filament "1 cannot be turned off 

Filament #1 cannot be turned on 

Filament "2 cannot be turned off 

Filament -#:2 cannot be turned on 

FAILURE I CRITIC-1 PROBABI~TY ALITY 
-""-·---g~l() 

2. 71 3 

2.71 3 

. 032 3 

. 032 3 

. 019 3 

'019 3 

. 019 3 

. 019 3 

- 019 3 

. 019 3 

- 019 3 

. 019 4 

- 019 4 

4. 24 4 

2. 12 3 

4. 24 4 

2- 12 ' 
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PART/COMPONENT I t== EFFECT OF FAILIJR£ t FAILURE I CRITIC-

I-- SYMBOL FAILURE MODE (OC) ~ := ASSE~~y ~ r END :ITEM ·- : ::: l P'gBxA~b~TY"'~-~-~=~,-~.~-··-,--1 
Q3 Open 

Short 

Q4 Open 

Short 

QS Open 

Short 

CR1 Open 

Short 

CR2 Open 

Short 

CR3 Open 

Short 

CR4 Open 

Short 

CR5 Open 

Short 

• 2 

. I 

• 2 

. I 

.2 

. 1 

• 2 

.4 

. 2 

.4 

• 2 

.4 

.2 

.4 

.2 

.4 

No effect unless Filament #2 fails 

Filament #2 command will not function 
Filament #I command OK 

No output data 

-Power consumption in Kl up I. 84w 

No effect unless Filament ill fails 

Filament #I command will not function 
Filament #2 command OK 

No effect unless Filament 11'2 fails 

No effect unless <n e filament fails 

No effect unless Filament ~I fails 

No effect unless one filament fails 

No probable effect 

High power dissipated in relay 
(1. 84w) 

No effect unless Filament ~2 fails 

No effect unl<'sS Filament ~2 fails 

No effect unless Filament #I fails 

No effect unless Filament III fails 

Filament # 1 cannot be turned on 

Filament # 2 command would try to 
turn on both filaments - Filament "I 
command OK 

Neither Filament could be energized 

Relay Kl would be energized at all 
times 

Filament 1/2 cannot be turned on 

Filament ill command would try to turn 
on both filaments - Filament 1/2 com­
mand OK 

Filame:pt ill cannot be turned on 

Filament #2 command would e>nergize 
both coils of Kl 

Filament i<2 cannot be turned on 

Filament #I command would energize 
both coils of K1 

No effect ,unless high mpg. transcient 
occurs 

Q4 on at all times 

Transcient could damage Q3 and 
Filament ill could not be turned on 

Filament ,q could not be turned on 

Transch•nt could dan1age Q3 and 
Filament =2 could not be turned on 

FilamPnt a2 could not be turned on 

7. 0 3 

3. 5 3 

.70 

3. 5 3 

7.0 

3. 5 3 

2. 2.Q 3 

4.'41 3 

2. 2 3 

4.41 3 

2. 20 4 

4.41 3 

I. 75 3 

3. 5 3 

I. 75 

3. 5 3 
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FAILURE MOOt:, EFFECT & CRITICALITY ANALYSIS WORKSHEET ft:c.-z -rrs--~ss~-----~4-n 

[~RT/-~; : NT I EFFECT OF FAILURE FAILURE CRITIC-
FA lLURE MODE PROBABIIJTY ALITY 

SYMBOL ( OC) ASSEMEILY END ITEM Q x 1<P 

R6, R7, R9 

c
1

, 8 

__ , _______ ,, Los·;~t~:;;·;;;-;;;it~~Tr;-h~:~;epi;~-~---:oz·-~-r--!i!"~· 
c __ ·2 , c 3, c 4, c 7 , c 81 Drift ---------------·-·-----·-1_ ~-~~~:~~~~'~:._e_nt_u_n~t~~e . . , 09 ! ~ 

CR6, CR8 

Zl 

Zl 

cz, c3, c4 

cs, c9, c6 

Rl, R8, R3, R5 

Open 

Short 

Short 

• 05 

-9 

.4 

Loss of current monitor 

-79 

3. so 
Output open or shut . 65 I I I 37. 58 

Output op-:::;-;;:;-t ---------~--~~6sJL~-;-ofru:;:;~dz~---~;:fall~d~t;~~--~--~-~~-~-J--~--~-----'·"J~----I-· ··-~~ 
Short . 9 

Short . 9 

Open . 05 

~'!.t... 
no 

ci, c4 
~'-~ I Open .. _____ ,:_,?5 I _ _ ~------·--~ 

Short . 9 Emission current not correct I Data di~~;;;;;··-···-'"---~~l--:~--~-r- m·· ..... 

. 79 

. 79 

• oz 

. 02 

CR5, CR7 Drift .60 42.06 
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PART/CO.~NT 
SYMBOL 

Cl 

C2 

C3 

C4 

C5 

CRl 

CR2 

CR3 

CR4 

CRS 

CR6 

CR7 

CR8 

CR9 

CRIO 

CRII 

CR12 

CRJ3 

CRI4 

FAILURE MODE 
( oc) 

Short -2 

Short . 2 

Short . I 

Short • 2 

Short • 2 

Open or Short . 6 

Open or Short . 6 

Open or Short . 6 

Open or Short .6 

Open or Snort .6 

Open or Short • 6 

Open or Short • 6 

Open or Short .6 

Open or Short . 6 

Open or Short .6 

Open or Short . 6 

Open or Short .6 

Open or Short . 6 

Open or Short • 6 

p------l------~ 

EFFECT OF FAILURE 

ASSEMBLY-~·--···~···· • . . ~ . ···---~..!!!!>.· __ I_T.;;.J:'_"l ______ -+-~~~-~'-----1 
No output data 

No output data 

No output data 

No output data 

No output data 

No output data 

No output data 

No output data 

No output data 

No output data 

No output data 

No output data 

No output data 

No output data 

No output data 

No output data 

No output data 

No output data 

No output data 

No 6V filament control voltage -
overloads transformer 

No 45 volt supply -
overloads transformer 

No -80 volt supply -
overloads transformer 

No +13 volt supply output -
overloads transformer 

No -13 volt supply output -
overloads transformer 

No 6V supply output 

No 6V supply output 

No +45V supply output 

No ·>-45V supply output 

No +45V supply output 

No +45V supply output 

No -80V supply output 

No -80V supply output 

No -80V supply output 

No -80V supply output 

No '-l3V supply output 

No ~13v supply output 

No -13V supply output 

No -13 V supply output 

.246 

1. 16 

. 517 

. 61 

. 61 

5.26 

5. 45 

5. 26 

5. 26 

5. 26 

5.26 

5. 26 

5. 26 

5.26 

5.26 

5. 26 

5. 26 

5. 26 

5. 26 

' -.........A.. --J 
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PAGE/tJI of /85 FAILURE MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET 'f'SS'Y E.C.-4 ~l~l ~·~-14-72 

fiARTjCOMPQ\'ENT EFFECT OF FAILURE FAILURE ~, . ..,.,_ 
FAILURE MODE 

--·""-~-~--
... ; ~-~ 

$YMOOL ( 0:) ASSFMf.\! Y END ITEM t"~OB:~~TY AUTY 
~-----~---

Q. A.~~ 1--~:_t 2..:.·::~ :~ tJ 'i..Jio • 3 Loss of ability to command E. C. into Loss of function 6.94 Ill ' 
eR5 Open I short .6 multi-mode function 5.26 

cl Open/short .9 .71 
HI,.R2, R9 Open/short • 05 • Ol 
CRl Short • 3 21.54 

Q 
l 

All but drift in !3 < 25% • 3 Loss of ability to command E.C. iuto 6-94 
GR6 Open/short ·-· .6 straight mode function 5.26 
R~, R4, RlO Open/short .05 • 02 
c:u Short • 3 21.54 

(:2 Open/short .9 .71 

Q'\ All but ll drift < 25% • 3 Loss of J plate voltage control Possible loss of data 6.94 I 
l\5, R6 All failure modes 1 .;,J:' 
G

1
, c

4 
All failure modes 1.0 .88 

Rll Open/short • 05 • 02 

' CiU Short .3 21.54 

q~ All but f3 drift < 25o/o .3 Loss of ability to advance step in multi Loss of function 6.94 II 
R7. RS, All failure modes I mode. Locked in on step. .38 

c~, c4 
All failure modes 1.0 .88 

iH<! Open/shut • 05 • 02 
,-~-4 Short .3 21.54 -------

-- ~-,--"--
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~:~~TY AI..ITY S'I'M'OOl. ((Jr.) ASSEMBLY £HO ITEM . 
Rl Open .05 AU diacriminatora stay in High Gain Output stays in low position • 019 ~ ' state i 

Drift .95 No effect No appreciable effect .366 .. 
RZ Open .05 All dil!lcriminaton etay in High Gain Output stays in low position . 019 3 state 

Drift .95 Noeffec:t No appreciable effect .366 4 
R3 Open .05 No internal calibrate signal Loea of llignal .019 3 

Drift .95 No effect No effect • 366 4 
R4 Open .05 Lolls of internal calibrate signal Loss of signal ~ 019 3 

Drift .95 No effec:t No effect .366 4 
RS Open .05 Lon if inte:rn.al calibrate signal Lou of signal . 019 3 

Drift .95 Minor Output signal pulse shape change .366 3 
R6 Open .05 Minor Output algnal pulse shape change .019 3 

Drift .95 No effect No effect .366 4 
Cl Short .9 Lou of internal calibrate eliftal Loss of signal • 788 3 

Drift • I No effect No effect .088 4 
cz Short .9 Lou of internal callbrate algnal Los a of signal • 788 3 

Drift • 1 No effect No effect .088 4 

C3 Short .9 Loss oi +5V power supply -no output Loas of aignal . 788 1 

Drift • 1 No eflect No effect . 088 4 
C4 Short .9 Lou of internal calibrate lllignal Loss of signal .788 3 

Drift • I No effect No eflec:t .088 4 

--
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\ 
PRE-AMP/DUKCRIMJNATOR 

f>'Dlf;Ep E ·-·-BY ~TM q7 o r:"• Jl 
~llf'MS pw6 NO. 

