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FOREWORD

This report presents the concept, design and testing to qualify an Electronic Delay Ignition
Module for use as a Scout Fourth Stage motor ignition system. Included in this report are the criteria
for component selection, design, and test results. ‘
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1.0 SUMMARY

The Scout Fourth Stage Electronic Delay Ignition Module (EDIM) design and qualification
program was authorized under NASA Contract NAS1-12500, Task R-59. An Engineering model and.-
a Qualification model of the. EDIM were constructed and tested to Scout flight qualification crlterla :
at Vought Systems Division of LTV-Dallas, Texas. The qualification model incorporated design-
improvements resulting from the Engineering model tests. Ignition design concept was based:on
SBASI ignition energy requirements as shown in Reference 3 (NASA Contractor Report. NAS CR o
2461), Reference 1, and Reference 2 (NASA Technical Report 32-1556 and 32-1230).- Compatibility
with Single Bridgewire Apollo Standard Initiator (SBAS!) was proven by test firing forty-five (45) -
SBASI’s at NASA Langley Research Center (LRC) with worst case voltage and temperature conditions.

The EDIM was successfully qualified for Scout flight application with no failures during testing
of the qualification unit. Included herein is a method of implementing the EDIM into Scout vehicle
hardware and the Ground Support Equipment (GSE) necessary to check out the system S

2.0 INTRODUCTION

The design, development and testing of the EDIM was performed to provide an ignition system
which can replace the existing Scout 4th stage pyrotechnic delay ignition system. Requirements of
the EDIM ignition system are to provide ignition power to a SBASI, utilize existing power sources and
accomplish the ignition function using a capacitive discharge technlque

Steps leading to the flight qualified unit were deSign’, breadboard test, reliability evaluation,
engineering evaluation test, production documentation, qualification test and SBASI compatibility
tests. This report summarizes the results with detailed test data contained in the appendix to this
report.

Appendixes D and E were prepared by members of the Vought Corporation, Systems Division
Engineering Staff, J. D. Clark (Reliability Evaluation), W. L. Billow (Qualification Report) and C. L.
Dyer (Electromatic Susceptibility Test Report).

3.0 DESIGN AND BREADBOARD EVALUATION

3.1 Design Criteria

Design of the EDIM is based on the following criteria deveIOped during review of Scout re-
quirements and trade-offs to optimize the design:

(a) Delay and ignition power will be obtained from existing Scout 3rd stage ignition battery.
The energy necessary to power the delay circuit and SBASI ignition will be stored in capacitors.

(b) Power to charge the ‘‘Storage’’ capacitors will be initiated with the Scout Guidance _
Intervalometer command. Start of the ignition time delay will be a normally open switch whrch ’
closes on 3rd to 4th stage separation.



(c) Environmental requirements included temperature, vibration, thermal shock, mechanical
shock, humidity, high temperature altitude, acceleration and EMI (MIL-STD-461).

- (d) SBASI firing energy requirements, firing switch selection and storage capacitor selection
_is based on results of Capacitive Discharge Ignition (CDI) study documented under Contract NAS1-
10000, R-70 (Reference 3). During this referenced study, SBASI minimum firing energy requirement
delivered from capacitive discharge was determined to be 34 millijoules. A SCR firing switch per
specification shown in Appendix A was determined during CDI testing to be an adequate switch for -
ignition of a SBASI. Survey of the available capacitors for energy storage during the CDI study
- indicated that a hermetically sealed tantalum wet slug capacitor was the best choice based on size and
reliability.

3.2 Design Analysis

Preliminary calculations on the energy requirement for the electronic delay showed that it is
not feasible to use the same storage capacitor to provide power for the delay circuit and for SBASI
firing. Based on 24 volts being the minimum allowable SBASI ignition voltage (from CDI study) and
a steady state current drain of 4 ma, a storage capacitor of 55600 uf would be required for a 5.5 second
delay. This capacitance was determined using capacitor energy equation as follows.

Q=CE
where

Q = charge on capacitor
C = capacitance ‘
E = voltage on capacitor

Assume

(1) 4 ma constant current drain to power delay circuit
(2) E,= 28 volt initial capacitor charge voltage

(3) E, =24 volt minimum allowable charge voltage on capacitor at
5.5 sec.

(4) Total time circuit requires power = 5.5 sec.

Therefore,
Qrequired = (4 X 1073) (5.5) = 22 mc
Qrequired = (E1C) — (E5C) .
‘ Q 22 X 10
C= —— = —____ =5500uf

This value of capacitance will require too much packaging space. For use in this design, from a
capacitance size standpoint it is more efficient to allow decay of the delay circuit storage capacitors
to a lower voltage than can be tolerated on the ignition storage. Therefore, two storage banks of
capacitors isolated from each other and the power source by diodes are used in this design.



The electronic delay ignition syStem physical size is determined for the most part by the
amount of storage capacitance required. Scout requirements were reviewed to determine minimum
delay required for 4th stage firing. Results of this review are presented in Figure 1.

Curve A represents the normal separation rate between 3rd and 4th stages of Scout with
proper 3rd stage retro motor operation ('‘retro’’). Curve B represents the 3rd to 4th stage nominal
separation rate without “retro’’, the dashed lines corresponding to curve B represent the predicted
maximum and minimum limits of separation rate without ‘‘retro’’. The horizontal dashed line at
50 inches separation represents the minimum separation distance needed for proper Scout control
operation. The intersection of the lower limit with the 50 inch separation_line at three seconds is the
minimum recommended time for ignition of the 4th stage motor. Based on this information, a delay
of 4.0 seconds + 0.5 second was chosen for the design limits for the electronic delay-ignition.

In order to achieve the + 0.5 second accuracy over the environmental limits some type of
voltage stabilization of the capacitor delay voltage is required. Likewise the capacitance variation
with temperature (—60% @ — 55°C and +25% @ 85°C) ruled out the possibility of utilizing RC time
delay directly as a delay time generator. Generation of the 4.0 second time delay with active electron-
ic components directed some type of voltage regulation. The linear integrated circuit precision vol-
tage regulator per Appendix B will perform this function so that voltage variations do not affect the
generated delay time. A linear integrated circuit voltage regulator was chosen for this design because
of its small size (10 lead metal can), low standby current, minimum external components required
and voltage regulation.

Figure 2 illustrates how the power consumed in the delay circuit affects required storage
capacitance. The plot of Figure 2 was obtained by evaluating

C= ——_  where;
E, — B,

E, = 28 volts initial capacitor charge voltage

E, = 11 volts minimum capacitor charge voltage that the regulator
will maintain 9 volt output

Q = current x delay time

Delay time = 5.5 second (4.0 second ignition delay plus 1.5 second spin
motor to separation delay)

Figure 3 illustrates the effect of increased delay time on required storage capacitance. Figure 3
was obtained in the same manner as the previous figure except current was held constant while varying
delay time. For the breadboard evaluation test, a storage capacitance of 1320 MFD (1410 MFD actual
measured value) was chosen.
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3.3 Breadboard Circuits

Several methods of generating the 4.0 second ignition delay such as pre-package timer, TTL
Oscillator/Divider, COS/MQOS, and unijunction transistor were evaluated. Under consideration were
pre-packaged programmable units which are available off-the-shelf, but were rejected on the basis
of power consumption. Also considered were circuits built from available components such as the
" circuits shown in Figures 4, 5, and 6. The prime consideration in evaluating these circuits was the
power required for operation. Circuits as shown in Figures 5 (COS/MOS) and 6 (Unijunction
Transistor) were selected for breadboard tests. These two circuits were selected on the basis of pre-
directed power consumption requirements. The COS/MQOS circuit as breadboarded is shown in
Figure 7 and the unijunction circuit as breadboard in Figure 8. )

o —V
SN54L90
lcc=7.2ma -:
+5VDC T
100 uf (5V)
i1
A 10K
NG NG =5
L~ v
SN54L04
+5VvVDC
lcc (0) per inverter = 0.51 ma. max ‘ o o
(1) per inverter = 0.2 ma. SN54L.10
+5VDC
lec (0)=05ma -
lcc (1) =0.2ma’
max.

Max. worst case current requirements (5V)
divider = 7.2 ma
3 input gate = 0.5 ma
3eainverter = 1.63
total 9.23 ma.

* FIGURE 4. — TTL OSCILLATOR/DIVIDER
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3.4 Breadboard Test

Objective of the tests on the COS/MOS and unijunction delay circuits was to verify operation,
timing accuracy and current necessary for operation. Both circuits were subjected to operation at in-
creased temperature using a heat lamp as a heat source. In all tests, delay time was measured with a
stop watch. '

3.4.1 — Voltage Regulator — with the voltage regulator connected as shown in Figures 5 and 6, the
standby current was measured to be 2.0 ma. The output voltage regulation with input line variation
from 30 to 11 volts was measured. No change in regulated output could be measured until the input
reached 10 volts, then the output decreased at the same rate as the input. The voltage regulator
circuit regulated at 8.73 volts output with the circuit components values as shown.

3.4.2 — COS/MOS — the power required for operation of the circuit as shown in Figure 5 was
"~ measured with the following results: (NOTE: These measurements do not include voltage regulator
standby current.)

{a) Steady state current after closure of the start switch = 0.8 ma.

(b} At “Time-Out” current pulsed to = 1.3 ma (see Figure 5). Table | shows the time from
removal of the power source until the output of voltage regulator is affected. Table |1 shows the delay
stability of this circuit at ambient temperature (= 23.99C), while undergoing application of heat (tem-

perature of board increased to ~ 82°C) and while cooling down. This data indicated that the
COS/MOS would be adequate from a timing accuracy standpoint.

TABLE I. — COS/MOS TIME DELAY BREADBOARD

Time to voitage regulator output voltage drop

Without start pulse With start pulse
14 seconds 9.3 seconds
13.5 9.0
13.5 8.9

"14.0 9.1
13.7 9.2
13.6 | 9.1
13.6 9.3

Time measured with stop watch.

12



TABLE Il. — COS/MOS TIME DELAY BREADBOARD

Time stability with application of heat

Time Delay
@ Ambient temperature *Heated ~ 82°C Cooling down
6.7 seconds _ 7.0 seconds ' 7.1 seconds
6.74 - 70 71
6.8 7.5 7.0
7.0 7.35 7.0
6.9 7.3 7.1
7.0 7.35 7.1
7.0 73 7.0
6.9 ] 7.2 6.9
6.9 7.35 7.0
7.0 7.3 6.82

*Temperature measured with thermometer near surface of board.
Time measured with stop watch.

: A problem was encountered with this circuit due to marginal capability to furnish gate drive
current to the SCR. Ten SCR'’s were tested with the COS/MQOS circuit, three of these SCR’s could not
be gated on. Test of the SCR’s proved that ali were operational and within specification limits for
" gate drive requirements. Re-evaluation of the COS/MOS circuit indicated insufficient output drive
capability to reliably trigger the selected SCR. In order to use this circuit, an additional drive circuit
must be added. Since the additional circuit would have to be AC coupled and biased “OFF’’, current
drain in excess of 1 ma would be required. Therefore, this circuit would be unacceptable from a
power consumption standpoint.

3.4.3 — Unijunction Circuit — capability to temperature compensate the time delay circuit plus the
ability to drive the SCR gate directly makes the unijunction transistor a good device to use for gener-
ating the ignition delay. The unijunction breadboard {Figure 6) was evaluated in the same manner as
the COS/MOQOS circuit. Power measurement results were as follows:

Steady stage current (Including voltage regulator standby current) = R

- 3.3 ma (before start switch closure) .
= 73.3b ma (after start switch closure) :
Voltage Regulator output voltage = 8.73 volts. - : T

13



Time from removal of power to start of voltage drop (w/o start) at the voltage regulator output was
as follows:

7.4 sec
7.2 sec
7.3 sec
- 7.2 sec
7.3 sec
7.15 sec

In order to evaluate circuit operation at a lower Base-1, Base-2 unijunction current the 150
ohm Base-2 resistor was changed to 1500 ohm with the following results:

Total Current w/o start pulse = 2.8 ma
Total Current with start puise = 2.95 ma
Voltage Regulator output voltage = 8.73 volts

At ambient temperature the time repeatability of the minimum current circuit was:

4.3 sec
4.3 sec
4.3 sec
4.3 sec
4.3 sec
4.3 sec

- The same ten SCR’s tested with the COS/MOS circuit were tested with the minimum current
configuration unijunction circuit and all were gated ““ON’’ with a 1 ochm load simulating a bridgewire.

Another circuit éonfiguration evaluated with the unijunction (with 150 ohm in Base-1) was
to move the start switch so that upon closure, power is furnished to the unijunction circuit. (Refer-
ence the SW-1 changes indicated by dotted lines to Figure 6).

Power requirements for this configuration:

Total current w/o start pulse = 2.0 ma
Total current with start pulse = 3.3 ma
Voltage Regulator output voltage = 8.73

This configuration was desirable because the only power consumed between power disconnect
and delay start (1.5 sec) is the voltage regulation standby current. However, the SCR will be gated
"ON’" if the start switch opens after the timing capacitor is charged to a level sufficient to gate the
. SCR (= 1.5 volts). A failure of this type appears to be possible and could cause early ignition of the
4th stage motor. With the start switch in the timing circuit only (as shown in Figure 6) switch chatter
or a switch momentarily open would only increase the delay time equal to the time the switch is open.
Table |11 shows the time stability at ambient temperature and the repeatability with increasing and
decreasing temperature. Two different unijunction transistors were checked at ambient temperature
without adjusting the calibration resistor in order to evaluate variations in unijunction transistors
(Table I11). _ '

Based on power consumption and circuit simplicity the unijunction circuit per Figure 6 was
selected as the best choice for 4th stage delay ignition and was selected for Engineering test evaluation.

14



TABLE I11. — UNIJUNCTION TIME DELAY CIRCUIT

Time Stability
Note: All time measurements are with §f0p- watch
Ambient Temperature With Heat Application (with heat lamp)
5.0 seconds ; 5.5 second increasing temperature
49 5.3
5.1 53
5.3 . 5.3
5.0 5.3
5.1 5.3
5.2 5.3
5.0 - 57 77°C*
5.4 . 5.7 ' 77°C*
5.1 5.7 77°C*
5.2 5.5 Decreasing temperature
5.2 | 5.55 |
5.5
5.6
5.45
5.6
5.55
5.5
5.5 " Ambient temperature

- Unijunction No. 2 (without readjusting time delay resistor)

Ambient Temperature

5.5 seconds
5.4

5.3

5.25

5.3

5.3

5.3

5.35

527

5.3 seconds

*Temperature measured with thermometer near surface of board.

15



3.4.4 — SCR Test — the SCR specification for the maximum forward current in the “OFF*’ state at
200 volts is 0.5 ma. This leakage current at 30 volts could affect energy available to ignite a SBASI
with 4 seconds delay. Therefore, in order to evaluate the forward leakage current as a function of

voltage 19 SCR's were checked per Figure 9. The maximum forward current measured was eight

microamps at 200 volts. At 30 volts the forward current was too small to be measured on any of the
units checked. Results of this test indicate that forward leakage current of the SCR would not be a
factor in the energy available to ignite a SBASI from the 600 uf capacitors at 5.5 sec storage time.

SCR

26.1 2

©

Current
0-120- g amp

N

0-280 Volt

v 40654 D. C. power supply

Voltage

25 0ct 74
19 ea. SCR’S tested 200v = fwd voltage, ~ 25°C,
156 ea. = fwd, off current less than 0.5 g amp
4 ea. fwd, off current greater than 1.0 Lamp

1=45ua
1=65.0ua
1=30ua
1=80ua

FIGURE 9. — SCR FORWARD LEAKAGE TEST

4.0 ENGINEERING UNIT DESIGN

The circuit as shown in Figure 10 was packaged as an Engineering Test Unit and subjected to
operational and environmental tests.

4.1 Operation in Scout Vehicle

EDIM circuit operation is as follows: (Ref. Figure 10)

a. Power will be supplied to the unit on command of the guidance timer through a relay

contact; probable time of power application would be during 3rd stage coast. (J1 Pin 5)

16
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b. Capacitors C3 — C7 (delay module power) and capacitors C8 and C9 (ignition power)
receive current from the 3rd stage ignition battery to a maximum voltage of 30 voits limited by CR2
and CR3. The latest time in mission profile which power can be applied to J1-5 is determined by the
charge time of C3 — C7 [approx. 4 x rc; 4 {250 x 1500 x 10-6) = 1.5 seconds] .

c. Coincident with the voltage rise across C3 — C7 the output of the voltage regulator Z1
will rise to the regulation volitage of = 9 volts.

d. Diodes CR4 and CRb prevent discharge of the capacitors from one circuit to the other and
discharge through a possible external short circuit after separation.

e. Resistors R1 and R13 limit the input current surge and in conjunction with zener diodes
CR2 and CR3 provide a voltage drop to limit voltage across storage capacitors to 30 volts maximum.

f. Circuit 21 is a precision voltage regulator so that a constant voltage can be maintained on
the delay generator. Input of Z1 can vary from 30 volts to 12 volts with a constant 9 volts output.
Regulation accuracy is 0.01% line and load (with 65 ma output).

g. Resistors R6 and R8 form the voltage divider which controls the voltage régulator output
voltage.

h. C2 — provides a frequency compensation path to improve transient response of the
regulator.

i. R10 — provides temperature compensation for the voltage regulator.
R9 — provides a current limit for a short circuit on the output.
j. Q1 is a unijunction transistor which is the switch for the timing network R3, R4 and C1.
When C1 changes to the peak point voltage of Q1, at the peak point voltage C1 discharges emitter to
Base-1 to provide gate current for CR1 the SCR firing switch.
k. On separation of the Scout 4th stage from 3rd stage, a switch closure between

J1 pins 2 and 3 will charge capacitor C1 through R3 and R4 to slightly above the unijunc-
tion peak point voltage (= 4.5 volts) and then gate the SCR (CR1) “ON".

(Note: J1-1 and -4 are to provide capability for remote start checkout from blockhouse.)
The R3 and R4 resistance is selected so that the unijunction turn-on point is reached in four seconds,
within the limits that can be selected in standard 1% resistors.
4.2 Interface Description
a. J1-1 to 4, remote start capability to check out ignition time delay and a test point to
measure regulator output voltage
b. J1-2 to 3, separation switch start of ignition time delay

c. J1-6 to J2-2, input power from 3rd stage ignition battery or external power supply during
checkout

d. J1-6 to J2-2, safe arm relay connect to provide discharge of firing capacitor

18



e. J1-7 10 J2-2, firing'voltage monitor - -

f. J2-1 10 J2-6, squib (SBASI bridgewire)

g. J2-5 to J2-2, external measurement of squib resistance during checkout.

4.3 Engineering Unit Test

The circuit as shown in Figure 10 was constructed on a printed circuit board which is shown
on Figure 11. The completed module which was subjected to environmental testing is shown in

Figure 12.

4.3.1 — Test Conditions — test of the EDIM Engineering Unit consisted of the following:

(1)
(2)
(3)
(4)
(5)
(6)
(7)

(8)
(9)
(10)

Component Evaluation

Operational Test at Ambient Temperature

Operational Test Through 10 Temperature Cycles + 71°C to —17.8°C
Operational Test During 9 Random Vibration Cycles at 6.1G RMS (S2 ET* Levels)
in each of three orthogonal axes

Operational Test During 1 Random Vibration Cycle at 9.2G RMS
(Qualification Level) in each axis

Operational Test During 9 S2 ET* Level and Mechanical Shock

Cycles at 50G’s (Each axis)

Operational Test During one Qualification Level Mechanical Shock Cycle
at 75G’s (Each axis) '

Operational Test During 1 Random Vibration Cycle at Qualification + 20%
Level {11 RMS)

Operational Test During 1 Mechanical Shock Test at Qualification + 20%
(90G’s)

Post-Environmental Visual Inspection

4.3.2 — Test Results — test results from the EDIM Engineering Unit are summarized in Table IV.
Review of the data presented in Table |V showed the EDIM design to be capable of meeting Scout
Flight requirements. The voltage regulator (Z1 — Figure 10) selected for use in the Engineering Unit
exhibited a higher standby current than was anticipated, although the 3.3 ma measured standby
current is within specification limit for this voltage regulator. Use of this regulator would require
test screening based on a maximum standby current of 2.0 ma in order to assure a safe timing margin
for a production unit.

*Scout Standard Environmental Tests
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FIGURE 12. — EDIM — ENGINEERING TEST MODULE
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Review of available voltage regulator components for use in EDIM application revealed a pin
for pin replacement which would guarantee a standby current of less than 2.0 ma. The voltage regu- -
lator selected for use in the qualification EDIM unit is described in Appendix C. Use of this voltage
regulator eliminates the need for R-10 since provision for temperature compensation is internal to the
new voltage regulator.

After completion of the operational and environmental test the EDIM was disassembled and a
thorough visual examination was conducted. The visual examination revealed no evidence of any
failure or discrepancies that had occurred as a result of the Engineering evaluation tests.

5.0 RELIABILITY EVALUATION

During and subsequent to the test of the Engineering Unit, a reliability evaluation was per-
formed. (Reference Appendix D) This evaluation revealed possibilities for problems to develop,
especially during production of the EDIM. As a result of the evaluation, changes were made to the
EDIM circuit and controls added to the component procurement specification to alleviate the margi-
nal conditions. A marginal condition is discussed in Appendix D whereby the possibility exists that
the SCR cannot be gated with worst case components and environmental conditions occurring
simultaneously. To prevent this occurrence, a parameter control was placed on the procurement
specification of the SCR gate circuit to limit the maximum gate current needed to 15 ma (specification
limit is 20 ma.). Also as recommended in the Reliability evaluation, the unijunction transistor type
was changed to increase the gate drive margin. Another conclusion of the Reliability evaluation was
that a marginal condition could exist on the amount of stored energy (energy stored by C3 — C7)
available for delay circuit operational worst case conditions. This potential problem was corrected
by selection of another voltage regulator (Z1) which required less standby current. This problem
was discussed in paragraph 4.3.2. A comprehensive quantitative analysis documented in the
Reliability evaluation of energy required to ignite a SBASI| showed the EDIM as designed would
deliver more than two times the maximum energy required to fire a SBASI at worst case conditions.

In order to achieve the level of component reliability necessary to assure Scout flight success,
component selection criteria was placed on EDIM hardware. The component selection criteria is
summarized in Table V.

