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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.

Applicable Documents

ATM 966, PARTS APPLICATION ANALYSIS, dated: 5/15/71

ATM 605A, FAILURE RATE DATA FOR ALSEP, dated 10/26/70.

Objectives

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

Establish the probability of occurrence of each recorded part failure
mode for the mission duration of two years.

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

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

FMECA Methedology

The FMECA was made by starting at the system level and expanding ,
downward to the component 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 féference 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 '"(e)" 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., QI cut off or 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 (oQ = o)\ 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 Assum&ion

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

4.1.1 Relay "Q"

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

. 01 x No. of Operations

Q= 2
10" 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
ag 5 hours since this circuit will not be used after the dust cover

is released.

4.2 Criticality Rankings

The guide for the criticality rankings is given below:

CR1 - 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-
jous 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 '"'Q'".

4.3 'Single Point Failure Summary

Presented herein is the Single Point Failure Arnalysis Summary as
performed in the Lunar Mass Spectrometer. A summary sheet
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summarizes the total critifality for each assembly at each criticality
level: criticality level 1 (CR1), 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 CR1 is"

-A1t
Rery © ¢

where \ ,t is equal to the sum of the '"\t" in the criticality CR1. This
is the highest reliability value and is the reliability for the single point
failures. Likewise the reliability number for CR2 isg the sum of the
"\t" for CR1 and CR2; the reliability for CR3 is the sum of the "\ t"
for CR1, CR2, and CR3 and for CR4 is the sum of the '\t for CR1
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 point failure summary for BxA circuits.

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

TABLES 1I through VIII are the Single Point Failure Summary for each
of BxA built circuits. TABLES X through XXII are UTD's SPFS.

TABLE XIII is the criticality summary for the command functions.

Circuit Operation

The LMS consists of 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 datz such as instrument temperatures may
be obtained. Unit failures are defined at outputs, not inputs.

Only single failures are discussed. Multiple failures necessary
to cause a failure are a.low probability.
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The values of ""Q' discuséid 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)

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 10> 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 Conditioner (FIGURE 1)

This circuit contains two functions, one is the command decoder.
Thies circuit combines 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'. ILoss of this command will in-
hibit clearing the command register and executing the commands.
Likewige, any element in the cormmand register circuits, is given
a criticality of '"1" since 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 degignator is '"C ', This capacitor is across the +5 volt
of D.C. line and is a decoupling capacitor. An open circuit may

¢ cause oscillation 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 command functions are listed in Table IV. This
table indicates the criticality of each command in the '"'on' and "off"

condition.
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The Signal Conditioner is a serializer for the three input channels

as well as for the houselfeeping data. In these circuits, as in

other circuits, an ouvtput of a unit may have one criticality in the one,
""1', state and another criticality in the ''C' state. As an example,
the housekeeping output if locked in a "1'" 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 each output on the eight possible failure modes, a
table was made up listing the outputs (down) and the failure modes
(across). For each ocutput 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 Lose of two Channels A'B'C I
3 Loss of two Channels A'B C I
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 A BC! II
8 Loss of Housekeeping (HK)' v

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, +13, and +5 volt D. C., and three
regulators with outputs 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 2 one-
gshot. Excessive current in the primary circuit will cause this one
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shot to trigger which in rn 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 faiiure to remove power in an overload condition.
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~° is summarized in the single point failure summary.
There ig 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 tmrn
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. Anon/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 '"'4".
The rectifiers in the voltage multiplier are redundant to short circuits
since each rectifier i3 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 Supply (FIGURE 2 )

This circuit consists of:
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An on/off D. P, D. T{ latching relay
A short circuit protection circuit

A voltage regulator input
A non-redundant oscillator/invertor

A high voltage oscillator
A log amp for monitor of the ion pump current {and pressure)

A voltage monitor circuit.

1
2
3
4.
5
6
7

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.

2. 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 Pump, a
Getter, a Magnet, three multiplier tubes, and a chamber assembly. The
ré.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
of the ion is a constant for a single ionized atom irregardless of the mass.
Assume an ion of mass "m' has a charge '"Q" is accelerated through a voltage
"Y' in the "X' direction. A magnetic field "B," 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:

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

) @
Xza l/morXal/l yVm

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:

02 ®
mX /R =K, XQB,
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Using the fact that the velocity is proportional to the square root of the
masgs of the ion, one can derive the radius "R' as being proportional to the

sguare root of the mass or:

Re Vm

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

4.4.8,1 Ion Source

The Ion Sow 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 Ione 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 of
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 cathodee.

2. Supply a fixed - 8C D.C. voltage to the cathode (heated filament}
and a fixed +45 D. L. 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 cotitroled 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 contrcl board. (See figure 3.)

4.4.10 Program Sweep Hi- Voltage Power Supply Eigure 10)

This circuit produces the sweep high voltage which is used to
accelerate the ions. The circuit 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 tc time automatically, or can the manually

stepped (exponetial) or can be locked at a given voltage. The exponetial
voltage waveform in accompiished 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 3‘
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 (ﬁi@ure 6)

‘ This circuit consists cf 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 compression. 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 made:

5.1 The probability of the LMS working for 2 years with at least one
channel of mass count data as minimum is . 978, (CR1)

5.2 The probability of the LMS working for 2 years with at least all
three channels of mass 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 of 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 environmertal 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 0.01%.
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The probability of succesy 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 emission contrgl circuit. This change effects the Emission
Control assembly only and both. 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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TARLE 1
SUMMARY OF SINGLE POINT FAILURES FOR BXA CIRCUITS
CIRCUIT PROBALITITY OF SUCCESS FOR: TABLE
CRI CRII CRII CRIV ' NO.

Counting and Data . 9999467 . 9745231 . 9742673 . 9742673 II
Compression
(A, B, and C)
Signal Condition . 9958849 . 9947557 . 9917915 . 9897481 I
and Command.
Decoder
Housekeeping . 9995367 . 9995367 . 9919044 . 9814738 v
Multiplexer
Low Voltage . 9942753 . 9942753 . 9939349 . 9923856 v
Power Supply
Multiplier . 9974734 . 9965394 . 9965394 . 9961556 Vi
H.V. P.S.
ION Pump HVPS . 9999946 . 9999946 . 9999946 . 9968490 VI
Monitor & Control . 9999697 . 9998798 . 9998798 . 9984371 Vi
TOTAL . 987137 . 959962 . 949219 . 931192
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. TABLE II

SINGLE POIN7G, FAILURE SUMMARY
COUNTING AND DATA COMPRESSION

" Ref. Designator CRx10~° CR2x10-5 | CR3x10"> |CR4x107°
A B C
Ul-2 Us U9 5,84 |
Ul-6 Us U9 5,84 |
Ul-8 Us U9 5. 84
U1-10 Us U9 5. 84
Ul-12 Us U9 5. 84
Ul-14 Us U9 5. 84
U2 U6 U1lo ¢ 36.75
U3 U7 Ul ! 36.75
U4 Us Uiz | 36.75
U14-8 Ul5 Ule | 17.50
U14-13 Uls | U6 | 8.75 8.75
U17-2 U2l | u25 f 17.05
ul7-10 { U2l | U25 | 17.05
718-9 U222 | U26 | 36.75
J19-9 u23 ¢ uU27 | 36.75
U20-13 U224 | uU28 36.75
U29-10 U30 U3l 35.00 :
U33-13 | U37 U4l | 36.75
¢
i
U34-9 U388 | U42 | 36.75
U35-9 U39 U43 g 36.75
-U36-13 | U40 U44 | 36.75
U45-2 U46 U47 | 17.05
-U45-10 | U46 | u4r | 17. 05
U48-2 | U52 | U56 | i 5.84 - |
U48-6 5 i | 5.84
"748-8 ) 5.84
. /48-10 } i  NOT USED
“U48-12 § i i 5.84 :
U48-14 Us2 { Us6 ¢ 5.84
U49-9 Uus3s | us? | i 17.50
U49-12 Us3 ; US5T7 17. 50
U50-9 US4 | U58 , 36.75
Uss5 | US9 | 36.75
U3z | U13 8.74 é ‘
n 3
i i
i | ; 1
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TABLE II (CONT.)
SINGLE POINT FA;LURE SUMMARY
COUNTING AND DATA COMPRESSION
' lef. Designator CRx10™° CR2x10™>| CR3x10™> | CR4x10™"

A B C
U649-5 U32 U13 8.74
Ubd-8 8.74
U60-14 U32 U13 8.74
761-3 U6z | U63 NOT USED

-Ub1-5 i 8.74

-U61-8 i 8.74
U6l-14 | U62 i U63 NOT USED
U64-5 ; NOT USED
U64-8 { NOT USED
U6b4-14 | U688 | UT2 8.74
U65-3 U6y | U3 17.05

“1J65-6 u6y | UT73 17.05
765-13 uey : U73 17.05
U66-9 u70 | U4 36.75
U67-13 u71 | U75 36.75
ct C3 f Cs .08
c2 ce | cé | .08

!
J1-2 J1-9 | Ji-11 1.75
J1-27 J1-26 J1-25 1.75
J1-30 . J1-29 J1-28 1.75
TOTAL PER CHANNEL 869, 67 8.75
SUBTOTAL ALL CHANNEL 2, 609. 01 26. 25
B o .08 |
L dl-l&31; 10&40; 24; 22 5, 25

TOTAL ALL CHANNELS 5.33 2, 609. 01 26,25
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TABLE 111
SINGLE POINT FAILURE SUMMARY
SIGNAL CONDITIONER & COMMAND DECODER
Ref. Designator CR1 Q x 107° CRZQ x 107° CR3Q x 107> CR4Q x 107°
Ul-2 4. 69
Ul-6 4. 69
Ul-8 4.69
Ul-10 4. 69
Ul-12 4. 69
Ul-14 4. 69
v2-2 4. 69
U2-6 4. 69
U2-8 4. 69
U2-10 4. 69
vU2-12 4. 69
U2-14 4. 69
U3-9/8 ‘ 13.85
U3-12/13 13. 85
U4-9/8 13.85
U4-12/13 13, 85
Us5-9/8 13. 85
U5-12/13 13.85
U6-2 9.70 4.15
U6-10 9.70 4.15
U7-12 27.90
Us-12 27.90
U9-2 13.85
U9-10 4.15 ’ 9.70
Ulo-2 9.70 4.15
Ul0-10 13. 85
Uli-2 ’ 13.85
Ull-10 ¢ 13. 85
Ul2-2 4.15 9.70
Ul2-10 4.15 0
Ul3-2 ' 13. 85
U13-10 , 13. 85
Ul4-12 g 27.90
~ 4.
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TABLE 11 (CONT. )
SINGLE POINT FAILURE SUMMARY
SIGNAL CONDITIONEE. & COMMAND DECODER
Ref. Designator CR1 Q x 10-5 CRZ2Q x 10-5 CR3 Qx 10"5 CR4Qx 10"5
U15-9/8 ' 6.93 6.93
Uls5-12/13 13. 85
U16-9/8 13. 85
U16-12/13 NOT USED
Ul7-2 4. 69
Ul7-6 4. 69
Ul7-8 4. 69
Ul7-10 4. 69
Ul7-12 3. 28 1. 41
Ul7-14 4. 69
U18-8/9 13.85
- U18-12/13 NOT USED |
Ul9-8/9 6.93 6.93
Ul9-12/13 NOT USED
U20-8/9 | 12. 85
U20-12/13 NOT USED
u21-8/9 13.85
U21-12/13 6.98 6.93
U22-8/9 6.93 0
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 0
U25-8 5.44
U25-10 1. 64 3. 80
U25-12 5. 44
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TABLE III (CONT.)
SINGLE POINT FAILURE SUMMARY
SIGNAL CONDITIONER & COMMAND DECODER
Ref. Designator CR1 Qx 107> CR2Q x 107 CR3 Q x 107> CR4 Q x 107°
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 0
U28-6 1. 64 | 3. 80
U28-8 3. 80 0
U28-10 3. 80 1.64
U28-12 5. 44
U28-14 5. 44
U29-3 7.70
U29-5 7.70
U29-8 2.31 5.39
U29-14 5.39 2.31
U30-3 6. 86
U30-5 4. 80 0
U30-8 6.86
U30-14 6. 86
U3l-3 4. 80 2. 06
U31-5 4. 80 2. 06
U31-8 4. 80 2. 06
U3l-14 4. 80 2. 06
U32-2 1. 64 3. 80 ]
- U32-6 1.64 3. 80
- U32-8 5.44
U32-10 5. 44
U32-1 1. 64 3. 80 :
U32-14 5. 44 i
;
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TABLE III (CONT.)
‘ SINGLE POINT FAILURE SUMMARY
SIGNAL CONDITIONER & COMMAND DECODER
Ref. Designator CR1Q x 10°° CR2Q x 10°° CR3 Q x 1075 CR4 Q x 107°
U33-2 4. 69
U33-6 3.28 1. 41
U33-8 4. 69
U33-10 4. 69
U33-12 4. 69
U33-14 3.28 1.41
U34-9 7. 00
U34-10 3.50 3.50
- U34-12 3.50 3.50
- U35-2 9.70 4.15
- U35-10 9.70 4.15
136-2 9.70 4.15
J36-10 9.70 4.15
Cl .08
cz .08
C3 . 08
Cc4 : .08
C5 .08
Cé . 08
C7 | .08 |
c8 | . 08 : <
C9 .13
Cl0 . 08
ClLl1 . 08
cl2 - . 08 f
A . 02
“R2 .02 :
Connector 39. 48 18. 40 43.16 33.12 i
Total 411.51 112.92 396. 42 109. 63
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TABLE Iv—
SINGLE POINT FAILURE SUMMARY
HOUSEKEEPING MULTIPLEXER
. .f. Design CR1 (Qxlo‘s) CR2 (Qxlo's) CR3 (Qxlo"sy CR4 (Qxlo’s)
. .- ecclforanae
Ul-10 Not Used ]
Ul-12 12.70
U2-10 12.70
Uz2-12 12.70
U3-10 Not Used _—
U3-12 ‘ , 12.70
U4-10 Not Used | .
U4-12 ; 12.70
U5-10 12.70
U5-12 | ; 12.70
U6-10 _ i 12.70
U6-12 ’ 12.70
LA | 7.00 :
3 7.00 ;
U:-8 g ; 7.00
U7-14 : 7.00
Ue-1 § 7.00
Ue-5 : 7.00
UL-8 | 7.00
Us-14 i 7.00
U9-1 ; 6.35
U9-5 6.35
UY-8 6.35 -
US-14 6.35 ¢ »
U1lo t 5‘ 29. 88,
Uil-12 & 13 Not Used T
Ui1-9 & 8 12.70 ,
Ulz-12 & 13 12.70
T 9&8 12.70
L 12& 13 12.70
T13-9 & 8 12.70
Ul4-12 & 13 , 12,70
Ul4-9 & 8 12.70
}
!
|
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TABLE IV (CONT.)
SINGLE POINT FAMLURE SUMMARY
HOUSEKEEPING MULTIPLEXER

Pef, Design CR1 (Qxlo‘s) CR2 (Qxlo's) CR3 (Qxlo‘S) CR4 (Qx10‘5)
.-5-12 & 13 [ 12.70
Ul5-9 & 8 ' 12.70
Ulb-12 & 13 . 12.70
Ul6-9 & 8 , 12.70
Ul7-12 & 13 ! 12.70
Ul7-9 & 8 : 12.70
Ul18-12 & 13 : 12.70
Ulg8-9 & 8 12.70
Ul19-12 & 13 : 12.70
Ul9-9 & 8 12.70
U29-3 ' 8.45
U29-5 8.45
U20-13 8. 45
U21-9 & 8 12.70
T 1.12& 13 : 12.70
-9 & 8 12.70
U22-12 & 13 12,70
U23-9 & 8 12.70
U23-12 & 13 ‘ 12.70
U24-9 & 8 12.70
U24-12 & 13 12.70
U25-9 & 8 12.70
U25-12 & 13 12.70
U26-9 & 8 12.70
U26-12 & 13 12,70
Q1-2 27.75 27.75
Q1-7 27.75 27.75
Q2-2 27.75 27.75
Q2-7 . 27.75 27.75
2 27,175 27.75
AT 27.75 27.75
Q4-2 27.175 27.75
Q4-7 27.75 27.75
Q5-2 27.75 27.75
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TABLE IV (Cont. ) ;
SINGLE P@INT FAILURE SUMMARY
HOUSEKEEPING MULTIPLEXER
. Ref. Design CR1 (Qxlo's) CR2 (Qxlo's) CR3 (Qx10~ CR4 (Qxlo‘s)
Q5-7 27.75 27.75
Q6-2 27.75 27.75
Q6-7 27.75 27.75
Q7-2 27.75 27.75
Q7-7 (Open Loss of|Spare) 27.75 :
Q8-2 27.75 27.75
Q8-7 27.75 27.75
AR-1 25.35
AR-2 25. 35
AR-3 25.35
AR-4 25. 35
AR-5 25,35
AR-6 25,35
R-1 (No Effect)
R-2 ‘ . 04
R-3 . 04
R-4 3.00
R-5 3.00
R-6 3.00
R-7 3.00
R-8 3. 00
~ R-9 3. 00
R-10 3.00
R-11 3. 00
R-12 , 3.00
R-13 3.00
R-14 3.00
R-15 . 08
-16 . 08
£-17 3. 00 ,
R-18 3.00
R-19 : 3.00
R-20 3.00
3.00
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TABLE IV (Cont. )
SINGLE POT™NT FAILURE SUMMARY
HOUSEKEEPING MULTIPLEXER
'Ref. Design CRI (Qx107°) CR2 (Qx10~°) CR3 (Qx10~°) CR4 (Qx107°)
.22 3. 00
R-23 .3.00
R-2 3.00
R-25 3. 00
R-26 3. 00
R-27 3. 00
R-28 3. 00
R-29 3.00
R-30 3. 00
R-31 3. 00
R-32 3.00
R-33 3.00
R-34 3.00
R.-35 3.00
=~ .36 3.00
37 3. 00
n-38 3.00
R-39 3.00
R-40 3.00
R-41 3 3. 00
R-42 Used in Spare {Circuit
Cl .08 j
c2 .08
C3 ‘ . 08 )
Cc4 .08 !
c5 . 08 ' A
. Cb : .08
Cc7 .08
c8 .02
| . . 09
S . 09
Cll ‘ . 09
Cl12 i .09
ciz . : .09 §
§
‘;
i
f
!
{
i b
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TABLE IV (Cont. )
SINGLE POINT FAILURE SUMMARY
HOUSEKEEPING MULTIPLEXER

_Tef. Design CRI (@x10"°)  CR2(Qx107°)  CR3 (Q@x107’)  CR4 (Qcl0™)

_i4 .08

Cl5 08

Cl6 o

c17 09

CR1 5. 60

CR2 5. 60

J(connector) 12. 80 9.60 5
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TABLE V
SINGLE POINT FAILURE SUMMARY
LOW VOLTAGE POWER SUPPLY
Ref.
-5 -5 -5 -5
C.B. Dsg. CR1 x 10 CR2x 10 CR3x 10 CR4 x 10
A-3 VRI1 22. 60
VR2 22.60
A-2 VRI1 22. 60
VR2 22. 60
A-l VR1 22.60
AR1 14. 80
M.B. | Rl .42 1.70
R2 2.79
R3 2.79
RTI1 " 52.50
Al R1 2.79
R2 2.79
R3 2.79
R4 2.79
R5 2.79
‘R6 2.79
R7 : 2.79
A2 R1 2.79
R2 2.79
R3 . 04
R4 2.79
R5 2.79
R6 . 05
A3 Rl . 02
R2 0
R3 .28
R4 .02
R5 2.79
R6 2.79
RT1 10. 50
A4 R1 2.79
R2 2.79
R3 2.79
A4 R4 2.79
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TABLE V (Cont. )
SINGLE PCINT FAILURE SUMMARY
LOW VOLTAGE POWER SUPPLY

Ref. -5 -5 -5 -5
C.B. Dsg. CR1x10 CR2x10 CR3x10 CR4 x 10
A4 RS No Effect
R6 . 28
R7 2.70
R8 . 02
R9 .02
R10 0
R11 .02
R12 0
R13 No Effect
R1l4 0
R15 . 28
R16 0
R17 22
R18 0
R19 . 28
R20 .02
R21 No Effect
A5 "Rl .02
Ab R1 . 28
R2 © .28
R3 . 28
R4 . 28
RS . 28
R6 . 28
R7 .28
RS . 28
R9 .28
RI1O . 28
R11 « 28
R12 .28
T1 17. 50
‘M. B. L1 2. 80
A5 i Ll 2. 80
\_ L2 2.80
L3 2.80
: L4 2. 80
g
]

e |
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TABLE V (Cont. )
SINGLE POINT FAILURE SUMMARY
LOW VOLTAGE POWER SUPPLY
Ref. - -5 -5 -5
C.B. Dsg. CR1 x 10 CR2x 10 CR3x10 CR4 x 10
M.B. | Cl .29
c2 .30
c3 . 30
C4 .29
T1 cl1 .08
Al Cl . 08
Cc2 .08
A2 cl . 08
c2 . 05
C3 .08
Cc4 . 05
A3 Cl .08
c2 . 05
c3 .08
c4 .02
A4 Cl . 08
c2 . 05
c3 .09
C4 .08
c5 . 08
AS C1 .29
c2 .29
A5 Cc3 . 29
C4 .29 .
c5 . 04
cé .04
c7 . 05
Cc8 .05
Cc9 . 04
Cl10 . 04
c11 .04
(o} ¥ .04
A2 Q1 17. 80
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TABLE V (Cont.)
SINGLE POINT FAILURE SUMMARY
LOW VOLTAGE POWER SUPPLY

Ref. -5 -5 -5 -5
C.B.  Dsg. CRI x 10 CR2 x 10 CR3 x 10 CR4x 10
A3 Q1 15.90
A4 Ql 15.90
Q2 2.84
Q3 7.95
A4 Q4 ! 15.90
Q5 ' 15.90
Q6 . 15.90
Q7 ©15.90
A5 Q1 . 18.50
Q2 . 18.50
Ab Ql | 7.95 7.95
Q2 { 7.95 ' 7.95
Q3 § 15.90
Q4 ;2 15.90
Qs ?. | 15.90
Q6 ,‘ 15.90
A4 CR1 i\ NO EFFECT
CR2 . NO EFFECT
CR3 * NO . EFFECT
CR4 I 4.62
CR5 | 11.55
CR6 ! 11.55
CR7 ! NOT USED
CR8 i  NOT USED
CR9 . 4.62
A5 CR1 i 11.55
CR2 ! 11.55
CR3 ! 11.55
CR4 ¢ 11,55
crRs | 11.55
CR6 : 13.81
CR7 . 13.81
CR8 I 13.81
CR9 I 13.81
CR10 } 11.55 .
CR11 11.55 | |
CR12 11.55 :
Connector { 23.8 Io12.4
‘ TOTAL | 572.47 00.00 34.04 154.93
P : ;

RS
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TABLE VI
SINGLE POINY FAILURE SUMMARY
ION PUMP HIGH VOLTAGE SUPPLY
: -5 -5 -5 -5
Design, CR1x 10 CR2x 10 CR3x 10 CR4 x 10
Q, 2. 89
A5 17. 80
Q3 27.70
Q4 8.10
Qg 16. 80
Q (2,3,4) 8.09
6 (5,6,7) 8. 09
VR1 3,46
(A1)CR1-16 | 111. 04
CR1 4.61
CR2 ! 4.61
"CR3 f 6.94
CR4 , .0
CR5 ! ‘ * 1.59
CR6 | ; 1.54
i
R, : . 02
R, { | ! .02
R; | ; ‘ .39
R, ! l ; -39
R5 : } . 35
Re ; | .02
R,? i | .02
gﬁ ; : .02 a
{ ! .02
Rzo ‘ § ! .02
Ry, ; 5 . 39
Ry | I
JERIB / | l . 39
SRy, - | ‘ .39
{ H !
Rys l .39
Ryc i .39
R17 ' g : . 39
{ H
Ris ! § { -39
ng ; { ; .39
= 3 i
i ! ?
; '
| |

it
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TABLE VI (CONT.)
SINGLE POINT FAILURE SUMMARY
ION PUMP HiG:: VOLTAGE SUPPLY

- “5 -5
_Ref Designg CR1x 10 > CR2 x 10 CR3 x 10
P i i
gzo
r21
£22
R23
R24
Ras
R26
R2s j
R29 i
R30 ’ {
R3; :
R3; ; 3
R33 ; NOT USED ! 3
R 3
R3¢ ;
R37 ; ‘
R3g = ! ! é
R3g ! 1 ; :
Reo | ;
i 1 i
Rea 5
Re3 ; !
| ? ¢
(A-1)RL | :
RZ ;
{ i !
of | § )
: CZ i , §
Cs { . i
Cs i ¢ ;
oF3 ! .09 : :
Cop [ .09
Cg = | ?,
' Co ) 5 g
Cin | f ;‘
| ; ] ¢
< : i
! !
| ! :

CR4 x 10~

5

.39
.39
.39

.39
-39

.39
.39
.39
.39
.39
. 39
.39
.35

.39
. 39
.39
.39
.39
.39
.39
.39
.39
.39

.10
.10
.08
.08
.08

.09
.09
.09
.09
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TABLE VI (CONT.)