PAGE' 12 1 of .~!L_ 
FM .. IJ~ MOOt:» EF'FECT !. CR!T!CAUTY ANALYSIS 'NORt<SHEET r'~:'>'tAL. OSC r.,.. t~i _ 660 !l;;~/71 

MRT/~ EFFECT Of FAILURE fAILURE CRITIC-FAILURE MODE 
(a.) END IT£M PRgel<A~Y ALITY S'MOOl. ASSEMBLY 

Ql Open .z All dillcriminatou stay in low gain state Output stays in high state 4.62 3 
Short . I All diecriminatore stay in high gain state Output staya in low state 2.31 l 
Drift .70 Diacriminatora position may stay in high Output may not atay in high state 16. 19 3 gain state 

az Open or Short .30 Lou of internal calibrate llignal Losa of aignal 6.36 3 
Drift ~70 Minor Output wave shape change 14.84 l 

CRJ Short . 4 All discriminatoro may stay in high Output may atay in low position 4.416 3 gain etate 

Open • 2 All dhcriminators stay in low gain state Output stays in high position 2. 208 l 
Drift .4 No effect No d!ect 4.416 4 

CRZ Short .4 All di!lcriminatou utay in low gain state Output ataya in high position 4.416 3 
Open • z AU discriminaton stay in high gain Output etaya in low position 2.208 3 
Drift .4 No e!!ect No effect 4.416 4 I 

CR3 Short .4 All dlscriminatora may &tay in high Output may etay in low position 4.416 3 gain atate 
i 

Open .2 All discriminators stay in low gain state Output stays in high position 2.208 3 
Drift .4 No effect No effect 4.416 4 

! 
Zl I of 4 gates low .7 Loss of internal calibrate signal Lose of signal 18 •• 3 

I 
1 of 4 gates high .3 Lou of internal calibrate signal Los a of 11 ignal 7.88 3 

I Zl One shot open or short 1. 0 Lou of internal calibrate llignal Lou of signal 26.28 3 
i XTL 1 Open or short 1.0 Lou of Internal calibrate eignal Lou of signal 105. ll l 
! 

I 
I 
I 

I 
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1 
----- n .;o,;.,. 1 ~f~n pr:~~.::_ 

R l Module I l I Open ,_ 
No internal calibrate signal .019 

·.;. j 

Drift No effect • 366 4 
RZ Open 

Calibrate signal saturates pre-amp . 294 3 
Drift No effect z. 6-19 4 

Rl Open 
Loss of pre-amp output .019 2 

Drift No effect • 366 4 
R4 Open No output signal .019 2 

Drift No e!!ect . 366 4 
R5 Open No output signal . 294 2 

Drift Change in gain 2.649 3 
R6 Open No output signal . 294 2 

Drift 
Change in gain 2.649 3 

R7 Open Loa s of signal .019 2 

Drift No effect .306 4 

R3 Open 
Loss of output aignal • 29-l 2 

Drift Change in gain 2.649 3 
R9 Open 

Lon of output signal .019 2 
Drift No effect . 366 4 

RIO Open Loss of output aignal .019 2 

Drift No effect • 366 4 

Rll Open 
Loss of output signal • 019 2 

'-= J .. p I ' " =I =- J I I 



fll\RT/~ 
S'fM80L 

Rl2 

Rl3 

Rl4 

R15 

R16 

Rl7 

RI8 

R1'J 

RZO 

R21 

" 

fAILURE MOD£, EFFEt. r & C~lliCALilY ANALYSIS WORKSHEET 
E3~p E E!,:n, . ~~~E~ 
t'fire~-Amp/Discriminator 151-660 r "2./10171 

FAILURE MODE 
EFFECT OF FAILURE I FAILURE I ClUte-

- PFt08ABilJTY ALITY 
END ITEM Q lC ~ (OL)_ ASSEr.&Y 

.95 
4 

Drift No effect No e!fect . 31.6 

Open 
. 01'1 2 

.05 Loaa of one mae a range data Lou of output signal 

Drift 
• 36& 4 

.95 No effect No effect 

Open 
.019 2 

.05 Loae of one mass range data Loss of output signal 

Drilt 
. 366 4 

.95 Slight elfect in pulaea counted No ef!ect 

Open 
.019 2 

.OS Loa a of one maes range data Lofa of output signal 

Drift 
.366 4 

.95 Slight effect in pulae a counti!d No effect 

Open 
. 019 2 

.05 Loss of one masa r.ange data Loss of output signal 

Drilt 
.366 4 

.95 Slight ef!ect in pulses counted No effect 

Open 
.019 2 

.OS Loss of one mass range c!ata Loss of output signal 

Drift 
.366 4 

.9S No effect No e!rect 

Open 
• 019 2 

.OS Loa a of one man range data Lou or output signal 

Drift 
. 366 4 

.95 No effect No effect 

Open 
.019 2 

.OS Lose or one mau range data Lou o{ output signal 

Drift 
. 366 4 

.95 No effect No effect 

Open 
.019 2 

.OS Loa a of one mas a range data Loss of output' signal 

Drift 
.366 4 

.95 No effect No e!!ect 

Open 
.01'1 2 

.OS Lou '!f one man range data Loss or output signal 

Drift 
. 366 4 

.9S No effect No effect 

Open 
• 01'1 2 

.OS Los a o! one rnaa11 range data Los a of output signal 

Drift 
. 3bb 4 

.95 No effect No effect 
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Drift , 9S No effect No effect . 366 4 

Rl2. Open • OS Lou of one mass range data Loaa of output signal . 019 z 

Drift • 9S No effect No effect . 366 4 

RZ3 Open . OS Lou of one man range data Lou of output signal • 019 z 

Drift • 9S No effect No effect . 366 4 

RZ4 Open • 0 S Minor effect Cannot change diecrirninator gain . 019 3 

Drift • 9S No effect No effect . 366 4 

RZ5 Open .OS Minor Circuitinslight1yhlgherthanhigh .019 3 
gain position 

Drift • 9S No effect No eC!ect . 366 4 

RZ6 Open • OS Minor Circuit in slightly higher then high . 019 3 
gain position 

R27 Open :05 May count nohe pulse a Circuit in very high gain position . 019 z 

Drift . 95 No effect No effect . 366 4 

RZ8 Open .05 No puloes counted Loea of one man Discriminator gain extremely low .019 z 
range 

Drift • 9S Slight effect Slight change in gain . 3 66 3 

RZ9 Open • 05 Lou of some data Discriminator output erratic . 019 2 

Drift • 95 No effect No effect . 366 4 

R30 Open • 05 Lou of one mau range Loss of output signal . 019 z 

Drift • 95 No effect No appreciable effect • 366 4 

R31 Open .OS Louofsomedata Discrirninatoroutputerratic .019 2 

Drift • 95 Slight e!Cect Slight offset . 366 3 

R3Z Open • 05 Lou of one mase range No output . 019 z 
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PART/~ EFFECT OF FAilURE FAilUAE CRITIC-FAILURE MODE 
P~:~:?JTY 1\liTY S'I"MSSL (Ot) ASSEMBLY END ITEM 

Drift . 95 Noe!!ect No effect .366 4 
RH Open .05 Lose of11ome data Diocri minator output erratic .019 z 

Drift • 95 No effect No e!fect .366 4 
RH Open .05 Lose of one rnaae range data No output . 019 z 

Drift . 95 No effect No ellect .366 4 
Cl Drift • 1 No ef!ect No ellect . 007 4 

Short .9 Los a of one maea range data Signal line loaded .063 z 
cz Drift • 1 No effect No effect . 088 4 

Short . 9 Loas of one maaa range data Signal line loaded . 788 z 
C3 Drift .I No effect No effect . 007 4 

Short • 9 Los a of one mass range data Lou of signal . 063 z 
C4 Drift • 1 No effect No effect . 088 " Short .9 Loss ol one m.aoe range data No output signal . 788 z 
cs Drift • 1 No effect No effect .088 .4 I 

l Short . 9 Loa a of one maa • range data No output signal • 788 z 
• C6 Drift • 1 No effect No effect . 088 4 

Short .9 Loss of one znaas range data No output signal . 788 2 
C7 Drift • 1 No e!!ect No effect • 088 4 

Short .9 Loaa of one maae ranae data No output eianal . 788 z 
C8 Drift • I No effect No effect .088 4 

Short . 9 Lose of one lTUlllll range data No output signal . 788 z 
C9 Drift 

. 
• 1 No effect No el!ect . 088 4 

----



PMT/~ 
Sl'l.e1 

ClO 

Cll 

Cl2 

Cl3 

Cl4 

Cl5 

Cl6 

C2.0 

C17 

C19 

p~TB'I ~ BY J'IO. - J'fV; a· 
ALSEP E I ~·!. ~91.1LL_.a_ 
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FA !LURE MODE 

(«) 

Short .9 

Drift • 1 

Short • 9 

Drift • 1 

Short .9 

Short . 9 

Drift • 1 

Short .9 

Drift • 1 

Short • 9 

Drift • 1 

Short .9 

Drift • 1 

Short .9 

Drift • 1 

Short .9 

Drift • 1 

Short . 9 

Drift • 1 

Short .• 9 

Dri!t • 1 

EFFECT OF FAILURE 

ASSEMBLY 

Losa of one maaa range data 

No effect 

Loss of one mass range data 

No effect 

Loaa of one mass range data 

Loo11 of one mas11 range data 

No effect 

Lou of .some data 

No e!!ec.i. 

Loss of data on one maas range 

No effect 

Loss of one mass range data 

No e!!ect 

Losu of one mass range data 

No effect 

Lol!ls of data 

No effect 

Loss of one mas a range data 

No appreciable change 

Loea of one mass range data 

No effect 

END ITEM 

No output signal 

No effect 

No output signal 

No effect 

No output signal 

Loss of signal 

No effect 

Lo11s of discriminator gain 

No effect 

R 19 will fail open 
No discriminator output 
No effect 

Loas of signal 

No effect 

Los a o£ signal 

No effect 

Loss of Sweep High Voltage isolation 

No effect 

Lose of .signal 

Output pulse width becomes smaller 
(30 n) 

Lou of aignal 

No effect 

FAILURE 
P~~TY 

. 788 

.088 

• 788 

. 088 

.788 

.788 

. 088 

. 788 

. 088 

.788 

. 088 

. 788 

. 088 

. 788 

. 088 

.788 

. 088 

. 788 

.088 

. 788 

. 088 

CRITIC­
ALITY 

2 

4 

2 

4 

2 

z 

4 

z 

4 

z 

4 

2 

4 

z 

4 

4 

2 

4 

z 

4 



PART/~ 
S"MMOt. 