6.0 QUALIFICATION UNIT DESIGN

Utilizing information generated during test of the Engineering Unit and the Reliability Evalua-
tion, the circuit per Figure 13 was constructed for Qualification testing. Figure 14 shows the com-
pleted Qualification EDIM which was subjected to Flight Qualification and SBAS| compatibility test-
ing.
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6.1 Qualification Test

The EDIM was qualified for Scout flight application by successful execution of the functional
requirements during and after exposure to the Scout Standard Design Qualification Environment. The
EDIM test specimen was subjected to the following operational environments:

. High Temperature/Low Temperature (71°C/-17.8°C)
. Temperature Shock
. High Temperature-Altitude (71°C; Altitude = 0.148 mm of Hg)

. Vibration/Mechanical Shock (Vibration = 9.1G RMS Random;
Shock = * 75G’s 6 millisec sawtooth)

. Acceleration (33.5 G's)

f. Environmental Cyclic Life (Scout Standard Environmental Test for
vibration and shock for a total of 10 cycles)

g. Electromagnetic Susceptibility Test (Requirements per MIL-STD-461A,
Notice 2)

h. Humidity (Non-operational test with relative humidity 95% at 49°C)

Q o0 T o

2]

6.2 Test Results

Details and results of the Qualification testing listed above is shown in Appendix E. The
EDIM functioned as designed without an operational failure during and after exposure to the environ-
mental tests as delineated in Appendix E. The only corrective action indicated by the EDIM Qualifi-
cation program was improper bonding of the silver filled epoxy paint. Review of the paint process
specification indicated an incomplete call-out for the paint operation. Before SBASI compatibility
testing at LRC the EDIM test specimen was repainted then endured temperature cycling during SBASI
testing without paint failure.

7.0 SBASI COMPATIBILITY TEST

In order to prove capability of the EDIM to meet the design requirement of SBASI ignition,
forty-nine igniters were fired at LRC. Test variables during these tests were input voltage and tem-
perature. The SBASI’s used were Part Number SEB 26100001-211, manufactured in August 1969,
lot number 13-31077. Table VI depicts SBASI serial numbers and the test conditions under which
each was ignited. Table VIl is a summary of the SBASI firing data. Igniter serial numbers 0562 and
0514 were subjected to increasing input voltage, starting at 12 volts and increasing in two-volt steps
until the igniter fired. The achieved ignition at 16 volts compares to the predicated analytical worst
case value of 17 volts (reference Appendix D, addendum).
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- TABLE VI. — TEST SUMMARY SBASI FIRING

SBASI Test Input
-Serial No. Temp. Voltage - Comment
oc Volts _
1 0562 23.9 16 } _Fired to collaborate analytical
2 0514 23.9 16 calculations
3 ggjg gg-g gg } 3 SBAS's fired at amb. temp.,
: 30 volts input to EDIM
5 0643 23.9 30 :
.6 0493 23.9 35
; 8283 23.9 5 SBASI’s fired at amb. temp.,
9 0428 v 35 volts input to EDIM
10 0538 23.9 35 '
11 0471 1 30
:g gg;g 5 SBAS's fired at hot temp.,
14 0414 + 30 volts input to EDIM
15 0693 30
16 0451 35 .
17 0675 | 5SBASI's fired at hot temp.,
18 0610 35 volts input to EDIM
19 0555 v 4
20 0412 71 35
21 0501 —17.8 30
22 0557 :
23 0603 ' :
24 0422 10 Total SBASI's fired at
25 0406 > this condition
26 0398 cold temp., 30 volts
27 0405 input to EDIM
28 0660 ¢
29 0397
30 0395 30
31 0360 35 \
32 0463
gi’ 3215; 10 Total SBASI's fired at
35 0536 this condition
> cold temp., 35 volts
36 0608 input to EDIM
37 0672 .
38 0695 )
39 0425 v v J
40 0244 -17.8 35
41 0590 23.9 30
42 0520 ) 5 SBASI’s fired ac amb. temp.,
43 0396 30 volts input to EDIM '
.44 0566 v post test evaluation
45 0692 23.9 30
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TABLE VII. — ENVIRONMENTAL LAB FIRING SHEET

Function
EDIM Firing Conditioning Time Delay Function

Serial Input Bridge Temp Pressure Time Squib Time
No. Voltage Ohms e MS Sec.. | Voltage |BW Break MS
0653 30 1.104 23.9 .205 3.728 24.96 .176
0562 16 1.023 23.9 .833 2.447 12.74 .833
0514 16 1.028 23.9 2.222 2.443 13.13 2.31

0546 30 .987 239 .196 3.726 23.96 162
0643 30 974 23.9 ..219 3.726 24.57 .167
0493 35 "~ 1.033 23.9 .195 3.736 25.61 .162
0465 35 1.019 23.9 .186 3.731 25.61 .186
0490 35 .989 23.9 .176 3.731 25.61. .162
0428 35 .969 23.9 .195 3.731 25.48 .167
0538 35 .997 23.9 .190 3.734 25.87 .162
0501 30 1.001 - 17.8 .248 3.703 21.97 214
Q0557 30 1.005 - 17.8 .248 3.701 22.1 219
0603 30 1.019 - 17.8 .209 3.701 22.23 .209
0422 30 1.025 —17.8 .228 3.701 21.97 .205
0406 30 1.076 —17.8 .243 3.702 22.23 219
0398 30 1.062 - 17.8 .233 3.700 21.97 214
0405 30 1.067 - 17.8 .248 3.702 22.23 .219
0660 30 .984 - 17.8 .248 3.700 21.97 219
0397 30 .985 - 17.8 .238 3.701 21.97 .195
0395 30 .985 - 17.8 .209 3.706 21.68 .190
0360 35 1.023 —17.8 .238 3.704 22.49 214
0463 35 1.012 - 17.8 .243 3.702 22.23 .209
0551 35 .990 - 178 .219 3.704 22.1 .190
0518 35 1.108 - 178 .248 3.704 22.62 .228
0536 35 1.008 —17.8 .233 3.705 22.36 .209
0608 35 .982 - 17.8 -.224 3.705 22.36 .195
0672 35 10.23 - 17.8 .224 3.705 22.49 .205
0695 35 997 - 17.8 .228 3.707 22.1 .205
0425 35 1.025 - 17.8 .243 3.707 22.75 .209
0244 35 1.075 - 17.8 .224 3.706 23.01 .200
0471 30 991 71 .200 3.768 26.65 .152
0519 30 .989 71 .190 3.772 26.65 .152
0655 30 1.007 71 .195 3.767 26.15 .143
0414 - 30 1.006 71 .205 3.772 26.65 .162
0693 30 1.040 71 .205 3.769 26.65 150
0451 - 35 1.035 71 214 3.776 27.95 .167
0675 35 1.038 71 .200 3.776 27.43 .148
0610 35 1.049 71 214 3.765 27.67 .162
0655 35 1.014 71 .209 3.774 27.69 .143
0412 35 .996 71 224 3.777 27.69 .143
0590 30 1.029 23.9 .200 3.730 25.48 - .162
0520 30 - 1.041 23.9 .186 3.728 25.22 .143
0396 30 1.064 23.9 .205 3.728 25.22 .167
0566 30 1.038 239 190 3.733 25.35 .162
0692 30 1.032 23.9 .195 3.728 25.09 162
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It should be noted that ignition was achieved at the lowest voltage level that would gate the
SCR ““ON", which indicated the 16 volts level is an SCR gate drive requirement and not necessarily an
indication of SBASI minimum firing energy. Initiator Serial Nos. 0244, 0693, 0451, 0675, 0610, 0555,
0412, 0590, 0520, 0396, 0566 and 0692 (12 total) were subjected to a firing cycle with the safe-arm
switch closed before firing at the listed input voltage.  This verified that the initiators would not fire
during checkout of the EDIM with the safe-arm relay closed. With the safe-arm relay closed, a 2.8
volt/600 uf pulse of energy is discharged into the initiator. From the data shown in Table VIi it is
noted that Bridgewire break function time (time from current application to bridgewire break) is
shorter than pressure function time (time from current application to first indication of pressure)
except the two initiators fired at minimum voltage (0562 and 0514). The shorter bridgewire break
time is an indication that melting the bridgewire was caused by the level of current applied rather
than burning propellant. This is another indication of energy margin for firing SBASI.

Results of these tests prove capability to meet design requirements of SBASI ignition at worst
case environmental conditions. '

8.0 SCOUT INTEGRATION

8.1 Existing System

A representation of one of the redundant pair of existing Scout 4th Stage Ignition Systems is
shown in Figure 15. The chronological sequence of ignition for one system of the redundant pair is
as follows:

1. 2nd Stage Ignition, K3 closes
2. Heatshield Separation, K15 closes
3. 3rd Stage Ignition, K5 closes
4. 3rd Stage Burn and Coast Phase {~ 300 sec)
5. Spin Motor and 4th Stage Delay (5.5 to 7.2 sec), K9 closes
6. 4th Stage Cable is disconnected during spin up
7. Explosive Bolts; 3rd, 4th stage separation clamps; K7 closes
(1.5 sec delay from spin motor ignition)
8. 4th Stage Motor Ignition (5.5 to 7.2 sec. delayed from Step 5 above)

Note should be taken of the shaped charge shown in the ignition diagram of the existing Scout
system. This shaped charge is part of the destruct system which is designed to remove ignition power
from unused initiators in the event that the vehicle must be destroyed. The Range Safety destruct re-
quirement effectively directs the time in the ignition sequence that power can be applied to the EDIM
since after the firing capacitors are charged, the shaped charge will not remove initiator power. Figure
16 shows the delay initiator presently used for Scout 4th stage ignition. Weight of the existing unit is
" approximately 90.7 gram (0.2 pound) not including connectors and associated cabling. Delay time at
23.88°C + 2.77°C (75°F + 5°F) varies from 5.5 seconds to 7.2 seconds. Maximum operational temper-
ature range is +4.44°C to +37.77°C (40°F to 100°F) with no specified delay accuracy at these limits.
The initiator used to start the delay train is similar to the SBASI in that it is a ""one amp-one watt no
fire device’’ with one ohm bridgewires. |t differs from a SBASI| by being a dual bridgewire device with
less stringent specifications (i.e. Bridgewire resistance = 1.0 — 1.8 ohms, SBASI = 1.05+ 0.1 ohms).
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8.2 EDIM System

~ The EDIM (Figure 14) weighs 237 grams (8.359 ounces). It is estimated that implementation of
the EDIM system will increase 4th stage weight approximately 544 grams (1.2 pounds) for a totally
redundant system. Proposed vehicle mounting of the EDIM is on the Upper *’D’’ Section with standoff
pads to eliminate the need for fitting the curvature of the conical section. The EDIM system is more
complex from a component count standpoint, but the test and checkout capability inherent with the
system enhances the reliability (Reference Appendix D, paragraph 5.0).

8.3 Vehicle Integration

8.3.1. = Lower “D" Interface — one method of integrating the EDIM into vehicle wiring is to interface
the Ground Support Equipment (GSE) through the Lower ’D"” Section. Figure 17 depicts the wiring
changes necessary to implement the EDIM. The relay (K16) shown added to the Power Control Relay
Box (PCRB) could be added to the vehicle at any place and is shown in the PCRB for convenience
only. Relay K16 is necessary since spare isolated contacts do not exist in the guidance system. One
disadvantage to the ED!M checkout being through the Lower D’ Section is an umbilical connector
would have to be added. Although sufficient spare pins are available in the existing Lower D"’ umbil-
ical connector, use of these pins would violate range safety gundellnes by intermixing ignition wiring
with other vehicle wiring.
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8.3.2. — 4th Stage Interface — a second method of integrating the EDIM into the Scout vehicle is to
interface the GSE through the 4th stage module umbilical connector. Ascan be seen from Figure 18,
the vehicle wiring modifications are very similar with either alternative. The existing payload umbili-
cal connector has enough unused pins to accommodate a redundant pair of EDIM’s. However, all
Scout missions do not require a 4th stage module; therefore, an option would have to be provided so
that an umbilical connector is always available. This vehicle modification would consist of a mounting
bracket, connector and associated wiring for the case where 4th stage payload ring {umbilical connec-
tor mounting) is not used.

8.4 Vehicle Checkout

8.4.1 — Method — the EDIM can be functionally tested on the vehicle by use of the remote start and
monitor points provided in the design. Operationally the following measurements will be made at the
vehicle level checkout:

1. Delay Time — Use an electronic counter with time interval measurement capability. Start
counter with remote start switch and stop the counter with current pulses across simulated squib
{one ohm resistor}.

2. Length of Time Voltage Regulator (Z1) (Figure 11) will maintain regulation after power ,
removal. Monitor J1-4, J2-2 (Figure 11) with digital voltmeter, then remove power to EDIM, measure
with a stop watch the time to loss of regulation (LOR). The LOR measurement verifies that the power
storage capacitors, Z1 (voltage regulator), zener diode (CR3), diode (CR5) and associated resistors are
in the same condition as during component level test.

3. Firing capacitor charge voltage — Monitor J1-1, J2-2 with high impedance (10 megohms)
digital voltmeter to verify proper voltage level and after input power removal to verify leakage rate
of firing capacitors.

_4. Firing Energy can further be verified by connecting an oscilloscope across the dummy load
(1 ohm) and obtaining a photograph of the voltage during capacitor discharge. Comparison of this
voltage trace at 100 microsecond and 2 millisecond with the component level test data will verify
proper energy transfer for ignition.

8.4.2 — Ground Support Equipment (GSE) — with either of the vehicle modifications (Reference
Paragraphs 8.3.1 and 8.3.2), launch pad to blockhouse wiring (Cables, J-box and connectors) will
have to be provided. No special test equipment other than a test panel such as shown in Figure 19
will be needed. Checkout equipment needed for the EDIM is: (a) Power Supply 0-35 volt, (b)
Oscilloscope, (c) Oscilloscope Camera, (d) Digital Voltmeter { > 10 megohm input impedance), (e)
Stop Watch, (f) Test Panel (Figure 19).
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9.0 CONCLUSIONS

The EDIM has been fully qualified by analysis and test for Scout flight application. Exhaustive
testing as documented in Appendix E and Reliability analyses documented in Appendix D showed the
EDIM to be adequately designed. Analysis showed the worst case SBASI ignition requirements to be
exceeded by more than 2 to 1 (i. e., 157% safety factor). Forty-five SBASI’s were successfully ignited
at voltage and temperature extremes during tests at LRC substantiating the EDIM’s SBASI ignition
capability. The EDIM reliability prediction contained in Appendix D indicates a mission reliability
value greater than 0.9999. This value is'a quantitative estimate of the probability that no catastrophic
piece-part failure will occur during the EDIM mission function period. To assure achievement of the
predicted high reliability during production, piece-part selection/screening criteria were included in
the EDIM drawings. As a result of the increased checkout capability and separation of the 4th stage
ignition wiring from the spin motor ignition wiring, a fourth stage weight penalty will be incurred.
The fourth stage weight increase incurred by implementing the EDIM will not exceed 544 grams
(1.2 pounds) for a totally redundant system. As part of the qualification test program, the EDIM
successfully passed an electromagnetic interference (EMI) test which exceeded Scout requirements.

Based on the test results, GSE and vehicle integration impact, the EDIM is suitable for use in the
Scout vehicle.
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SILICON CONTROLLED RECTIFIER (SCR) TO BE DESIGNED FOR POWER SWITCHING CIRCUITS.

ELECTRICAL CHARACTERISTICS;

CHARACTERISTIC

SYMBOL

MIN.

TYP.

MAX.

UNITS

INSTANTANEOUS FORWARD BREAKOVER VOLTAGE:

GATEOPEN
AT T = +100°C

VF(BO)O

250

PEAK OFF-STATE CURRENT:
(GATE OPEN, Tc = +100°C) -
FORWARD, VDo = VDROM

Ibom

0.1

0.5

mA

REVERSE (REPETITIVE}, VRO = VRROM

IRROM

0.05

0.5

mA

INSTANTANEOUS ON-STATE VOLTAGE:
FOR iT = 30 A AND T = +25°C

vy

1.9

2.6

DC GATE TRIGGER CURRENT
Vp = 12V (DC)
R =302
Tg = +25°C

15

mA

DC GATE TRIGGER VOLTAGE:
Vp = 12V (DC)
R = 3002
Te =+25°C

VGT

0.65

15

INSTANTANEOUS HOLDING CURRENT:
GATE OPEN AND T¢ = +25°C

iHO

mA

CRITICAL RATE-OF-RISE OF OFF-STAGE VOLTAGE:

Vpo = VF(Bo)o MIN. VALUE
EXPONENTIAL RISE, T¢ = +100°C

dv/dt

20

200

V/us

GATE CONTROLLED TURN-ON TIME:
Vp = VE(BO)O MIN. VALUE, iT = 4.5A
IGT =200 mA, 0.1 us RISE TIME
Te= +25°C

gt

1.5

CIRCUIT COMMUTATED TURN-OFF TIME:
Vp = VE(BO)O MIN. VALUE, it = 2A
PULSE DURATION = 50us
dv/dt = —20V/us, di/dt = —30 A/us
IGT = 200 mA AT TURN ON, T¢ = +75°C

15

50

Ms
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ill. DIMENSIONAL OUTLINE:

| SEATING PLANE

REFERENCE
POINT FOR CASE
TEMPERATURE

=

Rz

i‘-k/a NOTE 7
' INCHES MILLIMETERS )
SYMBOL MIN. MAX. MIN. MAX. NOTES
A 160 .180 4.06 457
éb 017 021 432 533 2
4D .355 366 9.017 9.296
éDy 323 335 8.204 8.51
e 190 2.10 483 5.33
eq .100 TRUE POSITION 2.54 TRUE POSITION 4,5
h 015 035 .381 889
i 028 035 711 889 5
k .079 045 737 1.14 3,5
L .985 1.015 25.02 25.78 2
P .100 254
Q 6
r .007 179
a 42° 48° 5,7
NOTES:

1. THIS ZONE IS CONTROLLED FOR AUTOMATIC HANDLING. THE VARIATION IN ACTUAL
DIAMETER WITHIN THE ZONE SHALL NOT EXCEED .012 IN. (.279 MM).

2. (THREE LOADS) ¢b APPLIES BETWEEN SEATING PLANE AND 1.015 IN. (25.78 MM}.

. MEASURED FROM MAXIMUM DIAMETER OF THE ACTUAL DEVICE.

4. LEADS HAVING MAXIMUM DIAMETER .021 IN. (.633 MM} MEASURED AT THE SEATING
PLANE OF THE DEVICE SHALL BE WITHIN .007 IN. (.178 MM) OF THEIR TRUE POSITIONS
“RELATIVE TO THE MAXIMUM WIDTH TAB.

5. THE DEVICE MAY BE MEASURED BY DIRECT METHODS OR BY THE GAGE AND GAGING
PROCEDURE DESCRIBED ON GAGE DRAWING GS-1 OF JEDEC PUBLICATION 12E, MAY 1964.

6. DETAILS OF OUTLINE IN THIS ZONE OPTIONAL.

7. TAB CENTERLINE.

*CASE TEMPERATURE MEASUREMENT
THE SPECIFIED TEMPERATURE-REFERENCE POINT SHOULD BE USED WHEN MAKING
TEMPERATURE MEASUREMENTS. A LOW-MASS TEMPERATURE PROBE OR THE
THERMOCOUPLE HAVING WIRE NO LARGER THAN AWG NO. 26 SHOULD BE ATTACHED
AT THE TEMPERATURE REFERENCE POINT.

W
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723

Electrical characteristics (See Note)

Parameter Conditions Min. | . Typ. Max. Units

V|N= 12V to V|N= 15V 0.01 0.1 %VOUT

Line regula- = =

sion V| N 12V to VlN 40V 0.02 0.2 % VOUT
—550C < TA < +1250C, V|N = 12V to 0.3 % VOUT

. |L= 1 mA to |L=50 mA 0.03 0.15 %VOUT

Load regula- I o e T < +1259C. I, = 1mAt 9

tion <Tas< Ap=1mAto 0.6 %Vout
IL =50 mA

Ripple f=50Hz to 10.kHz 74 dB

rejection f=50 Hz to 10 kHz, CRgp = 5 uF 0.6 dB

Average Tem-

perature

Coefficient —559C < T < +125°C 0.002| 0.015 %/°C

of output

voltage

Short circuit - —

current limit Rsc =102, Voyr =0 65 mA

Reference

Output BW = 100 Hz to 10 kHz, CRgg =0 20 1V ms

noise voltage | Bw = 100 Hz to 10 kHz, Crep = 5 uf 25 BV e

Long term A

stability 0.1 %/1000 hrs

Standby cur- || =0 V,n =30V

rent drain L™= "IN 23 35 mA

Input voltage

range 95 40 Vv

Output voltage

range 20 37 Vv

Input/output

voltage 3.0 38 \%

differential

Note:

Unless otherwise specified, T 5 = 25°C, VIN=V+= Ve = 12V, V==0,Vouyt= 50V, L= 1.0 mA,
RSC =0, C1 = pF, CREF = 0 and divider impedance as seen by error amplifier < 10K £2 connected.

Line and load regulation specifications are given for the condition of constant chip temperature.

Temperature drifts must be taken into account separately for high dissipation conditions.



Electrical Characteristics (Continued)

Appendix B

723

. Current Sense
. Inverting Input
. Noninverting Input

- VREF
V-

-Vour

Ve

. V+
. Frequency Compensation
10.Current Limit .

©WO N OO AWN =

v ——
| ¢

E
A
T

Seating

el

10 Leads diam plane
111
N
G
b—i H
Z o
N
Notes

Leads are gold plated kovar
package weight is 1.32 grams
high thermal resistance package
nine leads through, lead no. 5
is connected to case

Current
limit

Frequency
() compensation
9

Current
sense

Inches Millimeters

Dim Min Typ Max Min Typ Max
A 0.335 0.370 8.51 9.40
B 0.305 0.335 71.75 8.51
C 0.165 0.185 4.19 470
D 0.500 12.70

E 0.040 1.02
F 0.016 0.019 0.41 0.48
G 0.230 5.84

H 0.115 2.92

| 0.028 0.034 0.71 0.86
J 0.029 0.045 0.74 1.14
K 0.040 1.02
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Appendix C

550 Voltage Regulator

(Ta= 250C unless otherwise specified) (Continued)

. Current Sense

. Inverting Input.