SINGLE POINT WAILURE SUMMARY
ION PUMP HIGH VOLTAGE SUPPLY

oATE 14 May 1971

) -5 - - - -5
-f£ Desgign, CR1 x 10 CR2 x 10 > CR3 x 10 > CR4 x 10

Cy2 .09

Ci3 .09

Cig . 09
C . 09

5
Cy7 .09
Cisg .09
C1-9 .72
T1 ' 35.00
K1 | 5. 00
AR1 11.65
AR2 y 11.65
AR3 ] J 11.65
Total | .54 | 00 ; 00 314. 56
j “ L.m,‘- SR (U
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TABLE VII
SINGLE POINT PAILURE SUMMARY
MULTIPLIER HIGH VOLTAGE SUPPLY
Ref Design CRIx 107 CR2x 107 CR3x 107 CRex 107
Q1 44.60 24. 80
Q2 3,52 J
Q3 3.52 |
Q4 6. 35 3.52 :
Q5 3.52
Q6 3,52 6. 35 |
AR1 74.5 |
K1 5,00
K2 5.00 ;
* |
VR1 10.60 24. 80 |
CR1 4,52
CR2 4.52
CR3 6.80
CR4 6. 80
CR5 6.80 -
CRé 2. 26 4.52
CR7 6.80
CRS 6.80
CR9 4.52
CR10 4.52 |
. |
|
c1 .08 |
c2 .08 |
C3 .08 '
C4 . 08
C5 .08
Cé 0.23
ok 1. 35
cs8 .08
Cc9 . 08 :
C10 .08




LMS Reliability F
FMECA and SPFS

NO.
ATM 970 Rev.B

pace 41 orl83

No. NAS9-5829
Contract No | oATE 5-15-71
T - TABRE VII
SINGLE POINT FAILURE SUMMARY
MULTIPLIER HIGH VOLTAGE SUPPLY
. -5 -5 ’ -5 -5
Ref Design CR1x 10 CR2x 10 CR3x 10 CR4 x 10
R1 .39
R2 . 39
R3 . 39
R4 . 39
R5 .02 0
R6 0
R7 0
RS8 .02
R9- .02
R10 .02
R11 .02 0
R12 No effect
"R13 .03
R14 .02
R15 .02
R16 .02
R17 . 39
R18 . 39
R19 . 39
R20 . 39
T1 35.00
"Al CR1 thru CR12 116. 00
C1 thru Cé6 .48 .48
*\2 R1 thru R5 .10
- C1 thru C4 0.32
"~ R6 . 39
Total 252, 66 93.41 90.13




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

NO.
Rev. B
ATM-970

pace 42 or 183

oare 5-1-71
TABLE VI
SINGLE POINT FAILURE SUMMARY
CONTROL AND MONITOR

Ref. Design CR1 x 10-° CR2 x 103  CR3x 10-5 CR4 x 10~°
Ry .15
R2 0
R3 0
Rg .13
Rg 2.78
Rg << .01

R7 << .01

Rg ' ' << .0l

Rg << .01

Rio .15
Ri1 .15
Ri2 .14
Rys .14
Rig 0
Ris 0
Rig <<.0l

R21 " 2.61
C1 <<.0l i

CZ << .01

C3 <<.0l

Cs ' .03

QA 5.88
Q;B 10.60
QA 6.35
Q,B 11.40
QA 10. 60

Q3B 11.25

QqA 16. 45
Q4B 16. 45
QsA 17.70
QsB 17.70



LMS Reliability
FMECA and SPFS
Contract No. NAS9-5829

»O.

Rev, B
ATM-970

pace 43 or 183

oATE  5-.1.71
TABLE VIII (CONT.)
SINGLE POINT FAILURE SUMMARY
CONTROL AND MONITOR
Ref. Design CR1 x 10-3 CR2 x 10-° CR3 x 10-° CR4 x 10-5
CR1
CRg 4.62
CRy 4.62
K, 0 1.50
KZ 2.50
Kj 3. 00
K4 1.50 1.50
KS 1.50 1.50
Vl .02
J1 <<.01 9.65
TOTAL 3.03 8.99 0.00 144.27




LMS Reliability
FMECA and SPFS
Contract No, NAS9.5829

NO.

Rev, B

ATM-970

PAGE

44 183

OF

oaTe 3/15/72

TABLE IX-A

SUMMARY OF SINGLE POINT FAILURES FOR UTD CIRCUITS

CIRCUIT PROBABILITY OF SUCCESS FOR:
CRI CRII ‘ CRIII CRIV TABLE
Analyzer .99996 §.99784 . 99503 . 98500 X
*Emission Control 49719 . 44571 . 98378 . 98367
1'IMother Board .99883  §.99735 . 98823 .98823 | XI
EC-1 .99986 §.99986 . 99931 . 99920 [ X1
EC-2 .99958 £.99958 . 99827 . 99827 { XII
EC-3 .99923  §.99923 . 99923 . 99923 i X1V
EC-4 99969 }.99969 | .99869 . 99869 { XXIV
Cal. Oscillator .9999920§.99999 | .9912500 | .9975908 | XV
¥ ;
Pre Amp/Disc. 099995 1.99627 .99627 3 .991450  § XVI
i . b
{ :
i #1 .99998423 . 9987570 : .9987570 .9971414
#2 §.9999842¢ ,9987570 | .9987570 .9971414
#3 - 99998425 . 9987570 | .9987570 9971414 |
] I
*Sweep H. V. .99289. {.98672 .9837206 § .98198 ©
‘Mother Board .9945333% . 9883613 } .9869637 | .9864810 } XVII
Mod #1 +9996981f.9996981 § .9991548 . 9989358 XVIII
‘ #2 .9994495¢ . 9994495 : .9992912 .9990319 } XIX
#3 .9999784f . 9999784 | .9991130 | .9988047 . XX
#4 99952808 . 9995280 | .9995280 .9993190 ; XXI
45 . 9996888 . 9996888 ; .9996228 .9993351 { XXII
TOTAL UTD .9900  {.97668 [ .95100 .94103 |
~ *Figures are subproducts of items below.
TOTAL BXA . 95996 . 94922 .93119
 TOTAL LMS . 93759 .90271 .87628
i




m’

LMS Reliability

FMECA and SPFS ‘
4.5 183
Contract No. NAS9-5829 PAce or _

5-15-71
DATE
| TABLE x
SINGLE POINT FAILURE SUMMARY
FOR ANALYZER
\
-5 -5 -5 -5
Part CR1 x10 CR2x10 CR3 x10 CR4 xl10
Breakseal 1. 752
Multiplier #1 70. 070
#2 70. 070
#3 70. 070

Resistor #1 , .78 7. 00
String

#2 .78 7. 00
Filament #1 71. 82

#2 ‘ 71. 82
Temperature Sensor 79. 72
Source Heater 52. 56 122. 64
Ion Pump 876. 00
TOTAL L 752 212. 55 275.92 1019. 64




NO.
ATM Rev,B
LMS Reliability 970
FMECA and SPFS
Contract No. NAS9-5829 pace 26 or 183
DATE 3-15-72
b4
TABLE XI A
- SINGLE POINT FAILURE SUMMARY FOR EMISSION
CONTROL (MOTHER BOARD)
_Part CR1x10~ CR2x10™° CR3x10™° CR4x10™°
R1 . 020
R2 . 00
R3 . 020
R4 . 020
R5 . 020
R6 . 020
R7 . 020
RS . 020
R9 . 020
R10 . 020
R11 . 010
R12 . 010
R13 . 020
R14 .38
R15 .38
R16 .02
R17 .02
R18 .02
R19 . 02
R20 . 02
R21 2.94
R22 . 02
R23 .38
R24 .38
R25 .02
R26 .02
R27 2.94 26. 49
R28 2.94 26. 49
R29 2.94 26. 49
R30 2.94 26. 49
R31 2.94 26. 49
R32 2.94 26. 49
R33 2.94 26. 49
R34 2.94 26. 49




NO.
Rev. B
LMS Reliability ATM 970
FMECA and SPFS .
Contract No. NAS9-5829 PAGE 27 o 183
OATE 3-13-72
TABLE XI A
SINGLE POINT FAILURE SUMMARY FOR EMISSION
CONTROL (MOTHER BOARD)
P -5 -5 -5 -5
art CR1x10 CR2x10 CR3x10 CR4x10
R35 2.94 26. 49
R36 . 00
R37 02
R38 .02
R39 .02
R40 .02
R41 .02
R42 . 02
R43 . 02
R44 . 02
R45 . 02
c2 . 25
C3 .09 .
C4 . 09 Y
C5 090 \
Cé .71
c7 71
Q1 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
Q10 6.94
CR1 3.50
CR2 6.30
CR3 6.30
CR4 6.30




L MS Reliability
FMECA and SPFS
Contract No. NAS9-5829 29

NO.

Rev.B
ATM 970 ¢V

PacE 482 . of 183

DATE 3-13-.72
TABLE XI A
SINGLE POINT FAILURE SUMMARY FOR EMISSION
CONTROL (MOTHER BOARD)(Cont. )
Part CR1x10" CR2x10-5 CR3x10-5 CR4x10~°
CR5 6. 30
CR6 6.30
CR7 6.30
CR8 6. 30
CR9 6. 30
CRI10 71. 80
CR11 71. 80
CRI12 71.:80
CRI3 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 1.75
CR32 1.75
CR33 5. 26
z1 31. 50
72 31. 50
73 31. 50




LMS Reliability
FMECA and SPFS

Contract No. NAS9-5829

NO.

ATM 970 }eV- B

pace 488 of ¥83_

oATE 3-15-72

TABLE XI

SINGLE POINT FAILURE SUMMARY FOR EMISSION CONTROL

CONTROL (MOTHER BOARD) (CONT.)

Part _CR1x10-5 CR2x10"° CR3x10~> CR4x10-3
z4 31, 50
z5 31. 50
Z6 31. 50
z7 31. 50
Z8-2 Z.38
Z8-6 , 4.38
Z8-8 Not - Used
28-10 4.38
Z8-12 138
78-14 4.38
z9-3 8.76
| 79.5 8.76
Z9-13 3. (0
K1 3.5
K2 3. 50
K3 3. 50
| K4 3. 50
K5 3. 50
K6 3.50
T1 14. 60 2.92
T2 17. 52
T3 17.52
LT 17. 52
TS 17.52
Té 17.52
T7 17. 52
L1 8. 65
1 s1 25. 00
Total 117. 53 148. 23 914.11 0. 00
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SINGLE POINT FAILURE SUMMARY FOR

CR1x10

LMS Reliability
FMECA and SPFS

Contract No. NAS9-5829

NO.

Rev. B
ATM 970

pace _49 _ or 183

DATE 3-15-72

TABLE XII

EMISSION CONTROL

(EC-1)

=5 CR2x107°>

CR3x10"°>

CR4x10-5

~ -
oo

. 032
. 032
. 019
. 019
. 019
- 019
. 019
. 019
. 019

4. 41
5. 25
5. 25

. 019
. 019
. 019

14.0

55.48

11.25




NO.
ATM 970 Rev. B
LMS Reliability —

FMECA and SPFS . s
Contract No. NAS9-5829 pace 20 __ or 183

DATE 3-15-72

TABLE XIII A

SINGLE POINT FAILURE SUMMARY FOR
EMISSION CONTROL

(EC-2)
Dt CRI 10‘5 -5 -5 -5
L X CR2x10 ! CR3x10 CR4x10
- .78
1? - .79 . 09
Pl .79 . 09
4 .79 . 09
EE .79
oo .79 .788
7 . 87
i.p Ol . 87
i e .79
i
P .02
Loz . 02
{ons .02
oo .02
L .02
B R . .02
:Y .02
RO .02
NS .02
‘1
R2
3 No effect
R4
i"R5 42. 06
(Rb 3.50
URT 42. 06
R8 3.50
, /] 37.58
L2 NA 37.58
tal 42. 44 00. 00 131.55 00. 00




LMS Reliability
FMECA and SPFS

Contract No. NAS9-5829

NO.

ATM 970 Y€V-B

o

PaGe2 12 or 183

pATE 3-15-72

TABLE XIV A

SINGLE POINT FAILURE SUMMARY FOR
EMISSION CONTROL

(EC-3)
Part CR1x10-5 CR2x10-5 CR3x10-5 CR4x10-5
i . 25
1.16
< .52
o .61
A .61
Rl 5.26
CR2 5.26
CRA 5.26
CR4 5.26
I CR5 5.26
FORG 5.26
CR7 5. 26
CCR8 5.26
OR9 5.26
L URIO 5.26
S CORIL 5.26
L CR1Z 5. 26
FCRLS 5.26
CR14 5.26
Tota’ 76.79 00. 00




NO.
ATM 970 Rev. B

LMS Reliability
FMECA and SPFS 5 1b o 183

Contract No. NAS9-5829 PAGE

paTE 3-15-72

TABLE XXIV A

SINGLE POINT FAILURE SUMMARY FOR
EMISSION CONTROL

(EC-4)
Part CR1x10~° CR2x10-5 CR3x10"° CR4x10-5
;
f RI . 02
I rR2 . 02
©OR3 .02
| R4 .02
T RS .38
R6 .38
R7 .38
RS .38
R9 .02
R10 .02
R11 . 02
R12 . 02
¢l .71
L C2 .71
Q3 . 88
e . 88
ch . 88
el . 88
| CRI1 21.54
! CR2 21.54
" CR3 21.54
. CR4 21.54
. CR5 5.26
; CR6 5.26
| QI 6.94
L Q2 6.94
Q3 6.94
{ Q4 6.94
|
{f Total 31.02 00. 00 100. 04 00. 00
i




eed.
ATM970 eV B

LMS Reliability
FMECA and SPFS PAGE . OF 183

Contract No. NAS9-5829

OATE  5.15.7]
TABLE XV
SINGLE POINT FAILURE SUMMARY FOR
CALIBRATION OSCILLATOR
Part CR1x10~°> CR2x10™> CR3x10™° CR4x10~5
Q1 23.12
Q2 21. 20
CR1 6. 62 4. 416
CR2 6. 62 4. 416
CR3 6. 62 4. 416
Rl . 019 . 366
R2 . 019 . 366
R3 . 019 . 366
R4 ' . 019 . 366
R5 : . 385
R6 . 019 . 366
c1 . 788 . 088
c2 .788 . 088
c3 . 788 , . 088
Ca . 788 .088
71 26. 28
72 26. 28
XTL 1 105. 12
1]
Total .788 224. 704 15. 43




8
ATM 970 Rev. B

LMS Reliability 53
FMECA and SPFS pace .33 or 183

Contract No. NAS9-5
ract Mo 9-5829 oarg  5-15-71

TABLE XVI

SINGLE POINT FAILURE SUMMARY FOR
PRE-AMP/DISCRIMINATOR

Part GR1x10"° CRZ x10™> CR3 x 10'5 CR4 x 107"
R1 . 019 . 366
R2 .294 2. 649
R3 . 019 . 366
R4 . 019 . 366
RS . 294 2. 649
R6 . 294 2. 649
R7 . 019 . 366
RS . 294 2. 649
R9 . 019 . 366
R10 . 019 . 366
RL . 019 . 366
R12 . 019 . 366
R13 . 019 . 366
R14 . 019 . . 366
R15 . 019 . 366
R16 . 019 . 366
R17 . 019 . 366
R18 . 019 . 366
R19 . 019 . 366
R20 . 019 . 366
R2l . 019 . 366
R22 . 019 . 366
R23 . 019 . 366
R24 . 019 .366
R25 . 019 . 366
R26 . 019 . 366
R26 . 019 ! . 366
R27 . 019 { . 366
R28 . 019 . 366
R29 . 019 ; . 366
R30 . 019 : . 366
R31 . 019 . 366
R32 . 019 . 366
R33 . 019 . 366
R34 . 019 . 366



E\TM 970 Rev. B

LMS Reliability =
4 FMECA and SPFS pacE 5% _ or 18
#Contract No. NAS9-5829
oarg 5-15-71
FTABLE XVI
SINGLE POINT FAILURE SUMMARY FOR
PRE-AMP/DISCRIMINATOR* (Cont. )
- - -5 -5
Part CR1 x10 CR2 x10 CR3 x 10 €R4 x 10
C1 . 063 . 007
c2 . 788 . 088
C3 . 063 . 007
C4 . 788 . 088
Cs . 788 . 088
cé . 788 . 088
c7 . 788 . 088
cs .788 . 088
(of:) . 788 . 088
Ci0 . 788 . 088
cu . 788 . 088
C.2 . 788 . 088
Ci3 . 788 . 088
Ci4 .788 . 088
Ci5 . 788 . 088
Ci6 . 788 . 088
C17 . 788 . 088
C18 . 788 . 088
C19 . 788 . 088
cz0 . 788 . 088
Q1 8.23 19.19
Qz 6. 36 14, 84
Q3 12. 93 30.17
Q4 6. 36 14. 84
Q5 12. 93 30.17
Q6 14.93 30.17
CR 1 6. 63 4. 42
CR2 4. 42 2. 21 4. 42
CE3 7. 88 2. 63 15. 77
Z1 13. 66 7. 36
Z2 26, 28
Tosal 1.576 122, 720 161 559 39.105

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



%,
ATM 970Rev:B-

LMS Reliability
FMECA and SPFS

Contract No. NAS9-5829 pace 25 or _183

parg 5-15-71

TABLE XVII

SINGLE POINT FAILURE SUMMARY
FOR SWEEP HIGH VOLTAGE POWER SUPPLY
(MOTHER BOARD)

Part CR1 x 10> CR2 x10°° CR3x10"° CR4 x 107>
Rl . 294 2. 649
R2 . 294 2. 649
R3 . 385
R4 . 385
R5 . 385
R6 . 019 . 366
R7 . 019 . 366
R3 . 019 . 366
RY . 019 . 366
R10 . 385
Cl . 788 . 088
ce . 876
Cs3 . 876
C< . 788 . 088
(of3 . 788 . 088
(of2 . 788 . 088
C7 . 876
Cé& . 788 . 088
T1 17. 52 17. 52
CF1 8.32 5. 68
CR2 8.32 5.68
CE3 8.32 5. 68

- CE.4 1. 96 3.92 3.92
Z1 6.57 13,14
zZ2 26. 28
A 26, 28
Z4 13. 14 13.14
ZE 7. 88 18. 40
Z¢ 18. 40 7. 88
z7 13.14 8.76 4,38
A 26. 28




it

ATM 970 ., B

LMS Reliability
FMECA and SPFS rage 55 _ or ~A83_

Contract No. NAS9-5829

oatg 5-15-T1

~ABLE XVII

SINGLE POINT FAILURE SUMMARY FOR
SWEEP HIGH VOLTAGE POWER SUPPLY
(MOTHER BOARD)

Part CR1x10°° CR2x10°° CR3x10°° CR4 x 10°°
Z9 26, 28
Z10 13. 14 13. 14
z1 13.14
Z12 26. 28
Z13 - 26.28
Z14 26,28
Z15 | 26.28
yAL) 26. 28
717 26. 28
Z13 26. 28
Z19 17. 74 8. 54
Z20 57. 81
Z21 57. 81
zz2 . 57,81
z23 26, 28
Zz4 13. 14 13. 14
Z25 2L 90 ﬂ»
Z226 26. 28
z27 57. 81
228 57. 81
229 57. 81
Z30 _ 17. 08 9.2
o Z31 6. 57 6. 57 13. 14
Z:2 13.14 13.14 7
Z253 20. 59 1. 31 4, 38
754 57. 81
Z55 57. 81
236 57. 81
757 14. 89 1. 39
Z38 26. 28
Total 546, 620 624, 080 141, 498 ? 48.932




MO,
ATM 970 Rev. B

LMS Reliability
FMECA and SPFS pace .57 __ or 183

Contract No. NAS9-5829

TABLE XVII

SINGLE POINT FAILURE SUMMARY
FOR SWEEP HIGH VOLTAGE POWER SUPPLY

(MODULE 1)
' -5 -5 -5 -5

Part CR1 x 10 CR2 x10 CR3x 10 CR4 x 10
R} . 294 2. 649
R2 . 019 . 366

.019 . 366
R4 . . 294 2. 649
R5 . Q19 . 366
R6 . 019 . 366
Cl . 788 . 088
cz | . 788 . 088
Cz . 788 . 088
Q1 9.2 _ 21. 46
Q2 9, 2 21. 46
Ll 8. 76 8.76 17. 52
Total 30.188 54, 329 21. 897

=



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

M.