Cl8 

01 

Ol 

03 

04 

QS 

Q6 

CRt 

CR2 

CR3 

f) '!'STEM 
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FAILURE MODE 

Short 

Drift 

Short or Open 

DrUt 

Short or Open 

Drift 

Short or Open 

Drift 

Short or Open 

Drift 

Short or Open 

Drift 

Short or Open 

Drift 

Open 

Short 

Drift 

Open 

Short 

Drift 

Short 

"' ~ .e ' ' ... ·'" • "" ~ - .. -.;, 

t =• • • • •• EFFECT OF FAilURE 

(ere.) ASSEtei.Y 

• 9 Laaa of data 

• 1 No effect 

• 3 Loss of one mass range data 

• 7 May lose some data 

• 3 Loss of one mass range data 

• 7 May lose some data 

• 3 Loss of one mass range data 

• 7 May lose some data 

• 3 Loss of one mass range data 

• 1 May lose some data 

• 3 Loss of one mass range data 

• 7 May lose some data 

• 3 Loss of one mass range data 

• 7 -1 May lose some data 

.2 Poesible loes of one mass range data 

.4 Loss of one mass range data 

• 4 No effect 

• 2 Possible loss of one mass range data 

.4 Loos of one mass range data 

.4 No effect 

• 3 Loss of one mass ranp,e data 

END ITEM 

No +S power 

No effect 

Lou of output signal 

Change in gain 

Loss of output signal 

Change in gain 

Loss of output signal 

ChanF,e in gain 

Loss of output signal 

Change in gain 

Loss of output signal 

Change in gain 

Lose of output signal 

Change in gain 

No effect unleoa spike occurs on signal 
line - then no output signal 

Lou of output signal 

No effect 

Change in gain 

Loss of output signal 

No effect 

No output si11.nal 

CRITIC-
Al.ITY 

-
• 788 1 

• 088 .. 
8. 23 z 

19.19 3 

6. 36 z 

14.84 3 

lZ. 93 z 

-".? 0.17 3 

6, 36 z 

14.84 3 

12.93 z 

30.17 3 

12. 93 2 

30.11 3 

z. 21 2 

4.42 z 

4.42 4 

z. ;n 3 

4. 42 2 

4. 4Z 4 

7. 88 z 
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'F<!Attr./~ I • I EFfEC', ~· '"_____ -i ~AIL~ I CRITV.:-

~-·-· I . """""' < l-ll ASSEMSI..Y _ u ~--~!--~--- FNn .~.-.. 
1 
P?~~~TY-~~:~~ 

·' No effect 15. 77 4 

Change in discriminator level 2. 63 3 

Zl No output signal 13.66 2 

Slight loss of sensitivity 7. 36 3 

Zl No output pulse 26.28 2 

Rl ~todule /12 No internal calibrate signal • 019 3 

No effect • 366 4 

fU Calibrate llignal saturates pre-amp • 294 3 

No effect z. 649 4 

R3 Lou of pre-amp output • 019 2 

No effect • 366 4 

R.4 No output algnal • 019 2 

No effect • 366 4 

RS No output signal • 294 2 

Change in gain 2. 649 3 

R6 No output signal • 294 2 

Change in gain 2. 649 3 

R7 Loss of signal • 019 2 

No effect • 306 4 

R8 Loss of output signal • 294 2 

Change in gain 2. 649 3 

R9 Loss of output signal • 019 z. 
~M- I -- I ·~- •~= -~• m -• L I •- - I, - I I 
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PART/~ EFFECT OF FAilURE FAILURE CIIIITIC-FAilURE MOO£ 
(«.) P"r:~TY 1\LITY S'tMBIOL 

ASSEM&L"' END ITEM 

Drift • 95 No efl;,ct No effect • 366 4 

RlO Open • 05 Loss of one mass range data Lou of output signal • 019 2 
Drift .95 No effect No effect • 366 4 

Rll Open • 05 Lou of one mass range data Lose of output aignal • 019 z 
Drift • 95 No effect No effect • 366 4 

R12 Open • 05 Loss of one mass range data Loss of output signal • 019 2 
Drift • 95 No effect No effect • 366 4 

Rl3 Open • 05 Loss of one maaa range data Loaa of output signal fl • 019 z 
Drift • 95 Slight effect l.n pubes counted No e!!ect • 366 4 

Rl4 Open • 05 Loss of one mass range data Loss of output signal • 019 2 
Drift • 95 Slight effect in pulses counted No effect • 366 4 

Rl5 Open • 05 Loss of one maos range data Lou of output signal • 019 z 
Drift • 95 Slight effect in pulaea counted No effect • 366 4 I 

R16 Open • 05 Lou of one mau range data Loss of output signal • 019 2 
Drift .95 No effect No effect • 366 4 

Rll Open • 05 Loss of one mass range data Lou of output signal • 019 z 
Drift • 95 No effect No effect • 366 4 

Rl8 Open • 05 Lone of one mass range data Loss of output signal • 019 2 
Drift • 95 No effect No effect • 366 4 

R19 Open • 05 Loss of one mass range data Loss of output signal • 019 2 
Drift • 95 No effect No effect • 366 4 



FAAT/~ 
SYMBOL 

RZO 

RZl 

R.:!l 

RH 

RH 

RZS 

RZ6 

RZ7 

Rl8 

RZ9 

RlO 
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pATE ~ ~n_71 

,Open 

Drift 
I 

; Open 
I 
' Drift 

Open 

Drift 

Open 

' Drift 

Open 

Drift 

Open 

Drift 

Open 

Drift 

Open 

Drift 

Open 

Drift 

Open 

Drift 

Open 

FAILURE MODE 
( (J(.) IT ASSEMfM.Y 

1 
• 05 I 'Loaa of one mass •range data 

I 
• 9S I !No ef!ect 

i 
• OS I !Loss of one mass range data 

• 9S I ;No effect 

• OS .Loss of one mass range data 

• 9S I 1 No effect 

• OS I ! Lon of one mau range data 
I 

• 9S I I No effect 

• OS I i Minor effect 
i 

• 9S I ' No eflect 

• OS 

• 9S 

• OS 

• 9S 

• OS 

• 95 

I Minor 

! No effect 
I 
i Minor 

No ef!ect 

May count noiee pUlses 

No effect 

EFFECT 

• OS No pulses counted -Loss of one mass 
range 

• 9S Slight effect 

• 05 Lose of some data 

• 9S No effect 

• 05 Loss of one mass range 

OF FAILURE 

END ITEM 

Lou of output signal 

No e£fect 

Loss of output signal 

No effect 

Loss of output signal 

No effect 

Lose of output eignal 

No effect 

Cannor change discriminator gain 

No effect 

Circuit in slightly higher then high gain 
position 
No effect 

Circuit in slight higher then high gain 
position 
No e!fect 

Circuit in very high gain position 

No effect 

Discriminator gain extremely low 

Slight change in gain 

Discriminator output erratic 

No effect 

Loss of output signal 

CR1TIC-
ALITY 
·-,;,.;.~ 

• 019 z 

• 366 4 

• 019 z 

• 366 4 

• 019 z 

. 366 • 
• 019 z 

• 366 I 4 

• 019 I 3 

• 366 4 

• 019 3 

• 366 4 

• 019 3 

• 366 4 

• 019 z 

• 366 4 

• 019 z 

• 366 3 

• 019 z 

• 366 4 

• 019 I z 
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PAAT/~ 
SYMBOl. 

R3l 

R32. 

R33 

R34 

Cl 

Cl 

C3 

C4 

cs 

C6 

!......-

FAILURE MODE 

-~·--

Drift 

Open 

Drift 

Open 

Drift 

Open 

Drift 

Open 

Drift 

Drift 

Short 

Drift 

Short 

Drift 

Short 

Drift 

Short 

Drift 

Short 

Drift 

Short 

(IX.) ASSEMBLY 

• 95 No effect 

• 05 Loss of some data 

• 95 Slight e!fec t 

• 05 Loss of one mass range 

• 95 No effect 

• 05 Loss of some data 

.95 No effect 

• 05 Loss of one mass range data 

• 95 No effect 

.1 No effect 

• 9 Loss of one mass range data 

.1 No effect 

• 9 Loss. of one mass range data 

• 1 No effect 

• 9 Loss of one mass range data 

• 1 No effect 

• 9 Loss of one mass range data 

.1 No effect 

• 9 Loss of one mass range data 

.1 No effect 

• 9 Loss of one mass range data 

EFFECT OF FAILURE CRITIC-

END ITEM ALITv 
._, __ 

No appreciable effect • 366 4 

Discriminator output erratic • 019 2 

Slight offset • 366 3 

No output • 019 2. 

No effect • 366 4 

Discriminator output erratic • 019 2 

No effect • 366 4 

No output • 019 2 

No effect • 366 4 

No effect • 007 4 

Signal line loaded • 063 2 

No effect • 088 4 

Signal line loaded • 788 2 

No effect • 007 4 

Loss of signal • • 063 2 

No effect • 088 4 

No output signal .788 2 

No effec"t • 088 4 

No output signal • 788 2 

No effect • 088 4 

No output signal • 788 2 

. - J 
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f 
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I PMT/~ EFFECT Of FAILURE FAILURE CRITIC- l FAILURE MODE 

S"t'MaaO. ( 0:.) ASSEM81..Y END ITEM PRga:~TY 1\L.ITY I -... z 

l C7 .. Drift • 1 No effect No effect • 088 4 
I 

Shat • 9 Loss of one maaa range data No output signal • 788 2 

C8 Drift .1 No effect No effect • 088 4 

Short . 9 Loss of one mass range data No output signal • 788 2 

C9 Drift .1 No effect No effect • 088 4 

Short .9 Loea of one mass range data No output signal • 788 2 

ClO Drift .1 No e!!ect No effect • 088 " 
Short .9 Lou of one rnaea range data No out put signal • 788 z 

en Drift • 1 No elfect No e{fect • 088 4 

Short • 9 Loss of one maru range data No output signal • 788 2 

Cl2 Short .9 Loss of one mass range data Lon of signal • 788 z 

Drift .1 No effect No effect • 088 4 

en Short .9 Loaa· of eorne data Lou of dlacriminator gain • 788 2 

Drift .1 No effect No effect • 088 . 4 

C14 :short • 9 Lou of data on one mau range Rl9 will fail open • • 788 l. 
No discriminator output 

Drift .1 No effect No effect • 088 4 

Cl5 Short .9 Loss of one mass range data Loss of signal • 788 z 

Drift .1 No effect No effect • 088 4 

Cl6 Short .9 Loss of one mas a range data Loss of signal • 788 z 

Drift .1 No effect No effect • 088 4 

C20 Short .9 Lou of data Loss of Sweep High Voltage isolation . 788 1 

Drift .1 No effect No effect • 088 4 -
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~ 

Cl7 

C19 

C18 

Ql 

Q2 

Q3 

Q4 

QS 

Q6 

cru 
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FAILURE MOO£ 
EFFECT OF 

(or. ASSEMBLY 

Short .9 Loss of one mas a range data 

Drift .1 No appreciable change 

Short . 9 Losa of one mass range data 

Drift .1 No ef!ect 

Short .9 Lose of data 

Drift .1 No effect 

Short or Open • 3 Loss of one mass range data 

Drift • 7 May lose some data 

Short or Open • 3 Loss o£ one mass range data 

Drift • 7 May lose oome data 

Short or Open • 3 Loss of one mass range data 

Drift • 7 May lose some data 

Short or Open • 3 Loss of one mass range data 

Drift • 7 May lose some data 

Short or Open • 3 Loss of one mass range data 

Drift .7 May loee some data 

Short or Open • 3 Loss of one mass range data 

Drift .7 May lose some data 

Open • z Poniblit loss of one mau range data 

Shcrt • 4 Loss o£ one mass range data 

Drift .4 No effect 

FAILURE. 