. Noninverting Input
VREF

V-

VouTt

Ve

V+

. Frequency Compensation
10.Current Limit

©® N OO BWN=

Current
limit

el A ‘
B [-————i
E (‘: Current Frequency
—L sense @ compensation
T K L Seating
10 Leads diam "1 plane Inverting ()2 g v+

= ol __y
GL.__.lH Non-inverting () 3 70 VouT

Notes
Leads are gold plated kovar V-
package weight is 1.32 grams
high thermal resistance package
nine leads through, lead no. 5
is connected to case
Inches Millimeters
Dim Min Typ Max Min Typ Max
A 0.335 0.370 8.51 9.40
8 0.305 0.335 7.75 8.51
C 0.165 0.185 4.19 4.70
D 0.500 . 12.70
E 0.040 1.02
F 0.016 0.019 0.41 0.48
G 0.230 5.84
H 0.115 292
| 0.028 0.034 0.71 0.86
J 0.029 : 0.045 0.74 1.14
K 0.040 1.02
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SUMMARY

The reliability evaluatdon revealed that the Electronic Delay
Ignition Module (EEIM) has a predicted potential reliability performance

capability equal ox suyperior to the existing pyrotechnic type delay

unit. To achieve this ‘potential the circuit design will require some
changes due to several problem areas identified at worst case ctrcuit/
environmental éonditions. Except for the problem areas identified, the
functional design margin achieved was cnnsistent with good reliability
prsctiées and component stress values imposed by the design were within
specification limits. The functional checkout capability of the design
is deemed to be a strong design advantage over the preséntly used pyro-

technic type (Model SD6QAl) squid delay unit.
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1.0 INTRGDUCTION

A reliability evaluation of the Scout Fourth Stage Electronic Delay
Ignition Module (EDIM) was performed in accordance with the requirements of
paragraph 2.3 of the EDIM statement of work and satisfies the Reliability
Engineering provisions of Section 3 of the Reliability Program Plan for

Scout Program Support (LTV Report No. 23.203H, 1 November 1973).

This reliability evaluation applies to the EDIM Engineering Unit
design as it exists at this time. The reliability evaluation will be
updated to reflect any design éhanges which result from the Design Review,‘
Enginéering Model/Qualification Tests and this reliability evaluation,

The primary objective of this evalua;tion wvas to define and examine
critical design glements then evaluate these for their impact on system
reliability. Reliability impact was assessed in terms of a criticality
rating for failure modes and in terms of a safety factor 6r design margin
valuation for critical functional design perameters. In addition ,. a numerical
reliability prediction and a piecepart component stress analysis were also
verformed. The reliability prediction was performed in order that a relia-
bility comparison could be made between the EDIM and the existing pyro-
technic type delay ignition system. The piécepart stress analysis was‘
performed in order to determine the worst case electrical and/or thermal
stresses imposed on the components by the EDIM functional operation and
environment, The resulting stress values were evaluated for their impact
on reliability.

The results of the evaluation were reviewed and recommendations for

corrective action were made based on these results.
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The results of the failure mode analysis are presented in Table 3#3-I
herein, These results include identification of the FDIM single failure
modes (to the piecepart component level) and the corresponding effects.
Each of the EDIM single failure modes was assessed a criticality value
during the analysis. The criticality values obtained define the relative
criticality ranking of the failure ques. The hiéher the assessed criticality
ranking, the greater the probability of occurrence of the failure and/or
mission impact in the event of its occurrence. The criticality ranking
presented is useful in identifying priorities for apportioning any future
reliability improvement effort. In addition, the failure mode and effects
analysis is also useful in assessing the importance of testing techniques
so as to assure that the higher criticality areas receive proportional
emphasis duriﬁg testing procedures.

" The rgsults of the functional analysis,presented in Section 3.1
hereiny indicate the design margins/safety factors inherent to the circuit
design for each of the critieal circuit functions required to generate the
ignition event. Any functional deficiency is also reflected in these results,

The results of the Component Stress Analysis are presented in
_Section 3.2.2. These results indicate the levels of electrical and/or -
thermal stress imposed on the EDIM components for the worst case combi-
nationvof functional demands, environmental requirements and camponent
parameter values.

Section 4.0 presents a brief summary and discussion of functional
a nd environmental testing of the EDIM., The role of this testing in

assuring relisble EDIM performance is examined.
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2,0 ELECTRONIC DEIAY IGNITION MODULE DESCRIPI‘IOﬁ
This section presents é brief physical and functional descfiption

of the EDIM.

2.1 Physical Description
' The 4th Stage EDIM is depicted in detail in the preliminary

assembly draﬁing 23-004349. The unit measures 4.5 inches by 3.5 inches

at the baseplate. Total assembly height is 1.6 mchés and the weight is
approximately 0.6 _pounda. ’i‘wq connectors prcrvidé all of the required
electrical interface functions for the EDIM,

Internally the unit contains one Printed Circuit Board (PCB) mounted
on four supports. All of the electronic components are mounted on this PCB.
The PCB is conformally coated with Type 1Bl5 conformal coeting per 308-9-22,
Type II, Class B. -

2,2 Functional Description

The Scout Fourth Stage Electronic Delay Ignition Module provides the
delayed ignition function for the Scout fourth stage motor. The EDIM
provides this function by means of Single Bridgewire Apollo Sbanéa.rd Initiator
(SBASI) activation after an electronically timed delay of 3.0 seconds -

(minimum) from the third/fourth stage separation event, The SBASI ir_litiation
is provided by means of capacitive discharge from the EDIM&at the end of the
timed delay.

A schematic of the EDIM is presented by Figure 2,2-1. Power is pro-
vided to the EDIM by the Ignition/Destruct Bettery. .It is envisioned that
Battery Power will be applied to the system by means of a Power Control Relay
Bax (PCRB) relay closure and then removed at the time of third-fourth stage spin-

up event by separation of the "mouse trap" connection.
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' After battery power is removed from the EDIM the unit completes its function
using energy stored in capacitors C3 through C7.  These capacitcws-zﬁ'wide
- the energy required for the circuitry to complete the delay and ignition
functions. The third/fourth stage separation event closes a switch resulting
in pins 2 and 3 of conmector Jl t-o become electrically common. This condition

causes timing capscitor" Cl to begin charging by means of the current through

timing resistors R3 and Ri. The charging voltage is 9.0 volts regulated by
the mtegz'ated circuit elemeht. Zl.l Minimum delay time from the separation
event until SBASI initiation 15'3‘.0 seconds. The delay time is determined by
the value of the RC time constant of the timing circuit and the peak point .
voltage (Vp) of the Unijunction Transistor (UJT) designated as Ql. When the -
voltage at Cl reaches the va.iue "VP" » QL turns on and conducts the energy
stored in Cl to the gate of S8CR (CRL). This action transfers the SCR into
the "latched"‘ or "conduction" state. In the conducting state CR1 transfers
) the stored energy in firing capacitors C8 and C9 into the SBASi sqﬁib
thereby affecting SBASI initiation and ignition of the 4th stage motor,
The battery voltage provided to the EDW by the Ignition/Destruct
Battery exceeds 30 volts amd open circuit" voltage is approximately 35 volts. The
EDIM is designed to operate under the full range of battery voltage conditions,
" The circuit includes zener diocdes CR2 and CR3 which limit charéing voltage at
the capacitors C3 to C9 to a nominal value of 30 volts.
3.0 ARALYSIS
This section presents the EDIM Functional Analysis and Component Stress
Analysis, The degree of design margin is assessed and problem areas are iden-

- tified, The impact of the design margins end/or problem-ereas is given.
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3.1 Functional Analysis

3.1l.1 Firing Circuit Analysis

The purpose of this section is to present the results of a functionsal
analysis of the firing circuit under worst case conditions. The worst case
conditions imposed include the minimum temperature and. worst case extremes
for cxitical component perameters. The analysis was performed to determine
if adequate firing circuit performaﬁée is achieved under these conditions.

Figure 3.1.1-1 is a schematic diagram of the EDIM firing circuit. This

circuit performs the SBASI fuhction at the end of a 4.5 second period from the time
of battery disconnect. This includes a 1.5 second spin-up timé and a 3.0 second
(minimm) time delay after the 3rd/ith stage separation event. Worst case values for
the critical component parameters are noted in the figure.

Firing capeacitors C8 and C9 provide a combined nominal capacitance
of 600 microfarads for firing charge storage. The firing capacitance may
reasch a minimum of 366 microfarads at o°F ( -lT.8°C). The value of 366 micro-
farads was obtained from vendor data sheets using linear interpolation to
-17.8°C. Minimum battery voltage to the eircuit is 30 volts and the firing
capacitors are maintained at 28.3 volts minimuxﬁ (due to CR4 and Rl voltage
drops) for as long as battery power is applied. The firing capacitors must
maintain adequate SBASI firing energy after the battery is disconnected, at
spin-up, until timed delay has expired. At the end of the electronically timed
delay the SCR is triggered into the conduction state allowing the stored
firing energy in C8 and C9 to be transferred to the SBASI bridgewire (BW)
thereb} causing the SBASI to actuate. Resistor Rl and zener CR2
1imit maximum capacitor volta.ge to 30V for those times vﬁen maximm Ignition/ .
Destruct Battery voltage is applied. The battery voltage is 35 volts (maximum)
at full charge open circuit conditions. Figure 3.1.1-1 resistors Ry, and RS

represent the lumped conductor loop resistance and squib resistance respectively. ' .
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A brief evaluation of the firing circuit parameters obtained from the
component data sheets at the temperature extremes to be imposed revealed
that worst case SBASI firing conditions occur at the minimum temperature i
(OOF). The minimum temperature condition will be imposed during environ-
mental testing even though actual launch temperatures will not be less than
the launch constraint values (approximately 20°F) at launch and should
increase by an estimated 20°F by theltime of fourth stage ignition.

The EDIM firing circuit design was evaluated in the worst case
temperature state using the vdcrst case values for component paraumeters.
The evaluation was I;erformed to determine if adequate design margin for
reliable firing of SBASI's has been achieved. As a result of the evaluation
it was determined that the design margin achieved was indeed sufficieﬁt to justi-
" 'fy high confidence in the circuit function. A safety factor was calculated
to evaluate numerically the amount of design margin achigved. The safety

factor calculated employed the equation:
P = Ey - K -
8 TEg : _ .

where: E, = Bnergy available for heating the SBASI bridgewir
: : during firing capacitor discharge .

= Characteristic SBASI firing energy required for-
the SBASI bridgewire to reach the initiation
temperature,
The analysis results given in this section were obtained by modeling
the SBASI as in Reference 2. This reference derives a mathematical model
using‘an electro-thermal analogy of the squibﬂ which permits definition of
bridgewire temperature as a function of powér delivered. In the case of
capacitive .discha.rge ignition, the follov}ling expression for instantaneous ' -
bridgewire temperature holds. ‘ |
=12 R, 2chc:-rR (e't/re _ g2t/RC)
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‘vhere: O = instantaneous bridgewire temperature
initial bridgewire current (@ t = o)
R, = bridgewlre resistance

ol
o
]

RC = firing circuit electrical time constant
rc = squib thermal time constent
t = elapsed time after SCR firing

Differentiating this expression and letting: do/dt o the time at

which maximum possible hzidgewire temperature occurs can be obtained. This
time, referred to herein as t(max), is the time beyond which the squib'will never
fire, because it has passed the point of ma.ximum -tempera‘hure and is cooling -

off. The expression for t(max) is as follows.

t(max) = % (Reference 2) .

Instantanecus bridgewire power delivered by the EDIM capacitive

discharge firing circuit can be expressed as:

) 2 -2t/RC . ' _ :
- Py = IRy (ef£.) @ ; Instanteneous Bridgewire Power
Vg - Vo2 , )6‘2"/"0
- = Rg (Eff
sA
By
vhere: v
V, = Voltage on Firing Capacitors at t = 4,0 (used herein)
Vp = SCR Forward Voltage Drop In Conduction State '
RT = Total Resistance of Firing Circuit Squib & Conductor ‘

Rg (Eff) = Effective Resistance of Squib (See Reference 3)
t = Elapsed Time After SCR Triggered "C(N"
RC = Firing Circuit Electrical Time Constant »(R.rc)

The value of Rg (Eff.) used in the smalysis vas L.3R,
(see Reference 3) where R, is the maximum cold resistance of the bridgewire,
This value of effective bridgewire resistance accounts for the thermally

. induced increase in bridgewire resistance,
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Integration of the instantaneous bridgewire power from t = O to
t=t¢t (max) gives an expression for the total energy available to
increase bridgewire temperature. All energy delivered after t(max) is
delivered at such a slow raté that the dissipation rate exceeds the input
rate and the bridgewire cools. Therefore, the available squib initiation
energy (E,) is given by:
EA = ft(max.) Pidt =(V° —\_/.T)2 RS (eff.) (-RTC) (e-zt {max.)/RC _1)
(o] ‘ » RT ) 2 . .
Vo can be found by adjustment of the initial capacitor voltage value
(Vg = 28.3) for the voltage decrease due to leakage current through CR1 (in

"off" state) and CR2.

Vo = 30V - V (CRk) - IgpR(R1) - AV; Iy, = EBIM Standby Current to 21
Vo = 28.3-4V; AV = Volta.ge change due to leakage current

Q (Initial Capacitor Charge) = 28.3 (366 x 10~ ) = 10.36 millicoulombs (me)

I; = I (CR1) + Iy (CR2); leakage current
=8 pa+1nua
=9 pa
Q= (9 /(9)(5.5 seconés)
= .05 millicoulombs
vV = —52 =200 10:3‘ = 0,1366 volts
366 x 10 » :
Vo = 28.3 - 0.1366
= 28.16V
re = 3.14 ms (30 minimum) Reference 1
Rp = Rg (Eff. ) + By , S . .
= Rg (Eff. ) = 1.3 Rs (Effective Bridgewire Resistance Due to Thermal
Effects, Reference 3)
Bp = 1.3 (1.15) + 0.25

= 1,745 L
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ReC = (L.745)(366 x 10°6)
= 0.6387 ms

1n (2 x 3.1k x 20°3/0.6387 x.i0"3) ln(9.8325! | 2,28569
t = = =
(mex) (2/0.6367 x 1073)- (1/3.1k x 10-3) 3131 - 3185 ~ 2813

= 0,813 ms

1

i

L

- -(2 x .813 x 1077/, 6387
B, = ‘28 1?7 :20 1.1;95{ 17&5::;66::10 )Q |

- (22hTH)(1.495) (-3 193# e 1074y (@ 258

==0,1073 (0784 - 1) = 0.1073 (.9216)

= 0,09889 = 98.89 mmi.joulés A

Examination of the expression for E, reveals.the following:
s) 107.3 millijoules is total discharged emergy at t = oo

b) 0.9216 is the fraction of dischargeable energy available for ignition
during t(max)

c) .OT84 is the fraction of dischargeable energy lert; in firing capecitors
at t(max).

During the time t(max) some of the energy delivered to the bridgewire
is dissipatéd as heat losses away from the bridgewire, The fraction repre-
senting heat losses is appraximstely: (1 - e't/ rc). See Reference 2.

-.813/3.24 _ , _ e

At t = t(m.x); ar-e¢ -t/rc) =1-¢ -0.25892

1l - 0.77188

Heat Fraction Loss 0.22812

Summarizing the distribution of total energy:

a) @ -t/re :/rcc-:? -2t /Re 0.77188 - 0,07838
b) l - e - 1.0 - 0.77188

ec) - . G—at/ﬁc

0.6935 Fraction Heating B,W,
0.2281 Heat Loss Fraction
0.0784 Fraction Left in Capacitor

1,606
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0.6935 (L07.3 mj) = Th.4l mj = Energy Used in Heating BW (Ey)
0.0784 (107.3 mj) = B8.41 wj = Energy Left in Capacitor
0.2281 (107.3 mJj) = 2k.48 mj. = Heat Loss at t(max)

"{l;.hl + 24,48 = 98.89 Total Energy Delivered to BW at t(max).
Reference 3 gives 34.2 mj as the energy required to fire a SBASI.
This quantity represents the total energy delivered at the initiation time
of .070 milliseconds (ms). Calculations similar to those above indicate
conservatively that at .070 ms the heat loss factor for the Reference 3 SBASI
is 0.0102. This means that 1.35 mj was dissipated as heat losses. Therefore
the characteristic SBASI firing epergy (Eqc) is (34.2 - 1.35 = 32.85 mj).
Using the values for Ey and Ey previously found the applicable
"Safety Factor" (Fg) can be calculated:

- By - B¢ 7h.bl - .85

B, - B8 - 2%

Fg

The EDIM firing circuit design margin at worst case conditions is
126% (or Ey = 2.26 Eg). This safety factor was calculated using the actual
energy Ey used in heating the SBASI bridgewire during the elapsed time t(max)
and the SBASI characteristic ignition energy (Eg) determined from Reference 3
data.

_Reference 3 gives a firing time of .070 milliseconds. The approximate
SBASI firing time for the EDIM firing circuit at worst case conditions can
be determined by calculating the time necessary to deliver 32.85 millijoules
to the worst case SBASI bridgewire.

2B (= +1); K= .1073 (From E, Calculation)

0.6387 ln(32.85 x 1073
2 -.1073 )

te

-0.31935 1ln (-0.30615 + 1)
-0.31935 ln (+0.6938)
-0.313935 (=0.365)

0.117 milliseconds
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This approximation can be improved by détérmining vhat amount of
energy is heat loss at 0,117 milliseconds then adjusting the wvalue o_f E
to compensate for this loss and then recalculating (ti,) using the adJus‘teé
energy value., By repeating this process for several _1terafions the
approximation of te can be improved as much as desired. Two additional

iterations yield tp (1) = .123 ms and tp (2) = ,128 ms. The value ty = 0.128

milliseconds is a good approximation fbr the worst case time required for -tfxe .
EDIM firing circuit to initiate a SBASI. Therefore, at worst case conditions
the EDIM requires 0,128 milliseconds to deliver 32.85 millijoules of bridgevire
heat and has the capability of delivering Th.l4l millijoules of bridgewire heat
within 0,813 x_niiliseconds (f max).

The assumptions made throughout the EDIM firing circuit analysis are
considered conservative. The SBASI sample size empioyed by Reference 3 is small
but the SBASI firing energy (34.2 millijoules) characteristic given by this
refefence is corroborated by Reference 1 which gives ﬁpprruximte]q the same
value. The analysis herein also deals with the problem of SBASI variance
by employing a conservative (-3 sigma) BBASI thermal time constant (hésed
on Reference 1 data) in the calculations. The employment of a small thermal
time conata.ntl; results in simulation of maximum SBASIv thermal losses in the
calculations. The conservative assumptions employed in the firing circuit
analysis and the resulting 126% performance safety factor combine to generate

a high level of confidence in the EDIM firing circuit design.
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3.1.2 Timing and SCR Trigger Circuit Analyses

Figure 3.1.2-1 presents a schematic of the EDIM Timing and Trigger
Circuit, This is the part of the EDIM which times the 3.0 second delay period.
and supplies a gate trigger pulse to the SCR thereby gating the SCR into the
conduction state. The RC time constant is determined by R3, R4 and Cl. The
delay time (ty) is determined by the RC time constant and the UJT pesk point
emitter voltage (Vp). Capacitor Cl charges to the voltage value Vp at which
time the UJT Q1 turns on and transfers energy from Cl into the SCR gate circuit,

3.1.2.1 Timing Circuit Analysis

This section presents the results of an a.n_a],vsis per-
formed to verify that the timing circuit will provide a time delay of 3.0
seconds minimm at 'worst case conditions, Figure 3.1.2-2 depicts 3rd/kth stage
separation distance as a function of time., The minimum acceptable separation
at the time of Wth Stage Ignition is SO inches. This distance is:required to
assure that no significant Lbh stage motor exhaust deflection occurs off of
the 8rd stage in such a ﬁay so a8 to induce excessive coning of the Lth s_ta,ge..
As indicated by Figure 3.1.2-2, the minimum ecceptable separation distance is
achieved at 3.0 seconds (worst case, without "retro"”). A design requirement
for the EDIM is to assure that a minimum delay time of 3.0 seconds is achieved .
under all conditions.

Integratioh of the expression for in.stantaneous timing‘
capacitor voltage (Vc) at Cl between the limits O and % results in an

equation which can be solved for t a*

V.-V
% =-RCln(-r———-—c-)

d Vr
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‘The delay time is deﬁ.ned as the time required for the Cl voltage

(v ) to reach the Q1 peak point emitter voltage (v ) therefare:
Ve -V |

A

t

q = -RC 1n

200
e

vhere: 7) = WJT Intrinsic Standoff Ratio

VBB = WT Interbase Voltage

TJ = UJT Junction Temperature (°K)

Vp = UJT Peak Point Emitter Voltage

Vg = a*oo/*rJ = UJT Enitter Diode Junction Voltage

| V. = Regulated Voltage

The design requirement for the EDIM time delay is 3.0 seconds minimum.
No deviation below 3.0 sectnds is allovable in arder to sssure at least a 50 inch
3rd/kth stage minimum separation distance at Lth stage ignition as depicted .1n |
Figure 3.1.2-2. o |
| 'Bxc worst case deviation of the time delay value will occur“durins
low tempentm operation of the circuit. The primary (most significant) cause
of the delay time deviation at high or low tempersture is the change in the
capacitance of Cl at these temperatures. Temperatures above 25°C cause Cl's
capacitance to increase above the nominal vnluc and a decrease in capacitance ‘
will result when the temperature is below 25°c. The decreased capacitance bai:
low temperature 1s the most c?itical parameter variation since it will cause
a corresponding decrease in the delsy time,

‘The selection of R3 during mm buildup will fix the circuitry delay
time for an e.mbicnt temperature of approximately 25 C. This selection of an R3
resistance value nmat take .into account the maximum possible excursion of fhe

delay time due to worst case circuit parameters and temperature iextrenes.
D-21
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The UJT parameters which change with temperature and will cause' the value of
Vp (and therefare t,) to change are the interbase resistance (RBhd) and the
UST emitter diode junction voltage (V. ) The intrinsic stand-off ratio (7} )
remains essentially constant with temperature., The temperature cwﬁicient of
output voltage'(‘l‘ov) for the IC regulator Z1 will also affect the resultant -

value of VP at the temperature extremes, The effects of the temperature

induced changes in R and V_. are in opposite directions in terms of the

BBO ED
resultant change in VP.