PAGE

58__ o

ATM 970 Rev. B

L ]

18

DATE

5-15-71

" TABLE XIX

SINGLE POINT FAILURE SUMMARY
FOR SWEEP HIGH VOLTAGE POWER SUPPLY

(MODULE 2)

-5 -5 -5 -
Part CRI x 10 CR2 x 10 CR3 x 10 CR4 x 10
Rl . 019 . 366
R2 . 019 : . 366
R3 . 019 . 366
R4 . 019 . 366
R5 . 019 . 366
R6 . 019 . 366
R7 2. 943
R8 . 294 2. 649
ct . 788 . 088
o . 788 . 088
Cc3 . 788 . 088
c4 . 788 . 088
cs . 788 . 088
cé . 788 . 088
c7 . 788 . 088
Q1 6. 93 12.19
CR1 4. 62 6. 93
21 37.58 20. 23
Total 55. 035 25. 841 25. 932




80,
ATM 970 Rev.B

LMS Reliability
FMECA and SPFS
Contract No. NAS9-5829

pace 59 or 183

TABLE XX
SINGLE POINT FAILURE SUMMARY
FOR SWEEP HIGH VOLTAGE POWER SUPPLY

(MODULE 3)

-5 -5 -5 -5
Part CR1 x10 CR2 x10 CR3x10 CR4 x 10
Rl . 294 2. 649
R2 . 019 . 366
R3 . 294 2. 649
R4 . 294 2. 649
R5 . 294 2. 649
R6 . 294 2. 649
R7 . 294 2. 649
RS . 294 2. 649
R9 . 294 2. 649
Cl . 788 . 088
C2 . 788 . 088
C3 . 788 . 088
C4 . 788 . 088
C5 . 246 . 984
CR1 6. 61 4. 41
CR3 6. 61 4, 41
Zl 57. 81
Total 2.164 86. 543 30. 826




%0,
ATM 970 Rev.B

LMS Reliability
FMECA and SPFS pace 80 ___ op 183
Contract No. NAS9.5829

pateg 5-15-71

TABLE XXI

SINGLE POINT FAILURE SUMMARY
FOR SWEEP HIGH VOLTAGE POWER SUPPLY

(MODULE 4)
-5 -5 -5 -5

Part CR1 x 10 CR2x10 CR3x 10 CR4 x 10
Rl . 019 . 366
Cl 2.523 . 380
C2 . 788 . 088
C3 . 788 . 088
C4 1. 07 . 119
cs 1 473 . 526
Cé 4.73 . 526
Cc7 4,73 . 526
CRI1 6. 93 4,62
CR2 6,93 4,62
CR3 6. 93 4.62
CR4 6. 93 4,62
Total 47,098 20. 999




®o.
ATM 970 Rev. B

LMS Reliability
FMECA and SPFS pace E1__ or
Contract No. NAS9-5829

183

oate 5-15-71

TABLE XXII

SINGLE POINT FAILURE SUMMARY
FOR SWEEP HIGH VOLTAGE POWER SUPPLY

{MODULE 5)

-5 -5 -5 -5
Par: CRl1 x10 CR2 x 10 CR3x10 CR4 x 10
R1 . 019 . 366
Cl .83 3.3
C2 .83 3.3
Z1 18. 92 12. 62
CR1 10. 52 15. 78
Total 31. 119 6. 6 28. 766




MO,

ATM-970 Rev. R

' LMS Reliability
FMECA and SPFS '
Contract No. NAS9-5829 pace b2 or _183

pate 5-15-71

wABLE XXIIL

COMMAND FUNCTION CRITICALITY

Symbnl Function On Locked Off
CA-1l Step, Mult, and SWeep H.V. On II I
CA-2 Lock (Sweep Hold) - I 11
CA-.3 One-Step IIX III
CA-4 Emission/Fil. Off I I
CA-5 Filament #1 On I 11
CA-6 Filament #2 On I 11
CA-7 Mult High ‘ III IIr
CA-8 Mult Low 11 11
CA-9 Disc High ' 11 11
CA-1¢C Disc Low III 111
CA-11 Bake Out Enable v Iv
CA-12 Bake Out Disable v v
CA-13 Dust Cover Removal III o
CA-14 Ion Pump On I v

CA-15 Ion Pump, Mult, and Sweep H.V. Off I° I




NO.

Rev.B
ATM-970 ,

LMS Reliability
FMECA and SPFS ‘ page 03 or 183

Contract No. NAS9-5829
PATE 5/15/71

TABT.E XXIV
SFF CRITICALITY COMBINATf%NS FOR SIGNAL CONDITIONER
This table gives the criticality rating and effect on each channel with respect

to the ‘ailure mode of each circuit output in the Signal Conditioner. The
primed letters indicated the respective failed channel. HK’ is the lose of

housekeeping digital date only.

Criticelity I L, I 11 II 11 I IV
Ret. Cesign A'B’c? aB'c? A’Bc! a’Bfc A7Bc aB’c ABC? HK? Channel

b
* S

U 24-2 1/0
U 25-10
U 31-2
U 31-5
U 31-¢
U 31-14 |
U 32-2 1 0
U 324¢ 1 0 g
| U32-12 1 0
U 33-2 z 1 0
U 33-€ 1/0 ;
U 33-10 1/0 :
U 33-12 0 1
U 33-14 0 1
U 34J9 1/0
U 34-10 0 1
U 34-12 T 0

O Ol O
et

L U 3542 0 1
U 35-10 0 1
U 36-2 0
U 36-10 0 ' 1




LMS Reliability
FMECA and SPFS
Contract No. NAS9-5829

0o,
ATM 970 B

race .04 __ or _18.

5-15-71
DATE

APPENDIX A

BxA FMECA
WORKSHEETS



Channel A

Counting and Data Compression

STEM EFAFED BY L A
ALSEP-Array E R. W, Hiebert ATM 970?‘“
. _ TTEM WG RO, ]
— LMS 2347400 PAGE 65 of 183
FAILURE MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEE | AT oA
T - EFFECT OF FAILURE FAILURE Tic-
FART/ COMPONENT FAILURE MODE PROBABILITY | milry
SYMBOL (o) ASSEMBLY END ITEM Qx 10
Ul Pin2or6=1/0 1 Loss of clear to counters and loss of Loss of Channel A data 2(5. 84) 1
parallel dump of input data to shift
Ul Pins 10 or 12 = 1/0 1 registers 2(5. 84)
Ul Pins 8or14=0 .7 2(4. 09}
Ul4 Pin 8/9 =1/0 1 17.50
U49 Pins 12/13 = 1/0 1 17.50
U49 Pin 9/8 =1/0 1 17.50
U48 Pin 2 = 1/0 1 5. 84
U2,3,4,19, 20, 35, 36, All Pins = 1/0 1 Loss of all data in Channel A g{? 14(36.75)
50,51,66,67,18,34, | ' s
65 Pin 3=1/0 i 17. 05
#{:0] Pins 3= 1/0 1 Loss of 200 kc (free run) clock 8.74 ‘
Pins 5= 1/0 1 8.74
Pins 8 =1/0 1 8.74
Pins 14 = 1/0 1 8.74
1748 Pins 12 or 14 = 1/0 1 Loss of 200 kc clock as shift pulse 2(5. 84)
U45 Pin10=1/0 1 5. 84
Ut Pin3=1/0 1 8.74
617 Pins 2or 10=0 .1 2(11. 80)
Ul Pins 8 or 14 =1 .3 2(1.75)
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FARURE MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET A D/C 47552 3/29/71
COMPCMENT EFFECT OF FAILURE FAILURE CRITIC™
,”‘m/ . FAILURE 1MODE g PROBABILITY ALITY
SYB0L (o) ASSEMBLY END 1TEM Q x
Ul4 Pin12/13 =20 +5 | 200 kc clock 1a inhibited 8.75%
U29 Pin 10=1/0 1 35. 00
uél Pins 5or 8= 1/0 1 Losas of dump of compress data 2(8.74)
U6s Pins 50r 13 = 1/0 1 Loss of digital multiplexrer Losa of Channel A data '2(17. 05) n
U48 Pin 8=1/10 1 5. 84
uUi? Pln2orio=1 .3 2{5. 25)
U48 Pin 6=1/0 1 5.84
U45 Pin 2=1/0 1 17.05
1764 Pin 14 = 1/0 1 B.74
U33 All outputs = 1/0 1 36.75
U1 Pin5=1/0 1 Loss of 2hift pulse 8.74
U6l Pin 8= 1/0 1 Loss of MODE and CLEAR pulse for 8.74
compressed data circuits
. s
Ul4 Pin 12/13=1 .5 Cotnter will not stop at full count Lossa of information only on full resister; 8.75 m
data may be difficult to interpret

Cl, 2 Open or Short .9 1.088 of Channel A oscillator Loss of Channel A 2(. 08) 1
J1 Pins 30,27 1 Loss of Channel A data 3(1,75)
Cc7 Short .9 Loss of power {+5 VDC) Loss of all data .08 1
J1 Pins 1l & 31; 1 2(. 88)

10 & 40 2(1.75)

24, 82

M
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FALURE MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET S
EFFECY OF FAILURE -
FAILURE MODE 9%31:;%7 4 g,‘.m‘f{es
(o) ASSEBLY END ITEM Q103
U5 {Pin2or 6=1/0 1 Losa of clear to counters and loss of Loss of Channel B data 2(5. 84) i
parallel dump of input data to shift reglateys

us Pins 10 or 12=1/0 1 2(5. 84)
Us Pina 8orl4=0 .7 2(4. 09)
ms Pin 8/9 = 1/0 1 17.50
uUs3 Pins 12/13 = 1/0 1 17. 50
Us3 Pin 9/8=1/0 1 17.50
Us2 Pin2=1/0 1 5. 84
U6, 7, 8, 23, 24, 39, 46, All pina = 1/0 1 Loss of all data In channel B 14(36. 75)
54, 55,70, 71, 22, 38,
%9 Pin 3=1/0 1 17.05
U32 Pina 3= 1/0 1 Losa of 200 kc {free run) clock 8.74

Pins 5= 1/0 1 8.74

Pine 8= 1/0 1 8.74

Pins 14=1/0 ; 1 8.74

N )
us2 Pins l120r 14=1/0 +1 | Loos of 200 ke clock as shift pulse 2(5. 84}
Ua6 Pin 10 = 1/0 1 S. 84
U68 Pin3=1/0 1 3.74
vzl Plas 2 0or 10 = 1/0 .7 2(11. 80)
Us Pins 8orld4=1 .3 2(1.75)
15 Pin12/13=0 «5 ] 200 kc clock is {nhibited 8.15
r3o Pin10=1/0 *

35.00
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SART /COOPONENT EFFECTY OF FANURE FAILURE CRITIC~
’ / FARLURE MODE PROBABIYTY - § aniTy
SE0, (ae) ASSEMBLY EHWD I1TEM Q x 102
1762 Pins 3or14=1/0" 1 Loss of dump of compress data . 2(8.75)
769 Pins 50r13=1/0 1 Loss of digital multiplexer Loas of Channel B data 17,05 b
us2 Pin 8 =1/0 1 5. 84
U21 Pin2orl10=1 .3 2(5. 25)
Us2 Pin 6=1/0 1 5.84
U46 Pin2=1/0 1 17.05
1768 Pin14=1/0 1 8.74
u37 All outputs = 1/0 1 36.75
us2 Pin 5= 1/0 1 Loss of shift pulse 8.74
w62 Pin 8 = 1/0 1 Loas of MODE and CLEAR pulse for com- 8.74
pressed data circuits
Uls Pin 12/13 =1 .5 Counter will not stop at full count Loaa of Information only an full resister; 18.75 m
data may be difficult to interpret

J1 Pins 9, 29,26 Open Losge of Channel B Loss of Channel B . 3(1.75) 14
C3,4 Open or Short Loss of Channel B oscillator 2(. 08)
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EFFECT OF FALURE FAILURE CRITIC~
_ FAILURE ODE (&) ASSEMBLY END ITEM wn AITY
u9 Pin2or 6=1/0 1 Loas of clear to counters and loss of Loss of Channel C data 2(5. 84 1
parallel dump of input data to shift

U9 Pins 10 or 12 = 1/10 1 registers 2(5. 84)
U9 Pins 8or 14= 0 .7 2(4. 09)
Ul Pin 8/9 = 1/0 1 17.50
U39 Pins 12/13 = 1/0 1 17.50
Us7 Pin 9/8=1/0 1 17. 50
usé Pin2=1/0 5. 84
U110, 11,12, 29, 28, 43, All pins = 1/0 Loas of all data in Channel C ’éﬂ 14(36.75)
44, 58, 59,74, 75, 26,
42,73 Pins=170 - T 17.05
Ul3 Pins 3=1/0 1 Loaa of 200 ke {free run) clock 8.74

Pina 5=1/0 ' 1 8.74

Pina 8= 1/0 1 8.74

Pins 14 = 1/0 1 8.74
Uss Pins 12 or 14 = 1/0 1 Loss of 200 kc clock as shift pulse 2(5. 84)
47 Pin10=1/0 1 5. 84
u72 Pin3=1/0 1 8.74
U25 Pins 2 or 10= 0 .7 2(11. 80)
U9 Pins 8 or 14 = 1 .3 2(1.75)
U6 Pin12/13=0 .5 | 200 ke clock ia inhibited 8.75
U3l Pinlo=1/0 1 35. 00
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FALURE MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET AN o1 31290071
/: MPOMENT EFFECY OF FALURE FAILURE CRITIC~
FALURE MODE ’ PROBABILITY ALITY
. SYMBOL {e) ASSEMBLY END 1TEM % 4
1763 : Pina 3 or 14 = 1 /0 1 Loss of dump of compresa data 2(8.74)
u7” Pins S5or 3=1/0 Loss of Channel C data Loss of Channel C data 17. 05 it
usé Pin 81/0 1 5. 84
u2s Pin20or10=1 -3 2(5. 25)
Usé Pin 6=1/0 1 5. 84
147 Pin2=1/0 1 17.05
72 Pin 14=1/0 . 1 B.74
U4l All outputs = 1/0 1 36.75
u63 Pin 5= 1/0 1 Loss of shift pulase 8.74
63 Pin8=1/0 ‘ 1 Lose of MODE and CLEAR pulse for
compresased data circnits 8. 74
uls Pin12/13 =1 .5 Counter will not stop at full count Loss of information only on full resistor; 18.75 m
data may be difficult to interpret.
J1 Pins 28, 25,11 Open Loss of Channel C data only Loas of Channel C . 3(1.75) n
CS, 6 Short or Open Loss of Channgl C oscillator . 2(.08)
- - .
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/ ! EFFECT OF FARLURE | FAILURE CRITIC~
R/ Q FAILURE MODE PROBABILITY ALITY

SMB0L (a) ASSEMBLY END ITEM X

R2 Cpen .05 Losa of all three ‘channels Loan of all three channels (ABC) .02

R1 Open . 05 : to central station .02

cl2 Short .9 .08 1

Cc11 Short .9 .08

c9 Short .9 .13

Cl19 Short .9 .08

J Pina 18,31,10 1 2(3. 68)

4 40

U4 Pin 10=0 .5 3.50

U4 Pin 9 = (1/0) 10 7.90 1

U33 - Pin 10 = (1/0) 1.0 1.49

Ul Pin 8= 1/0 1.0 I 4.89

1

T:5 Pin 8 = (1/0) 1.0 5. 44

Ul Pin10= 0 .7 .70

vas Pinl0 =1 .3 1.63 1

U3z Piné =1 .3 Loss of channels B and € but not A 1.63

32 Pin2 =1 .3 Loss of channels A and C but not B 1.63 II_

L3z Pinl2=1 .3 Doss of channels A and B butaot C .63

U3l Pin3=0 17 4. 80

U Pin5=0 .7 4. 80

731 Pin8=0 .7 4, 80 1

U244 Pin2=1/0 1.0 6. 86

usi Pin 14 =0 .7 - 4.80

U4 Pinl2=1 .50 Partial Loss of Data Loes of Channel A and B and not C 3.50

33 Pin14=0 .70 ’ 3.28 il

U33 Pin 12 =1 .30 1. 41

U3s Pin10= D .70 .70
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FALURE MODE EFFECT & CRITICALITY ANALYSIS WORKSHEET ASEY veve R -
N 1
{ : ! EFFECT OF FARLURE FANURE -
PART/COMPONENT FAILURE MODE : PROBABUITY | ATy
SOBOL . (o) ASSEMBLY END 1TEM Qx
1534 Pin10= 1 . 5D s * 1 Loss of Channel Aand C but mt B 1,50
U3 ; Pin12=0 .70 “3.50 1
u3b : Pin2=D 79 9,10
U35 Pin2=0 .70 Loss of Channel B and C but not A i 9,79 il )
U35 i PinZ =1 <38 ) )
U3 . Pinbt=0 .70 ) Loas of Channel A only ?.' é% un
usl ! Pin 3 =1 .30 : ?.06
1 Pin 26 1 ! 3.68
i - () - i e
¥ Bin% =4 * 30 {] Loss of Channel B only 1%
EY : Pin5=1 .30 2. 06 ]
32 Pin2=0 .70 3. 80
J Pin 25 1 . 3.68
U3s Pini0 =1 .30 B z
U4 Pinle=0 .50 Loss of Channel C only 4%
U3l Pin2=10 .70 A 1. 40 i
Ui Pin 8= 1 .39 } 206
32 Pin12=0 .70 ' 3. 30
I Pin 29 1 ‘ 3.68
Pinl4 =1 .
b33 Pin 1020 33 Lose of Housekeeping Data 1%
4513 Pin10=1 .30 4.15 13
U3l Pin 14 = 1 .30 >, 06
U2, 6,8,10,12, Output Pins = (1/0) 1.0 | Loss of Commands #1 through 6 Loss of all data 6(4.69) 1
14
U2,6, 8,10, 12, Output Pina = {1/0) L0 6(4. 69) 1
14
u17 Pin 14 = (1/0) 1.0 | Loss of Command including 7 4.69 -
25 Pin 14 = (1/0) 1.0 5. 60 1-
u3e Pin 14 2(1/0 1,0 6. 86
yio Pin 8 = (1/0) 1.0 6. 86
U2 Pin 93 (170} .0 5.44
viL Pin 14 =(1/0) 1.0 5.44
U3 Cutput Pins = (1/0) .0 Losa of Commands #1 through 6 6{13. 85) 1
Ut 1.0
Us 1.0
“»
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“ FALURE MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET 22 anave R, "
' : ' EFFECT OF FAWLUAE FAILURE CRITIC~
FART/ ! FAILURE MODE ' F‘ " PR@%A%TV ALITY
SYMBOL i (o) § ASSEMBLY END I1TEM Qx
uz2s T Pinb=z0 0.7 !‘! Less of 81 through 6 coramanda " Loss of all data 3,70
u2s Pin 2=10 1.0 Fi Loss of Command 7 to cornmand gates [ 3. 80
U32 Pin 10 = 0/1 1.0 , Losa of 45 turn on pulse 5. 44 1
Cl Short/Open .9 Loss of Power or oscillation .08
€2,3,4,5,6,7,8 Short .9 T.0s8 of a command signal 1 through 6 TR ED)
J Pins 33,34, 35 1.0  6(3.68) 1
36,37,48
U220 Pin9=1{8=a0) .5 Disc gain locked low, J-plate step Loss of some data but not all 6.93
13 Pinlo=1 ) tnhibited 4.15 91
13 Pin2=0 .7 9.70
3 Pina 46,11 Pin 46,11 1.0 4 2368
20 Pin9=0(8=1) .5 Disc gain locked high, J-plate step 6.93
uls3 Pin10=90 .7 unable to Inhibit, 9.70 oe
v1l3 Pin2=1 .3 4.15
J Pin 19 Pin 19 {1y Unable to turn on bakeout heater Losa of bakeout function no loss of 3.68
28 Pnl0=0 T data 3. 80
u29 Pin8=1 .3 2. 31
u29 Pin14=0 .7 5.39 m
Ul19 Pin8=0(9=1) .5 6.93
U6 Pin10=0 .7 9.70
Ul2 Pin2=1 .3 4.15
uzs Piné=1 .3 1. 64
128 Pinio=1 .3 Unable to turn OFF bakeout heater Bakeout heater automaﬂcall.y comas 1. 64
y28 Pinb=0 .7 on in standby. No loss of data 3,80
u29 Pin8=0 .7 5.39 .
u29 Pin 14 = .3 2,31 v
Ul9 Pin8=1(9=0) .5 6.93
uUé Pin 10 = 3 4.15
uiz Pin2=0 .7 9.70
J Pin 18 Pin 18 1 3.68