END ITEM 

Loss of signal 

Output pulse width becom<!s smaller 
(30 n) 

Lou of signal 

No effect 

No tS power 

No effect 

Loss of output signal 

Change in gain 

Loss of output signal 

Change in gain 

Loas of output signal 

Change in gain 

Loss of output signal 

Change in gain 

Lou of output signal 

Ch~ in gain 

Lose of output signal 

Change in gain 

No effect unless spike occurs on signal 
line - then no oo~tput signal 

Loss o! out.put signal 

No effect 

FAILURE CRITIC-
PROOABI~Ty 1\l.ITY 

QxJO •• ~----1---
• 788 z 

• 088 4 

• 788 2 

• 088 4 

• 788 1 

• 088 4 

8. 23 z 
~,,,. 

19.19 3 

6. 36 z 

14.84 3 

lZ. 93 l. 

30.17 3 

6. 36 z 

14.84 3 

lZ. 93 2 

30.17 3 

lZ. 9l z 

30. 17 3 

z. 21 z 

4. 42 z 

4.4Z 4 



FMT/~ 
S'IM'lOL 

CRl 

CRl 

Zl 

zz 

Rl Mo<i~le 113 

RZ 

Rl 

R4 

RS 

R6 
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EFFECT OF FAILURE FAILURE I Cfi!TIC-FA II.URE MOO£ 
_(«) P~:~TY M.ITY 

ASSEt«.\' EHD ITEM 

Open ./3 Possible lou of one mass range data Change in gain 2. Zl 
l 

3 

Short •• Loss of one mass range data# Lou of output signal I 4.42 I 2 

Drift .4 I No clf'ect No e!lect I 4. 42 I 4 

. fJlort. -·~~~:- .3 Loss of one mass range data I No output signal I 7. 88 I 2 
.J • 
Drift • 6 No effect No effect 12.71 I 4 

Opat .10 Loss of some data Change in discriminator level 2. 63 I 3 

Output Open or Sbort • 65 Lose of one mass range data No output signal 13.66 I 2 

Dri!t • 35 Small lou of data Slight loss of seru~itivity 7. 36 I 3 

Output High or Low 1. 0 Loss of one mass range data No output pulse 26.28 I 2 - .. __ 
Open • 05 Loss of internal calibrate signal No internal calibrate signal • 019 3 

Drift • 95 No effect No e!fect • 366 I 4 

Open .1 No calibrate signal Calibrate signal saturates pre-amp .294 I 3 

Drift .9 No effect No effect 2. 649 I 4 

Open • 05 No data output on one mass ranae Lou of pre-amp output • 019 I 2 

Drift • 95 No.ef!ect No effect • 366 I 4 

. Open • 05 Lou of one mau range data No output signal • I • 019 I 2 

Drift • 95 No effect No e!!ect • 366 I 4 

Open • 1 Loss of one mass range data No output signal .294 I 2 

Drift • 9 ~ight lou of data Change in gain 2. 649 I 3 

Open • 1 I 
Loa11 at one mass range No output signal • 294 2 

Drift .9 Slight lou of data Change .in gain z. 649 I 3 

~~-------------d~--------------------------~----------------------~----L----------------------------L----------L-----~ 
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AART/~ EFFECT OF :FAILURE FAILURE CRITIC-FAIUJR£ MOO£ 

p'r~~y ALITY S'l'Mn. _(Ot_l ASSEMBLY ENO ITEM 

R7 Open • 05 Loea of one rnaea range data Loae of signal • 019 z 
Drift • 95 No effect No effect • 306 4 

l\8 Open .1 Lose of one maaa range data Loa a of oulJNt aignal • Z94 z 
Drift .C) Slight lo .. of data Change in gain z. 649 . 3 

R9 Open • 05 Lose of one rnaaa range data Lou o! output signal • 019 z 
Drift • 95 No effect No effect • 366 4 

RlO Open • 05 Loa a of one mass range data Lou of output signal • 019 z 
Drift • 95 No effect No effect • 366 4 

R1l <>Pen • 05 Loss of one maBa range data Loss of OUt)Nt signal • 019 z 
Drift • 9S No effect No effect ·• 366 4 

Rll Open • OS Loss of one maaa range data Loss of output signal • 019 2 
Drift • 95 No effect No effect • 366 4 

Rll Open • OS Lou of one mass range data Lou of output signal • 019 z 
Drift • 95 Slight effect in pulses counted No effect • 366 4 

RH Open , OS Lou of one mass range data Lose of output signal • • 019 2 
Drift • 95 Slight effect in pulses COWlted No effect • 366 4 

RlS Open , OS Lose of one mass range data Loss of output signal • 019 2 

Drift • 9S Slight effect in pulses counted No effect • 366 4 
Rl6 Open , OS Lou of ODe maaa range data Lon of output signal • 019 2 

Drift • 95 No effect No effect • 366 4 
Rl7 Open • OS Lose of one rnaas range data Lou of output signal • Ol<l l 

Drift • 9S No effect No effect • 366 4 



·, 

. -fL!!R!:~£FEC!_! _ _(:~Iri_C~LJ!.'f. . .A.i'!~.l::'f.~I~."!Q~~~~-~I-,.,w,"~"'-" ._2l_lt ~L!L_ 
r-· ~ EFFECT OF FAILURE FAJL.IJRE CRITIC-

1'1\RT /~tff • ......nr ~·· P008ASILJTY I AL.ITY 
-----, I .. ..., ....... w I ENO ITEM Q X ~~ 

FAIL.UR£ .....,...,., 
(Ot) I l"'l..,.., ... ~, 

------~--·--

Rl6 Open • OS Loaa of one ma11a range data Lou of output signal . 019 2 
Drift • 9S No effect No effect • 366 4 

R19 Open • OS Lose of one mass range data Loea of output signal • 019 2 
Drift .9S No effect No e!fec:t • 366_ 4 

RlO Open • 05 Loaa of one mae a range data Lou of output signal • OJ~ 2 
Drift • 9S No effect No effect • 366 4 

lUI Open • 05 Loss of one masa range data Loss of output aignal • 019 2 
Drift • 95 No effect No effect • 366 4 

R22 Open • 05 Lose of one mau range data Lou of output signal • 019 2 
Drift .95 No effect No effect • 366 4 

Rl3 Open • OS Looa of one m&etJ range data Lou o! output signal • 019 2 
Drift • 9S No effect No effect • 366 4 

R24 Open • OS Minor effect Cannot change discriminator gain . 019 3 
Drift • 95 No effect No effect • 366 4 

Rl.S Open • 05 Minor Circuit in slightly higher then high . 019 3 
gain position • 

R26 

Drift .95 No effect 

Open • 05 Minor 

No effect 

I • 366 

I 4 

Circuit in slightly higher then high . 019 3 
gain poe it ion 

Drift • 95 No ef(ec:t No effect • 366 4 
Rl.7 Open • OS May count noise pulmea Circuit in very high gain position • 019 l 

Drift • 95 No effect No effect • 366 4 

l::lll;l -- .. = - ~~"' ' ""'V 
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fNrr/~ EFFECT OF FAilURE FAII.IJRE CRITIC-FAILURE MODE 
PROB~JfY AI.. tTY SM:a.. (Ot) ASSEMBLY END ITEM _Qx 

RZ~ Open • OS No pulses counted Discriminator gain extremely low . 019 z I.Qaa of one maaa range 

Drift • 95 Slight effect Slight change fn gain • 366 J 
RZ9 Open • OS .Lo11a of aome data Discriminator output erratic • 019 2 

Drift • 95 No effect No effect .366 4 

RJO Open • 05 Loa11 of one mass range Lou of output signal • 019 2 

Drift • 95 No effect No appreciable effect • 366 4 

RJI Open • OS Lo•u of some data Discriminator output erratic: • 019 2 

Drift • 95 Slight effect Slight offset • 366 3 
R3Z Open • 05 Loaa of one tnaua range No output • 019 2 

Drift • 95 No effect No effect . 366 4 

RJJ Open • 05 I.Qa t1 of aom.e data Discriminator output erratic: . 019 2 

Drift • 9S No effect No effect • 366 4 

R34 Open • 05 Loa~ of one man range data No output . 019 2 

Drift • 95 No effect . No effect . 366 4 

• CJ Drift • 1 No effect No effect . 007 4 

Short • 9 Loss of one mass range data Signal line loaded . 063 2 

cz Drift • 1 No effect No effect • 088 4 

Short .9 Loaa of one mass range data Signal line loaded .788 z 
Cl Drift • 1 No effect No effect • 007 4 

Short .9 Loss of one mass range data Lou of signal .063 2 
0 

-
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PAAT/~ EFFECT OF FAilURE FAllURl CjijTIC-FAILURE 1>100£ 
( Ot.} PA~:~JJTY ALITY SYMBOL ASSEMBI.Y END ITEM 

C4 Drift • 1 No effect No effec:t . 088 4 

Short . 9 Losa of one mass range data No output signal . 788 2 

cs Drift • 1 No effec:t No effec:t • 088 4 

Short . 9 Loss of one mass range data No output signal .788 2 

C& Drift • 1 No effec:t No effec:t • 088 4 

Short • 9 Louts of one mass r&nge data No output signal . 788 2 

C7 Drift • 1 No effec:t No effect • 088 4 

Short .9 Loss of one mass range data No output signal .788 2 

C8 Drift • 1 No effect No effect • 088 4 

Short .9 Losa of one mass range data No output a ignal • 788 2 

C9 Drift .l Noeffec:t No effec:t . 088 4 

Short • 9 Loss of one mass range data No output signal . 788 2 
ClO Drift -·- • 1 No effec:t No effec:t • 088 4 

Short .C) Loss of one mass range data No output llignal • 788 2 

Cll Drift • 1 No effec:t No effec:t • • 088 4 

Short .9 Lose of one mass range data No output signal . 788 z 
ClZ Short .9 Lou of one mlua range data Lou of signal . 788 2 

Drift • 1 No effec:t No ef!ec:t· • 088 4 

Cl3 Short .9 Lose of some data Loss of disc:riminator gain • 788 z 
Drift • 1 No effec:t No ef!ec:t • 088 4 

Cl4 Short .C) Lose of data on one maso range R 19 will fail open .788 z No discriminator output 
Drift • 1 No effect No effec:t . 088 4 ......... 

c;;a::M =· 



flAAT/~ 
SYMaOt. 