Vm on VP are not equal and the resultant effect is that VP is more sensitive to

changes in VED except at minimum RBBO'

Eowever, the magnitudes of the influence of RBBO and

The most severe changes in delay time will occur as a result of
the temperature induced capacitance change in Cl. The nominal capacitance value
18 120 microfarads at 25 °c. This value will increase to 139 microfarada at 80°C
and decre.se to 102 microfarads at -17.8° .

Calculations were performed to investigate the magnitude of the
changes in delay time resulting from the temperature extremes to be imposed.

To perform these calculations the full range of uJT parameter variationa and |
regulator (Zl) temperatu.re effects were considered. The results of the cal-
culations are presented in Table 3.1.2,1-1I, a table of temperature induced t a
changes. A value for R3 (which reaulted in a-3. O second t, value) was selected
for each of the possible worst case UJT parameter seta at 25 C Then, the t a
value resulting from 'high and low temperature effects wag -calculated for each )
of the UJT parameter sets (wﬂ:h R3 constant) thereby generating the maximum

t4 changes (4 tg s) for each of these sets. The A t ‘values due to
temperature induced changes in peak point voltage (4 v ) and Cl capacitance
changes ( A C), each acting alone, were also calculated and listed in the table,

The ATtd column represents total resultant ty vchange'with A Vp ahd A C acting

together., )
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- Me"‘tm Induced ¢4 chiﬂﬁ"_'. ,
o ‘ , ta |atg (A C)|at, (Av,)|Totara t
T (C) 7 |Rpgo (K1) [R3 (K1) [C (A1) | (Bee.) (Sec.; %(8ec.y (gec.)®
25 o] w7 | 3348 | 120 | 3.0 | - — —
0.47 9.1 32,65 - e —
0.62| W7 | 2237 | - — | eem
a’vs 0.&« 9.1 21.83 | 120 3?0' - —- ——-.
A8 | 047|329 | 38 | 1@ | 259 | -4 +05 | -
04T 6.37 32.65 2.61 =" +.08 ~3
0.62 3.29 2.17 2.53 =5 -2 -4
are | ok ex | aue | de | 2e| -a w06 | -0
80 0.7 7.05 33,48 133 3.42 + 47 -.05. +l2
o 0.47 13.83 32.65 3,38 +.45 -.07 +.38
| - 0.62 7.05 22,17 B '3.55 +.48 +:07 +.55
80 0.62 13.83 21.83 139 -3.k0 +.46 =406 +.4o
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These data show that the A't, values resulting from capacitahce
" change alone are thB volts maximum and for A Vp alome, 0.08 volts maximum. -
) Theée deltas pa.rtially compensate for one another except at ‘7)(maximum)
and RBBO (minimum). A conclusion drawn from these data is that tﬁe value
of R3.. should be selected such that the time delay is high enough at 25°C
to compensate for the worst case deérease expected at '-17.8° « 'The wvorst
case decrease indicated in the A t d data is -0.47 seconds. .. Fixing the delay
time at a nominal value of 3.6 seconds at 25°c ‘will assure that the.minimum -
delay time is no less than 3.1 seconds at -17.8°C. _ L
In conclusion it has been determined that the UJT timing circuit will :
meet the EDIM design rei;uire;nent for achieving a minimum 3.0 seéond delay time.-
However, to do sa, the nominal t a setting (by R3 selection) should approximately
be _3.6 seconds at 25°c in order to assure compliance with the 3.6 seconds
minimum deiay time at worst case low tgmper;ture conditions. As a consequence: .
of this a.p’proach the maximum delsy time at 80°C could be as great as approxi- : - A
mately 4.08 seconds. The calculated delay time extremes were predicted for the '
temperature extremes to be imposed during envirmmétai ﬁesting. These —
extremes are more severe than expected in actual flight, Actual flight tem-

peratures are expected to result in a much smaller spread bf possible td values,
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3.1.2.2 " SCR Trigger Circuit Analysis

This section presents the results of a reliability anslysis
of the SCR trigger circuit. The analysis was performed to examine functional

performance adequacy of the UJT trigger circuit under worst case conditions.

The sole functional fequirement of the SCR. trigger circuit is to genmerate

t he necessary SCR gate voltage and current required to reliably fire the SCR

at the end of the timing circuit delay
| It was detex;niined during the analysis that the circuit configuration

as it exists for the mmmr; Fngineering Model design cannot be assured

of firing the SCR at worst case conditions. Under the ‘conditions of a

worst case state of the circuit component'pammeters at low temperature

(-17.8°C) the maximum UJT emitter saturation v;altage VI; A(SA'I‘) will exceed

the value consistent with SCR triggering. The following SCR parameter.:

values represent the worst case SCR firing requirements. _ -

IG,r-alm(th.@ 20°C)
Vgp = 1.8V (Max. @ -20°C)
whei'e: _ ' - .

Iy i8 the SCR DC gate trigger current (per Data Bheet)
is the SCR DC gate trigger voltage(per Data Shéet)
Figure 3.1.2-1 presents the SCR trigger circuit configuration

applicable to the Engineering Model. The voltage at point E (’d;:) will reach

8 maximum value equal to the UJT peak point emitter voltage (VP,) at 3.0. seconds
after the switch 51 closes (at 3rd/ith Stage separation). At.-'\‘{'g = Vp the WT '
is turned "on" and the energy stored in Cl is applied to the SCR gate trigge:f
circuit through the UJT base Bl. At the "turn-on" point the trigger cirecuit
must achieve the necessary SCR triggering conditions or the SCR will_ not become

conductive and the squib cannot be fired. At worst case conditions the UJT (2N16T1C)
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VE (SAT) can be as high as 5 volts at an emitter current of 50 milliamperes. .
At the worst case maximum value of VGT the current through RS will be 65

milliamperes (1.78/27.4). This current plus fhe current through the SCR gate
(IGT) wili result in a current value considerably greater than the SO milli-
amperes valt.J.e'of I, given by the UJT data sheet at Vp (SAT) = 5.0V (Mex.).

The following 18 a simplified equivalent circuit relating tné pertinent

component and circuit parameters involved in the SCR triggering problem,

_ VE(SAT) IgT = 21 ma (Max . @ Low Temp.)

F B 5 - | ) .

- I|F ] +

+ | e = VgT = 1.78 (Max. @ Low Temp.)
s T l 2749 Rg= 130 (Squib+ L
. _ Re = 1.3 (Squib + Loop
. ll(RS) S Resistance) L :
The range of V, values will be between 4.8 and 6 volts. The - .
values of V., are likely to include cases whereinVp is too small (less than VGT)

since Vg =Vp, W% =%-Vg (8AT), and since Vg (SAT) can lave values as great
as 5 volts. The following equations describe the SCR triggering problem

mathematically.
Y ~ Var
Igp=—F— = .21 ma (Max., Reference SCR Data Sheet)
S .
Vor = 1.78V (Max., Reference SCR Data Sheet)
VF - 1.78
13 = .02 a
VF = 0273 + 1.78
¥ 1.81y
- .opla 4 L:BL
=" T.%
= ,0Rla + .066
= 87 ma
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Vg = Vp.- Vg (SAT) = 1.81v (Max.)

F P
Vg (8AT) = Vp - Vg LV =2 v, = 6.0V holds for EDIM design
Vg (8AT) = 4,8 a 1,81 = 2,99 (Max, Allowable)
The UJT emitter saturation voltage -must not exceed 2.99V at -17.8°%C
in order to assure fhat the SCR can be triggered with worst case SCR

parameters at this temperature,

Ip summary, the B8CR trigger circuit wi;l not successfully trigger
lthe RCA Type 40654 SCR undér all the possible conditions of temperature
and at the worst case state for the SCR and UJT Type 2N16TIC parameters.
The range of possible values for the UJT emitter saturation voltage,
SCR (Vgp) and SCR (Igr) is such that the SCR triggering state will not be
achieved even at some points somewhat less than worst case. The EDIM circuit
design, component selection and/or the regulated woltage setting will require
changes for  the Qualification Unit in order to correct far the UJT/SCR
compatibility problem discussed herein. It will be possible to wark around
the problem in the Engineering Unit EDIM by means of selecfing a UJT for

acceptable Vp (SAT) before installation.

. 3.1.3 Energy Budget Analysis
Battery power is applied to the ED_:D! until fourth stage spin-up occurs.

At spin-up the battery power disocnnsets and EDIM operation is powered by
means of the energy stored in five energy "source" capacitors C3 through C7
(Referred to herein aé CS)' These capacitors supply a total nominal
capacitance (Cg) of 1500 microfarads (300 M f each at 25°C) charged to
28.3 volts minimum at the beginning of the 4,5 second internal power

operating period. This 4,5 second period includes a 1.5 second operating
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period (Quring 4th stage spin-up) prior to closure of the start switeh
(at 4th stage separation) and a 3.0 second (minimum) programmed ignition
.delay. During the 4.5 second (minimum) of internal power operation the voltage

on C_, drops from the initial value of 28.3 volts to some final value which

8
depends on the_amount of power required by the EDIM during the L,5 seconﬁ
internal power operating period. This section presents the results of an
analysis performed to investigate the adequacy of the EDIM circuit to perform
normally at worst case conditions using the emergy available in Cg for the

full 4.5 seconds.:

The energy budget analysis for the EDIM circuitry at worst case conaitions

indicates that the source capacitance C_, will not supply the worst case EDIM

8
energy demand for k.5 seconds at -17.8°C. The EDIM energy budget was divided
into three elemﬁts for convenience, These elements are the followiﬁs:
*1, Capacitor Cl Circuit - This circuit requires sufficient enérgy
to cﬁa.rge Cl to the UJT Peak Point Emitter Voltage (VP)' .A.lso,
ﬁane energy is lost through R2 during Cl charging.

2. UJT Drain Circuit - This is the series circuit through the UWJT
which drawé current throughout the intermal power period so as to
in'aint_a‘.in'a Vp ‘bias.’ -

3. Regulator lstandby Current - The current required for regulator
internal requirements and bias is equal to therregulator standby

current. This current must be maintained throughout the interhal
power period.

#This applies only during the 3.0 second delay period.
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Additionél leakage currents due to the capacito‘fs were not siaﬂ.fiéant.
The following calculations were perfarmed for the development of

an energy budget for each of the five elements listed above, ;
Usable Charge Calcu.lation (Available Energy on cs)

Vin (Min.) = 28,3V Minimum Initial Voltage at Cg (30V - 0.7 - 1.0) "

Cg (Min.) = 1500 - 0.1 (1500) = 1350 nta25%

~Cg (Min. @ -17.8°C) = 1350 - 1350 (.0075)(%2.8%C) = 917 pu?
Vq (Min,) = 3.0V Minimum Input/Output Voltage Differential f§r
Z1 Voltage Regulator '
Voup(Min,) = 8.942V Regulated Voltage at -17.8°C
v, = vcm,(m.n.) + Vg (Min.) = 8,942 + 3,0 = 11,942, Lowest Voltage
permitted at _CS for normal regulator operat;m
Qe = CgVp = (917 x 10'6)(11.9ha) = 10.95 millicoulomb (me),

Residual charge on Cg at V, @ -17.8%

8

Qr = (97 x 10‘6)(28.3) = 25.95 me, Initial Charge on C, at t = O,

8
T = -17.8%

. Qu = 25.95 - 10.95 = 15.00 mc, Usable Charge on cS for normal
operation of EDIM during .%.5 second internal power operating time.

1) Capacitor Cl Circuit

a) Cl Charge : b) Rl Drain » _
Vp (Max.) = 6.0V V(RL) = 4.0V (average for :3.0second)
Cl =102 u @ -17.8% I(RL) = b.0/1 x 10° = baa
Q(C1) = 6.0 (102 x 10'6) | (Rl ’drain) = (3.0)(4.0 x 10“-6)

= 0.612 mc = 012 me
| Q(l) = 00612 +.°12
= 00&,‘ me
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2) WIT Drain Circuit
Ryp, (Min) = 0.7 (4.7K) 0 _
= 3.29K [~ -17.800

R (9+745) =10+ 154 + 27.4
= 0,191K
Ry = 3.29K + 0.19;1(
- 3a10
I (2) = B.9%2/3.481K
= 2.57 ma
Q (2).= (2.57 wa)(k.5 sec)
, é‘l;.57 -
3) Regulator Standby Current
I2l)gy = 3.5 ma (Max.)
Q (¥) = 4.5 (3.5 ma)
= 15.75 me

Q(T) = Q(1) +q(2) + Q(3)

‘= 0,624 + 11,57 + 15.75

= 27.9% me
Deficiency = Q(T) = Q(U)

"= 27.94 - 15.00
= lé’.9'# me
The above calculations show a 12.94 mc deficiency in the aveilable
c harge in cs for narmal operation for 3.0 seconds dela&. The charge deficiency

can be solved by some combination of several possible actions
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to decrease fhe energy demand dﬁring EDIM operation snd/or increase the usable
charge. ‘A listing of possible steps is given Ab‘elov.

(a) Increase the value of Cq ‘to a value vhich will store the total

' charge required for the worst case state at -17.87:> .

(v) Screen components to assure perameter values less than worst

V case, Candidate components and parameters for screening are

indicated be_low.
1. UJT - Scréen for RBBO higher than worst case minimum,
2. CS (C3, Cy» 05, Co» 07) - Screen for high side tolerance
capeacitance.
3. 21 Regulator - Screen for typical (2.3 ma) or lower value
for Standby Drain Current, Screen for 1.5V minimum input-
7 output .volfage differential. V '
(¢) Relief of EDIM requirements at low temperature.
(d) Change component type(s) to those which have a more favorable
) range of the critical parameter(s). This would be an alternative
t_o screening of the existing component types.
It should be noted that the probeble failure mode for the EDIM in the

event of insufficient energy in C_, is a short delay time., This short delay

8
time would occur as & result of a decreased regulated voltage when the Cs
voltage dropped below about 12 volts. At this point the regulated volta ge
would continue to drop below the nominal 9.0 volts at about the same rate

as the voltage on Cg dropped. At some point in time the decreasing WJT peak
point voltage (VP) and the timing capacitor voltage would reach a cross-over
point thereby turning the UJT "on", The SCR would then fire normally unless

" the timing capacitor voltage was too low, The failure to fire the SCR

{and therefore the SBASI) would be an extreme case resulting when the energy
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S
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delay time condition and SCR firing energy margin should be investigated . -

during the Engineering Model Testing in order to gain insight into the

phenomena. The delay time effects are at least partially self-compensating

and the minimum SCR firing energy condition may be simulated by applying low

initial voltage to C

8.*

3.2 Component Analysis

3.2.1 Component Descriptions

This section presents a description of the electronic pieée- .

part components which compose the EDIM. The following is a listing and

description of the parts used.
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1.

Integrated Circuit; Fairchild ma 723 P/N USR7TT23312
Regulator Z1 Monolithic, Planar, epitaxial-10 Lead Metal Can

Transistor, Silicon, Uni,junction; Ql GE Type 21i16710 ‘
TO-5 Can, 3 Lead :

Zener Diode, V; = 30, 1%; CR2 and CR3
General Semiconductor - GZ41101A (Type 1N5256B)

Dicde, Rectifier, Silicom; CR4 and CRS PIV = 50V, I, = 1.0 amp
Peak Surge = 30.0 amp

Resistar, RNR55C; R3, R4, R6, R8, R10, R1l & R12
Metal Film, 1%, 1/10 watt, MIL-R-55182

Resistor RNR65C; R1 Metal Film, 1%, £ watt, MIL-R-55182
Resistor, RWRSBLS1540FR; RT Wirewound, Dale, MIL-R-39007,1.0 watt, 1%
Resistor RWRB1S2TRUFR; R5 Wirewound, Dale, MII~R-39007,1.0 watt, 1%

Resistor, MFF1/8 1 MEG 1% T-0; R2
Wirewound, Dale, MIE-R-22684B; 1/8 watt, 1%
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Resistor, RWRB1S10ROFR; R9

Wirewound, Dele, MIL-R-39007,1/10 watt, 1%
Capacitor, GE Type No. 69Fi236G137; C1
Hermetically Sealed, Tabular, Tantalum .
Wet Slug Capacitor, M39006/09-6476

120/Af, 15v

13.

14,

15.

Capacitor, Fixed, Ceramic Dielectric; C2

General Purpose, M39014/05-2819, 100 pf

Capacitor, GE Type No. 69FL455G136; €3, C, C5, ¢6, C7, €8, €9
Hermetically Sealed, Tabular Tantalum

Wet-8lug Capacitor, M39006/09-6518

300 g, 30V

Connector, Shell Size 12, 10 Sockets

Deutsch, DEASY-12-10 &

Connector, shell Size 10, 19 Pins

Deutsch RTK 07-18-19 PN

The GIDEP ALERTS at VSD have been reviewed to determine if any of the

above components are on "“alert” status. It was determined that only the

RRRSSC (Item 5 above) and the RNR65C (Item 6 above) resistors were the subjects

of an ALERT at this time. The alert in question was ALERT No. MSFC Ti-02.

dated 1k August 19Thk. This alert specifically dealt with all RNR/RNC55, 60,

65, TO resistors manufactured by Wagner Electric Ccn'por_ation, VAMIST(R Division,

Livingston, N.J. All applicable resistors used in the EDIS should be obtaired

either from another manufacturer or from later lot/date codes of Wagner

Electric Corporation manufacturer which have been corrected for the problem

referred to in ALERT No. MSFC Ti-02,
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3.2.2. Stress Analysis

This section presents the results of a piecepart component
electrical stress analysis which was performed'foi each of the EDIM circuit
components, The purpose of the analysis was to determine the level of
electrical and/or thermal stress imposed on the components by the EDIM
functional and environmental requirements, The stress levels thus deter-
mined were evaluated in terms of the maximum specified allowables determined
from component data sheets; Results of the analysis are summarized in the
following sections herein, The stress levels determined were found fo be
adequate to assure reliable operation of the EDiM under the woraﬁ case
extremes of environment and electrical stress combinations. |

3.2.2.1 Resistor Stress levels

Maximum ratings and the EDIM imposed stress levels for
each of the resistors Rl through R12 are presented in Table 3.2.2+-I. All
of the resistors wére found to be adequately dersted to assure rel;able
operation of the circuit. The stress values presented represent the pefcent
of maximum specified power actually dissipated during the worst case con-
ditions of circuilt operation,

Only ome resistor (R1l) was found to bé stressed at
a significant percentage of the allowable dissipation. This resistor 1is
exposed to two significant stress conditions during EDIﬁ operat ion. The
first stress condition arises as ac~consequence of a transient current surge
which occurs during initial charging of cépa;itors C3 through C9 when
battery power is first applied to the EDIM circuit. This transient surge
current occurs during a period of 1.22 seconds during which an average
stress level of 86.2% is applied resulting in éppraximately a 1o°c tempéra-

ture rise., The 86.2% stress level of 862 milliwatts for 1.22 seconds compares
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TABLE 3.2.2-1

Stress levels Imposed
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Reference P(Max.) T(Max.) P(Max.) T(Mex.) Stress
Designator () (%) (mw) (°c) (%)
Rl - 250 175 85 97 3k
RY (Transient) 1000 175 862
(3600 sec i (1.22 sec) 90 86.2
overload) o
R2 125 175 L0763 80 .06
R3 100 175 .0387 80 .0387
R4 - 100 175 2.26 81.1 2.26
RS “1000 275 .0898 80 .00898
R6 100 175 7.2 8k 7.2
RT" 1000 275 .505 -80 .0505
R8 100 175. 1.883 81 1.883
R9 - 1000 175 1 80 Q.1
R10 100 175 1 80 1
-R11 100 5 1 80 1
R12 100 175 1 80
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- Appendix D
favorably with the specified maximum (1000 milliwatts for 3600 seconds)

overload condition.

3.2.2.2 Capacitor Stress levels

Table 3.2.2-1] presents the maximum ratings and
worst case stress levelsuimposed on the EDIM capacitors, The stress factor.
presented is the maximum percentage of the rated voltage imposed on the
capacit;ors during worst case circuit operation conditions.

All capacitors were found to be opersted within their
maximum rated voltage at the corresponding maximum i:emperatures. Gapacitors'
Cl and C2 are operated well within the voltage limits specified at maximum

temperature. The voltage applied to capacitors C3 through C9 at warst case
zener (CR2 and CR3) conditions (high side of tolerance and 80°C) is 32.2 volts.
This value is within the maximum speqified DC surge voltage of 34.5 volts at
85°C. The maximum DC surge voltage rating is defined as the maximum DC

* yoltage applied for 30 seconds or less at intervals of 5 minutes or more.
These conditions are compatible with the EDIM flight conditions and should

also be observed during ground testing of the EDIM for maximum reliability of
these capacitors. The worst case stress state (32.2 volts, 80°C) can only occur

during environmental testing and no operational problems are expected (See
Table 3.2.2-II Note), '

2.2, WW
3 3 e worst case stress level for each of the EDIM semi-

cofiductors is presented in Teble 3.2.2-III. These stress levels were deter-
mined for each of the semiconductor components under the worst case combination
of circuit imposed conditions and component parameter values., All of these
components were determined to be well within the desirable range ‘of stress

consistent with good derating practices.
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TABLE 3.2.2-II
EDIM CAPACITOR STRESS LEVELS

Component Rating Worst Case Stress Levels Imposed
g Reference Vpe (Surge) T(Max.) Vpo(Surge) T(Max.) Stress
Designator ?\Crolts) (o) volts) (°c) Factor
c1 17.2 85° 6.0V - 80°% 34.9%
c2 100 175 30V 80°% 30%
c3 34,5 85% 32.2 80°% 93% *
c9 3k, 5 85°% 32.2 80°c 93¢ *
*NOTE :
1. This stress condition camnot occur during the expected flight environment.

2.

These capacitors are lot sample tested to assure a minimum of 10,000 hr.