SIGNAL CONDITIONER &
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FALURE MODE, EFFECT & COITICALITY ANALYSIS WORKSHEET “$od Above Wity
S EFFECT OF FANLURE ° FAILURE CRITIC~

PART /00MPONENT FAILURE HMODE : PROBABY ALITY
SEMR0L (o) ASSEMBLY END 1TEM Q x |
J Pin 50 Pin 50 1.0 Unable to turn backup heater off Losa of function 3. 68
U223 Pinl0=0 .7 3.28 v
u23 Pin 1421 .3 1.41
J Pin 52 Pin 52 1.0 Unable to turn backup heater on’ 3. 68
U223 Pinlo=1 7 3.28 v
u23 Pinl4=0 .3 1. 41
Uis Pin8=¢ (Pin9=1) .5 Sweep high voltage unable to turn on Loss of all data 6.93 1
u9 Pinl0= o .7 Uaable to turn off sweep high voltage Losa of function . ;) 7;‘”‘ —m{um”
J Pin 42 1 . 3.68
U3 Pin 6= 0 7 Unable to turn multiplier high voltage Loas of function ) h A3. 28 B
u23 Pin12 =1 .3 off 1. 41 1t
u23 Pin2=1 .3 1. 41 N
24 Pinl10=90 7 9.70
uUis Pin8=1 .5 Lock high Unable to manual step once set 6.93 ) ‘
U7 Piné6=1 .3 3.28 m
U286 Pin5=90 .7 4. 80
J Pin 15 1 3.68

e - .—~~—---1P~v— .o -—
Ul Pin8=0 .5 Lock low Step only, unable to sweep 6.93
Uly Pin 6= ¢ .7 3.28 I
u2s Pin5=1 .3 2,06
U9 Pin 2 = 1/0 1 Unable to cparate J- -plate or step functich Partial losa of data - . Ml 3. 85.‘* Mil}m
J Pin 21 1 3.68
ui? Pinlo=0 .7 Unable to set mult gain high 3.28
on Pin 10=1 .3 4.15
uzé Pinl4=1 .3 4. 80 m
U1l Pin2=0 .3 9.70
1 Pin 14 1 3.68
B
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EFFECT OF FARURE FAILURE CRITIC=

FART / COMPOMENT FAILURE M0DE PROBABIYTY ALITY

SV4B0L (o) ASSEMBLY EHD 1TEM Qx

U7 Pinl0os=l .3 Unable to set multiplier low Partial loas of data 1. 41

U1 Pin10=0 .1 9.70 m

U1l Pin2=1 .3 4.15

uz6 Pin14=0 .7 4.80

3 Pin 54 | A 3. 68

v29 Pin5=0 .7 FIL #1 Locked on V0" {(Unable to FIL #2 Locked off, unable to turn 5.139 1t

u21 Pin9=1(8=0) .5 turn off FIL #1) on FIL #2 6.93

u29 Pin3=0 .7 | FIL #2 Locked On (0), Unable to | FIL #1 Locked off, unable to tarn on 5.39

v21 Pin 9 =0(8 = 1) .5 turn off FIL #2 £ 6.93 m

u7 Pinl2=0 .7 19. 50

uzs Pin14=1 .3 1. 64

i Pin 3 1 Unable to turn on FIL #1 Unable to turn on FIL #1 3. 68

Ul4 Pin 12 1 /0 1 27.90 m

v29 Pin5=1 .3 2.30

1 Pin 2 1 Unable to turn on FIL #2 Unable to turn on FIL #2 T .68 |

uU29 Pin3=1 .3 2.3 m

u? Pin12=1 .3 8.36

u28 Pinl4=0 .7 3. 80

gz21 Pin12=21{13=90) .5 Unable to tarn off filaments Unable to switch from FIL #1 (2) to 6.93

u1? Pin12=1 .3 #2 (1) or turn off Filaments 1. 41 m

171 Pin8=0 .7 4. 80

vl0 Pin2=1 .3 4.15

val Pin 12 =0 (13 = 1) .5 |  Unable to turn on either fill. Both Loss of all data i 693 | ’

u17 Pin12:=0 .7 £ill will lock off . 3.28 1

uU26 Pin8=1 .3 2. 06

ul0 Pin2=0 .7 9. 80

U3l Pin6=0 .7 3,28

u28 Pin 12 = 1/0 1 |  Unsble to turn on either Fill. Both Fill] Loss of all data T e T T T

U3 Pin 3 = 1/0 1 will lock off 6. 86
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FAILURE MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET See Above % 47502 "
EFFECT OF FARURE FAILURE CRITIC~
PART/ COMPONENT FAILURE MODE PROBABILITY | ALITY
SNEB0L (o) ASSEMBLY END 1TEM Q x
U8 Pin8=0 .7 Failure to remove dust cover Imped data taking operate only dur{ng 3. 80
u22 Pin8=1 .5 ifunar nite 6.93 n
Ul Pin 10 =1 .3 4.15
u28 Pin2=0 .7 3.80
J Pin 20 1 3.68
u28 Pin8=1 .3 When cover {8 removed this is a ""don't No Failure ) |
u22 Pin8=0 .5 care" condition [} v
Uiz Pin10= 0 .7 0
uU2s Pin2=1 .3 ]
u17 Pin8=0 .7 Ion pump locked off or unable to Unable to usa lon pump 1. 89§
Us Pinl12=1 .3 turn on 8.137 o
Uls Pin9=1(8=0) .5 6.93 '
U2} Pin8=1 .3 1. 41
J Pin 16 Pin 16 1.0 3.68
uls Pin 13 1/0 1.0 Ion pump flag Incorrect Loss of housekeeping data on lon pump ’ 13.85 v i
U Pin2=1 ) Unable to turn OFF high voltages Los‘;;;;;ncno;ﬂ“' TTTTTTTTT TGRS I T
J Pin 49 1 3.68
us Pin2=0 .7 Unable to turn on oay high voltages Loss of all data - 9.70 YT
on - N e R R At e T RS b e A sty 4 e N 3 ¢ - e ﬂ,,_,_,,}q, - PO
J Pin 51 1 Unable to turn Ion pump off Loas of function 3.68
ua3 Pin8=20 .7 3.28 111
us Pinl2= ¢ .7 19.50
Uz 8=1 .3 1.41
u23 " Pinl2=0 .7 | Unable to turn oa mult H. V. Loss of all data * 3.28
va3 Pin6=1 .3 L4l
u9 Pinl10=1 ~ .3 4.15 1
U23 Pin2=0 .7 3.28
U4 Pinl0o=1 .3 4.15
h Pin 53 1 3.68
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FARLURE MODE, EFFECT & CRITICALITY ANALTSIS WORKSHEET See Above F19%542
EFFECT OF FARUAE FAILURE CRIT -
PART/ COMPONENT FAILURE MODE P@oska‘g_.gﬂ ALITY
ptico e B {(2) ASSEMELY END ITEM Qx
u2s Pinl12=1/0 1 Manual one Step Lock High or Low Losa of Manual Step Ability 5,44
uU26 Pin3=1/0 1 6. 86 in
u27 Pin8=1/0 1 6. 86
Uio Pin10=1/0 1 13.85
uls Pin8=1/0 Mult gain flag inoperative Loss of housekeeping data on mult gain 13,85 v
level
U3l4 Pinl2=1 .5 Losa of all housekeeping data Loss of all housekeeping digital data 3.50 )
U3 Pinl4=1 .3 1.41
U3l _ Pin 14 =1 .3 2.06
J Pin 30 1 3.68
5% Pin b6=1 .3 Loss of turn on pulse May have to reset two cornmand*m 1. 4i 111
u3o Pin§=0 .7 Loas of all commands Losa of all da‘-t.:"m«‘.uuw“ T "4.80 T
3 Pin 45 1 Loss of discgain flag ﬁ;_.::; ;thous;;.eep‘x.n; data T T e ’ v
Pin 44 1 Loas of ion pump flag
Pin 12 1 Loss of bakeout flag
Pin 17 1 Loss of FIL flag
Pin 13 1 Losa of multgain flag
I Pin 43 1 Loss of data demand Loss of all data o ] 1
Pin 47 1 Loas of frame mark

et
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FALURE MODE, EFFECT & CRJTICALITY ANALYSIS WORKSHEET Rousekeoping I ooailss 42907
i ' 3 -
PARY //COMPONENT : FANLURE MODE EFTECT OF FALURE PALURE corme
NEoL N (a)! ASSEMBLY END ITEM QO x
(:8 ’ Short 0.2 i 1. Loss of Emiassion current monitor 1. Loss of Emiesion Current Monitor. - 0.02 it
J{ % 2. Loss of other data also. 2. Loss of Analog Housekeeping,
Ug/‘- ua/,rv 011/90 ' H“h/ ( ) !
v Yie L2z Hare | 178.45
L;u-uu,* 23 26, ,
25 -
AR4, AR} High/Low/Drift (1) 50.70
.5 416,25
Q,. 9, Q,, Q, Short (. 5)
Qs Qe Qe Qg
], Open .1 .04
i 1 18,00
R, Ry RH, R, Open/Short/Drift
Rl?' R37
.5 27.75
Qﬁ/z Open {.5)
igh 1 12,70
Y,s.918 9 High/ Low
.1 0.08
Rig Ryg Open/Short
o~ 1 0.18
Cig Cl3 Open/Short - 8
CR, CR, Short 0.4 11,20
<, Short 0.9 0.08
- Pin 26 T 3.20
¥ Pin 3/33 1 3.20
Pin 2/32 1 3.20
: i { Mark Losa of System Data 6.35
L9/5' U?/l&i High/Low 1 Losa of 90th Frame Ma s ystem Da (o2 I
C7 Short 0.9 0, 08
Pin 44 I 3,2
Pin 1 & 31 1 3.2
Pin 10 & 40 1 3.2
Bin 12 1 3.2
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FALURE MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET wseroeninn . Pilss
] _EFFECT OF FALURE FAILURE CRITIC -
PART/COMPONENT FAILURE HODE PROBABILITY | aLiTy
ALITY
SMBOL ()} ASSEMBLY END 1TEM ,(
Q. -2 bpen .5 tltem {1): Ioen PYmp Current Mon, Loss of all Analog Housekeeping Data 27.75 VI
1 : iExcept Emisgsion Current Monitor *
Drift 1 l | 3.00
Riq %’hort/Open/ rif |
Q,-7 Dpen .5 [Loss of Ttem (2) R LT T
R:9 $hort/Open/Drift lIc‘ﬂ Pump Voltage Mon. . 3.00
} e
Q,-2 Open .5 Loas of ftem (3) 7773
Ry, éhort/Open/Dritt 1} !+l 2V monitor : 3.00
H 1
5y . ——
a7 Spen .5 Loss of ltem (4) § 21.75
-~ ¥ . 1
R, %hox-t/Open/Drift 1 [Experiment Current Mon. ; 3,00 ;
QS"Z (j)pea .5 ELoaa of Item (5) i 27.7%
: . ' |
Ry Rope L %hort/Open/ant 1 +12V monitor § 9.00 l
Q3‘7 {)pen .5 Loas of Item (6) ‘ 2778
H 4
t . ]
Rogr R ,R .?hort/Open/Drift 1 +5V monitor ; 9.00
30 31 : i
q,-2 Open .5 (Loss of Item (7) ; 27.75
R, R, R, R, S;hort/Open/Dri{t 1 iXOn Source Temp Menitor ; 12,00
AR-1 High or Low A i ‘ 25,135
- 0.1
€9-Cio Short/Open (1) 8
Q4-7 Open .5 logs of Item (8) 27..75
Rge Ry Ryg, RoRJ Short/Open/Drift 1 Emission Coatrol Temp Monitor 15,00
0.18
i C12 Short/Open ()
ARG High/low 1 25.35
05-7 Open .5 loas of Item (9) 27.75
Rag Short/Open/Drift ’ 1 FIL #! Monitor 3.00
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FAILURE ‘MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET omcekeoping b Sisser SE
ART /OOMPOMENT EFFECT OF FALURE FAILURE CRITIC~

/ FAILURE MODE PROBABILYTY ALITY

Sl () ASSEMBLY END ITEM Q x|
QS_Z Short (.5) Loss of all ltema but Emigsion Current Loss of all Analog Itern except Emission 27,175 v

Mont Current
Q6-2 Open (.5) Loss of Item 10 -12V Monitor Lose of Analog Housekeeping functions 27.75
Ryg Ryg Ry R, " Short/Open/Drift (1) 12,00
Cie ) Short/Open (1) 0.09
ARS High/Low 1) 25.35
Q6-7 Open {. 5) Logs of Item 11 =15 Volt Monitor 27,18
Ryg Ryq Ry, R, Short/Open/Drift ) 12,00
Cyiq Short/Open ) (1) 0.09
AR2 High/Low 1) 25.35
a,-2 Open (.5) | Losa of item 12 LVPS TEMP MON [ 7775
Ry Short/Open/Drift (1) 3.00
Q,-7 ’ '8;;:;; . (.5) | Loss of Spare No Loss of any Data B AL 1 o
R4Z Short/Open/Drift 1) 3.00
Q-2 Open (.5) | Losa of item 13 Fil $#2 Mon Loss of Analog Housekeeping function | 27.75 v
Ry Short/Open/Drift e} * 3.00
Q-7 Open (.5) | Loas of Item 14 MHV MON 21.75 ]
R.40 Short/Qpen/Drift (1) 3.00
U, U High/ Low 1 .Loss of Word 1 & 90th Frame Pulse Loas of All Digital H,K.. Data 12.70 T v
6/10" 10
Shupe 29.488
“1/14 7.00
U?/S High/Low 1 Loas of Word 1 Shaped 7.00
— S ——— - e e — - ——— e Iv

L‘x/i . High/Low 1 Loss of 90th Shaped 7.00
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FALURE MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET Wowetecping P51 Plporn
EFFECT OF FALURE FAILURE CRITIC~
Wﬁ{;‘*ﬁ CHENT FAILURE MODE () — p—— Pwﬁ AITY
09/8 & 14 High/Low 1 Loss of Shift Pulse ] Loss of All data 12,70 1
Cl Short 0.9 ‘ T TTU08
C,. c3, C4, c5 Short 0.9 TLoss of 412, -12, .15, or +5 Vol' to loas of all data .32
Experiment
U, Ul)' U“‘ Uls' High/Low {1) : M.L;aa of shift Registor M .L:us of ‘A;”l‘)‘i;i;;‘ﬂ.l(. Data ) 27.00 v
Y16 .
v,,-12/13 High/ Low 1) ] ‘Loss of 1/2 Digital H.K. Data Loss of 1/2 Digital H.K. Data | 12.70 w
-9/8 High/Low (1) —L;ma of 1/2 Data Loss of 1/z~DTgxtal H.K. Data\“ R 12...70 - v

T T2 High 737 {| ‘Loss of Command b Status & EIL Flag | Loss of 2/15 H.K. Digital Data et | T
U, THigh 3 g Comb #5 status & Mult SW H, V. FLG. ; EXT

. 1 i 37 | Comb 14 S & souree Hester FLG | TR
”{J:_,z | Hign 3 Comb #3 Status & Dust Cover FIG. 3.81
Ue 12 High .3 1 Comb 92 Status & Ion Prmp FLG. ] 3.81
Us 1z High .3 Comh #1 Status & Lock Sup Hold Flag 3.81
:'5-10 Low/High .1 Unable to Clk out H, K. Digital Data loass of all Digital H, K. Data 12,70 v
U20_3 High .3 Loss of Sweep Start F LG, Loss of 1/15 of Digital H.K, Data 2,54
Csols High .3 H-L;an of Diec Hi/lo Flg. B 2. 54 T
’;-éo-x3 High .3 Loss of Mult, Hi/Lo Flg.& 2,54
?6 o " short/Open 9 | Loss of Shaped Putse Loss of Digital H.K. Data .08

2/10 High/Low 1 . &’;; ;i“;?o;d 1 Shaped Loss of Digital H. K. Data 12,70

r14 High/Low 1 Loss of Clk {word #1) 7.00
v, ‘A o ‘H:gh/'l.;)w 1 P“L;gu of reset - 7.00
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FALURE MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET A—— X e s ]
FFECT £ -
| e g |5
Ululi Pin 12 - Low .7 Loss of all H, K. digital data Loss of 21l H. K. digital data 6(8.9) v
U,-12
u,-12
U,-12
U,-12
U,-12 Pin 12 - Low
0,43 Pin 3 - Low 7 8.9
UZO-S Pin 5 - Low 8.9
U,g-13 Pin 13 - Low 7 8.9
Rl- Open Short or drift o 1 B No effect h 0 o wv
¥ " Pins 18, 45, 21, 8, 13, 7. 38, 6, Loss of all H.K. digitaldata | Lovs of all . K. digital data 106.0 -

15, 9, 14, 4, 17, 5, 16, 51, 43, 50, 52,
23, 22, 20, 24, 25, 28, 27, 57,

42, 11,
41 .

O e St o AP s @ et et + s
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FAILURE MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET A . SATE
PARY /COMPOMENT EFFECY OF FARLURE FAILURE CAITIC~
{C.B.) / FAILURE #0ODE - PROBABITY ALITY
SEoL () ASSEMBLY END 1TEM Qx|
(A-4) 1Q, (A& B) Collector-emitter; Collector-base; 1, Loss of oscillator drive ) Loss of all Data 15.90 1
! or Emitter-base &xort;Collector, 2. Wave form will become unsemetri-
Base or Emitter open, .35 cal causing saturation of power
transformer
{A-4) CZ Short . 2 .29
(M. B.) Cl Short . 2 .05
R,. Ry Ry, R, Short, open, or drift in value 1 b (2.79)
M. 3.} CZ‘ C3 Short, open, or drift in valua 1 2 (.30)
(A-4) {CR, CR, Short or open 1 D (11.55)
(a-4) jc,, c, Short .90 2 (.08)
(A-3} VR 1 Qutput inoperative .65 22,690
C1 Short .90 .08
CZ Short .20 .05
Rl - Open . .05 .02
R, Open .10 .28
RZ Short 0 0
RT! Short .2 ¢ 10,50
L.‘ L
fA-4) Q| Q3B Collector-base short ) Loss of 12 V to oacillator due to false
= Collecto~Emitter short «125 | turn on of power supply protection 2,84
circuit,
03 {A) Emittembase short® collector
base, emitter open .225 7.95
R9, R" Open .05 B (.02)
Rl 5 Open .10 .28
R,,, RIO' Rlz' R’4 Short 0 , 0
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goash oocomam  u e omBE e B A acEn g m o -, £oasn [ e o D9 TEE MY, HTE
FALURE MODe, EFFeCT & CRiTICALITY ANAL HEET LV i [2347152 i/ 6/71
QOF FARLURE FAILURE CRITIC~
Nl/ G FAILURE MDDE PROBABILITY ALITY
SYMBOL (o) ASSEMBLY END 1TEM Q x
CR,, CR9 Short . 40 Loss of all Data 2 (4.62) {
R‘ Open .20 Loss of grd return .42
.- - —— o e 3
T Open/Short .50 Loss of part to one or move cutput 17,50
L supplies

<, Short .90 . .08

R, R” Open -. 10 Loss of inverter driving circuit. (.28)

R9, R, Open -.05 ,E@ {.02)

R” Open or drift up .55 .22

Cg Short . %0 . .08

R‘é, Rls Short 0 0

Q_‘, QS' Qb’ and Q., all modes except B drift< 25% . 350 . 4 {15.90)

€y C, Short .20 (.29)

Qi' QZ All failure modes except B drift>25%, 350 2 (18, 50)

Rl Open or Short .05 . .02

CRl and CRZ Open or Short 1 2 (11.55)

CR, or CRlZ Open or Short 1 Loss of -15 and/or ~20 volt supply 2 (11.55)

C, €, Short or Open .2 (.29)

Ll Open .8 2.80

Rl' RZ Open, Short, or drift 1 (2.79)

R, Open .10 .04
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FALURE MODE, EFFECT & CRITICALITY ANALYSIS -WORKSHEET YRS Brern
EFFECY OF FARLURE FAILURE CRiTIC~
Aot FAILURE 1ooE (a) ASSEMBLY END_1TEN - i R

<, Short. .9 Loss of -12 and/or -15 volt supply Loss of all Data .08 : i
cZ Short .2 .05
VR, All failure modes 1 22,6
C4 Short .2 .29
CR,, C!-l" Short or Open 1 Loes of -12 VoIt Regulator 2 (11,.55)
Ci €4y Short/Open .2 2 (.04)
L, Open .8 2.80
C3 Short .9 .08
C4 Short .2 .05
Ré Open .08 .05
B‘S’ R4 Short/Open./D,rift 1 2 (2,79)
Q! All failure modes except B

drift< 25% .35 17.80
¥R-2 All failure modes 1 22,60
Q] All failure modes except B Losa of +12 Volt Regulated supply

drift< 25% .35 15,90
‘!RZ All failure modas 1 22,60
Ry, R Short/Open/Drift 1 2 (2.79)
ART! Short .20 10,5
(23 Short .90 .08
C‘; Short .20 .02
R, Open .05 o2
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FALURE MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET {33Ls e, e
£FF FALURE FAILURE T~
PM&Y/@W FAHURE MODE ECT OF ?W%{?' gz‘Tf
Sna0. {5L) ASSErBLY END ITEM Q x
C,. Cb' C9, Clo Open/Short .20 Loas of + 12 volt supply Loos of all Data 4 (.04 1
CR6, CRlo Open/Short 1 2(13,8))
L, L, Open .8 2 (2.80)
CR,, c9 OpenfShort 1 2 (11,55)
cR.', CR8 Open/Short 1 Loss of +5 vokt scurce. 2 (13,81
C;. Cy Open/short .20 2 (.05)
Ll Open .8 2.80
i L
Ry Ry, R, R6, lLI Open Short, oz drift 1 Loss/incorrect readings of current Loss of Pawer Supply Current Monitor 7 (2.79) v
from current monitor
Rl' RZ
AR, Cutput inoperative .65 14,8
€. c, Short .90 2 (.08)
R, Short/Drift .8 1.70
R 84 Open, Short .1 Unable to turn rmﬂtiglier H.V, oft- No Loss of Data 2 (.28) v
Locked on
Qa QZA .35 ® 2 (7.95)
R,, R3 .1 Unable to turn multiplier H. V., on Loas of all Data 2 (.28) 1
- Locked off
QlB‘ QZB .35 2 (17.95)
R, R Short/Open .1 Unable to turn multiplier gain low, Losa of some Data 2 {.28) ui
8 .
locked high
Q,A, QR All modes except B drift»25% .35 2 (7.95)
B
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, FALURE MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET  PLs PRI B 7L T
e Freemrnr o . : EFFECT OF FARURE | FAILURE CRITIC~
FART/CCHPONENT FAILURE MODE PROBABILITY | aLiTy
SMBOL (a) ASSEMBLY _ EHD 1TEM %