CIS 

Cl6 

czo 

C11 

C19 

Cl8 

Ql 

Q2 

Q3 

~ 

FAILURE iVIODE,_EFFEtT & CRITICALtlY ANALYSIS WORKSHEt:.l E?=~ <(!!~ ~~ 
fPre Am_piJ>ukrlmtn~ 151-660 _L_ lit 0/71 

EFfECT OF 
FAILUR£ MOO£ (It r 

ASSEMe!..Y -----~---~ 
FAilURE i FAII.U'RE I Cf.tJTtt-
"~ PROOABILJTY Al.ITY 

£NO ITEM _Q.JLlcP 

Short .9 Losa of one maaa range data Loss o! signal • 788 z 
Drift • 1 No effect No effect • 088 4 

Short . 9 Loaa of one maea range data Lou of signal • 788 z 
Drift • 1 No effect No effect • 0&8 4 

Short .9 Loaa of data Lou of Sweep High Voltage isolation .788 1 

Drift • 1 No effect No effect .088 4 

Short .9 Lo11a of one maea range data Lou of signal • 788 2 

Drift • 1 No appreciable change Output pulse width becomes smaller • 088 4 
(30 n} 

Short .9 Lou of one man rl.\llge data Lou of signal .i88 l. 

Drift • 1 No effect No effect • 088 4 

Short .9 Lou of data No +5 power • 788 1 
Drift • 1 No effect No effect • 088 4 

Short or Open . 3 Lou Of one nuu1a rl.\llge data Lon of output signal 8. 23 2 

Drift .7 May lou some data Change in gain 19.19 3 

. Short or Open .3 Loaa of one mass range data Lou of oU:put signal • 6. 36 2 

Drift • 7 May lose some data Change in gain 14.84 3 

Short or Open • 3 Lo11a of one maaa range data Lou of output signal 12.93 2 

Drift . 7 Mli:Y lose aome data Change in gain 30.17 3 

Short or Open .3 Loaa of one maaa range data Lou of output signal 6. 36 2 

Drift .7 May lose 11ome data Change in gam 14.84 3 



IAAT/~ 
~'n«'L 

QS 

Q6 

CRI 

CR2 

CR3 

Zl 

zz· 

- -. -~ - -·- ·- . ·' . " ..... ······ ~?~~·~=~=~~ t-AILUt<t. M0Ut.~ft-t.CI &tFUJilALIIYANALYSIS WORKSHE.Er r?reArm~LPJ~t~rlmin~ 151-660 ~JOI71 

FAILURE 1400£ 
------ - («l,l 

Short or Open .3 

Drift • 7 

Short or Open • 3 

Drift • 7 

Open • 2 

Short .4 

Drift .4 

Open .2 

Short .4 

Drift .4 

Short • 3 

Drift .6 

Open • 10 

Output Open or Short • 65 

Drift .35 

Output High or Low 1.0 

ASSEMBLY 

EFFECT OF FAilURE -i FAILURE I CRITIC-. T - PA®AWLJTY ALITY 
END ITEM .. Q l< liP 

Loss of one mase range data 

May loae some data 

Loss of one mass range data 

May loae some data 

Pouible lou of one masa range data 

Lose of one mau range data 

No effect 

Posaible lou of one mau range data 

Lou of on<e mau ranae data 

No effect 

Lon of one mass range data 

No e!!ect 

Loa 1 of some data 

Loss of one mass range data 

Small lou of data 

Loae of one maas range data 

Lou of output signal 

Change in gain 

Lou of output aignal 

Change in gain 

No effect unless spike oecurra on 
signal line - then no output signal 

Lou of output signal 

No effect 

Change in gain 

Loaa of output signal 

No effect 

No output signal 

NoeHect 

Change in dillcriminator level 

No output signal 

Slight loss of sensitivity 

No output pulse 

12.93 2 

30.17 3 

12.93 z 

30. 17 3 

2. 21 2 

4.42 2 

) ' f 4.42 4 

2.21 l 

4.42 2 

4.42 4 

7.88 2 

15.77 4 

2. 63 3 

13.66 2 

7. 36 3 

26.28 2 
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fAAT/~ 
S'MeOL 

Rl 

R2 

RJ 

R4 

RS 

R6 

R7 

R8 

R9 

RIO 

A2 A2 

Programmed Sw-eep Hi-Voltage Power Suuolv 

.-~ .. I'""'"" ~ 11'\n!':' -:-rrc, r-r " f"IO"hTtr" I •rv A"'~ A~ VC:te Ulf"\!;')WeHC'C'T ri"\i\.-VI"\1. .. iViVIJI..• it,;." f \.o I Qll \,.1"\t i 1"-M"-i t R11IM"-' .,.;,..., Hvt\i'•vl '-'-' 

~rray ~ ::: ~,~~~--~-, e:;;EJi 
LMS 1 4:! of I 83 

~ • ' " ,, ' "' ' p.N6 .~· ':::~-pl'E"' 0 ,, ~ • ., J.H"-'~<~l"-.1. ~i'<.i.•ll ...... ~v;.;;, t ._,Jllf;IJ 

Ef1:ECT OF FAILURE F/<ILUR£ I CRITIC-FAI!..UM MOO£ 
((It) PR~:~~TY ALITY ASSEMSLY END ITEM 

Open . 1 Los a of regulation - output voltage fails Loss of moat data - one data point may . Z9~ I 1 
high be available 

Drift . 9 I o.., ......... wm •••••••• w; ...... 

I 
Data difficult to interpret 

I 2. 649 r 3 

Open • 1 Losa of regulation - output voltage fails Loss of most data - one data point may . 29~ I 1 
high be available 

Drift • 9 I Output voltage will not agree with pre-
assigned steps 

I Data diC!iuclt to interpret I 2. 649 I 3 

Open .05 Possible noise on sweep control ~oltage Minor I . 019 I 4 

Drift . 95 No effect No effect .36& 4 

Open .05 Sweep counter will not reset as turn on Minor synch. problem .019 4 

Drift '95 Noe!!ect No effect .366 4 

Open . 05 Step-lock command will not reset counter Minor synch. problem . 019 ~ 

Drift . 95 No e!fect No effect . 366 ~ 

Open . 05 Sweep counter will not advance No output data • 019 1 

Drift • 95 No effect No effect . 366 4 

Open . 05 Sweep counter will not advance Minor synch. problem .019 I 

Drift • 95 No effect No effect . 366 ~ 

Open . 05 Sweep counter will not advance Minor synch. problem • OJ 9 I 

Drift . 95 No effect No effect . 366 4 

Open . 05 Sweep counter will not advance Minor synch. problem .019 1 

Drift • 95 No effect No effect .366 4 

Open . 05 Circuit does not reset at power turn on Minor sync;h. problem .019 4 

Drift . 95 No effect No effect I • 3t.tJ I 4 



AZAZ 

Pro~~:rammed Sween Hi-Voltaae P9Wer Sunnlv 

FAILURE MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET 
Ut0/71 

'AA'f/~ 

S'r1-'i00l i ,_'1 ··---· - I ... ~ "'" . -----. -- w 

Cl 

Cl 

C3 

C4 

cs 

C6 

C7 

C8 



FAAT/~ 
SYMBOL. 

CRI 

CRZ 

CR2 

CR3 

CR4 

ll (12-14) 

(1-3) 

{9-8) 

zz 

AZAZ 

FAILURE MODE. EFFECT & CRITICALITY ANALYSIS WORKSHEET 

Programmed Sweep Hi-Voltalle Pow"r Sunnlv 

~TfM· ·~~~~·~~ E Eri?a~ro~ = E*:;;; E'~Z 
1i1J14 LMS : ' AGE 14 4 of 183 

~')IT • •n~~~• tlW6 RO. PTE 
Mother Brd.l 151-b'lli 1 '/ • '' ~ • 

EFFECT OF FAilURE" FAILURE CRITIC-FAILURE MOO£ 
P'bOBABI~TY ALITY («.) ASSEMBLY END ITEM )( lei 

-·"·--
Short .4 !No sweep control output voltage No output data S.68 I 

Open • 2 !No sweep control output voltage No output data 2.64 I 

Drift . 4 No effect No eHect 5.68 4 

Short .4 No sweep control output voltage No output data 5.68 1 

Open . z No sweep control output voltage No output data 2.64 I 

Drift .4 No effect No erfect 5.68 4 

Short • 4 No sweep control output voltage No output data 5.68 I 

Open .2 No sweep control output voltage No output data ''f Z.64 1 

Drift • 4 No effect No effect 5.68 ~ 

Short . 4 Stop-lock reeet command inoperative Minor aynch, problem 3. 92 3 

Open .z. Stop mode of operation inoperative No manual operation I. 96 l 

Drift .4 No ef!ect No ef!ect 3.92 4 

Output Low . 7 Decimal input of 2 imposed on ladder at 
all times 

Error in sweep high voltage 4.6 3 

Output High .l No decimal Z input to ladder I Error in .sweep high voltage I 1. 97 I 3 

Output Low . 7 Decimal input of 1 impoaed on ladder at Error in sweep high voltage I 4.6 I 3 
all timea 

Output High . 3 No decimal 1 input to ladder No output data 6.S7 I 

Output High or Low 1.0 Sweep counter will flat advance No output data 6.S7 1 

Ouptut High . 5 Count"r advancers at double rate slope 
for 0-690 steps incorrect 

Loss of part of datt 13. H l. 