1life at 85°C. '

. 100% of those capacitors will be inspected for low capacitance and leakage

at VsD.
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TABLE 3.2.2-III

EDIM SEMICCNDUCTCR STRESS LEVELS

A. Diodes, General Purpose, 1N4OOL

Ratings Applied Stress Values

Ip(Max.) PIV Ip(Max.) PIV Stress (Ir)
CRY 1000 ma 50 137 ma 20v 13.7%
CRS 1000 ma 50 - 137 ma ov 13.7%

B. Zeners, QZ41101A, v, = 30V, 19 .
Max. Rated Junction Worst Case Worst Case Stress

Temperature (TJ) Applied T3 Stress (Ty)* Factor %
CR2 200°C . 149,5% 0.596  59.6%
CR3 200°%C ' 149.5% 0.596 59.6%

*T = Normalized Junction Temperature (derating starts at 75°C)
C. UJT (Ql) 2N16T1C

Proy (RATED) = 235 mv @ 80°%c

“~
. \

Poox (APPLIED)= 16 mw
Stress = 16/235 = 6,8% (Max.)
D. SCR (CR1) Lo65k

Maximum Ratings

Vpaam (Non-Repetitive Peak Forward Voltage) = 250V
Inam (Peak Surge) = 80A

PGM(Peak Forward Gete Dissipation, for 1 sec) = 4Ow
Operating Case Pemperature Range = 65°c to 100°C

Maximum Applied: Btress

Vpsom = 30.8v
Tpgy = 30.84 Stress = 30.8/80 = 38.5%
By = bow - Stress = 4,0/40 = 10%

T(Max.) = 80°C
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In Table 3.2.2-III1 zener dilodes CR2 and CR3 are indicated as _ A
having the highest level of stress (59.6%) of all the semiconductors.
This stress level is expréssed in the form of the normalized junction

temperature (Tn) which is calculated by use of the following expression,

T. - T :
J S -
T, TS ()T (Reference No. 6)

‘wgt(g
.

ATARIIRA L. TVREES .

where: _
T, = 'Normalized Junction Temperature -
T 7= Junction Temperature
Tq = Temperature at Which Pover Derating Begins (75%)

TJ(Lh.x) = Maximum Rated Junction Temperature Determined from
Device Specification

3.3 Failure Mode, Effects and Criticality Analysis

Failure modes and effects can be analyzed and presented qualitatively,
without mumerical parameters. However, a quantitative criticality is useful
as an aid in proportioning effort and establishing priorities for such effort
to be expengied 1n reliability improvement, Quantitative criticality is expressed
herein in terms of a rate of occu;'rence of mission failures per million flights.
Each criticality value presented in Table 3.3-1I is that value attributable
to the failure of the corresponding component in the designated failure mode.
Mathematically, criticality is defined by the fallowing relation:
Criticality = Wb x A XK' x (Effect Level)
where : \ Wt = Environmental Exposure ("Use") Factor
Ao
- K

Generic Fallure Rate N

Operational History Modifier ,
Effect Level = Missiocn Failure Probability Given a Particular Failure Mode
To arrive at the criticality value for a specific component failure mode,
the component failure rate (\;) sttributable to that mode is required.

£
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COMPONENT:
DRAWING NO:
VENDOOR:

EDIM

TABLE3-3-I

‘. SINGLE FAILURE MODE CRITICALITY ANALYSIS

Appendix D

SYSTEM Scout .

SUBSYSTEM_lith StageJDIM

cooe ELEMENT FAILURE EFFECT CATEGORY FAILURE RATING CRIMICALITY :
NO. MODE
i FAILURE EFFECT v, | cememic | “use® |opemamomar| rawume | (SRR REMARKS
' FACTOR ISTORY RATY
! a. SUBSYSTEM w W A s el X
: b. MISSION wY | (xi0% | Wt K Kwed FAILURE
: (x 10%) RATING
Ql Unijunction Short a) EDIS will not operate. ., )
Transistor b) Mission Failure 1.0 2.205 99,85 1.0 20.47 20.47
Open " a) EDIS will not operate.
b) Mission Failure 1.0 0.205 99.85 1.0 20.47 20,47
yA | Voltage Regulator Regulation High a) Long or short delay time
(1) possible depending on extent
- -of the out-of-specification
condition and resultant rate
of excessive energy depletion
during delay period.
, b) Possible Degradation .01 0.20 99.85 1.0 10.0 8.20
Regulation Low a) Short Delay Time Probable
b) Probable Degradation .05 0.10 99.85 1.0 10.0 0.5
Internal Short or a) No. Output
Open b) Mission Fellure 1.0 0.20 99.85 1.0 20.0 1.0
CR1 SCR Short a) BEarly or no squib firing. .
' b) Mission Failure 1.0 0.5 99.85 1.0 49.93 49.93
Open a) ©No squib firing. .
b) Mission Failure 1.0 0.5 99.85 1.0 89.94 £9.99
CR2 Zener Diodes Short {of either) a) No energy ‘o fire squib.
or , b) Mission Failure 0.0 0.300 99.835 1.0 £0.98 29.96
CR3 Open (of either) a) Excessive voltage on C3 C9
- b) Possible Loss 0.5 0.625 99.85 1.0 62.41 6.241
Drift {of either) a) Possible low energy for sqguib
zener voltage changel firing.
b) Possible Failure 0.1 0.325 99.85 1.0 32.45 3.25
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TABLE 3-3-I Appendix D
COMPONENT: . EDIM
DRAWING No: SINGLE FAILURE MODE CRITICALITY ANALYSIS SYSTEM
. ' S — SUBSYSTEM
W —
-} cooe FAILURE EFFECT CATEGORY FAILURE RATING CRIMCALITY '
N0, ELEMENT _ .
, MODE _
: FAILURE EFFECT ~ , | eEnErIC | “use® |oremamomaL| Fanume (f_g,‘t‘f REMARKS
: (1)
a. SUBSYSTEM = ;, x FAGTOR HISTORY R‘;‘““ x
- b—MISSION— ! (xi0%_| Wt K Kwt A [FAILURE \
~ . : t(x10%) |\ ranine )
CRL | Diode Short (of CR5) a) Loss of reverse voltage ’
and protection. - ’ :
CR> b) Possible mission delay 0.0 0.205 99.85 1.0 20.47 0.0
Open (of either) a) EDIS will not operate.
b) Mission Failure 1.0 0.205 99._85 1.0 20.47 20.47
Short (of CR4) "a) Squib firing energy will be
depleted during delay time.
b) Mission Failure 1.0 0.205 99.85 1.0 20,47 20,47
c1 Capacitor shart a) SCR will not fire. ;
' b) Mission Failure 1.0 0.192 99.85 1.0 19.17 19,17
Open (Capacitance a) Délay time zero.
zero) b) Possible Failure 0.1 0.096 99.95 1.0 " 9.59 0.96
Drift a) Long or short delay time. .
b) Possible Mission Degradation 0.01 9-096 97.85 1.0 9.59 0.096
ce Capacitor Short a) Regulator Failure
b) Mission Fallure ; =
Open a) Mo Significant Effect : g
b) Ho Effect 53z
Drift a) lio Signilicant iffect .
w) o Effect '
1l
(U ]
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TABLE _3.3.1 _

. DM Appendix D
COMPONENT: :
VENDOR: SINGLE FAILURE MODE CRITICALITY ANALYSIS SYSTEM
. ; . | ‘ SUBSYSTEM
?—— ' 4( a . _ - PN
CODE FAILURE : EFFECT CATEGORY 1 FAILURE RATING CRIMCALITY '
NO. ELEMENT .
. ' - MODE - . .
- FAILURE EFFECT w | cEnEmic | “use® lopemamoma| Fawume [(§ERECT) | REMARKS
. ’ QO <4
a. SUBSYSTEM :.‘ g x FACTOR HISTORY RATING x
b. MISSION . w Y| t(xi0% wt K Kxwtd FAILURE
! (x 10%) RATING
c3 Capacitors Short (of any one) a) EDIM will not operate. " _
é,'? b) Mission Failure 1.0 ° ©'0.,192 99.85 1.0 19.17 19.17
’ Open (of any one) 'a) Decreased operating energy !
: during delay time causing short
delay time. '
b) Possible Degraded Mission at 0.0l 0.096 99.85 1.0 .95 0.10
low temperature, '
Drift (of any one) a) Possible decreased operating
energy during delay period .
causing short delay time, ) :
b) Possible Degraded Mission 0.0l! 0.096 99.85 1.0 9.95 0.10
c8 Capacitors Short (of either) 'a) Squib cannot be fired;
(;g b) Mission Fa‘ilure 1.0 0,192 92,85 1.0 19.17 19.17
Open (of either) a) Possible no squib firing, ;
. b) Possible Failure ' 0.1 0,096 99.85 1.0 9.95 1.0
Drift (of either) &) Possible no squib firing. }
b) Possible Failure 0.1 0,096 99.85 1.0 .2.95 1.0
? _
!
i
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COMPONENT:
DRAWING NO:

EDIM

VENDOR:

Co

NO.

ELEMENT

TABLE _3=3-1

§INGLE FAILURE MODE CRITICALITY ANALYSIS

i SYSTEM
| SUBSYSTEM

Appendix D

FAILURE
MODE

EFFECT CATEGORY

FAILURE RATING

CRMCALITY]

FAILURE EFFECT
a. SUBSYSTEM

b._MISSION

EFFECT
LEVEL

GENERIC

A

(x_10%)_

"use”
FACTOR

_ Wt

OPERATIONAL
HISTORY

!
FAILURE
RATING

KWt )

(crrzcr
LEVEL

x
| [ FAILURE \

REMARKS

RATING )

Rl

Resistor

Resistor

Short

Open

Drift

Short

Open

Drift

a)

b)

a)
b)

b)

e)
v)

'b)

a)

b)

Zener diodes CR1 and CR2
cannot regulate voltage at C3
through C9 to 30V maximum,
Zeners will be destroyed by

- excessive power dissipation.

Probable Loss

Loss of bettery power.
Loss of Mission

Non-optimum zener action and
possible zener burn-out due
* to over-current.

Possible Loss

SCR cannot be fired.
Loss of Mission

Capacitor Cl cannot be bled to
zero_-volts readily during
testing. Cuuld cause delay
time changes during ground
testing.

No effect during flight.

Could result in excessive
current short or long delay
times depending on circum-
stances of failure.

Possible Failure

005

2.1

1.0

0.0

0.1

0,005

.0038

. 000k

.00k

0.004

99.85

99.85

99.85

99.85

99.85

1.0

1.0

1.0 -

1.0

1.0

1.0

(x'10%)

0.5

0.379

0.40

1040

3.20

‘00 40

-«025

0.379

.00k

0.ko

0.0

2,0k

= 'ON 20V
TR oCs 'ON ANOd
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TABLE _3-3-1

COMPONENT: EDIM : ‘ ' Appenc.ii.x D .
DRAWING NO: SINGLE FAILURE MODE CRITICALITY ANALYSIS SYSTEM
— : 1{ _ — SUBSYSTEM
CODE : FAILURE EFFECTY CATEGORY FAILURE RATING CRIMCALITY
ELEMENT
wo. MODE ‘
FAILURE EFFECT v, | sEwemc | “use®  joremamomai| rauune |(TRRECT) | REMARKS
b. MISSION - (x 10% | Wt K Kwe FAILURE
. : (x 10%) RATING
R3 Resistor Short a) Will result in out-of-toleranct
delsy times. ' s
b) Possible Degraded Mission 0.01 .0005 99.85 1.0 .05 .0005
Open a) No SCR firing or squib
_ initiation.
b) Mission Failure 1.0 .0038 99.85 1.0 .38 .38
Drift a) Could.result in short or long
delay time depending on T
) direction of drift,
b) Possible Degradation 0.01 .0005 99.85 1.0 .05 0005
Rb Resistor Short a) Very short delay time,
) b) Possible Mission Degradation { 0.01 .0005 99.85 1.0 .05 .0005
Open . a) No SCR or squib firiﬁg. -
b) Mission Failure 1.0 .0038 99.85 1.0 .38 .38
Drift a) Short or long deley time, , .
b) Possible Mission Degradation | 0.0l . 0005 99.85 1.0 .05 .0005
R5 Resistor Short a) SCR will not fire.
b)  Mission Failure 1.0 .00k 99.85 1.0 0.40 0.40
Open a) Possible premature SCR firing. A
b) Possible Mission Failure 1 .032 99.85 1.0 3.2 .32
Drift a) No Effect - S ,
b) No Effect - 040 | .00k 99,85 1.0 o0.4o 0.0
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TABLE 3=3-1

COMPONENT: EDIM Appendix D
DRAWING No SINGLE FAILURE MODE CRITICALITY ANALYSIS SYSTEM
: ' ] SUB$YSTEM
CODE ELEMENT FAILURE EFFECT CATEGORY FAILURE RATING . |[CRMCALITY '
NO L . | |
. MODE
FAILURE EFFECT £ | sewemic | “use® |oremanomar| rawume | |(S77ECT) | REMARKS
. SUBSYSTEM S N ncfoa WSTORY | RATING ! |1TT
b._MISSION w1 (x_10%)_| Wt K Kwtd i |zeaume)
(x10% ' [\raATING ]
R6 Resistor short a) Regulator will fail, _
b) Mission Failure 1.0 " +0005 99.85 1.0 «05 .05
Open a) Regulator output will equal
input iminus three volts.
Excessive power drain will
-ocecur in EDIM. ‘ )
b) Probable Mission Failure 0.5 .0038 99.85 1.0 0.38 0.19°
.Drift a) Long or short delay time and !
possible SCR no fire, ;
b) Possible Mission Failure 0.1 .0005 | 99.95 1.0 0.05 " .005
RT Resistor Short a) Long delay time, _
b) Misston Degradation Probable 0.05 .00k 99,835 1.0 0.40: .02
Open &) Delay time will be zero. '
b) Possible Mission Failure 0.10 .032 99,85 1.0 3.20 «320
Drift a) Long or short delay time. _ A
b) Possible Mission Degradation 0.01 .00k 99.85 1.0 0.4o - .00k
R8 Resistor ghort 8) Regulator output will equai
input minus three volts,
b) Probable Mission Failure 0.5 0005 99.85 1.0 .05 .025
Open a) Output of regulator will equal
input less three volts, .
b) Probable Mission Failure 0.5 - .0038 20,85 1.0 .38 19
Drift a) Long or short delay and
possibly no SCR firing.
b) Possible Mission Failure 2.1 .0005 29,985 -1,0 .05 005

™ ON 30N
Zho-c ON ANOJN
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TABLE 3-3-1

EDIM .
COMPONENT: : ‘ i Appendix D
ORAWING NO: SINGLE FAILURE MODE CRITICALITY ANALYSIS SYSTEM
' } . SUBSYSTEM
. “
CODE FAILURE EFFECT CATEGORY ' "FAILURE RATING CRMCALITY
ELEMENT | ,
NO. . MODE '
- FAILURE EFFECT r | éemeric | "use® -|oremanoma| rauume |(SRRRCT) | REMARKS
a. SUBSYSTEM t' g x FACTOR HISTORY RATING x
b. MISSION Y| (xi0% | Wt K KWt FAILURE
i tx 10%) RATING
R9 Resistor Short a) No reguhtor current since "
- possible regulator damige -
during tests, .
b) Possible Delay 0.0 .00k 99.85 1.0 40 0.0
Open a) No firing of SCR. :
b) Mission Failure 1.0 .032 99.85 1.0 3.2 3.2
Drift a) Possible current since
degradation.
b) Possible Delay 0.0 i .00k 99.85 1.0 0.40 0.0
i
RLO | Resistar short a) Rogulator Output will equal n
: nput,
b) Bossible Degradation Ol |, .0005 99.85 1.0 © 0.05 .0005
Open a) No Effect ', N
b) No Effect 0.0 ¢ .0038 99.85 1.0 . 0.38 0.0
Drift a) Negligible Effect
b) No Effect 0.0 0005 99.85 1.0 0.05 0.0
R1l Resistor Short a) Possible overstress of
. resistor Rl during S/A "Safe"
- condition. : '
b) No éffect. Any damage to Rl 0.0 .0005 99.85 1.0 0.05 0.0
- " should be detected during ]
tests, |
Open a) "Safe"” condition cannot be
. achieved. .
b) No Effect except possible .0.0 .0038 49,85 1.0 0.38 0.0
. delay.
Drift a) No Bignificant Effect :
b) No Effect 0.0 .0005 99.35 Lo .03 o._o
"
i
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TABLE __3-3-1

Appendix D
COMPONENT: _IDIM
DRAWING No ~ SINGLE FAILURE MODE CRITICALITY ANALYSIS . SYSTEM
. : — SUBSYSTEM
cooE 4 EFFECT F ATI MCALITY
e ELEMENT FAILURE CATEGORY AILURE RATING CR
MODE .
FAILURE EFFECT - GENERIC | “use® |oremamomar| rFawume |(ERRECT) | REMARKS
O o
a. SUBSYSTEM a, ;, A FACTOR HISTORY RATI’ x
b. MISSION - i (x 10% | Wt K Kwed ' (ruwg
_ | (x 10%) RATING
R12 Résistocr Short a) Bo-EBffect ‘
b) No Effect 0.0 »0005 99,85 " 1.0 .05 0.0
Open a) Loss- of Voltage Monitor '
b) Possible Delay 0.0 .0088 99.85 1.0 .38 . 0.0
Drift a) No Effect :
b) No Effect 0.0 L0085 | 99.85 1.0 -05 | 0.0

th 'ON 30Wd

CTOCT T2 ‘ON ANOdIN
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In-addition; the probability~fha£ a particular failure mode will actually
result in a mission failure is also pgeded. The failure rates used in
Taﬁle 3.3-1 were obtained from Reference 6. The portisn of each component/
generic failure rate attributable to a specific failure mode is based upon
data'from Reference T, engineering judgment and estimates of the component
compiexity deaicgted to the funcfioﬁs invol&ed‘in é ;peéific component
failure mode.

The probability that a particular failure made will result in
a missim failure was represented herein by the'"Effect ﬂevel". The "Effect

Level"” values are estimated for each failure mode using the following table

as a baseline. )
’ TABLE OF "EFFECT LEVEL" NUMBERS -

Guidelines
Actual Loss - 1.0 :
Probable Loss - 0.5
Pbssible Loss 'O.l )
Negligible 0.01
No Effect 0.00

Adjustment of the failure rates for the effects of the component
operating environments and the time exposure to these environments was
achieved by the use of an environmental exposure factor (Wt). The "W" com-
ponent varies with the sﬁage of flight as }ndicated in Table 3.3-II, The "™t"
component is the time dufing which each value of the weiéhting factor "W" is

applicable. The cumulative value of "Wt" is applied to édjust the generic

failure rates for the cumulative effects of the imposed EDIM environment.
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TABLE 3.3-

Report No. 2-54232/5R-23013

Page k45

II

TYPICAL SCOUT OPERATING TIMES AND ENVIRCNMENT

Duration Weighting Cumulative

Flight Phase t (hours)  Factor (W) Wxt Wxt ‘
: 1 1lst Stage Burn .0220 1000 - 2._’2-_00 2_2_0.0
2  1st Stage Coast .0035 500 1.75 . 23.75
3 Second Stage Burn L0114 1000 11.k0 35.15
4  Second Stage Coast 001k 500 0.70 35.85
5 Third Stage Burn .O10k 1000 10.40 k6,25
6 Third Stage Coast .1052 500 52.60 98.85
7 Spin Coast .0020 500 1.00 99.85
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The Sipgle Failure Mode and Criticality Analysis form
(Teble 3.3-I) has a column for an operational history modifier (K). For
this analysis K is assigned the value "1" because insufficient history is
available for the Scout EDIM to justify the use of this factor as a
criticality modifier. 1In the analysis charts given by Tgble 3.3-1
the calculations proceed as follows.

‘Failure Rating = (Wt) K A,

From the Failure Rating, the Criticality is obtained as follows:

Criticality = (Effect Level) X (Failure Rating).

The Failure Reting is not intended for use in reliability cal-
culations., It stiould be interpreted only as a factor of component criticality.
The criticality value itself is intended only as a relative figure of signli;
ficance between the EDIM component failure modes, The absolute value of the
criticality has no real significance except as a relative measure of criticality.

Table 3.3-I1 presents the failure mode, effects and criticality
analyses for the EDIM., Only single order failures are considered (no multiple
failures) and all components are assumed to be operating properly Jjust pribr

to the occurrence of any failure.
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k.0 TESTING
» This section presents a discussion of the EDIM testing néeds and
capabilities. The discussion presents information regarding critical design
elements vhich should be considered during fMtion of the detailed
acceptance testing and checkout procedures in crder to realize the full
;'eliability performance potentisl of the EDIM,
. The EDIMt design includes features which will enable a comprehensive

functional verification prior to flight. These features are listed below.

"A. A Voltage Monitor is provided to allow a voltage check at firing
capacitors C8 and C9, ’l'h_e voltage indication at the Voltage
Monitor allows verification of adequate firing capacitor voltage
and may be employed to detect any excessive ﬂ.ring 'ea.pacitor
leskage. Any firing capacitor capacitance change may also be
detected by discharging the firing .ea.pa.citor through the Voltage
Monitor Resistor RI2 to obtain an energy signature (time constant
measurement). Also, with mtm' pover applied, any significant
change in the EDm; standby current or zener regulation will cause
a change in the Voltage Monitor indicatiom.

B. Remote start capability is provided so that the EDIM ‘can be
started so as to verify proper time delay performance.

C. Included in the EDIM design are provisions which can be employed
to verify firing of the SCR with the EDIM in the "Safe" condition.

D. The EDIM voltege regulator (Zl) output can be monitored to verify
proper voltage and to measure avaiiable internal power operating

time prior to loss of regulation. The internal power operating
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time check will reflect any degradation in capacitors C3 through

CT in that any significant decrease in capacitance or increase in

capacitor leakage will decrease the internal power operating time/

energy available before regulation degrades.

The above provisions/capabilities can be used to obtain a very.

comprehensive functional integrity verification of the FEDIM, just prior to launch,

Utilization of all of these capabilities is desirable in order to achieve the best

possible verification of the EDIM functional integrity.

Verification/detection of the following critical parameters/

conditions Just prior to launch is deemed desirable to enhance EDIM reliability

to the fullest extent possible.

1.

2.

3.

l".
5
6.

Capacitor Charge Voltage (C8 & (9)

.Capacitor Degradation, Leakage and Capacitance Change (C3 to C9)

Firing Capacitor Energy Signature (Time Constant as measured

through R12)
Internal Power Operating Time Capability

Régulétqr Output Voltage
Time Delsy and SCR Firing

Comparisons of the quantitative values from these measurements with prior -

test data will detect degradation processes even before they have advanced

to the severity level wherein failure to function will result,

Additional pe.rameters. (to the six listed above) which should be

measured directly during acceptance testing are EDIM standby current drain,

firing capacitance (C8 and C9) and source capacitance (C3 through CT).