R,, R7 Short/Open .1 Unable to tura multiplier gain high, loss of Some Data 2 (.28) 1
6 locked low '

Q]B. QgB All modes except B drift >25% .35 2 {7.95)

R., R Short/Open W1 Ion pamp H. V. power aupply locked on No loss of Data 2 (.28) v
¥ 12 unable to turn off inoperate mode

QsA, QbA All modes except "B" drift>25% .35 2 (7.95)

RlO‘ R Short/open .1 Ton pump H. V. power supply locked off, Loss of data on vacuum 2 (.28) v

4 . unable to turn on inoperate mode

2.8, 068 All modea except B drift>25% .35 2 (7.95)

R, QOgpen Short or Drift Loss of temperature monitor on Loss of temperature monitor on 2.79 v
- L.V,P. 8, L.V.P.S,

RT! 52,50

2,

R3 79

Connector

Ping 4 & 24; 5&29; Open Connecticon Lose of Power Loss of Data 23.8 1

14 & 34; 13 & 33; on connector

15, 35, 17, 37, 29, 9

40, 11 & 31; 2 & 22;

10 & 30; 1 & 21;

3 & 23

Connector

Pina 39, 36, 38, 19, ] Open Connection Loss of houss keeping data or 10n No Loa2s of Data 12.4 v

20 .

puamp power
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FALURE MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET S e PR r
AT /OPONENT | i EFFECT OF FAILURE FALURE | ~aymic-
/ ! FAWLURE ™ODE ‘) ‘ ¥ PROBABILITY | sy
FnaL {6l ASSEMBLY . END ITEM Q x | . -

: HEl g i

' H
AR1 : All Failure Modes 1 ' Loss of Multiplier H. V. Loss of Multiplier Hi-Voltage Power 74.5

' | Moaitor Supply housekeeping data
cl Open/Short 19 .08
Rl' RZ’ R3' R4 Short, Open, or Drift 1 4.(.39) v
A2 - Ré Short, Open, or Drift 1 .39
CR3, CR4 Open, Short .6 2(6. 80)
A-1: l.oes of Multiplier H. V. Loss of all Data T
Cl' Cz. C3’ Short or Open 3(.08)
(34, (,5, Cb Short or Open .9 3{.08)
CR1 Thiru C.R12 Short or Open .
Tl All Failure Modes 1 3%.00
A-2: I
€ Cp €, € Short .90 4(.08)
Rl' RZ' R3, R4. R Open .05 5(. 02)
QZ’ Q3 Collector Base Short . 129 Oscillator will not 2(3.52)
RB‘ R9 ' Open .05 Operate 2(.02)

0 2{.0

Rb‘ R7 Short {.08)
Cr G
Ql Emitter, base, or collector . 225 Loss of Power to Oscillator Loas of Multiplier High — 44. 60 1
Q“ Open; Emiiter-Base Short Voltage and All Data 6. 35 ‘
QS' 06 Collector-Base Short . 129 2(3. 52)
Cb Short . 200 .23
c, Short 209 1.35
CR, Open .20 2.76
RS' Rll’RM Open .05 3(.02)
Ris Short or Open .05 .03
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. -FPALURE MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET &5 —— e T
at/comoet || FAILURE MODE . EFFECT OF FALWRE ' FAURE ceme~ |
SAR4E0L, ! (a) ASSEMBLY END iTEM Pﬁﬁgf%" ALITY
VRl | Short 301 6 Losgs of oscillator "Loss of all data 10. 60 1
Cy Cy | Short or Open .90 ; 2(.08)
CR, i Short/Open . 60 i 6. 80
CR,. CR, l Short . 40 '; 2(4. 52)
] i?l _lL Al‘l».‘Faih’n-e..on»dater—.«;g;., - 1. . J 5. 00 ' .
Kz : All Failure Modes 1 ; Loes of Regulation and/or Partial Loss of data 5.00 - 11 T
; ability to change gain
CRg, CR, .. CRy Short .40 3(4. 52)
Ql Collector-Base Short .12 24. 80
04 Collector-Base Shoxt .125 3.82
Qb Esmitter, Basge, or
Collector Open 228 6.35
‘v'Rl Open .10 1.13
CR?' CRB Short or Open . 60 2(6. 80)
Cg, 09 Short or Open .90 2(.02)
RIS' Rlb Short or Open .05 2{.02)
R”, 818' qu, RZO Short, Open, or Drift 1.0 4(. 39)
RS' R“ Short 0 0
RlO Cpen .05 .02
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-~ . _FALURE MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET == X O fe—
- : EFFECT OF FALURE " FAJLURE -
PART/ CCHPONENT FAILURE MODE PWJA gﬁ v imis
SR (o) ASSEMBLY £ND ITEM Q x

Q1 C-B Short . 125 § Regulator inhibited from turning on Ton pump cannot be turned on 2.89 v
Q2 E-B Short; Collector, Buae, . 228 11. 45
Q3 or Emitter Open 17. 80
Q4 , 5.20
VRI" Skort™™ 2307 b 3. 46 -
Rl 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
CR1, CR2 Short . 40 2(4. 61)
Kl All failure modes 1 .00
c2 Shorted .2 Oscillator inoperative .10 v
Q5 Emitter-base; collector-base

short or emitter, base, or

collector open . 350 16.80
C3 Short .90 .08
R7 Short or Open .05 .02
C4 Open or Short .90 .08
Ré Short or Cpen .05 .02
Ti Cpen or Short 1 Faflure of H. V. 35. 00
C1 thra C9 Short or Short .90 Output 9(. 08)
CR1 thru CR16 Open or Short . 60 16{6.94)
R1 Open . 05 .02
Rr2 Short 0 0

- - —
CR3 Open or Short . 60 Loss of high voltage No effect on Ion pump. Loes of housekeep 6.94 v
RS, 9,10 Open or Short .05 out monitor ing data 3(. 02)
C5 Short or Open .90 .08
CR4 Open or Short .60 Losa of temp compensation to voltage No losa of data; no effect on circuit 0 0
out monitor

Q2 Collector-base Short .125 | Loss of Regulation on high voltage Ion pump voltage will be high or low v
Q3 output
Q4
VR-1 Open .10 2.90
R2 Short . 05

.02
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FALURE MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET P e ivas P /1511
EFFECT OF FAILURE FAILURE CRITIC—
/ FAILURE “00E PROBABIUTY ALITY
Snen (o) ASSEMBLY END ITEM x
R,., R R, ., R__J Drift Up or Open .5 AR1 reads high; * Monitor will indicate high current 13(. 200 Iv
28" 29 14 21
R R R R AR3 reads high
22" 26" 13 37 AR2 reads low
Ris Rar Ryp Ryt
" "
R43, R3Z .5 1 (.17
Q6 5,6, Collector - Emitter or Collectorbase. 125 2.89
Q (1,23 Short
6 Emitter-base Short .228 _. 5.20
Emitter, Collector, base Open 18 (.19)
Rn, R“, R“, Rlb Drift Down or Short .5
Rl?' Rll’ Rl9’ RZO
Rapr Bop Rose Ry
RJI' RSO' R39, R38
Ryse Ryg
AR1, AR3, Output Locks High .5 2{11.65)
AR2, Cutput Low - .5 11.65
— e - - e o e e e - o
CRS5, CRé Short .4 Output of AR3 incurrent Loss of Current Monitor 2(1.59) v
Ca, C‘)' Cw. Cll’ Short .9 6(.09)
Ci1e Cir C1p
Cs, Cq. C“. c“. Open 0 Amplifiers may oscillate 0
cl?' cll
Cb' C,'. Cu. C”, Short .9 loss of + or - 12Volt DC Power Loss of all data 6(.09) 1
Cis* C1e
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FALURE MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET Yon Pump H.V. P.S [ 334757 T s/18/71
PART /COMPONENT FAILURE MODE EFFECT OF FAILURE o FA!Lg%!“ CRITIC~
Sl (o) ASSEMBLY END ITEM “Q&x ' ATy
R“. Rn, 14 Rlb' Drift Up or Open .5 AR1, AR3, reade low Monitor will indicate a low current 18(. 20) 14Y
R R R AR2 reado high
177 718 19 20
RZB' RZ4‘ RZS' R27
R30' R31' R3S' R36
Ry Rig
Q() {1,2,3) Collector-Emitter or Collactor . 1258 2.89
base short 5.20
Q6 {5,6,7) Emitter-bass short 228
Emitter, base, or Collector
Open
Ru, Rls’ RZI' Rzz, Drift Down or Short .5 *14(. 19)
Raer Rap Rogr Ragf
R37: Rw. Ril’ R421
R
43332 " 1" " 's (- 13)
ARY, AR} Cutput locks lon .5 2{(11.65)
AR2 .5

Cutput High

11.65
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FALLURE MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET R rol & Monitor P Rii522
EFFECT OF FAWLURE FAILURE CRTIC~
PART/ CBPONENT FAILURE MODE ‘ PROBABITY | iy
TEA, {ae) ASSEMBLY END ITEM Q x
36 Shorted/Open .05 Unable to ralease dust covar Partial loas of data <<, 01
Cp Cp Cy Open/Shorted .20 <<, 0}
L"l Pin b Locked Low .50 .02 11
R, Ry Open/Short . 08 <<,01
X, Locked Opan .50 2.50
CRS Shorted .40
Q3A Emitter base Short . 225 4.62
Q33 Emitter, base, or collector open . 225 10. 60
Jj 1.00 11. 25
Jl Pin 12, 19, 16, 17 open 1. 00 <<,01
Ry Ryg Open .20 <<,01
C‘. Short . 20 Loss of 45 volts Loss of all data .03 1
R,» Rjy Short/Open .08 Loss of backup heater control No loss of data 2(. 14) v
R Ry Short/Open .05 2(.15)
QéA‘ Q“! All Failure medes except § drift *
< 25% .35 2(16. 45)
QSA' QSB Same as above .35 2(17.70)
CRI‘. CRs Short <40 2(4.62)
K3 Locked in position A or B 1.00 3.00
Jl Pin 8, 20 open 1. 00 2(1.93)
Ra Open/Short .30 2.61
Rs Open Short drift 1 Losa of Analoge Channel

Losas of analoge channel to ground

2.78

v
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FALURE MObE, EFFECT & CRITICALITY ANALYSIS WORKS ontrol & Monitor [ 2347532 1)27/11
) EFFECT OF FAILURE . FA!L;&T CRITIC~
PROBA Y ALY

FAILURE MODE (6e) ASSEMBLY END ITEM Qx »9'!_1

J Pin 29, 15, 11, opan 1. 00 Loss of control for bake out hester in LMS cannot be outgassed 3(1.93) v
1 standby
K, K, Locked cpen - 50 2(1.50)
K, Locked "A" .50 1. 50
caz Shorted .40 4.62
QIB Emitter - bage short; . 225 11. 40
QIB Emitter, base, collector cpen . 228 10. 60
R 1 Open .05 .15
R 4 Open .08 .13
QZA Collector Base Short . 125 6.35
Q]A Collector Base Short . 125 5. 88
RZ Shorted .0 0
CR6 Shorted .40 4. 62
Arcing of high voltage
L . 8 g 8 .
X4, 5 ocked Shut L} Unable to disconnect bake out heaters Lose of all data B 2(1. 50) 1
Kl Locked B 0 Unable to turn off bake out heater in No effect on data 0o 0 o
standby

CRI Shorted
QZA Emitter base Short
QIA Emitter, base, collector cpen
R2 Open
3.3 Open
Q 23 Collector -basa Short
QIB Collector -base Short
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FALURE MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET  [SIT— so——fmomr——HiE 1
_ : EFFECT OF FALURE ILURE e
PRRY/CLMPOIENT FAILURE MODE PROBABTY vy
STMEOL () ] ASSEMBLY EMD ITEM Qx é o
S i .i‘,lM'
R 1 Shorted 0 Unable to turn off bake out heater in No effect on data 0 0
! standby
+
Rys/18 Open E Loss of survival heaters 0 ]
! ) ;
- 1)
; | ,;
f ﬁ !
)
: |
i i
1 ! :
! )
, ]
, ; I
: i
I
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FARLURE _MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET e PO s -2h o 0
PART,/COMPONENT EALURE MODE ] EFFECT OF FAILURE FAILURE . | critio-
e (ee) ASSEMBLY END ITEM w ALITY
Multiplier §1 Low Cain .5 : Loss of data for one mass range No counts on one mass range .35. 03 2
Open Connection +5 1 Losa of data tor. one mas9 rangs No counts on one mass range 35.03 2
Rl - R16 Open .1 “ Loss of data for one mass range No counts on cne mass range 77.789 2
Drift .9 ii Minor effect Slight change in multiplier gain 700.11 .4
Multiplier #2 Low Gain .5 1| Loss of data for one maes range No counts on one mass range 35.03 2
Open Connection .5 ! Losa of data for one masas range | No counte on one mass range 35.03 2
R17 - R32 Open .1 l Losa of data for one mass range ! No counts on one mass range 77.789 2
Drift .9 Il Minor effect 1 Slight change in multiplier gain 700. 11 4
Multiplier #3 Low Gain .5 : Losas of data for ona mass range . No counts on one mass range 35.03 2
Open Connection ] “ Loas of data for one mags range I No counts on one mass range 35.03 2
R33 - R48 Open . .1 ‘. loss of data for one maes range l Mo counts on one mass range 77.789 2
Drift .9 ; Minor effect ; Slight change in multiplier gain 700.11 '4
Filament §1 Open 1.0 Norne unless Filament 42 fails . No Filament #1 ernission ' 71.82 3
Filament §#2 Open 1.0 None unlesa Filament #1 fails No Filament #2 emission 71.82 3
Temperature !
Sensor Open .1 No temperature indication for flanges No temperature sensor .97 3
Drift .9 Error in temperature indication q Error in sensor 71.75 3
Bakeout Heater Open «2 §} Data during first month of mission Cannot bake out ion source 35.04 3
; may be inaccurate
Short .1 H Data during first month of mission l Cannot bake out ion source 17.52 3
may be inaccurate '»
Drift .7 H No effect No effect 122.64 4
Analyzer Loss of mechanical alignment 1.0 Losas of data Loss of output 1.752 1
Alignment :
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FALURE MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET ANALYZER P e
PART// COMPONENT FAILURE MODE EIERCT Of FALGRE Pa{)gg‘glﬁﬁTY m?sn-
SNBL (oL) ASSERMBLY EHD 1TEM Qx|
. v
jreakscal Will not open 1.0 No useful data Cannot expose analyzer to atmosphere 1.752 . 1
on Pump Open or short 1.0 Posaible loss of some data in early Vacuum may not be maintained {n 876 4

-part of mission
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FAILURE MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET > Nother Bra ' s
NT EFFECT FAILURE FAILURE CRITIC~
PART,/ COMPONE] FAILURE MODE PROBABILITY | ALITY
SYMBOL ASSEMBLY END ITEM Q x IO
327 thru R35 Open or Short Loss of J Plate Voltage Loss of all data 2.94 r
R)(, Open/Short .02
CR 29 (Z) Short 21. 54
CR25 thru 28 Short 3.50
K5 & 6 All Failure Modes J Plate Voltage Caniiot be changed Data difficult to interpret 3.50 I
CR29 Drift or Open 50. 26
R27 thru R35 Drift 26.49
A All Failure 31.50
O t .
RIS, 39, 42 pen/Shor 02
Q7 All but B drift < 25% 6.94
CR32 Open 1.75
Z28. - 10 Locked in 1/0 1.38
Z9 -3 Locked in 1/0 876
Z8 - 2 Locked in 1/0 -1, 38
78 -6 Locked in 1/0 4.38
CR11, 12, 13 Open/Short/drift Incorrect/loss of Exmission Control Loss of function 71.8 I
15, 16, 10 Voltage in multi Mode. Unable to
. C.
CRI4 Open/Short step through K Voltage 5.26
CR21 thru 24 Short 3.50
CR17 thru 20 Short/Open 5.26
x3/K4 Any Failure 3.50
K2 Bl to B_ open 2. 10
Al to A_ open
Y ‘coil inoperative
CR-10 Open/Short/drift 71.30
R25 Open/Short .02
R16, 40, 37 Open/Short .02
Q5 ’ All but B drift < 25% 6. 94
CR30 Open 1.75
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- EFFECT OF FAILURE FAILURE CRITIC -
PART/COMPONENT FAILURE MODE PROBABILITY | aLiTY
SYMBOL (ae) ASSEMBLY END ITEM . oxie3
73 -14 Locked in 1/0 1 Incorrect/loss of Emirsion Control Loss of function 4,38
. .- Voltage in multi Mode. Unable to
Z9 -5 Locked in’ 1/0 1 step through E. C. Voltage 8.76
Z4 & 7. All failure 1 31.50
R20 Open/Short . O% o2
.0
R43' 44, 45 Short or Open .02
. 04
Rig 1 .02
0.0
Rz Short 0.00
Qs8, 9, 10 All but Bdrift < 25% 0.3 6.94
R21 Open . 14 ‘ 2.94
RZZ Open . OLJ Loss of sweep Hi Voltage Loss of all data 0.04 I
R21 Short 0.0 0.00
Cc7 ) Short .9 0.71
R Short open drift (1) Loss of Emission Current monitor/ Loss of Housekeeping data .38 Iz
23, ;4’ Incorrect readings
R 14, 15
S1 (1) 25.00
CR33 Open/Short .6 5.26
Z3 All failure Modes 1.0 31.50
Cé Short .9 0.71 L
Z9 - 13 Locked in 1/0 1.0 Unable to switch E. C. to the Loss of function, no loss of data 8.76 11
fixed mode of operation
Z8 - 12 1.0 4.38
CR31 Open .2 1.75
- . 05 .
RM», 41, 38 Open/Short 02
5 Any fajlure 1.0 31.50
K2 X Coil open -4 1.40
Al1/A2 or B2/B3 open
Q Al but B drift < 25% .3 6.94
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PART/COMPONENT FAILURE MODE SrrecT 0f  PALWRE PROBABILITY Ay
SYMBOL. () ASSEMBLY END 1TEM 0 w1
TR Shotts .4 E. C. Power oscillator stops loss. Loss of all data 3.5 I
E. C. Voltage
R, Sh?rts/Opens .05 .02
L1 Opens .25 8.76
RB Opens .05 .02
c2 Shorts/Opens .2 .25
T1 Coil 1, 2, 3 open/short .5 2.92
Coil 4, 5, 6 open/short .5 2.92
Coil 7, 8 short .25 .73
Coil 9, 10 short .25 .73
Coil 11, 12, 13 short .25 1.46
Coil 14, 15 short or open .50 1. 46
16, 17
18, 19
19, 20
C3 Short .1 .09
Q1 All But B drift < 25% .3 13.77
Q2 A1l But B drift < 25% .3 13.77
T1 Coil 7 ~ 8 open 24 No Filament #1 current None unless Filament 72 Fails .73 I
T2 Coil 3 - 4 open .25 4.38
T3 ICoil 3 - 4 open 25 4. 38
T4 Coil 1 - 2 open .25 4.38
D1 Coil #2 open or bud cont. .5 1.75
Q3 Open .2 4.94
Rl v RlO Dpen 05 Filament #1 can not be commanded on . 0;“"‘*'-’"'“
Z1 All But Sensor Short .8 25.2
Z2 Kensor short .2 6.3
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PRRT /CO%WW FAILURE MODE EFFECT OF FAILURE PRggkglRETY gﬁ:’;ﬂs"
SYMBOL (o) ASSEMBLY END ITEM Qx|
R, Open .05 No Control on Filament #1 current .02 1.
T1 Coil 9 - 10 open .25 No Filament #2 current None unless Filament #1 fails .73 I
TS5 Coil 3 - 4 open .25 4.38
T6 Coil 3 - 4 open .25 4.38
7 Coil 1 - 2 open .25 4.38
K1 Coil #1 open or short bad contacts .5 1.75
Q4 Open .2 No ; 4,94
Z1 Sensor Short .4 Filament #2 can not be commanded on 6.30
Z2 All but sensor short .6 25,20
RIZ’ ng Open .05 ] .02
R, Open .05 No Control on Filament #2 current .02
R4, R5 Open .05 No Filament #1 monitor or incurrent Loss of monitor 6n—.~§;;1-sekeeph;A_g-. ) .02 111
values noted
CR2, 3,4, 5 Open/Short .6 6.63
Cc4 Short .1 .09
T4 Coil 1 - 2 short .25 4.38
Coil 3-4 open or short .5 8.76
T7 Coil 1 - 2 short .25 No Filament #2 monitor or incorrect 4.38
Coil 3 - 4 open or short .5 valves noted 8.76
cs Short .1 .09
Ry, R9 Open 05 .02
CR6, 7, 8, 9 Open or short .6 6.63
B 7;‘5 Coil 1-2 open/short .5 Filament #2 operates at all times at Minor degradation of data §.76 jing
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 1-2 open/short .5 Filament #1 operates at all times at 8.76
maximum current
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/ FAILURE MODE PROBABILITY ALITY
SYMBOL () ASSEMBLY END ITEM o . Q. x 19
Coil 3-4 short .25 Filament #1 operates at all times at Minor degradation of data 4.38 m
maximum current
T3 Coil 1-2 open/short .5 8.76
Coil 3-4 short .25 4.38
T1 Coil 11-12 open .25 Filament current operates about .73
Coil 12-13 open .25 1/2 power .73