Output Low • 5 ~Counter does not advance at double rate I Lose of part of data I 13. 14 I 2. 
, 



FAAT/~ 
SYMBOL 

Zl 

Z-l 

zs 

Z6 

Z7 03-IZ) 

(0-10) 
(l-14) 

(3-Z) 

(5-6) 

(7-8) 

A2 A2 

Pr()~rnrned Sweep Hi-Voltage Power Suonlv FT; Array~ -~~:J{oi E;:;;nE& 
EM LMS : _ 'AG£. 14 5 of' 183 

.-~ lL1 ~~ ~ ~"'0~ ,..,..,...,_~~ ,.. ""' ........ ,"". ' .... ". ·• , ' 11~' '(51'"' "'u,..,""K'"' ·H·E>=T r 1"\t vru;. iVIV t;,._~__(..! I'"&;.\. I €ll \."I i J\.AL.I I l Ai'IJML. ;:) 1ft I'( :> ._ ,.··'-:;.S'Y 
Mother BrdfW:;, 't5i -698 _E~'- !/10 71 

EFFECT OF FAilURE FAILURE I CRITIC-FA II.URE MOO£ 
(«._) END ITEM PROBA~TY ALITY ASSEMSt.Y Ox 

Output High . s Counter advances at 4 times rate for Loss of part of data 13. 14 I 2 all steps {0-1330) 

Output Low • 5 I Counter will not advance at 4 times rate I Loss of part of data I 13.14 I 2 for steps 940 to 1330 

Output High . 5 Step counter will not advance I No output data 

I 13. 14 

I I 

Output Low 's Background and calibrate cycle will be Data difficult to interpret 13. 14 3 by-passed 

Output High . 3 Sweep counter will not advance I No oo<pu< d•O• I 7.88 

I I 

Output Low . 1 Background and calibrate cycle does not No background or cal. counts obtained 18.3~ 3 operate 

Output High • 30 I Internal calibrate signal cannnt be I No internal calibration e ignal I 7.88 I 3 generated 

Output Low • 07 I'"'"~' <•I. ···~· PM•··· ..... "-· I No output data 

I 18. 396 

I I 

Output High or Low I. 0 Sweep counter will not operate except No output data 4. 38 I manually 

Output High or Low 1.0 Sweep counter will not advance I No output data I 4. 38 I 1 Output High or ~w 1.0 Sweep counter will not operate except No output data 4.38 I manually 

Output High . 3 Sweep countera not cleared when stop I Temporary loss of signal 
command given 

I 1.31 I 4 

Output Low • 7 I Sweep counters not cleared when stop I Temporary loss of signal I 3. {)7 I 4 
command given 

Output High • 3 Decimal input of I imposed on ladder I Error in Sweep High Voltage I I. 31 I 3 
network at all time a 

Output Low . 7 No decimal l input to ladder network I Error in Swe~p High Voltage I 3,07 I 3 

Output High • 3 Decimal input of 2 imposee on ladder Error in Sweep High Voltage I I. 31 I 3 
network 'it all times 

Output Low .1 I No decimal Z 1nput to ladder ndwork I Error in Sweep High Voltage I 3.07 I 3 



MRT/~ 
SYM80t. 

Z8 (1, Z-IZ) 

(6,8-10) 

Z9 

ZIO (1-2) 

(6-10) 

Zl1 

ZIZ 

Zl3 

Zl4 

Z1S 

Zl6 

A2 A2 

Proli!rammed Swe.,p Hi-Voltage Power Supolv 

FAiLURE i-AODE. EFfECT & C.RITICALilY ANALYSIS WORKSHEET 
LMS 

lfS§'lf"~~~;~~:·;-~;-~pw>·~~~~~;-
EFFECT OF FAILURE FAJUJR£ I CRITIC-FAILURE MODE 

(at) END ITEM P~:~JJTY AL.ITY ASSErei..Y 

Output High • 3 ~weep counter will not advance No output data 3.94 1 

Output Low .7 !counter will not atop at step ·1330 Manual operation only 9. z 1 

Output High . 3 ~weep counter will not advance No output data 3.94 I 
Output Low . 7 !count will not stop at step 1330 Manual operation only 9.2 1 
Output High • 3 Two timf'a count rate is not enabled Loss of some_ data 7.88 2 
Output Low • 7 Two timea count rate starts at step 2 Loss of some data 18. 39 2 
Output High • 3 Count rate does not stop at 1330 steps Loss of some data 3.94 1 
Output Low • 7 f<;ounter will not advance No data ~-

9.2 I 

Output High . l 14 times count rate is not enabled Loaa of some data 3. 94 2 
Output Low . 7 ~ times count rate starts at step 2 No data 9.2 2 
Output Low . 5 fstep counter will not advance No output data 6. 57 1 
Output High . 5 ~tep counter will not advance No output data 6.57 1 

Output Low . 5 jstep counter will not advance No output data 13, 14 I 

Output High . 5 ~tep counter will not advance No output data 13. 14 1 
Output Low • 5 ~tep counter will not advance No output data 13. 14 1 

Output High . 5 ~tep counter will not advance No output data ll.14 I 
Output LQw . 5 ~tep counter will not advance No output data ll. 14 1 
Output High . 5 tep counter will not advance No output data 13. 14 I 

Output Low . 5 Step counter will not advance No output data 13. 14 I 

Output High • 5 ~tep counter will not advance No output data 13. 14 I 
Output Low . 5 ~tep counter will not advance No output data 13. 1-& I 

=·- ,~ · - r ·- . L J ~- I ---.~ 
Outnnt HiPh . 5 teo counter will not advance No outout da.ta I 3 14 I 



PART/~ 
S'lli$0L 

Zl7 

Zl8 

Zl9 (1-3) 

(6-5) 

(9-8) 

(12-14) 

zzo 

Z21 

Z22 

Z23 

A2 A2 

Prollra.mme4 Sween Hi-Voltalle Power S1.1oolv 

~TEM Arra~~- ~ol t;:v;;n F]l 
~ L~.: ~ 'AGE l ,7 of'IB3 

FAILURE MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET ~:)'r .,.,;t; rN· .. 'IE 
Mothel' Rrrlr 151-691i r >/J!l/71 I 

FAILURE MODE 
( «.) 

Output Low . 5 

Output High • 5 

Output Low . 5 

Output High . 5 

OUtput Low • 7 

Output High .l 

Output High . 3 

Output Low . 7 

Output High • 3 

Output Low • 7 

Output High • 3 

Output Low . 7 

Any output Open or Short . 65 

Drift . 35 

Any output Open or Short • 65 

Drift • 35 

Any output Open or Short . 65 

Drift . 35 

Output Low • 5 

Output High . 5 

EFFECT OF 

ASSEMEII.Y 

Step counter will not advance 

Step counter will not advance 

Step counter will not advance 

Step counter will not advance 

Sweep counter cannot be stopped and 
manually stopped 

Sweep counter operates manually only 

Sweep counter will not operate manually 

Sweep counter will not operate manually 

Sweep counter will not advance 

Sweep counter will not advance 

Sweep counter will not advance 

Sweep counter will not advance 

Sweep control voltage incorrect 

Sweep control valtage incorrect 

Sweep control voltage incorrect 

Sweep control voltage incorrect 

Sweep control voltage incorrect 

Sweep control voltage incorrect 

Step counter will not advance 

Step counter will not advance 

FAILURE FAILURE I CRITIC-

I PROOABUJTY 1 ALIT'( 
ENO ITEM __ ql'l 1~ 

No output data 13.11 

No output data 13. J.l 

No output data 13. 14 

No output data 13. 14 

Output dat;t_cannot be obtained by stopping! I. 97 

Manual operation only 

No manual operation 

No manual operation 

No output data 

No output data 

No output data 

No output data 

Sweep output voltage incorrect 

Sweep output voltage incorrect 

• 
Sweep output voltage incorrect 

Sweep output voltage incorrect 

Sweep output voltage incorrect 

Sweep output voltage incorrect 

No output data 

No output data 

4.6 

":1 
I. 97 

4.6 

I. 97 

4.6 

I. 97 

4.f, 

37.58 

20.23 

37.58 

20.23 

37. 58 

zo. Zl 

13.14 

13. 14 

2 

2 

2 

z 

z 

z 

z 

1 

2 

;,;"""' IS ....... ' .. -~ L_. --- '"'?"' ..., ~·----"----------------------.i ________ L ____ ..J 



IAAT/~ 
SYMBOL 

Z2.4 

Z25 (1-14) 

(3 -2) 

(5-6) 

(13-IZ) 

(9-pO) 

Z26 (6, 8- 10) 

(1. 2-12.) 

Z2.7 

Z2.8 

Z2.9 

Z30 (9-10) 

(12.-2.) 

A2 A2 

Progrlt.mmed Sween Hi- Vol!;!.~U:_pOYfer Sunolv 

FALURE MODE1 EFFECT &. CRITICALITY ANALYSIS WORKSHEET 

FAILURE MODE 

Output Low 

Output High 

Output High or Low 

Output High or Low 

Output H1gh or Low 

Output High or Low 

Output High 

Output Low 

Output High 

Output Low 

Output High 

Output Low 

Any output Op;an or Short 

Drift 

Any output Open or Short 

Drift 

Any output Open or Short 

Drift 

Output High 

Output Low 

Output High or Low 

! 

<oh 
I 

. 51 

. 5 

1.0 

1. 0 

I 

1.0 

1.0 

• 3 

• 7 

. 3 

• 1 

• 3 

.1 

.65 

• 35 

.65 

. 35 

. 65 

. 35 

• 3 

• 7 

1, 0 

EFFECT OF FAiLURE 

ASSEMSl.Y 

Internal calibration will not function 

·Internal Cal. Signal present at all times 

Sweep counter will not advance 

Sweep counter will not advance 

Sweep counter will not advance 

Sweep counter will not advance 

Sweep counter will not advance 

Counter does not stop at 1330 step a 

Sweep Counter will not advance 

Sweep counter will not advance 

Sweep counter will not advance 

Sweep counter will not advance 

Swe.ep control voltage incorrect 

Sweep control voltage incorrect 

Sweep control voltage incorrect 

Sweep control voltage incorrect 

Sweep control voltage incorrect 

Sweep control voltage incorrect 

Sweep counter will not advance 

Background cal. counter will not reset 

Sweep counter will not operate except 
manually 

END ITEM 

No internal calibration 

Continuous cal. s 1gna I - no output data 

No output data 

No output data 

No output data 

No output data 

No output data 

Loss of some data 

No ouputt data 

No output data 

No output data 

No output data 

Sweep output voltage incorrect 

Sweep output voltage incorrect 

Sweep output voltage incorrect 
• 

Sweep output voltage incorrect 

Sweep output voltage incorrect 

Sweep output voltage incorrect 

No output data 

No background or cal. cycle 

No output data 

FAILURE 
PR. 0. BABILJTY 

Q )( ·~ 
13. 14 

13. 14 

4.38 

4. 38. 

4,3ts 

4. 38 

2.. 19 

2. 19 

3.94 

9. 2. 

3.94 

9. 2 

37.58 

20.ll 

37. 58 

20.23 

37. 58 

20.23 

3. 94 

9.2. 

13. 14 

CRITIC­
ALITY 

2. 

2 

2. 