Planned environmental testing of the EDIM Engineering Model includes

high and low temperature (0°F to 176 OF), mechanical shock, and random vitration.

See SEI 3225 for deteil delineation of the environmental test levels.
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5.0 EDM RELIABILITY PREDICTION '

A quantitative reliability prediction has ‘:-aeen performed for the EDIM.
The prediction was performed in order to obtain an EDIM reliability estimate
to be used in comparing the EDIM reliability with tﬁat of the existing pyro-
technic type> delgy initiator. The prediction resulted in an estimated EDIM
reliability value greater than 0.9999.. This value is a quantitative estimté
of the probebility that no catastrophic piece-part failure will occur during
its mission function period given 100% biece-part integrityl at the time of -
launch, The estimate is the EDIM reliability baséd on the inherent reliability
of its pieée-parts. ‘

The EDIM reliability prediction is presented in Figure 5.0-1. The piece-
pert failure rates and envifonmenta.l modifiers used in the prediction were
obtained from Reference 6. Operating time for the EDIM was assumed to be
15 seconds. Non-opérating failure rates were assumed to be 10% of operating
failure retes. Total flight time was é.asumed to be 560 seconds of which 545
seconds was spent with the EDIM in the non-operating state, '

A reliability eétimte for the presently used Model SD60Al delay initiat&
was obtained using Reference 8 failure rate ( N\ ) data. A failure rate of
l&()O'x 10'6 failures per hour is given for this unit when subjected t6 the
environmental stresses of & Scout launch. The reliability estimﬁte for the
SDGdAl unit was ob’tained as shown below using a flight time of 560 seconds:

-6 -6
- At - (yoo x 107")(560/3600) =-é52-2 x 10 —.9999

This estimate indicates that the EDIM and the: existing SD6QALl have inherent

R=9

reliability values of the same order of magnitude. However, the SD60AL  pyro-

technic delay initiator cennot be subjected to a comprehensive function chetk,
since it is a one-shot item, whereas the EDIM will receive such a verification

prior to launch, The high value of the predicted EDIM reliability and the
comprehensive check-out capebility of the EDIM are deemed to be adequate bases
to expect equal or superior reliability performance for the EDIM as compared to

D-53
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6,0 CONCLUSICNS AND RECOMMENDATIONS

This section presents the conclusions and recommendatlons resulting

from the analysis results presented in this rep;rrt. The conclusions are based

upon thev snalyses and evaluations of the proposed EDIM Engineering Model design.

The recommendations are proposed for implementation in the EDIM Qualification

and/ar production units, as applicable. Decumentation of the Final EDIM

design will be‘ included in an update to this report to be issued after com-

pletion of the Engineering Model tests.

Conclusions

1. The EDIM is capable of delivering 226% (126% Safety Factor) of the SPASI
energy required for init:lat:loﬁ under worst case conditions. The EDIM
firing circuit design is considered ddequate to assure reliable initiation _
of SBASI's (Refereﬁce Section 3.1.1 herein).

2.. THE EDIM timing circuit design is capable of meeting the design requirement
:cr a minimum 3.0 second inl iation delay if adequate allowances are made
to compensate for low temperature effects when selecting timing resbistor R3.'
(Reference Section 3,1.2.1 herein)

3. The SCR Trigger Circuit design will not fire the SCR ﬁ.nder worst case
conditions of component parameters and low temperature (O°F) (Reference
Section 3.1.2.2 herein). _ -

L, The worst case electrical/thermal stress levels- imposed on the EDIM piece-
parts are within specification limits during operation of the EDIM.
(Reference Section 3.2.2 herein).

5. The failure mode analysis inﬁiestes the following top five critical failure

modes in their order of criticality.

Criticality Failure Mode
1. 149.93 Short of SCR CRL
2. 149.33 Open of SCR CRL
3. 29.9 Short of Zener Diode CR2
b, 29.96 Short of Zemer Riode CR3

D-65
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None of the criticality levels are deemed to be problem areas and the EDIM test

capability is available for a comprehensive check of these five failure modes

(Reference Section 3.3 herein),

6.

T.

The energy analysis presented in Section 3.1.3 herein indicates that there
will be insufficient energy in source capaciﬁors C3—CT to asanre normal
operation of the EDIM for the required 4,5 second (minimum) operating period
at worst case conditions.

The EDIM reliability prediction indicates that the EDIM a.nd. the Model SD6CAL
delay unit both have inherent flight reliability valués greater than 0.9999.
The high predicted reliability value and the comprehensive check-out capability
for the EDIM is expected to result in a reliability performahce equal to or

better than the existing pyrotechnic type SD60AL delay initiator (Reference
Section 5.0 herein).

Recommendations

l.

3.

Although the analysis results of Section 3.1.1 herein show that the firing
c'ircu‘it design will prrovide adequate SBASI initiation energy, even at
worst case conditions, it 1s recommended that some form of quantitative
energy verificatinm measurement be performed as a part of production
acceptance testing.

As a result of the SCR triggering problem (discussion in Section 3.1.2.2)
which could occur with the SCR (Type 40654) used in conjunction with the
UJT (Type 2N16TIC) a circuit change is indicated. It 1s recommended that a
solution to this problem be found and implemented in the EDIM qualification
unit, Preliminary analysis indicates that selection of anothexr UJT type in
combination with & higher regulasted voltage is a promising approach.

It is recommended that some measures be taken to assure that adequate energy
will be availasble to meet EDIM design requirements for operating time under

the worst case conditions defined in Section 3.l.3 herein,
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All RNR55C or RNRE6SC resistors should be purchased so as to avoid the
[roblems referenced in ALERT No, MEFC Ti-02. (Reference Section 3.2.1 herein)
Further evaluation of the options and requirements is recommended regarding
determination of the most desirable approach to the matter involving
selection of timing resistor R3 during EDIM build-up. (Reference Section

3.1.2.1 herein)

In the ev'enf that improved capacitors with a higher surge voltage rating
(wvhich also meet the other EDIM requirements) become available in the
future, replacement of C3 c9'w1t_h the improved components should be

pursued to improve stress margin-and to emhance EDIM reliability.
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RELIABILITY EVALUATION
SCOUT FOURTH STAGE ELECTRONIC DEIAY IGNITION

MODULE - ADDENDUM A

1.0 GENERAL

This addendum provides the inforﬁation, data and analyses necessar&
to update the original FIIM reliability evaluation documenf.(Report No.
2-5&232/SR-23013, released 9_June 1975) to reflect the EDIM design as
implemented in the EDIM Qualification Unit Configuration. Included herein
is information regarding all dgsign changes with their purpose and relia-
bility impact. Also included is the status of recommendations and con-
clusions presented in the original EDIM reliability evalugtion document and
final conclusions regarding the EDIM desié;#aé implementéd in the Qualification
Uﬁit Configuration. Section 4.0 herein presents sﬁme additional data‘not
presented in the original evaluation,

The following definitions are employed in this addendum for convenience

in the discussion of the EDIM design evolution.

1. -Preiimipari Désign Cnnfiguration - This is the first documenteé
EDIM design configuréﬁibn. It was this configuration which was subjected
to the reliability ev;luatinn-documented in the original report., This con-
figuration waé subjecféd to informal Engineering te;ting to obtain éperational
data. . :

2. Engineering Model Configuration - This.is the configuration as

modified to incorporaté méét of the changes rééulting from the reliability
evaluation and informal Engineering test results. This unit was subjected

to Design Verification tests.
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2. Qualificaticn Unit Configuration - This is the ¥DIM econdiznest fon

- incorporating the remaining design changes resulting from the reliabil ity

evaluation, This unit successfully completed all environmental qualiticatiou
testing per 23-TRA-024l,

4, oOriginal Evaluation - This term will be used herein for convenience to-

refer to the original EDIM evhlugtion report of 9'June 'T5, Report No. 2-5&232/53-23013

2.0 DESIGN CHANGES

" The following is & listing of the EDIM design changes or refinements

which have been incorporated into the EDIM (Qualification Configuration;

- Figure 1) since the reliability evaluation of the Preliminary Design Con-

" figuration.

3
"~

1. UJT designated Ql was changed from a 2N16T71C to & 2Nh9#c type.
Discussion; This change was incorporated in order to eliminate
the possibility of an SCR "no-fire" condition due to excessive UJT emitter
saturation voltage, Vg (SAT), Which can occur at low temperature with the
2N1671C. The replacement UJT Type 2NiSLC has a number of inherent ﬁaramete:
advantageé 1ncluding lover maximum Vp {sAT), nigher minimum'intrinsic stand-off
ratio and higher minimum interbaée resistance, Each of these advantages
combine to achiéve reliable SCR firing conditions even at minimum temperature;
This UJT component selection change solves the SCR "no-fire" problem identified
in the original evaluation as Conclusion 3/Recommendation 2,
| 2. Voltage regulator Zl, a Fairchild /;a 723 type in the Engineering
Model Configuration, has been ckanged to & Signeties SESS0 type
regulator as of the Qualification Unit Configuration.
Discussion: The component selectlon change for Z1 was made due

to the source capacitor energy budget shortage problem identified as

Conclusion 6/Recomméndation 3 in the a®iginal evaluation,
o D-61
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_ Appendix D
. The relatively high maximum stand-by current applicable to the l,.« a 2% type
was the principal contributor to the source capacitor energy dcficiency.
Selection of the SE550 type regulator in cowmbination with the UJT change
- - . supéessful]y resolved the energy problem.
| 2. Circuit diodes CR4 and CR5, which were type 1N4OO1l in the

Preliminary Design Conf igu’rat'ion, were changed to a JANTXVINLOL2

type.

Discussion: This diode selection change was made in response
to the parts construction and reliability informetion obtained during a diode
'investi.gat;i'on resulting from a Scout flight anomaly. The increased vendor
jsi:reen:i.ng and superior construction of the JANTXVINLOL2 type diode will

. ) enhance the EDIM reliability.
L, The EDIM Jl and J2 connector ﬁin assignment used for the
. A ‘ Engineering Model Configuration was subjected to reliability
| evaluation from the standpoint of EDIM funct;ion and Scout
mission effects resulting froy] single adjacent pin to pin shorts
in the connectors. As a result of this evaluation the pin
function assignments for J1 pins 1 and 7 were interchangec.

For J2 the pin function assigmment for pin 1 was transferred to

pin 3 (previously unassigned) leaving pin 1 unassigned (see

Figure 1 for new pin assignment). V

Discussioﬁ: The pin assignment changes resulted in elimination
of five critical EDIM failure modeé which could have resulted from adjecent

pin-to-pin shorts.
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5. A slight change from the EDIM Preliminar& Design Configuration
circuit architecture was incorporated as of the Engineering
Model Configuration. This modification consisted of addition
of resistor R13 and a change of the fir;ng c¢ircuit branch point
from the low potential side of Rl to the high potential side of
Rl (directly to IGN/DEST BATTERY (+) potential). This new
architecture can be seen 1in Figure 1,

Discussion: This circuit architecture modification was necessary
forAcircuit checkout operation in the S/A Relay "Safe" mode but, additionmally;
the change improved firing circuit energy performance since the firing
capecitors (C8 and C9) charge voltage will not now be degraaed by the voltage
drop across Rl as it had been in the‘Preliminary Design Configuration,

6. Minimum component screenihg requiremehts have been defined and
are givén by Teble 1. These screening requirements were defined
in order to assure adequate parts reliability and in response to
EDIM problems identified in the reliabilitj evaluation,
Discussion: Of special significance among the requirements of

Tgble 1 is the 15 ma maximﬁm gate current (Jyp) limit imposed on the SCR-40654
(CR1L). This limit is a factor in the assurance of reliable firing of the SCR

at worst case conditions.

3.0 STATUS OF CONCLUSIONS, RECOMMENDATIONS AND PROBLEMS

This section presents the status of the recommendations and problems
delineated in the original EDIM reliability evaluation., Any significant
change in the previous conclusions as presented in the original evaluation are

also discussed herein,
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Single Bridgewire Apollc Standard Initiator (SBASI)AFiring Safety Factor

Conclusion 1 in the original evaluation stated that the EDIM is

capable of delivering 226% (126% Safety Factor) of the energy required for
SBASI initiation under worst case component and low pemperature conditions
assuming the SBASI had its minimum (-3 sigma) bridgewire thermal time constant.
As a result of the circuit architecture change (see 2.0-5,-this addendum)
the voltage applied to the firing capacitors CB and C9 is not degrﬁded
by the voltage drop across ﬁl.. This configuration results in increased energy
available to fire SBASI initiators and improves the margin above the 126% value.

- Since the original evaluation, test data (see.Table 2) has been obtained
indicating that the capacitance degradation of the firing capﬁcitors due té the
effécts of iow temperature will be only 19.66% at -17.8°C as referenced to the
velae 6;’25%. .This degradation effect was previousl& calculated to be 22.1%
at'-l?.S?é as documented in the original evaluation, The original value was
based on a linear ektrapolation of vendor deta. The new value is based on
VSD temperature test data taken with thirteen samples of the subject capacitor
at fhe applicable temperatures of 25°C and -17.8°C. Both percent change
calculations assume that the 25°C capacitance value for C8 plus C9 1is equal to
540 microfaraas which is the minimum expected value due to. the applicable 10%
tolérance for these devices, The smaller tempersture degradation éffect now
expected will result ir an improvement of the expected worst case minimuﬁ
capacitance to a value of 433.84 microfarads for the C8/C9 combination.
This new value represents a significant improvement reletive to the 366.66
microfarads calculated for the criginal evaluation. - The smaller degradation

results in a greater amount of stored energy available to fire the SBASI.
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TABLE 2

TEMPERATUR} DEGRADATION OF CO /C9 CAPACTIANCH

Original Evaluation Values (C& + C0)

Nominal Mininum Minimum

Value @ 25°C. velue 25°C value -17.3°%C
500 mf Total 5t0 m f - 366,66 uf

(+10% Tolerance)

~
fodeiad el

. e - ) ~. D
*Vendor specifies 607 decrease over a temperature range of 25 C to -5 °C.

ilew Data Values (CB + C9)

Tenperatur

iJominal o Z-linimumo Minimum De{'-;._datlon
Value @ 25°C . value 25 C value -17.2% w -17.8%C

600 m £ Total

el . 1 ' 14 . "l‘- ke
(+10% Tolerance) SO pu E +33’811'/“f WXL ey

#*VED Test of 12 devices pave 19, 66% decrease over a temoe‘*ature re
-17.87¢.

¢
[
Q
[ER
ny
w
«Q
ok
[»]

NOTE: Difference in 32.1% valuc calculated and 1G.66% value measured is due to
apparent non-llnem 1ty of the temperature characteristic over a temperatur.
range of 2 C to =55 °c.
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The combined gffects of the improved circuit erchitecture and larger
minimum capacitance result in a total SBASI bridgewire heating energy of
257% (157% Séfety Factor) of that required for SBASI initiation at worst
case conditions., This 157% safety faéfor~represents a 25% improvement over
the safety factor developed by the Preliminary Desién Configuration ané'reported
in the original evaluation. ~ '
Recommendation 1 in the original evaluation advised that & quanti-
tative energy verification measurement be perfofmed‘for prodﬁction acceptahce
testing., The results obtained during EDIM Engineering and Qua;ification tesﬁing

supporﬁ the feasibility of such a measurement and the recommendation stands.

[V}

o2 +DIM. Timing Circuit

‘Conclusion 2 of the original evaluation indicates that the timing
circuit design is capable of meeting the 3.0 secohd‘minimum time delay if
adequgté compensation is made for the expected low temperature effects_whén'
selecting timing resistor R3. Recommendation 5 dealt with the need to zstablish
an approach for dealing with this EDIM characteristic. The apéroach silected
for the ingineering Model and Qualification Unit Configurations was to select
R3 so that the time delay was 3.5 seconds minimim at 25%. This approach
is deemed adequate since it will assure that the minimum 3.0 second deley
requirement is satisfied even at low temperature. Temperatﬁre effects will
not cause a delay tiﬁe decrease greater than the 0.5 second margin available at
3.5 scconds as shown by the calculation in the original evaluation. Ko further

action is indicated for this area of concern,
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3.3 GCR Trigger Circuit Problem

Conclusion 2 of the original evaluation indicates that thie SCR trigger
circuit will not fire the SCR for the worst case condition of circuit para-
meters and temperature. Reccommendation 2 also add:essed this problen andé
suggests one promising approach to a solution, In response to this problem
a different UJT (2KNk9LC) with hetter pa?ameters than the 2N1571C unit was
selected and SCR screening selection criteria limiting the maximum SCR it
trigger current (IGT) to'iﬁ millicuperes was imposed (see Tatle 1), Revised
calculations using the new UJT parameters and IGT maximum show that these
features do rcsult in adeguete gate drive to assure SCR firing at worst cusc
conditions, No further action is deemed necessary. ”

i Vorst Case zZlectrical/Thermal Stress lLevels

" The fDIM design changes imposed since the ariginal reliability evaluation
rave not significantly changed the stress levels as presented in the original
'report. Fach of the existing corresponding piece-part/component stress levels
haveAremaineé withiﬁ specification limits and no further action is qeemed
necessary.

3¢5 Aéditional Failure Modes

As a consequence of the design changes delineated in this acdenaum
one additional component {212) has veen addeé since the original evaluatior.
An open of thiz resistor during flight could cause a loss of missiou. Herver,
due to the low failure rate for this device, the resultant failure‘moéﬁ cri{i-
cality is low and will not rank omong thie top five failure modes listed in
Conclusion & of thue oripinal evaluation. It should be noted that in the
original circuit architecture an open of Rl would also cause tﬁe failure

effects now related Lo a short of R13, Therefore, this failure effect is not

a ncv one and orly be pirobability of its occurrence is affected by the
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addition of R13. A short of R13 would cause problemé only during ground
.check-out of tne IDIM. The criticality of R1l3 is not decmed to be 2 problenm.
area,

3.6 Source Capacitor Energy Budget

Conclusion 6 of the original evaluation identified an energy budgef
deficiency problem for operation of the EDIM on internal circuit pover (with
energy stored in cqpacitors C3 through C7). With the Preliminary ﬁesign-
Configuration there was notlsufficient energy sfbred in the C? throughAC{ source
cepacitors to operate the EDIM for the minimum required 4,5 seconds with
worst case circuit parameters at low.temperature. Recommendation 2 stated
shat some action or combination of action&-be taken to récfif& the encrgy
deficiency. Some possible corrective options were identified in Section 2,1.3,
Page 27, of the originél evaluation.

The energy budget problem was rectified in tﬁe Gualificaticy Unit
Configuration by a combination of three factors as indicated below.

1. Replacement of the UJT 2N1671C with the 2N:OUC device,

2. Replacement of the Fairchild /u a 723 IC regulator (Z1l) with =
Signetics SE550 IC regulator.

3. Test data finding that less source capacitance degradation
occurred at low temperatures than predicted by linear extrapolation of vendor

data. for the original evaluation. (32.1% degradation predicted, 1u.66¢ mcas:ived)
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Factors 1 and 3 above vefe the most a:l.gnificaut in affecting mprqvement.
of the predicted energy budget. The IC z_'egulatc;r '(21) change was mde
apec.ii‘ical:Ly to correct the ,eﬁerg;r budget deficiency. The selected

SESS0 regulator has a significantly lover maximum stand-by current demand
. than the /4 a 723 (2A ma versus 3.5 ma). Selectionrof -the 2N49oUC was made
to resolve the SCR firing problems but also mitigated the: energy budget
defic;ency because of its increased minimum Rppp 88 compared with

the 2N1671C of the Preliminary Design Configuration (Rpgpp is 6.21K N1
ninimum for 2NUGLC versys 4.9K.N minimum for the 2N1671C);, The higher
~ UJT Rppp regp;ts in less current drain. Test data verifying less than
predicted cﬁpﬁcitance degradation at lw't;i)erature mea"n'.é"that more
energy will be available in the source capacitors at the Beginning of the
‘1&.5 second internal power period. The combinatinn of more source
capacitance in Cg (C3 through C7) and lower current demand by regulator 21
.and UJT Ql has i;esulted in the energy budget performance improvement necessary
to operate on internally stored energy for the minimum required k,5 seconds
at worst case cénditions. No further ection is deemed necessary relative
to the EDIM energy budg’et.

3.7 - EDIM Reliability Prediction

The changes in the EDIM design have not been extensive enough
to significantly affect the reliability prediction as presented in the -
original evalua£1on (Conclusion 7). The magnitude of the effect of the changes
made is within the expected error of the original prediction so as.to

not affect the reliability value of 0.9999 previously prediéted.
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3.8 Alert Status

Recommendation U identified GIDEP Alert Number MSFC Th-02 for
particular attention because of applicability to all RNRS5C and RNR65C
reéistors._ Purchase of these resistor types for any future ED;M pro-
duction should be performed in such a way as to avoid the problem
described in the ALERT, The new component types incorporated into ihe
.Qualification Unit Configuration EﬁIM were compared to the AXerts on
file at VSD and no new ALERT problem areas were detected,

3.9 ' Surge Voltage Rating (C3 through C9)

The original evaluation recommended (Recommendation 6) considératiqn
of replacement of C3 through C9 by devices of higher surge voltage rating
should such an appropriéte higher rated device become available. Such a
replacement'would be intended to improve the stress margin achieved in the
EDIM and phereby enhance. EDIM reliability. This recommendation remains |
valid for any future production of EDIM units for Scout. However, the
maximun surge voltage stress ratio imposed (see Table 3.2.2-I1 in the
original evaluation) is within the vendor's specification and is not
deemed to be a reliability problem at this time due to the low éuty

cycle of this applied surge voltage.

L.,o MINIMUM EDIM FIRING VOLTAGE FOR SBASI

Figure 2 deplicts the EDIM Firing Circuit Schematic as it exists
in the EDIM Qualification Unit Configuration. By proceeding in a manner
like that described in detail in the original evaluation the available

squib initiation energy (Ep) is given by:

Vo - vr\ 2
E, = fot (mx)Pidt =(—RT—O T)' ‘Rg (eff) ('

Teble 3 presents a description of the parameters and changes in the evaluatio:n

ETzC—f) (e2t (mex)/BaCe yy’

from that presented in the original evaluation,
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TABLE 2

DESCRIPTION OF FIRING CIRCUIT PARAMETIERS

= Voltage on Firing Capacitors at t =4,0 seconds (when SBASI fires) =~ o .