PN &
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EFFECT OF FAILURE FAILURE CRITIC—
PART,//COMPONENT FAILURE MODE PROBABILITY | ALITY
SYMBOL (o) ASSEMBLY END ITEM 0 x 1y
Cl Short .9 No cffect unless system overheats No effect except 1.74 watt extra power 2.71 3
dissipated lm KI.
c2 Short .9 No effect unless system overheats No effect except 1.74 watt extra power 2.71 3
dissipated Im K1.
R1 Open . 05 No effect unless Filament #2 fails Filament #1 will not operate . 032 3
R2 Open . 05 No effect unless Filament #1 fails Filament #2 will not operate . 032 3
R3 Open .05 No system effect unless Filament 2 Filament #1 cannot be turned off . 019 3
is on
R4 Open . 05 No systern effect unless Filament #1 Filament #2 cannot be turned off . 019 3
is on
R5 Open . 05 Filament #2 command might not C2 of K1 would be energized for . 019 3
operate - Filament #1 - OK Filament #1 or Filament #2 command
R6 Open . 05 None unless Filament #2 fails Filament #1 cannot be turned on . 019 3
R7 Open .05 None unless filament in operation fails Filament commands will not function . 019 3
RS Open . 05 None unless Filament #1 fails Filament #2 connot be turned on . 019 3
R9 Open . 05 Filament #1 command might not operate] C2 of K1 would be energized for . 019 3
Filament #2 - OK Filament #2 or Filament #1 command
R10 Open .05 No effect Filament 41 will not turn off . 019 4
R11 Open .05 No effect Filament #2 will not turn off . 019 4
Q1 Open .2 No effect Filament #1 cannot be turned off 4. 24 4
Short .1 No effect unless Filament #2 faile Filament #1 cannot be turned on 2.12 3
Q2 Open .2 No effect Filament #2 cannot be turned off 4. 24 4
Short .1 No effect unless Filament #1 fails Filament #2 cannot be turned on 2.12 3
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EFFECT OF PAILURE FAILURE CRITIC-
PART/COMPONENT FAILURE MODE PROBABILITY | aLiTy
SYMBOL (o) ASSEMBLY END {TEM Qx 0 - g
Q3 Open .2 No effect unless Filament #2 fails Filament #1 cannot be turned on 7.0 3
Short -1 Filament #2 command will not function Filament #2 command would try to 3.5 3
Filament #1 command OK turn on both filaments - Filament #1
command OK
Q4 Open .2 No output data Neither Filament could be ¢nergized .70 1
Short .1 Power consumption in KI up 1. 84w Relay K1 would be energized at all 3.5 3
times
Q5 Open .2 No effect unless Filament #1 fails Filament #2 cannot be turned on 7.0 1
Short .1 Filament #1 command will not function Filament #1 command would try to turn 3.5 3
Filament #2 command OK on both filaments ~ Filament #2 com-
mand OK
CR1 Open .2 No effect unless Filament #2 fails Filament #1 cannot be turned on 2.28 3
Short .4 No effect unless m e filament fails Filament #2 command would energize 4.%1 3
both coils of K1
CR2 Open .2 No effect unless Filament #1 fails Filament #2 cannot be turned on 2.2 3
Short .4 No effect unless one filament fails Filament #1 command would energize 4. 41 3
both coils of K1
CR3 Open .2 No probable effect No effect unless high meg. transcient 2.20 4
occurs
Short 4 High power dissipated in relay Q4 on at all times 4. 41 3
(1. 84w)
CR4 Open -2 No effect unless Filament #2 fails Transcient could damage Q3 and 1.75 3
Filament #1 could not be turned on
Short .4 No effect unless Filament 42 fails Filament #1 could not be turned on 3.5 3
CRS5 Open .2 No effect unless Filament 41 fails Transcient could damage Q3 and 1.75 3
Filament =2 could not be turned on
Short -4 No effect unless Filament #1 fails Filament #2 could not be turned on 3.5 3




EMISSION CONTROL,

i

{ S L ?@' .
_ALSEP E W, Hiebert ATM 970 &
D [TEM . )
LMS ) PAGEE@@M /83 ‘
FAILURE _MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET Pl 512552 3-14.72 '
PART NT EFFECT OF FAILURE FAILURE CRITIC~
/ FAILURE MODE PROBABILITY ALITY
SYMBOL (o) ASSEMALY END ITEM Q x |
CZ' C3, C4, C7, C8 Drift .1 Filament current unstable .09 L
R6, R7, R9 Open .05 Loss of current monitor o bLoss of current monitor in housekeepin”gmm'm:ddhzw - 354
C7, 8 Short .9 .79
CR6, CRS8 Short .4 3.50
z2 Output open or shut .65 37.58
Z1 Output open or short .65 Loss of filament 1 and 2 current Loss of<al.1 data 37.58 T wwlﬂ .
S .
CZ' C3, C4 hort 9 .79
S .
CS' Cg’ C6 hort 9 .79
R2, R8, R3, RS Open . 05 .02
R4, R1 Open . 05 .02
Cl' (_‘,4 Short .9 Emission current not correct Data difficult to interpret T S TS
CR5, CR7 Drift .60

42. 06
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SYMBOL (o) ASSEMBLY END {TEM QX 109
C1 Short .2 No output data No 6V filament control voltage - . 246 1
overloads transformer
Cc2 Short .2 No output data No 45 volt supply - 1.16 1
overloads transformer
Cc3 Short .1 No output data No -80 volt supply - 517 1
overloads transformer
C4 Short .2 No output data No +13 volt supply output - .61 1
overloads transformer
C5 Short .2 No output data No -13 volt supply output - .61 1
overloads transformer
CR1 Open or Short .6 No output data No 6V supply output 5.26 1
CR2 Open or Short -6 No output data No 6V supply output 5. 26 1
CR3 Open or Short .6 No output data No +45V supply output 5.26 1
CR4 Open or Short .6 No output data No +45V supply output 5.26 1
CR5 Open or Short .6 No output data No +45V supply output 5.26 1
CR6 Open or Short .6 No output data No +45V supply output 5.26 1
CR7 Open or Short .6 No output data No -80V supply output 5.26 1
CR38 Open or Short -6 No output data No -80V supply output 5.26 1
CR9 Open or Short -6 No output data No -80V supply output 5.26 1
CR10 Open or Short .6 No output data No -80V supply output 5.26 1
CRI11 Open or Short .6 No output data No +13V supply output 5.26 1
CR12 Open or Short .6 No output data No “13V supply output 5.26 1
CR13 Open or Short .6 No output data No -13V supply output 5. 26 1
CR14 Open or Short .6 No cutput data No -13V supply output 5.26 1
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SYMBOL (o) o ASSEMA Y END ITEM Qx|
0. ATV Rt 20200 la P~ e3% .3 Loss of ability to command E.C. into Loss of function 6.94 mn
(I;IB Open 1 short .6 multi-mode function 5.26
¢, Open/short .9 .71
Rrl,.R2, R9 Open/short .05 .02
CGR1 Short .3 21.54
QZ All but drift in p < 25% .3 Loss of ability to command E.C. into 6.94
GR6& Open/short .6 straight mode function 5.26
R3, R4, RIO Open/short .05 .02
CR2 Short -3 21.54
G, Open/short .9 .71
Q, All but g drift < 25% .3 Loss of J plate voltage control Possible loss of data 6.94 1
R3, R6 All failure modes 1 .3
03' C:4 All failure modes 1.0 .88
Rl Open/short . 05 .02
CR3 Short .3 21.54
Q.Q All but 8 drift < 25% .3 Loss of ability to advance step in multi Loss of function 6.94 11
R7. RS, All failure modes 1 } mode. Locked in on step. .38
C:\Q C-4 All failure modes 1.0 .88
Ri2 Open/shut . 05 .02
JR4 Short .3

21.54
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PART / COMPOMENT FAILURE MODE EFFECT OF FAILURE m;gx,ga:" gm;z;:-
SYBOL (@) %?MY END 1TEM Qx i
RI Open .05 All diacriminators stay in High Gain Output stays in low position .019 3
Drift »95 :;::etfect No appreciable effect .366 4
R2 Open .05 All discriminators estay in High Gain Output stays in low position .019 3
Drift .95 ;l:t:ﬂ’ect No appreciable effect . 366 4
R3 Open » 05 No internal c;slibmte signal Loss of signal .019 3
Drift .95 No effect No effect . 366 4
R4 Open .05 Loeas of intermal calibrate signal Loss of signal .019 3
Drift .95 Mo affect No effect . 366 4
RS Open .05 Loss if internal calibrate signal Loas of eignal .019 3 »
Drift .95 Minor Output signal pulse shape change . 366 3
1) Open .05 Minor OQutput signal pulse shape change .019 3
Drift .95 No effact No effect .366 '4
cl Short .9 Loas of internal callbrate signal Loss of signal .788 3
Drift o1 No effect No effect .088 4
c2 Short .9 Lass of internal calibrate signal Loss of signal .788 3
Drift .1 No affact No effect .088 4
C3 Short .9 Loss of +5V gower supply - no output Loas of aignal .788 1 '
Drift .1 No effect No effect .088 4
Cc4 Short .9 Losa of intsrnal calibrate signal Loss of signal .788 3
Drift .1 No offact No effect .088 4
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PART / FAILURE. MODE EFFECT OF FAWLURE PR;SQAL;RE v gﬁ:‘;l‘(’:-
SYMEOL (o) ASSEMBLY END ITEM Qhém&g'
Q1 Open .2 All discriminators stay in low gain state Output stays in high state 4. 62 3
Short .1 All discriminators stay in high gain state Cutput stays in low state 2.31 3
Drift .70 Discriminatora position may stay in high Output may not stay in high state 16.19 3
gain state
Q2 Open or Short .30 Loss of internal calibrate signal Loss of signal 6.36 3
Drift 270 Minor Output wave shape change 14, 84 3
CR1 Short .4 All discriminators may stay in high Output may stay in low position 4.416 3
gain state
Open .2 All discriminators atay in low gain state Cutput stays in high position 2,208 3
Drift .4 No effact No affect 4.416 4
CR2 Short .4 All discriminators stay in low gain state Output stays in high position 4.416 3
Open .2 All discriminators stay in high gain Output stays in low position 2.208 3
Drift .4 No effect No effect 4.416 4
l CR3 Short .4 All discriminators may stay in high Output may stay in low position 4.416 3
gain atate
| 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
. 21 1 of 4 gates low .7 Loss of internal calibrate signal Loss of signal 18. 4 3 .
’ 1 of 4 gates high .3 Loss of intarnal calibrate signal Loss of signal 7.88 3
{ z2 One shot open or short i.0 Loss of internal calibrate signal Loss of signal 26.28 3
, XTL } Open or short 1.0 Losa of internal calibrate signal Loss of signal 105.12 3
|
I
i
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PART/ COMPONENT FALURE MODE S PROBABILITY Ay

SYMBOL (o) ASSEMBLY END 1TEM Q x IO':5 : el

R] Module #1 | Open .05 Loss of internal ?calibrate signal No internal calibrate signal .019 & 3
Drift .95 No effect No effect . 366 4
R2 Open .1 No calibrate signal Calibrate signal saturates pre-amp . 294 3
Drift .9 No effect No effect 2. 649 4
R3 Open .05 No data output on one maas range Loss of pre-amp output .019 2
Drift .95 | No effect No effect .366 4
R4 Open .05 Loss of one mass range data No output signal .019 2
Drift .95 No effect No effect .366 4
RS Open . 1 Loas of one masa range data No cutput signal . 294 2
Drift .9 Slight loss of data Change in gain 2. 649 3
RS Open .1 Loss at one mass range No output asignal . 294 2
Drift .9 Slight loss of data Change in gain 2. 649 3
R? Open .05 Loss of one mass range data Loss of signal .019 2
Drift .95 No effect No effect . 306 4
RS Open .1 Loss of one mass range data Loss of cutput aignal . 294 2
Drift .9 Slight loas of data Change in gain 2. 649 3

Rr9 Open .05 Loss of one mass range data Loss of output signal .019 2 '
Drift .95 No gffect No effect . 366 4
R10O Open .05 Loas of one mass range data Loss of output signal .019 2
Drift ) .95 | No affact No effect .366 4
R11} Open .05 Loss of one mass range data Loss of output signal .019 2

2 .
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SHEOL (o) ASSEMBLY END ITEM Q x

Drift .95 No effect No effect .366 4

R12 Open .05 Losa of one mass range data Loes of cutput signal .019 2
Drift .95 No effect No effect . 366 4

Rr13 Open .05 Loss of one mass range data Loas of output signal . 019 2
Drift .95 Slight effect in pulses counted No effect . 366 4

R14 Open .05 Losse of one mass range data Lofs of output signal .019 2
Drift .95 Slight effect in pulses counted No effect . 366 4

RIS Open .05 Loss of one masa range data Loas of output signal .019 2
Drift .95 Slight effect in pulses counted No effect .366 4

R16 Cpen .05 Loss of one mass range data Loss of output signal -019 2
Drift .95 No effect No effect . 366 4

R17 Open .05 Loss of one mass range data Loss of output signal .019 2
Drift .95 No effect No effect . 366 4

R18 Open .05 Loss 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 Lossa of output signal .019 2
Drift .95 No effect No effect . 366 4

R20 Open .05 Loss of one mass range data Loss of éutput signal .019 2
Drift .95 No eifc;ct No effect . 366 ‘ 4

R21 Open .05 Loss of one mass range data Losa of output signal .019 2
Drift .95 No effect No effect 365 4




ATAM 9720 i :

PAGE 124 of 183
Y 3
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w/mr . A ILURE @E EFFECT OF FAILURE »Ré‘élté'."‘w [ €E'3T'r'$—
STMBOL (o) ASSEMBLY END ITEM Qx| i .
Drift .95 No effect No effect . 366 4
R22 Open .05 Loss of one mass range data Loss of ocutput signal .019 2
Drift .95 No effect No effect . 366 3
R23 Open .05 Lose of one mass range data Loss of output signal .019 2
Drift .95 No effect No effect . 366 4
R24 Open .05 Minor effect Cannot change discriminator gain .019 3
Drift .95 No effect No effect . 366 4
R2S Open .05 Minor Circuit in slightly higher than high .019 3
gain position
Drift .95 No effect Nao effect .366 4
R26 Open .05 Minor Circuit in elightly higher then high .019 3
gain position
RrR27 Open .05 May count noise pulses Circuit in very high gain position .019 2
Drift .95 No effect No effect .366 4
R28 Open .05 No pulses counted Loss of one mass Diacriminator gain extremely low .019 2
Drift .95 g??:het effect Slight change in gain .366 3
R29 Qpen .05 Loss of somne data Diacriminator output erratic .019 2
Drift .95 No effect No effect . 366 4
R30 Cpen .05 Loss of one mass range Lose of output signal .019 2
Drift .95 | No effect No appreciable effect .366 4
R31 Open .05 Loas of some data Discriminator output erratic .019 2
Drift .95 Slight effect Slight offset . 366 3
R32 Open .05 Loss of one mass range No output .019 2
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SYMBOL (o) ASSEMBLY END ITEM Qx §

’ Drift .95 1 No effect No effect . 366 4
R33 Open . .08 Loeas of some data Diacri minator output erratic .019 2
Drift «95 No effect No effect .366 4

R34 Open .05 Loss of ovne mass range data No output .019 2
Drift V .95 No effect No effect . . 366 4

Ci Drift .1 No effect ' No effect . 007 4
Short .9 Loss of one mass range data Signal line loaded .063 2

c2 Drift .1 No effect No effect .088 4
Short ) .9 Lcas of one mass range data Signal line loaded .788 2

C3 Drift o1 No effect No effect . 007 4
Short .9 Loss of one mass range data Losas of signal .063 2

C4 Drift .1 No effect No effect .088 L)
Short . .9 Loes of one mass range data No output signal .788 2

cs Drift .1 | No effect No effect .088 4
Short .9 Loss of one mass range data No output signal . 788 2

cé Drift .1 No effect No effect ' . 088 4
Short .9 Loss of one mass range data No output signal .788 2

Cc? Drift .1 No effect No effect .088 4
Short .9 Losas of cne mass range data No output signal : .788 2

cs Drift .1 No effect No effect .083 4
Short .9 Losas of one mass range data No output signal .788 2
c9 Drift ’ .1 No effect No effect .08 4




ALSEP E

WL____ M.9
.

PAGE 126 of 183

. LMS 5
FAILURE MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET e ame/Discriminrs taeen . L%/ 10ra)
PRRT/ COMPGRENT FAILURE MODE S PROBABIITY | Seiry
SHABOL (ae) ASSEMBLY END ITEM Q x i

Short .9 Loea of one mase range data No output signal .788 2

Clo Drift .1 No effect No effect .088 4
Short .9 Loss of one mass range data No output signal .788 2

Cl1 Drift .1 No effect No effect .088 4
Short .9 ‘Loss of one mass range data No output signal .788 2

(93 ¥ Short .9 L.oss of one mass range data Loss of signal .788 2
Drift | No effect No effect .088 4

cl13 Short .9 Loss of scme data Loas of discriminator gain .788 2
Drift .1 No zffeci No effect A . oés 4

Cl4 Short .9 Loaa of data on one mass range R19 will fail open 788 2

No discriminator output

Drift .1 No effect No effect 088 4

Cc13 Short .9 Loss of one mass range data Loas of signal 788 2
Drift .1 No effect No effect 088 4

C1lé Short .9 Loss of one mass range data Loss of signal 788 2
Drift .1 No effect No effect \ . 088 4

C2o Short .9 Loss of data L.oss of Sweep High Voltage isolation .788 1
Drift o1 No effect No effect .088 4

c1? Short .9 Loss of one mass range data Loss of signal .788 2
Drift .1 No appreciable change Output pulse width becomes smaller .088 4

Cc19 Short .9 Loss of one mass range data S:s:‘)of aignal . 788 2
Drift .1 No effect No effect .088 4
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Ci8 Short .9 Loas of data No +5 power . 788 1
Drift .1 No effect No effect . 088 4
Ql Short or Open .3 Loss of one mass range data Loss of output signal 8. 23 2
Drift .7 May lose some data Change in gain 19.19 3
Q2 Short or Open 3 Loss of one mass range data Loss of output signal 6. 36 2
Drift .7 May lose zome data Change in gain 14, 84 3
Q3 Short or Open .3 Loss of one mass range data Loss of output signal 12.93 2
Drift .7 May lose some data Change in gain 3 3.17 3
Q4 Short or Open .3 Loss of one mass range data Loss of output asignal 6. 36 2
Drift .7 May lose some data Change in gain 14. 84 3
Q5 Short or Open .3 Loss of one mass ranga data Loss of output signal 12.93 2
Drift .7 May lose some data Change in gain 30.17 3
Qb Short or Open .3 Loss of one mass range data L.oss of output signal 12.93 2
Drift +7 -} May lose some data Change in gain 30.17 3
Crl Open 2 Possible loes of one mass range data No effect unless spike occurs on signal 2. 21 2
line - then no output signal
Short .4 Losa of one mass range data Loss of output signal 4, 42 2
Drift 4 No affect No effect 4,42 4
CR2 Open .2 Posaible loss of one mass range data Change in gain 2,21 3
Short .4 Loss of one mass range data Loss of output signal 4.42 2
Drift -4 No effect No effect 4. 42 4
CR3 Short .3 Loss of one mass range data No output siénd 7.88 2
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Drift .6 No. effect No effect 15. 77 4
Open .10 Loss of some data Change in diacrimlnqtor level 2.63 3

71 Output Open or Short . 65 Loss of one mass range data No output signal 13. 66 2
Drift .35 Small loss of data Slight loas of sensitivity 7.36 3

z2 Output High or Low 1,0 Loss of one masa range data No output pulse 26, 28 2

R1 Module #2 Open ‘. 05 Loss of internal calibrate signal No internal calibrate signal . 019 3
Drift .95 No effect No effect . 366 4

R2 Open .1 Mo calibrate aignal Calibrate signal saturates pre-amp . 294 3
Drift .9 Mo effect No effect 2. 649 4

R3 Open .05 No data cutput on one masa range Loss of pre-amp output .09 2
Driit .95 No effect No effect . 366 4

R4 Open . 05 Loas of one mass range data No cutput signal . 019 2
Drift .95 No effect No effect . 366 4

RS Open .1 Loas of one mass range data No output signal . 294 2
Drift .9 Slight loss of data Change in gain 2. 649 3

Ré Open .1 Loso at one mass range No output signal N 294. 2
Drift .9 Slight loss of data Change in gain 2. 649 3 ’

R? Open .05 Loss of one mans range data Loss of signal . 019 2
Drift .95 No effect No effect . 306 4