2 

2 

2 

3 



AART/~NT 
!> 'f'l.1.00L 

Z31 (9-8) 

Z32 

(12 -14) 

(7-5) 

(2-3) 

z 33 (1-14) 

(5-6) 

(7-8) 

(3-Z) 

(9-1 0) 

(13-12) 

\ 

A2 A2 
_ Pron·ammod Sween HI-Vottaae_j>~wer Suonlv 

FALURE MODE EFFECT & CRITICALITY ANALYSIS WORKSHEET 
EFFECT OF FAilt.mE FAILURE I CRITIC-FAILURE MOO£ 

(«) P~B:~~TY All TV ASSEMBLY ENO ITEM 

Output High • 3 Continuous cal. gate No output data 1. 97 I 

Output Low .7 No internal cal. gate No internal cal. lllgnal 4.6 3 

Output High • 3 No internal cal. gate No internal cal signal I. 97 3 

Output Low .7 Continuous cal. gate No output data 4.6 I 

Output High orLow 1, 0 Countere not reset at tum on Output data out of sync 6.57 4 

Output High or Low I. 0 Counter" not reset at tum on Output data out of sync 6. 57 4 

Output High .s Sweep voltage etops not syncronized Data difficult to interpret 1:1 14 3 with frame makrs. No manual 111top 
function 

Output Low • 5 Step counter will not advance No output data 13.14 1 

Output High • 3 Sweep cowrter will not advance No output data 1. 31 1 

OutputlDw .7 Sweep counter will not advance No output data 3. 07 1 

Output High or Low l. 0 CoWlter cannot be advanced manually Data packs cannot be analyzed 4.38 1 

Output High or Low l. 0 Counter cannot be advanced manually Data packs cannot be analyzed 4. 38 1 

Output Low .7 Sweep counter will not advance except Manual sweep advance only 3. 07 I 
manually 

Output High • 3 Step-lock command will not operate Counter cannot be stopped by command 1. 31 z 
Output High .3 Sweep counter will not operate No output data 1. 31 1 

Output Low .7 Sweep counter cannot be turned off Minor e!Cect 3. 07 4 

Output High • 3 Sweep counter cannot be turned off Minor efrect l. 31 4 

Output Low • 7 Sweep counter will not operate No output data 3.07 1 



·PAAT/~ 
S'i'MSOt. 

Z34 

Z35 

Z36 

Z37 (14-3) 

(l 0-13) 

(7-5) 

Z38 

Tl 

A2 A2 
o-----~~-d Sween Hi-Voltaae Power Suoolv 

FAILURE MODE! EFFECT & CRITICALITY ANALYSIS WORKSHEET 
?IJO 171 

EFfECT 
FAILURE MODE 

(«) r ""' -
ASSEMBLY -- ~-

Any output Open or Short • 65 Sweep control voltage incorrect 

Drift • 35 Sweep control voltage incorrect 

Any output Open or Short • 65 Sweep control voltage incorrect 

Drift • 35 Sweep control voltage incorrect 

Any output Open ~r Short • 65 ; Sweep control voltage incorrect 
I 

Drift • 35 ! Sweep control voltage incorrect 

Output High • 3 Sweep counter will not advance 

Output Low .s Sweep counter will not advance 

Output High • 3 I Sweep etart flag does not function 
j 

Output Low .7 ! Sweep start flag give a continuoue 
indication 

Output High • 3 

~ 
Cal. eignal switch will not operate 

Output 1..017 .7 Cal. dgnallllwitch always present 

Output High . 5 Step counter• will not reset or will be 
held in reset 

Output Low .5 ' Step countera will not reset or will be 
held in reaet 

Open or Short .5 I No output voltage 
(Any winding) 

Drift .5 I Change in efficiency 

OF FAILURE· 

END ITEM 

Sweep output voltage in-:orrect 

Sweep output voltage incorrect 

Sweep output voltage incorre<:t 

Sweep output voltage incorrect 

Sweep output voltage incorrect 

Sweep output voltage incorrect 

No output data 

No output data 

No flag indication of cal, cycle 

False flag indication that unit is in 
continuous cal. 

No internal calibration signal 

Continuous cal. signal - no data 

No output data 

No output data 

No output data 

No effect unlen circuit breaker opens 

FAILURE 
PROSABI~fY a )( 10" 

37.58 

20.23 

37.58 

20.23 

37.58 

20.23 

2.63 

6.13 

2.63 

6.13 

2.63 

6. 13 

13.14 

13.14 

17.52 

17.52 

,.-.-~-

CRITIC­
A.LITY 

2 

2 

2 

2 

2 

2 

3 

3 

3 

3 
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FAILURE MODE_~. EFFECT & CRITICALITY ANALYSIS WORKSHEET ~-;~~;~-- rn:. 7./10/71 

dS H lt p. 5 

EFFECT OF FAilURE FAILURE CRITIC-FMT/<XJMPONENT 
FAILURE· MODE 

PROBA~TY AI.ITY SYM1301. (or.) ASSEMBI..Y END ITEM Q )( I . ··-
Rl Open .05 Loss of output voltage Lou of all data .294 l 

Drift • 95 No el!ect No effect 2,2649 4 
R2 Open .05 Lou of output voltage Lou of all data • 019 l 

Drift .95 Ne effect No effect . 366 4 
RJ Open ~05 Lou of output voltage Lou of all data • 019 l 

Drift .95 No effect No effect • 366 4 R4 Open .05 Loas of output voltage Loes of all data :~ .294 1 
Drift • 95 No effect No effect 2. 649 4 

R.5 Open .05 Loss of output voltage Loa a of all data • 019 1 
Drift • 95 No effect No effect • 366 4 

R6 Open .05 Lon of regulation Lou of output data • 019 I 
Drift .95 No effect No effect • 366 4 

Cl Short .9 No output voltage Lou of output data • 788 1 
Drift .1 No effect No effect • 088 4 

C2 Short .9 No output voltage Lou of output data .788 1 
Drift .1 No effect No effect • 088 4 

C3 Drift • 1 No effect No effect • 088 4 
Short • 9 No output voltage No output data .788 1 

Ql Open or Short • 30 No output voltage No output data 9.2 1 
Drift ,70 Decrease in efficience No effect unlees power exceeds specs. 21.46 3 

~ 



AZ AZ 
Prosrrammed~ Hi- Volta~re Pow .. · Sunnlv 

pT311tl'l 
ArrqE ·~Y.ca~ol rfiii('4B 

~ lltl'l LMS UWb 1110. 
PAGE o~ 183 

F'ALURC ~v10DE, EfFECT & CRtTICAUTY ANALYS~S V'"0 W'Ct.JEET ~'!)'J 
AZ~A2-i\l !J'M) ,'fl· -6.> j fJAit. 

L 'j uj, I 't'ioJi'\i'\_,. i 

FAAT/~ EFFECT OF FAilURE FAIUJR! CRITIC-FAIUJR£ MODE 
PROaA~~TY ALITY S'fMI.IOL (or.) ASSEM&Y END ITEM Ox I F" . 

02 Open or Short • 30 ~o output voltage No output data 9.2 1 

Drift .70 Decrease in efliciency No effect unleas power exceeds specs, Zl. 46 3 

Ll Open .zs Lose of output voltage Loa • of output data 8,76 1 

Short .zs Lou of input filter - poulble noise on Background data increase. Data 
output voltage diflicult to interpret 8,76 3 

Drift .,5 No effect No ef!ec:t 
17.52 4 

Jll 

-
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PAAT/~ 
SYMBOL 

Rl 

RZ 

R3 

R4 

RS 

R6 

R7 

Open 

Drift 

Open 

Drift 

Open 

Drift 

Open 

Drift 

Open 

Drift 

Open 

Drift 

Open 

FAILURE MODE 

,05 

.95 

,05 

• 95 

.05 

.95 

.05 

.95 

.05 

• 951 

,05 

• 951 

,l 

EFFECT OF FAilURE 

ASSEMB\.Y I ENO ITEM 

• 
Lou ol output voltage Lqu ol all data 

No e!fect No effect 

Loss of output voltage Lou of all data 

No elfect No effect 

Loae of output vo1ta1e Lou of all data 

No effect No effect 

Lou of regulatlOD No output data 

No effect No effect 

Output voltage will increase to msximu Lou of moat data 
value 

No effect No e!lect 

Pedestal voltage will not be present • Lou of part of data 
all output voltage will be leas thaA 
normal 

No effect I No effect 

Pedestal voltage will not be present • Lou of part of data 
all output voltage will be leu than 
normal 

FAILURE I CRITIC-
PROSA~TY Al.ITY 
a~ 

• 019 I I 

• 366 ·1 

• 019 1 

• 366 4 

• 019 1 

• 366 I 4 

• 019 1 

• 366 4 

• 019 1 

• 366 4 

• 019 I . 3 

• 366 I 4 

.294 I 3 
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PAAT/~ EFFECT OF FAILURE FAILURE CR1TIC-FAILURE MODE 
(«) ENO ITEH PRga)(A~~TY Al.ITY SYMBCX. ASSEM8LY 

Dri!t .9 Output voltage Mil not be dealred Data difficult to interpret 2.649 3 voltage 

R8 Open • 1 Output voltage will increase to maxi- Lou of most data .284 I mum value 

Drift .9 Output will not be the desired value Data difficult to interpret Z.649 3 
Cl Drift • 1 No effect No effect • 088 4 

Short ;9 No output voltage No output data • 788 1 
C2 Drift • 1 No effect No effect • 088 4 

Short .9 No output voltage No output data 
'"l b .788 1 

C3 Dri!t • 1 No effect No effect • 088 4 
Short .9 Lou of regulaticm No output data • 788 1 

C4 Drift • 1 No effect No effect • 088 4 
Short .9 Lou of regulation No output data • 788 . 1 

cs Drift .1 No effect No effect • 088 4 
Short .9 Lou of regulation Loss of output data • 788 I 

C6 Drift • 1 No effect No effect • 088 4 
Short .9 No output voltage No output data • 788 1 

C7 Drift • 1 No effect No effect • 088 4 
Short .9 Lou of regulaticm Lou of output data • 788 1 

01 Open .z No output voltage Lou of output data 4.6Z 1 
Short • 1 Maximum output voltage - no regulation Loaa of most data 2.31 1 
Dri!t .7 No effect No effect 16. 19 4 