Yo
Vo=V, (032,_min.)- AV
vhere: .
v, (CR2, min.) = 28,4417V (Qualification Test Data).
AV = 0.1366V (Original Evaluation)
Vg = 28,4417 - 0,13266
= 28.31v
VT = SCR Maximum Constant Forward Voltage Drop In Conduction State
Vp = 1.60461Y , o .
“This guantily revised from original evaluation by separating the
constant and current sensitive SCR forward voltage components. , -
This technigue requires revising the quantity RT as shown velow, .
RT = Total Ohmic Resistance of Firing Circuit Including Squib, Conductor and SCR A
= 2 T aQ
RT l.,Rs + dL + 8
where: 1.3RS = Rg (eff) = Maximum Effective Squib Resistance
Ry = Conductor Loop Resistance (.25 )
S = SCR max. Voltage/Current Slope {ohms)
Ry = 1.3 (1.15) + 0.25 + 0.0417 ,
= 1,007 0 , Note R, (eff) = 1L.495 A

S
6

Cs = L=3,84 x 107 )/; f = Minimum Piring Canacitance @ -17.8%

i

4 (max)

Time to Maximum Bridgewire Temnerature
0.92491 milliseconds (Evaluated same method as original evaluation)

it
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Vg = 28.4417 - 0.1366 = 28.31V; Value applicable to Qualification Unit

Vp = 1.60461V

Rp = 1.7867

-6 o
Cp = h33.8h.x 10" uf

t (max) = 0.92491 ms

E "2"386‘*;1) joules ()"

By <0.1294 (e

]

-0.129% (-0.9080k) j

117.5 millijoules (mj)

M

"

The value 117.5 mj is the total energy delivered to the SBASI. The value
129.4 rﬁj is the total energy ‘délivered to the -SBASI plus that remaining in the
capacitor Cp (c8 + C9). This quantity (129.4) is broken down into its

components, shown below, using the same technique as presented in the original.

evaluation.
&) Fraction Heating Bridgewire (Eu) = 0.652899 (129.4) = 84,485 mj
'b) Heat Loss Fraction = 0.255141 (129.4) = 33.015 mJ 4
¢) Fraction Left in Capacitor (cf) = 0.091960 (129.4) =.11.9oo mJ
129,400 mj

Check: E(a) + E(b) = 84,485 + 33.015

117.500; thus verified

Ey - Ec 8u.u85 - 22,85
E,. 32.05

[+

Safety Factor = = 157% margin

Using the equation for EA the minimum voltage required to firg a worst case

SBASI at worst case circuit conditions can be calculated.
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(min) E, (min) _ v
\' min) = +
0 RT -RpC - i T
Rs (eff)(fgg-g) (2" (max)/hT?f -1)
E E '
E (min) = ¢ ‘== £
A (1 - e-2t (}ma.x)/RTCf) Ky
E_ = SBASI characteristic energy (32.85 m))
o = Fraction of Totel C, Energy Available (.9080%)
E, (min) = §%§g§6§§ = 36.172
36,172 x 107>

v, (min) = 1,7867

Ve (min)

"V (min)

+ 1.60461
(-5.7982 x 1o'h)(-o.9080b) :

= 1,7867 V 68.7502 + 1,60461

= 16.491v

i

Minimum voltage on Ce at t = 0 which will supply L‘C
=V, (min) + AV (leakage)
= 16,5556V

Minimum:applied voltage (to EDIM),which will result in

initiation of worst case SBASI at worst case conditions.
= Ve (min) + V {CR4)
= 16,5556 + 0.7

= 17.256V

The value of VA (xﬁin) calculated above is the minimum battery voltage at
which a worst case (with -3 ¢ thermal time constant) SBASI would fire at
worst case circuit and themmal conditions. It should be noted, however,
that the value VA (min) = 17.256 is applicable only to the EDIM SBASI firing
circuit and it is not intended to represent the minimum voltage at which the

total EDIM circuitry will function.
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%0 FmAL comws.tons |

o 3 'I'he ED]M haa ’uen aubJected to a ecmprebensive relinbility evaluation

 and qnalifieation test (see aa-nm-rng for qualification t.est details)
results of the reliability ebalution st qmumuon ustug indtcate that
 the EDIM design widy. mufy the Bcout rnght requxmnm. '
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DESIGH IHFORMATION SN - RELEASE > D
R AP ) .
™0~ i3} AND EFP, i, NO, REV.
Qualification of Scout 4th Stage Electronic 23-DIR-1779 ‘
. DATR rAGHK Qr 12 ’
Delay Ignition Module (EDIM) 14 August 1975 i |
BYSTYEM RLF, G, O, NUMDER
Scout . . ) ‘f 3384 CV 1220 -
Fill in block bolow for Infornztion Reaquest Fill in block below for Informallon 1lnlease
TO\ GROUP _, ’ I REPLY TO DIR. NUMRER
REQ. BY : GROUP rec.yoR: G- Urash  qo60p 2-53100
REASON /\ PREPAKRED DV. 3 DATE g{ﬁ;l’»fo FY DATLEL —
— —~ M P

Gr\ouk AP DATE I CFFICE 2
LTV oue(( cwr [ suxePs [ D\.< ' 9. 7
P/ R }i? E‘ ; *

e A. Gardsbane, ¥. H. Harrison, J. Martinez,
E, D, Walters,, R, G, Urash, J D, Clark, A, J. Marek (. A’ a][a/ﬁ/{]'/q

DES'"N INFORMATION:

I. ENCLOSURES

(1) Test Information Release (TIRA) 2-45202/5R -2
"Qualification and S2ET of Scout 4th Stage Electronic
Delay Ignition Module (EDIM)"

(2) Test and Evaluation Report/Reliability Assurance . .
Laboratory Report No. 2-45202/5R-47, 'Ignition : -
Delay Assembly" .

(3) Electromagnetic Susceptibility Test Report for the
23-004349-1 Electronic Delay Ignition Module

11. ' REFERENCES

(1) Drawing 23-004349 - Assembly, 4th Stage Squib Elect.
Delay Ign. Sys.

(2) .Engineering Test Laboratory Test Request (TRA)

23-TRA-246, "EMI Qualification Test for Scout
4th Stage Electronic Delay Ignition Module (EDIM)"

II1. INTRODUCTION

The Electronic Délay Ignition Module (EDIM) was designed for

replacement of the NASA z SD60A1 "Pyrotechnic Delay Initiator' as used for
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flight ;pplication on the Scout Vehicle. To qualify %md demonstrate the suit-
ability of the EDIM for flight appliéation, the EDIM was 'subjeclted to tests out-
lined in the test program of enclosﬁre (1)'. The results of the tests indica:te the
EDIM has satisfactorily met the requirements-of the test program and is, there-
forg, q;Aalified and suitable for itq intended application on fhe Scout v;ahicle. A
summary of the tests and results thereof are pi'esented below.

v. QUALIFICATION TESTS

Functionai performance and environmental tests were. éccomplishgd
as outlined by enclosure '(1) and enclosure (3). Additional tests were added per
Qualification Test Failure Report 23-QTFR-008 in Enclosure (__1) to qualify the
‘ replaced voltage regulatqr of the EDIM for flight application. The type, sequence
" and details of the tesfs, are further delineated below.

1. Pre-Environmental Tasks

The EDIM was weighed and was visually inspected per drawing
(reference (1)) for physical defécts; Then an insulation resistance test was
rr;ade between each EDIM connector pin and housing with a megohmeter set at
500 VDC. At the complétion of the "MEG" test, a functional acceptance test was
performed. This test included two (2) types of checkout; namely, Test A, Delay
Timing Cycle Test and Test B, Loss of Regulation Time Test. Both of thesé tests
were accomplished with 30 VDC and 35‘VDC alternately applied to the input of the
EDIM. The test measurements performed for each type of test is noted below.

Test A - Delay Timing Cycle Test

A. Ignition Charge Voltage

B. Squib Voltage
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C. Voltage Regulatc;r Output

D. EDIM Input Voltage

E Time Delay

Test B - Loss of Regulation Time Tesf
A. Ignition Charge Voltage

B. Squib Voltage

C. leta.ge Regulator QOutput

D. EDIM Input Voltage

E. Loss of Regulation Time

The above measurements are further defined in paragraphs following

the summary of Post-Environmental Tasks.

2.

Environmental Performance Tasks

The EDIM was subjected to the following sequence of environmental

tests during the qualification test program. A summary of each test is outlined

with each environmental test. Functional performance tests were accomplished

before, during, and after each environmental test as delineated by Enclosure (1).

Thesé functional performance tests included Test A and Test B noted above under

Pre-Environmental Tasks. The pre- and post- environmental functional perfor-

mance tests, with 30 VDC applied at-room ambient, will not be noted in the

summary. Test measurements of Test A and Test B during each performance

test are further defined in paragraphs following the summary of Post-Environ-

mental Tasks.

E-4

A. High Temperature/Low Temperature - 1 cycle

1. Stabilized at 160°F and 0°F for a maximum of four (4)

hours. -
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-2. Functional Performance Tests when stabilized at each

temperature with 30 VDC and 35 VDCalternately applied.

B. Temperature Shock - 3 cycles
. . A 1. One hour minimum at.OoF'and 160°F
2, Two shocks per cycle giving a total of six (6) shocks for
three (3) cycles, |
3. Functional Performance Test at the fifth shock at 160°F with

| 30 VDC and 35 VDC alternately applied. EDIM was thén moni-
- , . tored with 30 VDC input via oscillograph for the period

of the fifth shock.

C. High Temperature - Altitude - 2 cycles

1. After stabilization at 160°F, the chamber internal pressure
- : " was decreased to simulate 200, 000 feet within five (5)
minutes and maintained for a minimum period of ten (10)
minutes. The chamber was then returned to room amibient
pressure completing one cycle. The cycle was again
repeated.

2. Functional Performance Test at the start of each ten (10)
minute period' at the simulated 200, 000 foot altitude with 30 VDC
and 35 VDC alternately applied. The EDIM was then monitored
with 30 VDC input via oscillograph after. completion of

) A_ - test at 35 VDC for the rest of the environmental exposure.

D. Vibration and Mechanical Shock - 1 cycle

1. Vibration - 9.1 GRMS for 80 seconds between 20 Hz and

2000 Hz for each of three (3) orthogonal axes,
E-5
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2. Mechanical Shock - Three' (3) shocks of 75 G's applied
to each direction of the three (3) orthogonal axes. A
Total of 18 shocks were applied to the EDIM,

3‘. Functional Performance Test dur ing and between environ-
mental test of each axis with 30 VDC applied. The EDIM
was continuous'ly monitored via oscillograph with 30 VDC
input.

Accéleration - 1 cycle

1. 33.5 G's acceleration applied for two (2) minutes to each

~direction of three-(3) orthogonal axes. A total accelera-
tion time of 12 minutes. ) -

2. Functioﬁal Performance Test during and between environ-
ment;l test of each axis direction Awith 30 VDC applied.
The EDIM was continuously monitored via oscillograph -
with 30 VDC input.

QFTR - No. 23-QTFR-008

The voiltage regulator Z-1 was damaged during the post-
acceleration functional performance test as explained under
the Qualification Test Results, Aaditional tests were added
via the QT FR to qualify the EDIM with the replaced regulator.
These additional tests included the repeat of the Temperature
Shock test of paragraph B above and 10 cycles of SZET

Vibration/Mechanical Shock rather than 8 cycles. .
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_ G. Temperature Shock - 3 cycles

~f

1. One hour minimum at 0°F and 160°F
2. T.wo shocks pér_cycle giving a total pf 8ix (6) s_h_°CkS for
the three (3) cyAcles.
‘3. Functional Performance Test at the fifth shock at 160°F wit};
" 30 VDC and 35 VDC alternately applied. EDIM was then moni-
tored with 30 VDC 'input via oscillograph for the period
of the fifth shock. |

H. Ele.ctron.')a.gneti-c Susceptibility (EMI)

Tiae EDIM was functional operated while exposed to Electro- '

- | magnetic Susceptibility Tests pevr MIL-STD-461 and MIL-
STD-462... These tests were as follows:
1. ' Test CSO1 - Conducted susceptibility - 30 Hz to 50 KHz,
- ' , Power leads
2. Test CS02 - Conducted susceptibility - 50 KHz to 400 MHz,

' i’ower leads
3. Test CS06 - Conducted susceptibility - Spike power leads
4., Test RSOl - Radiat;d susceptibility - 30 Hz to 30 KHz,

M;gnetic field
5. Test RS02 - Radiated susce.pti'bility, Magnetic Induced

(400 Hz and Spike) -

6. 'fest RS-3 - Radiated susceptibilify, Electric Field, 14

- KHz to 10 GHz
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The EDIM was deemed to have passed the susceptibility tests if it

"fired" on time and had no spurious firings.

. gt

ET Acceptance Level Vibratiox.z./Mechanical Sh:o-c'k - .io
cyclgs . V | .-
i. Vibration - 6.1G RMS for 40 sec‘c;nds be-tween 2'0‘Hz‘and
2;)00 Hz for each-of three (3) orthogonal axes. A t;otal of
30 vib.ration'periods.‘ - o
2. Mechanical Shocl; - 50 G's for each of fhree (3) offhogonal ‘
a;:es in both direc;tit;ns. ‘A total of 60 shocké. v i
3. Functional Performance Te ét during #nd betweeﬂ environ-‘ .
mentél test of each axis with 30 VDC a-pplied. The EDIM | -
was continuously monitored via oscillograph with_ 36 vDC
input. )
J. Humidity - 3 cycles - , -
1. The EDIM was placed in a chamber with 95% humidity ;amd
room temperature (humidity was mainta.ined’;at 95%
throughout the environmental test).. The temperature was
tl;en raised to IZQOF w_iﬁhin a periqd of two (2) hours. The
120°F temperature was maintained for a period of six
hourz_s after which itvwas reduc_:ed to _68°E over a period of
16 hours, giving a total of 24 hpurs for one humidity cycle.
This test was repeated for three (3) humidity cycles or a

total of 72 hours., _ -
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2. The EDIM was not operated during the three (3)
cycles. '

K. Past-Environmental Tasks

An iﬂsuia.tion resistance test was performed between each EDIM
connector pin and ho;lsing with a megohmeter set at 500 '\;DC. At the completion
of the "MEG" test, a fqnctiona.l acceptance test (Test A and Test B) was per-
formed with 30 VDC and 35 VDC alternately applied to the input of the EDIM. -
The EDIM was then disassembled for visual examination. Enclosure (2) contains
the results of this visual examination. At the conclusion of the visual ex;.mination,'
the EDIM was reassérﬁbled and a functional accéptance test (Test A and Test B)
was performed on the ﬁnit with 30 VDC and 35 VDCvalte.rnately applied to

the input of the EDIM

The functional performance tests (Test A and Test B noted under
Pre-Environmental Tas.ks) included the foilowing measurements O\-J.tlined herein,
(See reference (1) for schematic). |

- 1. Ignition Charge Voltage:
Voltage applied to the anode of the SCR via the char ged
| capacitors C8 ana C9. This voltage is applied to the

squib when the SCR is ''fired'.

Z; . Squib Voltage:
The voltage drop aéross a one (1) ohm resistor (to
simulate a squib) in series with the output of the SCR.

3. Regulator Output:

The output voltage of the EDIM voltage regulator Z-1.

E-9
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Input Voltage:

The voltage applied to the EDIM from a power source.

Time Delay:

Time between a start command to the EDIM and the EDIM
"firing'' pulse output event.
Loss of Regulation (LOR) Time:. The time between power

source turn off to the EDIM and when the voltage regulator

Z1 voltage begins to decrease.
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V. QUALIFICATION RESULTS
L. Arregularities During Tests

There were two (2) irregularities which occurred during qualification
tests, these were:

1. Paint became loose from the surface of the EDIM housing.

2. Voltage regulator Z-1 was damaged during tests, due to

test equipment miswiring.
Each of the irregﬁlarities is further explained below.

An investigation of the painting process indicated that the- paint
process specification-was not complete. A clea.ning_step had been inadvertently
omitted from the drawing. This deficiency was corrected by EOV 39170. The
housing was then repaiﬁted and inspected in conformance with the required manu-
facturing process. The repainfed housing did not show any peeling during subsequent
temperature cycling at Langley.Resea;'ch Center (LRC).

The Voltage regulator damage, as noted by 23-QTFR-008in Enclosure (1),
.wag caused by misapplied voltage during the post-acceieration functional test.
The functional tests during the acceleration environmental test required additional
cables to connect the EDIM located at the Centrafuge and the EDIM Test Panel
located outside the Centrafuge. The EDIM test power input cable connector was
wired to conform to these additional cables. At the completion of the acceleration
environmental tests, the EDIM test power input cable connector was not changed
back to its original configuration. Therefore, at the resumption of the post-
acceleration functional test using the regulaf-. cable configuration between the
EDIM and Test Panel, fhe voltage regulatbr was damaged. The EDIM power input

cable connector was then rewired to its original configuration as required by the

E-11
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schematic in reference (1). The voltage regulator was replaced in the
EDIM and additional tests were added and performed to ensure the EDIM

would meet the requirements for flight application .

2. Test Summary

The EDIM passed all environmental tests to which it was subjected.
A comparison of data of all the applied tests indicated the EDIM had no degrada-
tion. Visual examination of the printed circuit board and compﬁnents, after com-
pletion of qualification tests , showed no evidence of component deterioration.
Particular attention was given to the tantalurh capacitors. No evidence of electro-
lyte leakage was noted.
Also, the EDIM passed the EMI requirements during the suscepti- -
bility tests. Special "spike'' tests, which deviated from the applicable MIL-.SPEC,
were performed. These tests could make the EDIM 'fire'' but this "fire"
condition is not considered significant to the application c;f the EDIM on the ) -
Scout vehicle because ''spike'" generating devices such as relays, switches,
etc., are not used in the power input lines. Enclosure (3) contains results of
the EMI tests.

VI. CONCLUSION AND RECOMMENDATION

The EDIM has met and satisfactorily passed all requirements of the
test program. However, one caution should be noted relative to transients on
the power lines of the EDIM. If in any future configuration a transient-causing
device is connected into the EDIM power lines, evaluation and testing should be

performed to assure that the device will not cause spurious EDIM firings. -
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The results of the test érogram have shown the EDIM to have no
degradation of performance or deterioration of components during the testing.
In addition, the EDIM operation met requirements through all environmental
and EMI tests. Therefore, the EDIM has demonstrated acceptability for

flight application on the Scout vehicle.
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TEST INFORMATION RELEASE : Page 1 of 9
TR NO. RELBASR NO.
23TRA0244 |2-45202/52-2
. rASR DAYER
ATRIBUTION : 1 o 6 11 June 197p
’ MODEL
4 SCOUT ,
Teereg gv 7 B ™ AP/ ovEp pv / R
vi//ﬂw ) Al __D coumrard ) mcomeLurs {t?":(:f:v C
TITLEOF | QUALLFICATION AND S°ET OF SCOUT 4th STAGE ELECTRONIC DELAY
TESY IGNIZLION MODULE (EDIM)
Encl: (1) 23TRA0244

(2) 23QTFR-008

DATA OR RESULTS:
1.0 . Test Requirements

This test was performed to qualify the test specimen to vibration,
mechanical shock, high/low temperature, temperature/altitude, acceleration and
humidity environments which are more severe than anticipated for Scout
Vehicle. :

2.0 . Test Procedure

The following tests were performed per enclosure (1), except
that 23QT§R-008 (enclosure (2) ) was performed between the acceleration test
id the STET vibration and shock. During post-acceleration functional, it
was noted that the regulated voltage read 4.4 VDC; it should have read 9.3
VDC. 1Investigation revealed the specimen had been inadvertently connected
wrong. QTFR 23-QTFR-008 was written and troubleshooting procedure was '
initiated. After completion ofzthe QTFR, normal testing continued, except.
there were ten (10) cycles of S°ET instead of eight (8). Order of test:

(1) Pre-environmental . :

(2) High temperature/low temperature (qual)

(3) Temperature Shock (qual) . :
(4) Temperature/altitude (qual) -
{(5) Vibration (qual) :
(6) Mechanical Shock (qual)

(7) Acceleration (qual)

(8) QTFR #23QTFR-008

(9) Vibration & Shock (STET) '
(10) Humidity . T
(l11) Post-environmental . ‘ '

The test specimen was operated and monitored per enclosure (1) for each of
the environmental conditions listed above,

3.0 Test
3.1 Test'Specimen

The test specimen was a Scout 4th Stage Electronic Delay Ignition
Module (EDIM), P/N 23-004343-1.

E-14
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3.2 Test Facilities

Test equlpment utlllzed to perform the above mentloned tests is
presented in Table 3.2, below: . .

. Table 3.2 - Test Facilities : ,
Item 3 - - -

No. Equipment Manufacturer -| Model
1 Sine/Random Control ' Ling o | S8RC-503
2 Power Amplifier. Ling PP60/100
3 Electrodynamic Exciter Ling . 335
4 Accelerometer : Endevco 2221p
5 Accelerometer Amplifier . - Endevco _ 2711A
6 Magnetic Tape - Recorder CEC . VR2800
7 Oscillograph , CEC : S-123
8 Rotary Accelerator - Schaevitz -
9 Temperature/Altitude Chamber American Research | --
10 Humidity Chamber Tenney 27-0200
11 Real Time Analyzer - | Spectral . 301D
~ 3 Test Set UP

Typical set-ups for the tests in paragraph 2.0 are shown in
Figures 3.1 through 3.6. : '

3.4 Test Results
. No anomalies were noted due to environmental'testing.
4.0 Test Data

The random vibration input was analyzed uSLng the §eal Time
Analyzer and is presented herein as g2/HZ plots for Qual and S”ET. - The Real
Time Analyzer settings were as follows:

Analyzer Range ~ 15 Hz bandwidth and SK Hz upper iimit
Number of ensembles - 64.

The mechanical shock was recorded on memo-scope and a Polaroid picture, and
is presented in Figures 4.1 and 4.2. The squib spike voltage was recorded.
on film and is presented in Figure 4.3. The data pertaining to the operation
of the test specimen is recorded in the data sheets of reference (a) and -is
presented herein. , v
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Figure 3.1 - Typical
Temperature/Altitude and
Temperature Set-Up

Figure 3.2 - Typical
Vibration and Mechanical
Shock in the "Y" Axis
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Figure 3.3 - Typical
Vibration and Mechanical
Shock in the "Z" Axis

-

e T |
. !
!