R8 Open .1 Loss of one mass range data Loss of output signal . 294 2
Drift .9 Slight loss of data Change in gain 2. 649 3

ne Open .05 Losn of one mass range data Loss of output signal . 019 2
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Drift .95 No effect No effect . 366 4
R10 Open .05 loss of one mass x;ange data Loss of output signal . 019 2
Drift .95 No effect No effect . 366 4
R1 Open . 05 Loszs of one mass range data Losas of output signal . 019 2
Drift +95 No effect No effect . 366 4
R12 Open . 05 Loss of one mass range data Loss of cutput signal . 019 2
Drift <95 No effect No effect . 366 4
R13 Open . 05 Losa of one mass range data Loes of output signal F’Aﬁ . 019 2
Drift .95 Slight effect in ﬁlsen counted No effect . 366 4
R14 Open .05 Loss of one mass range data Loas of cutput signal . 019 2
Drift .95 Slight effect in pulses counted No effect . 366 4
R15 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
R1é Open .05 Loss of one rnass range data Loss of output signal . 019 2
Drift .95 No effect No effect . 366 4
R17 Open . 05 Logs of one mass range data L.oss of output signal . 019 2
Drift .95 No effact No effect . 366 4
R18 Open .05 Losa of one mass range data Loss of output signal . 019 2
Dritt .95 | No effect No effect . 366 s
R19 Open .05 Loss of one mass range data Loss of output signal . 019 2
Drift .95 No effect No effect . 366 4
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R20 :Open « 05 1088 of one mase Tange data Loss of output signal . 019 2
i
‘ Drift .95 No effect No effect . 366 4
1
R21 " Open .05 L.oss of one mass range data Loss of output signal . 019 2
! H
' Drift .95 | |No effect No effect . 366 4
R22 . Open .05 .Loss of one mass range data Loss of output signal . 019 2
_ Drift +95 | |No effect ' ’ No effect . 366 4
R23 ; Open .05 !Loaa of one mass range data Losa of output eignal . 019 2
i ]
\ Drift .95 | !No effect No effect 366 4
R24 Open . 05 iMinor effect Cannor change discriminator gain . 019 3
) §
f Drift .95 , No effact No effect . 366 4
i
R2% : Open . . 05 ‘ Minor Circuit in slightly higher then high gain ) . 019 3
i ; position
i Drift +95 || No effect No effect . 366 4
. i . .
R26 | Open .05 || Minor Circuit in slight higher then high gain . 019 3
: . ' poaition
Drift .95 No effect . No effect . 366 4
R27 Open .05 | May count noise pulses Circuit in very high gain position . 019 2
Drift ‘ .95 No effect No effect . 366 4
R28 Open .05 No pulsas counted -Loss of one mass " Discriminator gain extremely low . 019 2
range
Drift » 95 Slight effect Slight change in gain . 366 3
R29 Open .05 YL.oss of some data Discriminator ocutput err.atic . 019 2
Drift .95 No sffect No effect . 366 4
R30 Open . 05 Loss of one mass range Loss of output signal . 019 2
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Drift .95 No effect No appreciable effect . 366 4
R31 Open .05 Loss of some data Discriminator output erratic . 019 2
Drift .95 Slight effect ’ Slight offset . 366 3
R32 Open .05 Loss of one massa range No output .019 - 2
Drift .95 No effect No effect -. 366 4
R33 Open .05 Loss of some data Discriminator output erratic . 019 2
Drift .95 No effect No effect . 366 4
R34 Open .05 Loss of one mass range data No output . 019 2
Drift ' .95 | No effect No effect . 366 4
(o} Drift .1 No effect No effect . 007 4
Short .9 Loss of one mass range data Signal line loaded . 063 2
C2 ' Drift .1 No effect No effect ' . 088 4
Short .9 Loss. of one mass range data Signal line loaded . 788 2
C3 Drift .1 No effect No effect . 007 T4
Short .9 Loss of one mass range data Loss of signal N . 063 2
C4 Drift .1 No effect No effect . 088 4
Short .9 Loss of one mass range data No output signal . 788 2
c3 Drift .1 No effect No effect . 088 4
Short .9 Lc;sa of one mass range data No output signal . . 788 2
Cé Drift .1 No effect No effect . 088 4
Short .9 Loss of one mass range data No output signal . 788 2
)
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c? .Drift .1 No effect No effect . 088 4
Shat .9 Loss of cne mass range data No output signal . 788 2

cs8 Drift .1 No effect No effect . 088 4
Short .9 Loss of one mass range data N; output signal . 788 2

C9 Drift .1 No effect No effect V. 088 4
Short .9 Loss of one mags range data No output signal . 788 2

Cl10 Drift .1 No effect No effect . 088 4
Short .9 Loss of one mans range data No out put signal . 788 2

Cil Drift o1 No sffect . No effect i . 088 4
Short .9 Loas of one mass range data No output signal . 788 2

Cci2 Short .9 Loss of one mass range data Loss of signal . 788 2
Drift . .1 No effect Mo effect . 088 4

C13 Short .9 Loss of some data Loss of discriminator gain . 788 2
Drift .1 No effect No effect . 088 T4

C14 -Short .9 Loss of data on one mass range R19 will fail open . . 788 2

No discriminator output

Drift .1 No effect : No effect . 088 4

C15 Short .9 Loos of one mass range data Loss of signal . 788 2
Drift .1 | No effect No effect . 088 4

Cc16 Short .9 Loss of one masos range data Loss of aignal . 788 2
Driit .1 No effect No effect . 088 4

c20 Short ‘ .9 Lose of data Loss of Sweep High Voltage iaclation . 788 1
Drift . .1 No effect No effect . 088 4
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C17 Short .9 Loss of one mass range data Loss of signal . 788 2
Drift .1 No appreciable change Output pulse width becomes smaller
(30 n) . 088 4
Cl9 Short .9 Loas of one mass range data Loss of signal . 788 2
Drift .1 No effect No effect . 088 4
C18 Short .9 Loss of data No +5 power . 788 1
Drift .1 No effect No effect . 088 4
Q Short or Open .3 Loss of one mas» range data Loss of output signal 8,23 2
Drift .7 May lose some data Change in gain * 19.19 3
Q2 Short or Open .3 Loss of one mass range data Loss of output signal 6. 36 2
Drift 7 May lose some data Change in gain 14. 84 3
Q3 Short or Open - .3 Loss of one mass range data Loss of output signal 12.93 2
Drift .7 May lose some data Change in gain 30.17 3
Q4 Short or Open .3 Loes of one mass range data Loss of output signal 6. 36 2
Drift o7 May lose some data Change in gain 14. 84 3
Q5 Short or Open «3 losa of one mass range data Loss of output signal 12.93 2
Drift .7 May lose some data Change in gain 30.17 3
Q6 Short or Open .3 Loss of ons mass range data Loss of output signal 12.93 2
Drift .7 May lose some data Change in gain 30.17 3
CR1 Open . 2 Possiblit loss of one mass range data No effect unless spike occurs on signal
line - then no output signal 2.21 2
Shat .4 Loss of one mass range data Loss of output gignal 4. 42 2
Drift .4 No effect No effect 4.42 4
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CR2 Open B Poasible loss of one mass range data Change in gain 221 v 3
Short <4 . Loss of one mass range data * Loss of output signal 4.42 2

Drift .4 No affect No effect 4,42 4

CR3 N ??}10!“ . ‘;*; .3 Loss of one mass range data No output signal 7.88 2
" Drift - .6 No effect No effect 12. 77 4

Open .10 Loss of some data Change in discriminator level 2. 63 3

Z1 Output Open or Short . 65 Loss of one mass range data No output signal 13. 66 2
Drift .35 Small loss of data Slight loss of sensitivity 7. 36 3

z2 Output High or Low L0 Loss of one mass range data No output pulse 26.28 2
Rl Module #3 Open .05 Loas of internal calibrate signal No internal calibrate signal . 019 3
Drift <95 No effect No effect . 366 4

- R2 Open .1 No calibrate signal Calibrate signal saturates pre-amp . 294 3
Drift <9 No effect No effect 2. 649 4

R3 Open .05 No data output on one mass range Loss of pre-amp output . 019 2
Drift .95 No. effect No effect . 366 4

R4 - Cpen .05 Loszs of one mass range data No output signal d . 019 2
Drift .95 No effect No effect . 366 4

RS Open .1 Loss of one mass range data No output signal . 294 2
Drift .9 Slight logs of data Cha.nge‘ in gain 2.649 3

Ré Open g Lozs at ona masa range No output signal . 294 2
Drift +9 8light loss of data Change in gain 2. 649 3
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R7 Open « 05 Loos of one mass range data Loss of signal . 019 2
Drift .95 No effect No effect . 306 4

R8 Open .1 Loss of one mass range data Loss of output signal . 294 2
Drift 9 Slight loss of data Change in gain 2. 649 - 3

R9 Open . 05 Loss of one mass range data Loss of output signal . . 019 2
Drift <95 No effect No effect . 366 4

R10 Open .05 Loss of one mass range data Loss of output signal . 019 2
Drift .95 No effect No effect . 366 4

Ruy Open .05 Loss of one mass range data Loas of output signal . 019 2
Drift .95 No effect No effect . 366 4

R12 Open .05 Loss of one mass range data Loss of output signal . 019 2
Drist .95 | No effect No effect . 366 "

R13 Open .05 Loas of one mass range data Loss of cutput signal . 0l9 2
Drift .95 Slight effect in pulses counted No effect .« 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

R1S Open . 0% Loss of one mass range data Loss of output signal . 019 2
Drift 95 Slight effect in pulses counted No efféct . 366 4

R16 Open .05 insa of one mass range data Loss of output signal . 019 2
Drift « 95 No effect No effect . 366 4

7 Open . 05 Loss of o;!c mass range data Loss of output signal . 019 2
Drift . 95 No effect No effect . 366 Y
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R16 Open .05 Loss of ona maass range data Loas 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
R20 Open .08 Loas of one mass range data Loss of output signal .01y 2
Drift .95 No sffact ‘ ' No effect . 366 4
R21 - Open .05 Loes of one mass range data Loas of output signal .019 2
Drift .95 No effect No effect { . 366 4 1
R22 Open . .05 Loss of one mase range data Loss of cutput signal i . 019 2
Drift .95 No effect No effect . 366 4
R23 Open .05 Loss of one maes range data Loss of output signal . 019 2
Drift .95 No effect No effect . 366 4
R24 Gpen . .08 Minor effect Cannot change discriminator gain . 019 3
Drift .95 No e.ﬁect No effect . 366 4
R2S Open . 05 Minor Circuit in slightly higher then high . 019 3
gain position .
Drift .95 No effect No effect . 366 4
R26 Open .05 Minor Circuit in slightly higher then high .019 3
gain position
Drift .95 No effect No effect . 366 4
R27 Open .05 May count noise pulees Circuit in very high gain position .019 2
Drift . 95 No effect No effect . 366 4
Ay
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R2:z Open .05 No pulses counted Discriminator gain extremely low .019 2
Loss of one mass range
Drift .95 Slight effect Slight change in gain . 366 3
R29 Open .05 .Loas of some data Discriminator output erratic . 019 2
Drift .95 No effect No effect . 366 4
R30 Open . 08 Loss of one masa range Loss of output signal . 019 2
Drift .95 No effect No appreciable effect . 366 4
R3] Open .05 Loas of some data Discriminator output erratic - . 019 2
Drift ) .95 Slight effect Slight offset . 366 3
R32 Open .05 Loss of one mase range No output . 019 2
Drift +95 No effect No effect . 366 4
R33 ‘Open .05 Loas of some data Discriminator output erratic .019 . 2
Drift . .95 No effect No effect . 366 4
R34 Open .05 Loss of one mass range data No output .019 2
Drift .95 No effect . No effect . 366 4
c1 - Drift .1 | No effect No effect * . 007 4
Short -9 Loss of one masa range data Sigral line loaded . 063 2
(oF] Drift .1 No effect No effect . 088 4
Short .9 Loss of one masa range data Signal line loaded .788 2
Cc3 Drift .1 No effect No effect . 007 4
Short .9 Loss of one masa range data Loss of signal . 063 2
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Cc4 - Drift .1 No effect No effect . 088 4
Short .9 Loga of one mass range data No output signal .788 2

Ccs Drift .1 No effact No effect . 088 4
Short .9 Loss of one mass range data No output aignal .788 - 2

Ce Drift .1 No effect No effect ' .088 4
Short .9 Losa of one mass range data No output signal . 788 2

c? Drift .1 No effect No effect .088 4
Shoxt .9 Loss of one mass range data No output signal .788 2

(o} :] Drift .1 No effect No effect . 088 4
Short .9 Loss of one mass range data No output signal .788 2

C9 Drift Y No effect No effect . 088 4
Short .9 Loas of one mass range data No output signal . 758 ) 2

c10 Drift .1 No effect No affect . 088 4
Short .9 Loss of one mass range data No output signal . 788 T2

c11 Drift .1 No effect No effect . 088 4
’Short .9 Loss of one mass range data No output signal . 788 2

Cl2 Short .9 loss of one maas rangs data Loss of signal .788 2
Drift .1 No effect No effect: . 088 4

c13 Short .9 | Lose of some data Loas of discriminator gain .788 2
Drift .1 No effect No effect . 088 4

Ci4 Short .9 Loss of data on one mass range R19 will fail open . 788 2

No discriminator output
Drift W1 No effect No effect . 088 Y
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(o8 1 ) Short .9 Losa of one mass range data Loss of signal .788 2
Drift .1 No affect No effect . 088 4
Cl6 Short .9 1oss of ono rmass range data Loss of aignal .788 2
Drift . .1 No effect No effect . 088 4
Cc20 Short . .9 Losa of data ' Loss of Sweep High Voltage isolation " .7188 1
Drift .1 No effect - No effect .088 4
c17 Short .9 Loas of one mass range data Loas of signal . 788 2
Drift - .1 No appreciable change Output pulse width becomes smaller . 088 4

(30 n)

C19 Short .9 Losa of one masa range data losa of signal . 788 2
Driit .1 No effect No effect . 088 4
Cis Short .9 Loss of data No +5 power .788 ot
Drift . .1 No effect No effect . 088 4
Q1 Short or Open .3 Loss of one mass range data Loss of output aignal 8.23 2
Drift .7 May loze some data Change in gain 19.19 . 3
Q2 . Short or Open .3 Loas of one mass range data Loss of ot put signal * 6. 36 2
Drift .7 May lose some data Change in gain 14, 84 3
Q3 Short or Open .3 Loss of one mass range data Loss of output signal 12.93 2
A Drift .7 llsgy losa some data Change 1;1 gain 30.17 3
4 Short or Open .3 Loss of one maas range data Loss of output aignal 6.36 2
Drift .7 May lose some data Change in gain 14, 84 3
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Qs Short or Open .3 Loss of one mass range da_ta Loss of output signal 12.93 2
Drift .7 May lose aom? data Change in gain 30.17 3
Qb6 Short or Open .3 Loas of one mass range data Loss of output signal 12.93 2
Drift .7 May lose some data Change in gain 30.17 3
CR1 Open .2 Posaible 1oga of one masa range data No effect unless apike occurrs on 2.21 2
signal line - then no output aignal
Short .4 Loss of ons masa range data Loss of output signal 4.42 2
Drift 4 No effect No effect %ﬁ? © 4,42 4
CRr2 Open .2 Posaible losa of one mass range data Change in gain 2.21 3
Short .4 Loss of one mase range data Loas of output signal 4.42 2
Drift .4 No effect No effect 4.42 4
CR3 Short .3 Loss of one mass range data No cutput mignall 7.88 2
Drift .6 No effect No effect 15.77 4
Open . 10 Loss of pome data Change in discriminator level 2.63 3
Z1 Cutput Open or Short .65 Lozs of one masa range data No output signal 13. 66 2
Drift ' .35 Small loss of data Slight loss of sensitivity 7. 36 3
z2- Output High or Low 1.0 Loae of one mass range data No output pulse 26.28 2
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R Open .1 Losse of regulation - output voltage fails Losa of most data - one data point may . 294 1
high : be available
Drift .9 Qutput voltage will not agree with pre- Data difficult to interpret 2,649 3
R2 Open .1 Loss of regulation - output voltage fails Loss of most data - one data point may .294 1
high be available
Drift .9 Output voltage will not agree with pre- Data diffiuclt to interpret 2.649 3
assigned steps
R3 Open .05 Posaible noise on sweep control yoltage Minor . 019 KY
Drift .95 No effect No effect . 366 4
R4 Open .05 Sweep counter will not reset as turn on Minor synch, problem ” .019 4
Drift .95 No effect No effect . 366 4
RS Open .05 Step-lock comunand will not reset counter] Minor synch, problem . 019 4
Drift .95 No effect No effect . 366 3
R6 Open .05 Sweep counter will not advance No output data .019 1
Drift .95 No effect No effect . 366 4
R7 Open .05 Sweep counter will not advance Minor synch. problem .019 1
Drift .95 No effect No effect . 366 4
RS Open .05 Sweep counter will not advance Minor synch. problem .019 1
Drift .95 Mo effect No effect . 366 4
R9 Open .05 Sweep counter will not advance Minor synch. problem ) .019 1
Drift .95 No effect No effect . 366 4
R10 Open .05 Circuit does not reset at power turn on Minor synch, problem .019 4
Drift .95 No effect No effect T 4
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Cl1 Short .9 No sweep control output voitage No output d;ta . 788 1
Drift .1 No effect No effect . 088 4
c2 Short .9 Circuit does not reset at power turn on Minor synch, problem .788 4
Drift .1 No effect No effect .088 4
C3 Short .3 Step lock command does not clear countery Minor synch, problem 1,788 4
Drift .1 No effect No effect .088 4
C4 Short .9 No sweep counter output No output data . 188 1
Drift .1 No effect No effect .088 4
c5 Short .9 No sweep counter output No output data . 788 1
Drift .1 No effect No effect .088 4
Cé Short .9 No sweep counter output No output data 788 1
Drift .1 No effect No effect . 088 4
c? Short .9 Counter does not reset at turn on Minor synch. problem . 788 4
Drift .1 No effect No effect .088 4
C8 Short .9 No sweep control output voltage No output data . 788 1
brift .1 No effect No effect .088 4




FALURE MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET

ATM 970

PAGE 111of 183
\} 4

Mother Brd]  151-694 TV
FAILURE MODE PROSABIYTY ALITY
STMBOL (o) ASSEMBLY END ITEM Q x 10 ‘
CR1 Short .4 #‘io sweep control output voltage No output data 5.68 l'
Open .2 No sweep control output voltage No output data 2. 64 1
" CR2 Drift .4 No effect No effect 5.68 4
CR2 Short .4 HNo sweep control output voltage No output data 5.68 1
Open .2 No sweep control output voltage No output data 2,64 1
Drift .4 No effect No effect 5.68 4
CR3 Short .4 No sweep control output voltage No output data 5.68 1
Open .2 No sweep control output voltage No output data ‘E? 2.64 1
Drift .4 No effect No effect 5.68 4
CR4 Short .4 Stop-lock reset command inoperative Minor aynch, problem 3.92 3
Open .2 Stop mode of operation inoperative No manual operation 1.96 2
Drift .4 No effect No effect 3,92 C 4
21 (12-14) Output Low .7 Decimal input of 2 imposed on ladder at Error in sweep high voltage 4.6 3
all times
Output High .3 No decimal 2 input to ladder Error in.sweep high voltage 1. 97 3
{1-3) Output Low .7 Decimal input of | imposed on ladder at Error in sweep high voltage 4,6 3
. all times
Output High .3 No decimal 1 input to ladder No output data 6,57 1
{9-8) Output High or Low .0 Sweep counter will not advance No output data 6.57 1
z2 Quptut High .5 Counter advancers at double rate slope Loss of part of datt 13,14 2
for 0-690 steps incorrect
Output Low .5 Counter doea not advance at double rate Loss of part of data 13,14 2
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Programmed Sweep Hi-Voltage Power S
, s N a
Array E % Garzol A
LMS ’ PAGE 145 of 183
- .~ ~ Lol n TSl Fadi g e e g2 g 0 R IO e ALY ,,-—«WN"‘. fotng oo
rALURC ?w%GDt, &rFeCT & CRITICALITY ANALYSIS WOURKSHEET Mother Brdl 151-698 = 2/10.71
ENT ' EFFECT FARURE FAILURE CRITIC~
/ FAILURE MODE PROBABIYTY ALITY
SmeoL (a) ASSEMBLY END_ITEM Qo 1
23 Output High .5 Counter advances at 4 times rate for Loss of part of data 13. 14 2
all steps (0-1330)
Output Low .5 Counter will not advance at 4 times rate Loss of part of data 13. 14 2
for steps 340 to 1330
Z4 Output High .5 Step counter will not advance No output data 13. 14 1
Output Low .5 Background and calibrate cycle will be Data difficult to interpret 13,14 3
’ by-passed
25 Output High .3 Sweep counter will not advance No output data 7.88 1
Output Low .7 Background and calibrate cycle does not No background or cal. counts obtained 18.3%% 3
operate :
Z5 Output High .30 Internal calibrate signal cannaot be No internal calibration signal 7.88 3
generated
Qutput Low .07 Internal cal. signal present at all times No output data 18,366 1
27 (13-12) Output High or Low l.o Sweep counter will not operate except No output data 4,38 1
manually '
(2~10) Output High or Low .o Sweep counter will not advance No output data 4.38 1
(1-14) Output High or Low 1.0 Sweep counter will not operate except No output data 4.38 1
manually
(3-2) OQutput High .3 Sweep counters not cleared when stop Temporary loss of aignal 1.31 4
command given
Qutput Low .7 Sweep countera not cleared when stop Temporary loss of signal 3.07 4
command given
(5-6) Output High .3 Decimal input of 1 imposed on ladder Error in Sweep High Yoltage 1.31 3
network at all times
Cutput Low .7 No decimal 1 input to ladder network Error in Sweép High Voltage 3. 07 3
{71-8) Gutput High .3 Decimal input of 2 imposee on ladder Error in Sweep High Voltage 1. 31 3
network at all times
Output Low .7 No decimal 2 input to ladder network Error in Sweep High Voltage 3.07 3




ATM 970

PAGE 146 ~F 182

FALURE MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET o
FART/ COMPONENT FAILURE MODE S TR proskBIITY | Some”
SYMBEOL, (o) ASSEMBLY END ITEM Qx|
28 (1,2-12) Output High .3 Sweep counter will not advance No output data 3.94 1
Output Low .7 iCounter will not stop atstep 1330 Manual operation only 9.2 1
(6,8-10) Output High .3 Sweep counter will not advance No output data 3,94 1
' Output Low .7 Count will not stop at step 1330 Manua! operation only 9.2 1
79 Output High .3 Two times count rate is not enabled Loss of some data 7.88 2
B Output Low .7 Two times count rate starta at step 2 Loss of some data 18. 39 2
210 (1-2) Output High .3 Count rate does not stop at 1330 steps Losa of some data 3.94 1
Output Low .7 (Counter will not advance No data %ﬁ 9.2 1
(6-10) Qutput High .3 4 timesa count rate is not enabled Loas of some data 3.94 2
Qutput Low .7 4 times count rate starts at step 2 No data 9.2 2
Z11 Cutput Low .5 Step counter will not advance No output data 6.57 1
Output High .5 iStep counter will not advance No cutput data 6.57 1
zZ12 Output Low .5 Step counter will not advance No output data 13,14 1
Qutput High .5 Step counter will not advance No output data 13. 14 1
Z13 Qutput Low .5 Step counter will not aévance No output data 13.14 1
Output High .5 Step counter will not advance No output data 13.14 1
Z4 Output Low .5 IStep counter will not advance No output data 13.14 1
Qutput High .5 Step counter will not advance No output data 13.14 1
Z15 Output Low .5 Step counter will not advance No output data 13. 14 1
Output High .5 Step counter will not advance No output data 13, 14 1
216 Output Low .5 Step counter will not advance No output data 13, 14 1
Output High .5 Step counter will not advance No output data 13.14 1
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Programmed Swe

r Supply
Al‘rax E £\ 3.920.4
me LMS B PAGE 1 7 of 183
FAILURE_MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET et P R
?N(Y/WNT FAILURE MODE EFFECT OF FAILURE FANLURE CRITIC-
SneoL (ac) ASSEMBLY END ITEM . PROBABILITY = ALITY
Qx.
217 Output Low .5 Step count;r will not advance No output data 13,14 1
Output High .5 Step counter will not advance No output data 13,14 1
Z18 Output Low .5 Step counter will not advance ' No output data 13,14 f
Output High .5 Step counter will not advance No output data 13,14 1
Z19 (1-.3) Output Low - .7 Sweep counter cannot be stopped and Output data_cannot be obtained by stopping _ 197 2
manually stopped