FMT/~ 
5YMBOL 

C4 

cs 

C6 

C7 

Ql 

CRl 

Zl 

A2 A2 

FAILURE NiODt. EFFECT & CRiTiCALITY ANALYSIS WORI<SHEET 
EFFECT OF FAilURE 

Pro2rammed Sweeo Hi-Volta2e Pow 

~'Wof Arrav E ~a~ol 
r Suonlv 

~l'IDf LMS . pwGlU. 
~M Q7n f£\T.s 
PAGE 155 0~ 183 

(ASS'Y ·~ ·~ ·~ ~ •• , 
..i1..., -J\.'- -"'·&&.. II 4 J • -v.JO 

FAILURE MODE 
ASSEMBLY END ITEM -----------

pATE. ~ •• ~ ·~ 
4.f ~ Vf t , ---

FAII,.URE I CRITh:-
PROBABt~TY Al.ITY ax 1 

Drift • 1 No effect No eflect . 088 4 

Short . 9 Loss of regulation No output data • 7811 1 

Drift • 1 No effect No eflect • 088 • 
Short . 9 Lose of regulation Lou of output data . 788 1 

Drift . l No eflect No effect . 088 4 

Short . 9 No output voltage No output data .788 l 

Drift . l No eflect No e!lect . 088 • 
Short . 9 Lose ol regulation Lou ol output data 

Open . 2 No output voltage Losa ol output data 
4~ . 788 1 

4.62 l 

Short . l Maximum output voltage - no regulation Losa ol moat data 2. 31 l 

Drift • 7 No effect No effect 16. 19 • 
Short •• No output voltage No output data 4.62 I 

Open • 2 Output of ZZ not clamped lor negative Minor elfect 
pulses 

2.31 4 

Drift •• No e!lect No effect 4.6Z • 
Output Open or Short .65 No output voltage No output data 37.58 1 

Drift . 35 Output voltage in error Data di!Iicult to interpret 20.23 3 
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r:Nrr/~ EFFECT OF FAUJAE · FAILURE CRITIC- I FAILURE MODE 
P~~TY ~ _101.1 ASSEMel.Y £NO ITEM AL.ITY 

Rl Open • 1 Loss ol reaulation - output voltage fails Loss o{ moat data - one data point may . 294 1 
high be available 

Drift . 9 Output voltage will not agree with pre- Data difficult to interpret 2.649 3 
aaoigned atepa . 

R2 Open • 05 Lou of output voltaae Lo .. ot all data • 019 3 

Drift . 95 No effect No effect • 366 .. 
R3 Open • 1 No housekeeping HV monitor output Data difficult to interpret .294 3 

Drift . 9 No effect No effect 2.649 .. 
R4 Open • 1 No housekeeping HV monitor output Data difficult to interpret .294 3 

Drift • 9 No eflect Noe!Iect ··tl 2.649 4 

R5 Open • 1 Incorrect HV monitol' output Data difficult to interpret .294 3 

Drift .9 No effect No effect 2.649 4 

R6 Open . 1 No housekeeping HV monitor output Data difficult to i'nterpret .294 ) 

Drift . 9 No effect No effect 2.649 4 

R7 Open . 1 In correct HV monitor output Data difficult to interpret . 294 ) 

Drift .9 No effec:t No effec:t 2.649 4 . .. 
R8 Open • 1 No housekeeping HV monitor output Data difficult to interpret . 294 3 

Drift • 9 No e!fect No effect 2.649 4 

R9 Open • 1 Loaa of output voltage Loaa of all data .294 1 

Drift • 9 Data difficult to interpret Output voltage will not ag.ree with pre- 2.649 ) 

assigned steps 

Cl Drift • 1 No effect No effect . 088 4 

Short • 9 Output voltage will go to highest value i..oae of most data • 788 l 
poseible .... 
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PART/~ EFFECT OF FAILUR£ • FAILURE CRITIC-FAILUR£ MOD£ PRge:~TY SYMeCl. (Ot) ASSEMBlY END ITEM ALITY 

C2 Drift . l No eC!ect No effect . . 088 4 

Short • C) Output voltage will so to hisheat value Loa• of moet data . 788 I 
possible 

I; 

. 

-

,. 



FMT/~ 
!>'M!OL 

C3 

C4 

C5 

CR1 

CR2 

CR3 

Z1 

A2 A2 

Prol!rarnmad Swa.,., Ri- Volta,JZe~ Power St~nnh 

FAAJJRF. MODE,. EFFECT & CRITICALITY ANAL VSIS WORKSHEET 
E.FFECT OF FAtllmE FAILURE FAILURE MODE 

PRge:~:NTY (or.) ASSEMBLY ENO ITEM 

Drift ' 1 No elfect No e!!ect '088 

Short '9 No awe"p HV monitor output Data dif!icult to int .. rpret . 788 

Drift .I No effect No effect . 088 

Short· • 9 No HV monitor output Data diUicull to interpret .7.88 

Drift . 80 No effect No effect . 984 

Short .20 No HV monitor output Data difficult to intt:rpret . 246 

Short .4 No eweep HV monitor output Output data difficult to interpret 4.41 

Open .2 Sweep HV monitor output not clamped 
for maximum output 

Output data difficult to interpret 2.2 

Drift .4 No effect No effect 

I 4.41 

Short .4 No sweep HV monitor output Output data difficult to interpret 4.41 

Open .2 Sweep HV monitor output not clamped Output data di!ficult. to interpret I 2.2 
for maximum output 

Drift .4 No effect No effect 4.41 

Short or Open .6 No eweep HV monitor output Output data di!ficult to interpret 6.61 

Drift .4 No eflect No effect 4.41 
• 

Input or output No sweep HV monitor output Data difficult to interpret '- no I 37.58 
Open or Short . 65 indication of Sweep HV 
Power inputs open 

Drift . 35 I Sweep HV monitor output incorrect I Data difficult to interpret - no I 20.23 
indication or Sweep HV. 

I CRITIC-
ALITY 

4 

~ 

4 

3 

! 
4 

3 

3 

l 

I 4 < 

l 

I 3 

.. 
3 

4 

I 3 

I 3 
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• ... ~---·. --~FAILUR_LMOQ[,__EfFE~T& f.flFCALI!Y ANALYSIS ;KSHEET ! 
f'AAT/~ EFFECT OF FAilURE 

' . FAILURE MODE ] 
SYMBOL ( «} ASSEMBLY 

FAILURE 1 CRtTic-
PROBABI~TY ALITY 

_Q )( !.Q.._ 

o OJ? I 

END ITEM 
Rl Open • OS Loss of output voltage I Loaa of all data 

0 366 4 
Drift . 95 No appreciable effect I No effect 

20523 I 
Short .9 No output voltage No output data Cl 

.280 4 
Drift • 1 No effect No effect 

. 788 I 
Short . 9 No output voltage No output data C2 

Drift • 1 No effect No e!Cect .088 4 

. 088 ..; 
Drift .I No effect No effect Cl 

1 • 788 I 

I. 07 I 

Short . 9 Loaa of output voltage Loea of all output data 

Short . 9 No output voltage No output data C4 

.119 4 
Drift . 1 No'ef!ect No effect 

cs Drift • 1 No effect No ef!ect . 526 4 

4. 73 I 
Short . 9 No output voltage No output data 

. 526 4 
Drift . I No effect No effect C6 

4o 73 I 
Short • 9 No output voltage No output data 

. 526 4 
Drift • 1 No effect No effect C7 

4o 73 I 
·short • 9 No output voltage Losa o! output data • 

CRl Short .4 No output voltage No output data 4.62 I 

Open • 2 No output voltage No output data 2. 31 I 

4.62 4 
Drift .4 Np e!Cect No effect 

CRZ Short .4 No output voltage No output data 4.62 I 

Open • 2 No output voltage No output data 2. 31 1 

4.62 4 
Drift o4 No effect No effect 
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11 ~MS pwG NO. 
PA.GC !r;c ur i.tiJ FAILURE MODE., EFFECT & CRITICALITY ANALYSIS WORKSHEET ~';;,'T AZ-A2·A4 ~~09 ~·~2/10/71 

FMT/~ EFFECT OF FAILURE FAILURE CRITIC-FAILURE MODE 
PROBAB~TY ALITY ·~ _lOt) ASSEMBI..Y END ITEM _Q lC I 

CRl Short .4 No output voltaae No output data 4.bl I 

Open .z No output voltaae No output data z. JJ I 

Drift .4 No effect No effect 4.bZ 4 

CR4 Short .4 No output voltaae No output data ·4.62 I 

Open .z No output voltaae No output data 2. 31 I 

Drift .4 No effect No eCfect 4.62 4 ., 

• 

--------
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FAP--URE MOOE:~___EFFECT & CRIT!Cft,LITY ANALYSIS WORKSHEET-

Programme<! Sweep Hi -VoltaRc Power SuppJy~ 

~· £ e?·~ g; ,.~Af 
AJ -Al.A5 I l '>I -t.9l 

~GE !•>I 0 r lf J 
r£ --.. 

Clll''ll 

Rl Loss of input data .01~ 

No effect .. h.il .. 
Cl Noise may be fed back to central station 3. 3 

No output data . 83 

cz Noise may be fed back to central station 3. 3 3 

No output data . 83 

CRl No output data 7.89 

No output data 
, 

2.63 

No ellect 15.78 4 
Zl 

Loss of output d-.ta 9.46 

No effect 6. 31 4 

Loss of output 3. 15 

Lose of most data 6.31 

No effect 6.31 4 
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FIGURE 7 
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FIGURE 9 

SWEEP HI VOLTAGE POWER SUPPLY 
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FIGURE 10 

SWEEP HI VOLTAGE POWER SUPPLY 
(TOP VIEW) 
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FIGUREll 

EMISSION CONTROL & SWP HV/PS ASSEMBLY 
(TOP VIEW) 
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FIGURE 12 

EMISSION CONTROL & SWP HV/PS ASSEMBLY 
(BOTTOM VIEW) 
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6. 1 Lock Out Switch 

This switch was added to prevent accidental turn on of the ion source 
fUam.ents (numbers 1 or Z) during ground test when th~ chamber is 
back filled with argon. ·The switch is mounted on the base plate and 
is a normally closed switch. The switch, when activated, will open the 
+29 volt supply to the emission control inverter circuit. The switch is 
activated by a pin inserted through the base plate from outside the LMS. 
The pin is ."fiaged" DO NOT FLY and will be removed after final test. 
The switch will aleo be hard wired for a short circuit prior to flight. 

For the reason that the switch is to be hard wired and shorted out before 
flight, the reliability of this switch will not effect the reliability of the 
LMS. 

• 
The fJWitch is controlled by BxA SCD number Z346Z4Z-1. The Emission 
Control Schematic number is 151-702. The circuit is shown below. 

+29V 

Lock Out Switch 
(On "Base Plate) 

Emission Control 

Inverter 

3 . ~ . 
.~.-..-~---------- ·-# . . ~) 

. -3 
--·-·-···- --- ·' I I 

f 
.• 
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