QCutput High .3 Sweep counter operates manually only Manual operation only 4.6 1
{6-5) Output High .3 Sweep counter will not operate manually No manual operation };3 1,97 2
Cutput Low . 1 Sweep counter will not operate manually No manual operation ‘ 4.6 2
(9-8) Output High .3 Sweep counter will not advance Mo output data 1. 97 1
Output Low .7 Sweep counter will not advaace No output data 4,6 1
(12-14) Output High .3 Sweep counter will not advance No output data 1. 97 1
Output Low : ) Sweep counter will not advance No output data 4.4 1
720 Any output Open or Short .65 Sweép control voltage incorrect Sweep output voltage incorrect 37.58 2
Drift .35 Sweep control valtage incorrect Sweep output voltage incorrect 20,23 2
721 " Any output Open or Short .65 Sweep control voltage incorrect Sweep output voltage inco;rect 37.58 2
Drift .35 Sweep control voltage incorrect Sweep output voltage incorrect 20,23 2
z22 Any output Open or Short .65 Sweep control voltage incorrect Sweep output voltage incorrect 37.58 2
. Drift .35 Sweep control voltage incorrect Sweep output voltage incorrect 20.23 2
Z23 Qutput Low .5 Step counter will not advance No output data 13,14 1
Qutput High .5 Step counter will not advance No output data 13,14 1
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wTed Hi-Voltage Powe Sx:mnlv
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LMS PAGE 18 of 182
FALURE MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET >V Mother Brd. PO 698 e e |
oy . ALsE. MObE | EFFECT OF FAILURE FAILURE CRITiIC~
SBoL (dA) ASSEMBLY END ITEM PROBABITY ALITY
Q x |
224 Output Low .5 i Internal calibration will not function No internal calibration 13,14 3
OQutput High .5 Internal Cal. Signal present at all times Continuous cal. signal - no output data 13,14 i
225 (1-14) Output High or Low 1.0 Sweep counter will not advance +{ No output data 4.38 1
{3-2) Output High or Low 1.0 Sweep counter will not advance ' No output data 4,38, 1
(5-86) QOutput High or Low 16 Sweep counter will not advance No output data 4,38 1
{13-12) Qutput High or Low 1.0 Sweep counter will not advance No output data 4,38 1
{9-p0) Qutput High .3 Sweep couater will not advance No output data 2.19 1
Qutput Low .7 Counter does not stop at 1330 steps Loss of some data 2. 19 1
226 {6,8-10) Output High .3 Sweep Counter will not advance No ouputt data 3,94 1
Qutput Low .7 Sweep counter will not advance No output data 9.2 ]
{1,2-12) Cutput High .3 Sweep counter will not advance No output data 3. 94 1
Output Low .1 Sweep counter will not advance No output data 9,2 1
217 Any output Open or Short .68 Sweep control voltage incorrect Sweep output voltage incorrect 37.58 2
Drift .35 Sweep control voltage incorrect Sweep output voltage incorrect 20,23 2
228 _ Any output Open or Short .65 Sweep control voltage incorrect Sweep output voltage inco:rect 37.58 2
Drift .35 Sweep control voltage incorrect Sweep output voltage incorrect 20.23 A 2
Z29 Any output Open or Short .65 Sweep control voltage incorrect Sweep output voltage incorrect 37.58 2
Drift .35 Sweep control voltage incorrect Sweep output voltage iacorx:ec! 20.23 2
230 (9-10) Output High .3 éwoep counter will not advaace No output data 3.94 1
Cutput Low .1 Background cal, counter will not reset No background or cal. cycle 9.2 3
(12-2) Output High or Low 1,0 Sweep counter will not operate except No output data 13.14 1
. manually
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FALURE MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET Mother Braf > 131 -698 2/10/71
—— e errect o _eAume erpasa®, [ e
STMBOL (o) ASSEMBLY END ITEM Qx|
231 {9-8) Output High .3 Continuous cal, gate No output data 1.97 1
Output Low .7 No inteznal cal, gate No internal cal, signal 4,6 3
{12-14) Output High .3 No internal cal, gate No internal cal signal 1.97 3
Output Low .7 Continuous cal. gate No output data 4.6 1
(7-5) Output High orlow 1.0 Counters not reaset at turn on Output data out of sync 6.57 4
{2-3) Output High or Low 1.0 Counters not reset at turn on Output data out of sync 6,57 4
Z32 Output High .5 Sweep voltage stope not syncronized Data difficult to interpret 13 14 3
with frame makrs. No manual stop
function
Output Low .5 Step counter will not advance No output data 13.14 1
233 (1-14) Qutput High . .3 Sweep counter will not advance b Mo output data 1.3 1
Qutput low .7 Sweep counter will not advance No output data 3.07 1
{5-6) Output High or Low .o Counter cannot be advanced manually Data packs cannot be analyzed 4,38 1
{7-8) Output High or Low 1.0 Counter cannot be advanced manually Data packs cannot be analyzed 4,38 1
{3-2) 'Output Low .7 Sweep counter will not advance except Manual sweep advance only 3.07 1
manually
Output High .3 Step-lock command will not operate Counter cannot be atopped by command 1.3 4 2
{9-10) Output High .3 Sweep counter will not operate No output data 1.3 1
Output Low .7 Sweep counter cannot be turned off Minor effect 3,07 4
: {13-12) Output High .3 Sweep counter cannot be turned off Minor effect 1.31 4
4 Output Low .7 Sweep counter will not operate No output data’ 3.07 1
l
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) Array B

PAGE 150 of 183

LMS
FSW

1'8’-693

Mother Brd. 271071
PART /WT FMLURE MODE EFFECT OF FARLURE - PR{)Q&:FETY iﬂ‘;l;:-—
SYHBOL (o) ASSEMBLY END ITEM Qxio
Z34 Any output Open or Short . 65 ’ Sweep control voltage incorrect Sweep output voltage incorrect 37.58 2
Drift .35 Sweep control voltage incorrect Sweep output voltage incorrect 20,23 2
235 Any output Open or Short .65 Sweep control voltage incorrect Sweep output voltage incorrect 37.58 2
Drift .35 Sweep control voltage incorrect Sweep output voltage incorrect 20,23 2
236 Any output Open or Short .65 i Sweep control voltage incorrect Sweep output voltage incorrect 37.58 2
t
Drift 35 ‘ Sweep control voltage incorrect Sweep output voltage incorrect 20,23 2
237 (14-3) OQutput High +3 ] Sweep counter will not advance No output data : 2,63 1
Qutput Low .5 ] Sweep counter will not advance No output data ‘ﬁ? 6.13 1
{10-13) Output High .3 § Sweep start flag does not function No flag indication of cal. cycle 2,63 3
Output Low .7 ; Sweep atart flag gives continuous Falge flag indication that unit is in 6.13 3
4 indication continuous cal.
(7-5) Output High .3 , Cal, signal switch will not operate No internal calibration signal 2,63 3
Cutput Low .7 ‘ Cal. signal switch always présent Continuous cal. signal - no data 6.13 1
238 Output High .5 : Step countera will not reset or will be No output data 13.14 1
4 held in reset
Output Low .5 E Step counters will !.10( reset or will be No output data 13,14 1
held in reset .
T1 Open or Short .5 No output voltage No output data 17,52 1
{Any winding)
Drift .5 Change in efficiency No effect unless circuit breaker opens 17.52 3
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P%%Mmﬁ%er Supnly
rray E . Carrol atMozal
‘ E% DG TS, bAGE 151 of 183
FALURE MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET >X2-A2-a1 P19 e 210/
PART /COMPONENT FAILURE: MODE : EFFECT OF FAILURE PRSQ&::RETY :Ell“rrbs—
SYMBOL (o) ASSEMBLY END 1TEM Qx|
.
R1 Open .05 Loss of output voltage Loss of all data .294 1
Drift .95 No effect No effect 2,2649 4
R2 Open .05 Loas of output voltage Loss of all data . 019 1
Drift .95 Ne effect No effect . 366 4
R3 Open .05 Loss of output voltage Loss of all data . 019 1
Drift . .95 No effect No effect . 366 4
R4 Open .05 Loss of output voltage Loss of all data 294 1
Drift .95 No effect No effect 2. 649 4
RS Open .05 losgs of output voltage Loss of all data . 019 1
Drift .95 No effect No effect . 366 4
R6 Open .05 Loss of regulation Loss of output data . 019 1
Drift .95 No effect No effect . 366 4
a Short : .9 No output voltage Loss of output data .788 1
Drift .1 No effect ' No effect .088 - 4
c2 Short .9 No output voltage Loss 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 . ’ . 1788 1
Ql Open or Shosrt .30 No output voltage No output d;ta 9.2 1
Drift .70 Decrease in efficience No effect unless power exceeds specs, 21,46 3




A2 A2

ASSY n am M. \TE , "
FALURE MQDEl EFFECT & ™ ALITY ANALYSIS WORKSHEET AZ-AZ-Ad i51-631 (1970}
EFFECT OF FAHLLURE FAILURE CRITIC~
PART/ CMPONENT FAILURE MODE PROBABILITY | ALITY
SnBoL €23 ASSEMBLY END ITEM Qx|
.

Q2 Open or Short .30 No output voltage No output data 9.2 1
Drift .70 Decrease in efficlency No effect unless power exceeda specs, 21, 46 3

L1 Cpen .25 Loas of output voltage Loss of output data 8.76 1

Short 25 Loss of input filter - possible noise on Background data increase, Data
output voltage difficult to interpret 8,76 3
Drift <5 No effect No effect 17.52 4
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Proarammad Sweep Hi-Voltage Power Supply
Array E ia garrol ATM 970 FW \
TeM . J
LMS PAGE 153 of 183
. yeET e : A 22
B FAILURE MODE, FFFECT & CRITICALITY ANALYSIS WORKSHEET =T a2-A2-a2 P1%63s YR 071
EFFECT OF FAWURE FAILURE - Caimic~
[/ FAILURE MODE PROBABILITY ALITY
SYMBOL (o) ASSEMBLY END ITEM Qx
.
R1 Open .05 Losaa of output voltage Lass of all data L0199 . 1
Drift .95 No effect No effect . 366 4
R2 Open .05 Loas of output voitage Loas of all data . 019 1
Drift © .95 | Noeffect No effect . 366 4
R3 Open .05 Loss of output voltage Loss of all data . 019 1
Drift : 95| No effect No effect .366 4
R4 Open .05 Lose of regulation No output data . 019 1
Drift .95 No effect No effect . 366 4
R3 Open .08 Output voltage will increase to maxdmusgy 1088 of most data .019 1
value
Drift . .95 No effect No effect . 366 4
R6 Open .08 Peadestal voltage will not be present - Lose of part of data . 019 3
all output voltage will be lesa than
normal
Drift : .95 No effect No effect . 366 4
R? Open W1 Pedestal voltage will not be present - Lose of part of data .294 3
’ all output voltage will be leas than
normal
4
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PAGE 154 of 183

LMS
FALLIRE MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET o Az-azaz T 19iess o
PART / FAILURE. MODE EFFECT OF FAILURE PR&%&RETY iLRIITff-

SYMBOL () ASSEMBLY END 1TEM Qx|

Drift .9 Output voltage #ill not be desired Data difficult to interpret 2.649 3

voltage
R3S Open .1 Output voltage will increass to maxi- Loss of most data . 284 A
mum value

Drift .9 Output will not be the desired value Data. difficult to interpret 2.649 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

Shozt .9 No output voltage No output data .788 1
C3 Drife .1 No effect No effect . 088 4

Short .9 Loss of regulation No output data . 788 1
c4 Drift .1 No effect No effect . 088 4

Short .9 Losa of regu}ation No output data . 788 1
cs5 Drift .1 No effect No effect . 088 4

Short .9 Loes of regulation Loss of output data . 788 1
Ccé Drift W1 No effect No effect . 088 4

Short .9 No output voltage No output data .788 1
ct Drift A No effect No effect . 088 . -

Short .9 Loss of regulation Loss of output data . 788 1
Ql Open .2 No output voltage Losa of output data 4,62 1

Short .1 Maximum output voltage - no regulation | Losa of most data 2,31 1

Drift .17 No effect No effect 16,19 4




FALURE MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET

PART /COMPONENT FAILURE MODE EFFECT OF FAILURE
SYMBOL (o) ASSEMBLY END ITEM
C4 Drift i No effect No effect
Short .9 Loss of regula.tion No output data . 788
CS Drift .1 No effect No effect . 088
Short .9 lL.oss of regulation Loas of output data . 788
cé Drift . No effect No effect . 088
Short .9 No cutput voltage No output data . 788
ci Drift .1 No effect No effect . 088
Short .9 Loss of regulation L.oss of output data @,f . 788
Ql Open .2 No output voltage Loss of output data 4.62
Short .1 Maximum output voltage - no regulation | Loss of most data 2.31
Drift .7 No effect No effect 16.19
CR1 Short .4 No output voltage No output data 4,62
Open .2 Output of Z2 not clamped for negative Minor effect 2.31
pulses
Drift .4 No effect No effect 4.62
z1 Output Open or S-hort .65 'No output voltage No output data 37.58
Drift .35

Cutput voltage in error

Data difficult to interpret

20.23
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FALURE MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET v oo et
FART /COMPONENT FAILURE ’ EFFECT OF FARURE - FAILURE CRITiIC-
SMBOL LURE MODE PROBABILITY | ALITY
[(:3) ASSEMBLY END ITEM Qx
R1 Open .1 Losa of regulation - output voltage fails | Loss of most data - one data point may .294 1
high be available
Drift .9 Output voltage-\vill not agree with pre- Data difficult to interpret 2.649 3
asoigned steps -
R2 Open .05 Loss of output voltage L.oss of all data .019 3
Drift .95 No effect No effect L 366 4
R3 Open .1 No housekeeping HV monitor output Data difficult to interpret .294 3
Drift .9 No effect No effect 2.649 4
R4 Open i ) No houszekeeping HV monitor output Data difficult to interpret .294 3
Drift .9 No effect No effect 2,649 4
RS Open .1 Incorrect HV monitor output Data difficult to interpret . 294 3
Drift .9 No effect Mo effect 2.649 4
Ré6 Open ) 1 No housekeeping HV monitor output Data difficult to interpret . 294 3
Drift . .9 No effect No effect 2.649 4
R7 Open .1 In correct HV monitor outpat Data difficult to interpret .294 3
Drift .9 No effect No effect 2.649 4
RS Open .1 No housekeeping HV monitor output Data difficult to interpret . 294 3
Drift .9 No effect No effect 2.649 4
R9 Open .1 Loza of output voltage Loss of all data .294 1
Drift .9 Data difficult to interpret Output voltage will not agree with pre- 2.649 3
assigned steps
Ci Drift .1 No effect No effect . 088 4
Short .9 Output voltage will go to highest value Loss of mosi data .788 1
possible
ol
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ASSY L ., . , R
FALURE MODE, EFFECT & CRITICALITY ANALYS!S WORMSHEET A2-A2 Ay DRI 2071
' EFFECT OF FARLURE FAILURE CRITIC~
/ FAILURE MODE PROB-AB!:HTY ALITY
SvBoL - (o) ASSEMBLY END ITEM Qx
c2 Drift .1 No effect i ) No effect . 088 4
Short .9 Output voltage will go to highest value Loss of most data . 788 1
possible
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Pro gep Hi-Volta W,
Array E J. Carrol
. . 3] IIENLMS o NO .
FALURE. MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET (S5 p2.a2-a3 51641 2/10/71
PART /COMPONENT EFFECT OF FAWLURE FAILURE -

/ FAILURE MODE PROBABILITY it',;'s
SneoL (e) ASSEMBLY END ITEM Q x|
Cc3 Drift A No effect No effect . 088 4

Short .9 No sweep HV monitor output Data difficult to interpret . 788 3
Ca Drift .1 No effect No effect . 088 4

Short’ .9 No HV monitor output Data difficult to interpret . 788 3
(o1 Drift 80 No effect No effect . 984 4

Short .20 No HV monitor cutput Data difficult to interpret . 246 3
CR1 Short .4 No sweep HV monitor output Output data difficult to interpret 4,41 .3

Open .2 Sweep HV monitor output not clamped Qutput data difficult to interpret . 2.2 3

for maximum output 7

Drift .4 No effect No effect 4.41 4 .
CR2 Short .4 No sweep HV monitor output Output data difficult to interpret 4,41 3

Open .2 Sweep HV monitor output not clamped Output data difficult to interpret 2.2 3

for maximum output

Drift .4 No effect No effect 4. 41 4
CR3 Short or Open .6 No sweep HV monitor output Output data difficult to interpret 6.64 3

Drift .4 No effect No effect 4.41 4

L)

Z1 Input or output No sweep HV monitor output Data difficult to interpret - no 37.58 3

Open or Short .65 indication of Sweep HV ;

Power inputs open

Drift .35 Sweep HV monitor output incorrect Data difficult to interpret - no 20.23 3

indication of Sweep HV
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FALURE _MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET SAPTVOV . T e
PART / COMPONENT , FAILURE MODE EFFECT OF FARLURE o Rgg};atn if'.?}“"
SYMBOL (o) ASSEMBLY END ITEM Q x i0
R1 Open . 05 Losa of output voltage Loss of all data .019 i
Drift .95 No appreciable effect No effect . 366 4
Cl Short .9 No output voltage No output data 2.523 ]
Drift .1 No effect No effect . 280 4
c2 Short . .9 No output voltage No output data . 788 1
Drift .1 No effect No effect . 088 4
C3 Drift P | No effect No effect . 088 3
Short .9 Losa of output voltage Loss of all output data ﬁ . 788 1
c4 Short ] .9 No output voltage No output data ' 1.07 1
Drift .1 No effect ‘ No effect . 119 4
C5 Drift .1 No effect No effect .526 4
Short .9 No output voltage No output data 4.73 ' 1
cé ) ‘ Drift . .1 No effect No effect . 526 . 4
Short .9 No output voltage No output data 4.73 1
C7 Drift A | No effect No effect .526 4
"Short .9 No output voltage Loss of output data . 4.73 1
CR1 Short .4 No output voltage No output data | 4.62 i
Open .2 No output voltage No output data 2.31 3
Drift , .4 No effect No ef{et;t 4.62 4
CR2 Short .4 No output voltage No output data 4.62 ]
Open , .2 No output voltage No output data 2.31 1
Drift : .4 No effect ] No effect 3.62 Kl




» pEammed Sween Hi~ tage
Array E J. Carrol
' 1.Ms ' PAGE 140 of 153
FAILURE MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET SV az-az.ad 09 T o/
; r ENT : EFFECT OF FAILURE FAILURE CRITIC~
/ FAILURE MODE PROBABILITY ALITY
- SYMBOL {ae) ASSEMBLY END ITEM Qx|
CR3} Short .4 No output voltage No output data 4,62 1
Open .2 No output voltage No output data 2,31 1
Drift .4 No effect No effect 4,62 4
CR4 Short .4 No output voltage No output data -4.62 1
Open .2 No output voltage No output data 2.31 1
Drift .4 No effect No effect 4,62 4
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Programmed Sweep Hi-Voltage Power Supply
OYSTEM HARED By o FEV.
Arcay E, J. Carrol ATM 970 ‘ﬁ_‘
ITeM NO.
LMS DAGE ‘61 of 113
- F
FALURE MODE, EFFECT & CRITICALITY AMALYSIS WORMSHEET Y as DR R
W/W EFFECT OF FAILURE FAILURE CRITIC—
FAILURE MODE PROBABILYTY ALITY
SvMBoL () ASSEMBLY END ITEM Qx|
B
.
Rl Open .05 No output voltage L.oss of input data .019 1
Drift .95 No effect No effect RETN: Fy
[ed] Drift .8 No appreciable effect Noise may be fed back to central station | 3.3 3
Short .2 No output voltage No output data .83 1
c2 Drift .8 No appreciable effect Noise may be fed back to central station 3.3 3
Short .2 No output voltage No output data .83 1
CR1 Short .3 No output voltage No output data 7.89 1
Open i ) Excessive voltage across Q4 - may fail No output data i@ T 2,63 1
Drift .6 No effect No effect 15.78 4
z1 Diode - Open or Short .6 Loss of output voltage Loss of output data 9. 46 1
Diode - Drift .4 No effect No effect 6.31 4
Sensor - Open .2 No output Loss of output 3.15 1
Senaor- Short .4 Maximum output voltage - no regulation Loss of most data 6,31 1
Sensor - Drift .4 No effect No effect 6.31 4
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6.1 Lock Out Switch

This switch was added to prevent accidental turn on of the ion source
filaments (numbers 1 or 2) during ground test when the 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 'flaged'" DO NOT FLY and will be removed after final test.
The switch will also be hard wired for a short circuit prior to flight.

For the reason that the switch is to be hard wired and shérted out before
flight, the reliability of this switch will not effect the reliability of the

LMS.

The switch is controlled by BxA SCD number 2346242-1. The Emission
Control Schematic number is 151-702. The circuit is shown below.

. Lock Out Switch
(On Base Plate)

Emission Control

+29v

‘ Inverter
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