Figure 3.4 - Typical
Vibration and Mechanical
Shock in the "X" Axis




Appendix E

2-45202/5R-2 3

Test Information Release
Page 5

Figure 3.5 - Typical
Acceleration Set-Up

Figure 3.6 - Typical
Humidity Set-Up
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Figure 4.1 - Mechanical
Shock Qual
Vert - 20 g/cm
Horiz - 2 ms/cm
Figure 4.2 - Mechanical
Shock S“ET
Vert - 20 g/cm
Horiz - 2 ms/cm
_4
!
!
1
1
!
Figure 4.3 - Typical
Squib Voltage Spike
Vert - 5 V/cm
Horiz - 500 ns/cm

E-19
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.. Enclosure- (1) to _. ™R NO. 23-TRA-02-C K
B ) : 2-45202/5R-2 , (7)
ENGINTERING TEST LABCRATORY TEST REQUEST ¢ <orm PAGE 1 oF —‘1——4——
I'-'T'“ vave CHAneE MO,
nwirorrentnl Lualification Tect for Scout Lth L-10-75 <=AL_cy.1225
’ . . . “oOEL nEo Y sAOVP
stace Flectronic Delay Isnition Mocule (EDD&) Scout J.D. Clurk 22272
. . . . : DATE DATA AEQ. | MANMOURS | EST. | aAcruaL
P/N 23-00434u.1 : STR.T.L.
PRGJECY TAST SNEINKER ) APPROVA (/ /&.. » STR. T.L.
N/A onte. ens. QE C;-..g’f viTngsses |vas| no Ly
[VI T} 4 AGRIONMNENT NOJKW\' ]
N/A Q‘ jt}/‘f/ 7{ cusTousR | . a/A
LAD. OR DEPTY, REDP, FOAR TRIT ABO [ n
2-45202 7 CL‘)ZM 4"/!1/7)‘ coupany |y
YO
TOYAL

PURPOBE & DESCRIPTION OF TEST

1.0 PURPCSZ, OZJECTIVE, SCCPE

1.1 Purpose

e ———————

The purpose of this environmental qualification test is to qualify the Electronic

Delay Ignition Module (EDIM) design for Seout flicht application by successful execution

of the functionel recuirements curing and after exposure to the Scout Standerd Desicn

“ualification Environzents specified herein.

1.2 Object ive

The objective of this test is to qualify the test specinmen to the following

lenvironments/tests.

' mpera : : :
a) High Temperature/Low Temperzture Revision 8: Peges 12804 fets wie:

b) Temperature Shock 23-63 reflect changes macde durirr
¢) High Temperature-Altitude testing. " No retest recuireqd,

. g FEVISION & APPROVALS :
e) Acceleration g

d) Vibration/Mechanical Shock

! . . ’ .."-» L\ N .
£) Hunidity % Wﬁ; ot -1//75’

g) Environmentel Cyclic -Life (S?ET Vibration/shd€k) %// A

The level of these environments as specified herein exceeds those levels zntici-

‘sted “or the intended Scout application of the EDDM., In addition to verifiecatizn of th

(47

test gpecizen to the cualification envornments (a through £ above) the specimen will be sutd

JecteEd ;n 3 Scout Standard Environzmental Test (S ET) Acceptance Levél vibration/shoek c:cl.

TEOY AGQUEAT DU TRIBUTION N . . ACPOART DISTARISUTION

’ . 7/ o
Com attanhnd . irtwmibielan 1iae- é-, o L A

[
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'mg c::mp}.et-ibn of t.he eipht SZ T acceptaz_:ce' level vibration/shoex environments ia.
canb1m£1on with the qualification envircnment e:';pésure will qualify the éesig$ fr
the required level of Environmental Cyclic Life, | |
1.3 Scope

‘The scope of this test is to establish a levei. of cnﬁfidencé in the
design and cons*.nict’ign of the test specimen. - |
14 seheaule

The schedule of f;est shall be coordinated with the Scout Program Cffice,

2.0 TEST SPECIMEN'
The test specimen is ‘the Scout Lth Stage Electromic Delay Ignition

Module, P/H 23-004349-1, Gual Unit.

3.0 TEST FACILITY

This qualification test shall be conducted in the Environmental Test
Iabaratory, Unit 2-45202. The following test equipment or equivalent ‘shéll be’
provided, .
3.1 Test Equioment | ‘

(a) Vivration Exciter System : Ling Model 335

(b) Storage Cscilloscope , |

(e) Megohmmeter.' A Pree;l Model 10208

(d) Temperature-Altitude Chamber American Re search Corporation

(e) Power Supply 0-35 Volt

(£) Rotary Accelerometer | Schaevitz 3-12

(g) Test Panel (Per :Figure I,
Fabricated by Iab)

(h) oOscilloscope Camera
(1) Electronic Counter

(J) Digital Voltmeter _ E-27

(k) Recorders CEC or Santorn (Mag. Tepe 2
Oscillograph) :
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(1)' Acceleroaeter Endevco Model 2221

(m) Humidity Chambef

(n) Stop Watch

3.2 Test Conditions

Tolerances on test conditions shall be as follows:
(e) Time: Plus or minus 10 percent (except vhen stopwatch is used)
(b) Random (rms) Vibration Amplitude: +10 percent overall |
(c) Mechenical Shock: +10 percent
(d) Accelerometer: +10 percent
(e) Temperature: [aboratory Ambient, 72°F':'ld°F
Test Condition,':SOF as measured on svecicen at
baseplate o . -
(1) Vbltaée: il percent '
(g) Humidity: 95% + 5% Relative Humidity - ‘ ' '
(k) Altitude: +95 percent |
If any of these test conditions cannot be obtained during the testing,
the actual test condition shall be specified on the data sheets.

3.3 Personnel Requirements

' 3.3.1 Test Director - The Test Director shall be designatéd by the
Environmental Test Labqfatory. ’ ‘

3.3.2 Test Monitor - The Test Monitor shall be assigned by Reliability
Enginecring and will be responsible for reviewing and approving a2ll test set-ups.
and coordination. ) o
3.4 Test Witness

Government witness of test is required, : : .
3.5 Date Recording

- The data ochtained du~ing verformance of this test shall be recorded -
E~-28

on data sheets provided herein.
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5,0 TEST PROCEDURE
The test specirens shall be subjected to the test sequence given
below while connected as shown in Figure I,

A, Pre-mvironménte.l Tasks

1. Visual Inspection
_2. Insulation Resistance Check
3. Functional Performance Verification

B. Environmentel Performence (Qualification Levels) |

1. High Temperature/Low Temperature
. 2. Temperature Shock
3. High Temperature-Altitude
b. Vibretion/Mechanical Shock
S. Acceleration
6. Humidity | ,
T. Cyclic Life - 52 ET Acceptance Level Vvibration/Mechanical Shock

ROTE: Application of environments shall be in any order except
Cyclic Life exposure shall occur following successful exposure
to the qualificetion environments listed in 1 through 6 above.

€. Post-Eavironmentel Tasks
1. Visual | I.nsﬁection
2. Insulatfon Resistance Check
3. Functional Performance Test

L.l Pre-Environmental Tests

k,1.1 vVvisual Insvection ard Weighing - Upon receipt.of the test specimen,
the environmental laboratory shall visually inspect the test item to dwg no.

23-0043L4=1 for any physical defects. Measure and record veight.

E-29
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h.,1.2 Insulation/Pesistance Check - Using a megohmmeter, set to 500 VDC,

verify insulation resistance between each pin and case for each connector,
Record velues obtained on the data sheet. See Figure 1 for schezetic.

k.1.3 Functional Perforrmance Test - During the performance of pre-

environrent, environment and post-environment testing the following two
operational tests will be reduired repetitively and are-giveh here in detail
for convenience,

Test A - Delay Timing Cycle (DIC) Test

1) Adjust input voltage to 30 or 35 volts (as required).

2) Verify discharge jumper (1.2 to J2-2) has been in place
for 30 seconds (minimum).

3) Verify ignition charge voltage has reached a steady-
étate value.

L) Remove discharge Jjumper,

5) . Turn power switch to "off" position and simultaneously

start stopwatch.

6) After power switch has been in "off" position for
+0.2 : .
1.5 _q.o seconds, transfer the start switch to “Start”
position,

NOTE: Stopwatch low side (-0.0 seconds) tolerance is-

- eritical. However, the high side (+0.2 seconds)
tolerance is not critical from the standpoint that
values greater than 1.5 +0,2 seconds could cause
an apparent but “false" failure symptom. Therefore,
the high side tolerance may be allowed %o exceed 0.2
seconds so0 long as the resulting value dces nct
adversely effect performance indications. cxverience
has found that high side tolerasnce values of 0.2 to 0.3
seconds are reasonable with a stopwatch I or this
measurerent, : _

T7) Record delay time (Td) indication on electronic counter.

£-30
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8) oObtain output voltage spike photogcrarh (as required).

NOTE: In the event that a required photograph is missed due
to test equipment problems or operator error, another
photograph shall be obtained without resubjectin; the
specimen to applicable environtient(s). Where no photo-
graph is required, verify spike output on scope visually.

Test B - Loss of Regulation (Lda). Time ‘Test

1) AdJjust input voltage to 30 or 35 volts (as required)A.

2)v Verify'ignitibn charge voltage has reached a steacy state
- value. ' _ }

3) Simulta.'neous]\y start stopwatch end turn power off.

4) Monitor regulator output voltage on digitel voltmeter and -

stop the stopwatch immediately when regulated voltage begins

 to decrease at IOR.

ROTE: The digital voltmeter sample rate should ve at
maximum rate settdng for this test.

5) ,Record elapsed time to LOR.

L.k Pre and Posu-mvzronmental ODerational Test - Prior to the st&tt of

environmental testing perform Test A and Test B of paragrach L.1.3 as specified
below, After completion of environmental testing, perform this test egairn,
Test A at 30 volts - Output Voltage Spike Photograph regquired.
Test B at;. 36 volts
Test A at '35 volts - Output Voltage Spike Phdtograph reguired,
Test B at 35 volts ‘ ) |

Test A at 30 volts - Select test panel switch marked "Load Select"
' to "fuse" position, Determine capability to
open + amp fuse,

Test A at 35 volts - Select test panel switch marked "Safe/Arn ?ela,/
to "ON" position, Measure voltage at "Voltage
Monitor" jacks. Record in charge voltare blanv .
of data sheet. Determine that % acp fuse éoes
not open. |

E-31
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4,2 Scout Stancdarcd Envirornmental Tests - Design Qualification

The qualification level environments svecified in this section (parag-aphs
4,2.3 through +.2.8) shall be applied in any order. The Environmental Cyclic Life
Test (paregraph 4.2.9) shall be performed after completion of the qualification
level environments,

4,2.1 Monitorigg.and Performance Requirements Durirrs Environmental

Agglication - During environmental apolication the following points shall be

monitored:
Channel Connector’ Appraximate Nominal
Ro. Pins Name of Qutput Voltage Levels
1 Jl-1 Ignition Charge Voltage 30 VDC
2 J2-6 Squid Voltage " OV, 20V Spixe
3% Jl-4 Regulator Cutput 3 VDC
N J1-3 Input Voltage 30vpC, 35VIC

¥NNOTE: Instrumentation impedance at this channel shall be 200K oh:s or
greater to avoid excessive effect on measured ICR time and delay time.

4.,2,2 Operatioral Test Between Environmental Tests - Upon completion of

a single environzental test (i,e., High Temperature/Low Temperature, Temperature
Shock, Vibration/Mechanical.Shock, etc.) and prior to the start of the next
environmentel test, the specimen shall be:returned to ambient coﬁditions and
subjected to fhe operational test of paragraph 4.1.3 Test A (at 3OV)0utput voltage
spike photograph required) and Test B (at 30V).

4.2.3 High Temperature/Low Temperature - The test specimen, with power

off shall be placed in a test chamber wherein the temperature is maintained at
160°F. The specimen shall be kept in this 160°F environment for four hours

ar until specimen temperature as measured at baseplate is stabilized#*, whichever
occurs first. After four hours of exposure to 150°F or at stabilization, apply
30V pover and perform the following functional test with the specimen reraining

at 160°F. (Peference paragraph 4.1.3 Test A and Test B)
E-32

##Stabilization i{s defined as three successive readings five minutes apart within
:5°F of the specificd test temperature.

"
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a) Perform Test A at 30V Input |
Monitor and record the following during the test:
| 1) Channels 1 through U
2) obtain photograph of Channel 2 cutput spike, -
3) Delay Time
b) Perform Test B at 30V Input _
I(gnifor and record the following during the test:
1) Channels 1 through 4
2)  IOR Time

¢) Perforn Test A.at 35V Input
Monitor and record the following during the test:
1) Chanmnels 1 through 4 _
2) Obtain photograph of Chanmel 2 cutput spike.
3) Delay Time

d4) Perform Test B at 35V Input
Monitor a2nd record the following during the test:
1) Channels 1 through b 4
2) LOR Time

Remove pover.

Bémove the specircen from the high temperature cheamber and place
in another tenperaturé chamber maintained at OOF. The specimen shall te xept
in this 0°F environment for four hours or hntil stabilized, vhichever occurs
first., After four hours of exposure to 0°F or at stabilization, apply 30V

pover and perform the following functional test with the specimen remaining ot 0°I~‘.
8) Test A at 30V, same as a) at 160°F
b) Test B at 30V, same as b) at 160°F
¢) Test A at 35V, same as ¢) at 160°F
d) Test B at 35V, same as d) at 160°F

E-33
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Remove power, allow the specimen to attain ambient temperature then perform
a functional test per paragraph 4%,2.2.

4.2,4 Temperature Shock - The test specimen with power off, shall be

placed 1h a test fhamber wherein the tenperature is maintained at 0%F. The
specinen sha;l be subjected to this environment for a period of one hour or
until the te:perature'of the component becomes stabilized, whichever is

longer (Stebiiieatidn is defined as 3 successive readings five minutes apart

within 0° + 5°F).
After stabilization hos been achieved the specimen shall be trans-

ferred (transfer tire shall be one minute or less) to & chember wherein the
internal temperature is maintained at 160°F. The specimen shall be sudbjected to
this temperature for one hour or until the temperature becomes stabilized,

whichever is lonzer. This constitutes the first tem perature shock,

Transfer the specimen back into the low temperature ehamber (trensfer
time ghall be one minute or less)‘and again maiptain the low temperature
exposure for a period of one hour or until the specimen temperature becomes
stabilized, whichever is longer. This step shall be coﬁstrued as the second
temperature shock and the first temperature shock cycle.

Two additicnal temperature shock cycles shall then be implemented,
they being identical eo the first temperature shock cycle. During the final
high temperature exposure the specimen shall be oﬁerated per paragraph ﬁ.z.h.l
below., At the conclusion of three temperature shock cycles (six temperature
shoeks) the cooponent shall be removed from the chamber, allowed to reach
anbient temperature and then subjected to the Operational test of paragrapn
4.2.2. |
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4,2,4.1 Operational Test for Termperature Shock - The specimen

shall be opcrated per paracraph 4.2.2 at ambicnt temperuture grior to and sub-
sequent to environmental exposure. Power sheall be remcvéd prior to placihg '

the specimen into the temperature chamber. Dﬁring the finai high temperature
exposure (cdrrespondiné with the fifth temperature shock) ard immediately after
being placed in the high temperature chamber, pdwer shall be reapplied and the
specimen operated per paragraph L,1.3, Tests A and B at 30V ﬁhen Tests A'and B
at 35V. After completion of the 35V test reduce the power to 30V and cént;inu'ed a
to monitor the specime.r.\ for the full period of high température exposurel ‘Just |
before placement of the specimen back intc the low temperature chamber, rcmove
pover.

Lk.2.5. High Teﬁperature-Altitude - The specimen with power off shall be

placed in a test chamber. The internal tempereture of the chamber shall be

" increased and stabilized at 160°F. After stabilization* the internal ;iréssnfr’e
of the chamber shall be decreaseéd to simulate 200,000 feet alf.itude (i.e., 0.148
mm of Hg) within five minutes. This simulated altitude shall be maintained for
a period of ten minutes minimum., Initiate environmentel functional t'est per.
paregraph 4.2.5.1 below at the beginning of the ten minutes altitude period. After
completing the altitude exposure the internal chamber preséute stall be 1ncreaséé N
to laboratory ambient. This constitutes one ~complete tempera.ﬁur'e-alt.itude

cycle, The specimen shall be subjected to two such cycles, at the conclus*o-a of
which thc component shall be removed ﬁ:om the chember » returned to laboratory

ambient conditions and operated per paragraph L.2,5.1 below. : .' S

#Stabilization is defined as three successive readings five minutes apa.rt vxth‘.n
+5°F of the specified test temperature.

E—35 P
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4.2.5.1 Operetionnl Test for Temperature-Altitude - ‘the
specimen shall be operated per paragraph 4.2.2 at ambient teaperature prior
and subsequent to environmental exposure, Power at 30V shall be applied
immediately after reaching the simulated 200,000 feet altitude. .Durihg both
. of the ten vinute temperature-altitude exposures perform an operational tést
per paragraph 4,1,3 Tests A and B at 30V then Tests A,and B at 35V. After the
35V test is complete, reduce the applied voltage to 3dv and monitor the
specimen until the end of environmental exposure,. Rg-establish ambient con-
ditions prior to performance of the paragrapﬁ 4.2,2 operational test after
temperature-altitude exposure, |

4.,2.6 Vibration/Mechanical Shoeck

4.,2.6.1 General
A. The test specimen shall be rigidly attached to the
‘exciter and sﬁall bebfunctioning in accordance with the provisions of this
- ;est request during the entire test period. | | |
B. The test gpecimen shall be performance evaluated during
vibration/mechanical shock test. |
C. The magnitude of applied vibration and mechanical ghock
shall be monitored on the test fixture near the specimen mounting points. |
The vibration and mechanical shock shall be aoplxed
sequentially in each axis prior to changing to the next axis for test.
4.2.6.2 Quelificenton level Vitretion Enyirorzental Test -
Vibration test shall consist of pérforming the test sequence specifiea in

Table A in each of three orthogonal axes, The axes are defined in Figure II.

E-36
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TABLE A
VIBRATION TEST LEVEL
TEST DURATION FREQUENCY RANGE  ACCELERATICHN

PER AXIS (8z) RANDOM (G RMS)
(sEcoxps) Lovwer Upper _ Ref,

8o 20 2000 9.1

Qualification Test Spectra
~ Per Figure III

4.2,6.3 Mechanical Shock Environmental Test

A, The test specimen shall bve subjected to impact shocks;
each pulse shape shall be terminé.l sawtooth having = duration a 6 +1 nilli- ,

seconds.
B. There shall be 3 shocksof TS g's applied in each of the
two directions for each of the three mutually perpendicular axes (18 shocks total).
. . C. A poloroid photograph or equivalent shall be maée of
the first pulse in each direction in each axis of shock applied to each specicen.
(1t sh{all not be necessary' to photograph every shock pulse pr::vided the first
ones are within tolerances or unless the test set-up is changed,)

4,2.6.4 Performance Requirements During Vibration/Mechanical

Shock - Prior to the start of emvironmental testing, an operationsl test per
paragraph 4.2.2 shall hav;e been completed. During envi.rqmnental test in each
axis, the specimen shall be monitored per paragraph 4.2.1 and operated per
peragraph 4.1.3 A at 30V (Output Voltage Spike Photogradh required). Between
axes, operate the specimen per péragraph 1}.1.3 B at 30V. After completion of
the Vibration/Mechanical Shock Test, perform the operational test‘ .of paragraph'
4.2,2.

E-37 -



Appendix E Poge 13

}.2.7 Acceleration
§.2.7.1 General
A'- The test specimen shall be rigidly attached to the
centrifuge. | | ' . |
B, The test sﬁecmen shall be mounted and oriented so
cil to receive the specified acceleration along the axes defined in Figuré II .
| - C. The specified acceleration applies to the geometric
eenter of the aspecimen, A
D. The centrifuge arm (as measured to tﬁe geometric
center of the specimer) shall be at least five times the dimension of the
specimen (measured along the aram). »
E. The test specimen shall be operated and evaluated

during the acceleration test. , .
) F. The specified acceleration level shall be applied '

sequentially in each direction in each axis.

b.2.7.2 Acceleration - Apply 33.5 g's acceleration in each
direction along each orthogonal axis for two minutes each application.
Perfora operation and monitoring as specified in paragraph 4.2.7.3 below.

§.2.7.3 Performance Reguirements During Acceleration - Prior

to the start of envirommental testing, an operational test per paragraph

5.2_.2 shall have been completed, During each acceleration aéplication the

. specimen shall be monitored per paragraph, L,2.1 ﬁnd operated per ‘ paragraph “.l.3A at
30v (Output lef.age,Spﬂce Photograph required), Between acceleration applications, :
operate the specimen per paragraph 4,1.3B at 30V. After completion of the

Aeceleration Test, perforn the operatibnal test of paragraph 4.2.2.
E-38 ' '
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4,2.8.1 Ceneral - The specimen shall not be operated while
within the humidity chamber. -

h.2.,8.,2 Humiditl Environmental Test - The timer shall be placed

in a hm@idit test chamber where the relative bumidity is 95‘,’? _at ambient
teaperature after which the tenﬁerﬁture of lthe charber shall bde increased to
120°F within & period of two hours., The relative humidity throughout the
environmental test shall be meintained at 95%. Maintain 120°F temperature for
" a period of six hours a'i‘ter which the temperature shall be reduced to 68°F over
a period of 16 hours. The end of the l6-hour period shall constitute one
bumidity cycle. Beginning et the 68°F temperature point, another cycle shall
~ be completed ard then another for a total o:f three complete humidity cycles,
At the complet ion of‘ threé humidity cycles;'- remove the specimen ﬁ'dm the
environmental chamber and‘-vipe away any excess moisture accuzulated during -
humidity testing. At this time, pérform the functicnal test per parsgraph
8.2.8.3 belov. |

4.,2.8.3 Pre and Post-Humidity Operational Test - Prior and sub-

sequent to the hunidity test operate the specimen per paragraph 4.2.2.
h.,2.9 mvironméntal Cycle Life

4.2.9.1 w
A, fi'.t.xe' specimen shall be subjected to eight cycles of
Acceptance Level Vibration/Shock environments, A |
B. Generad notes specificd in paregraph ".2.6.1 elso apply here.

k.2,9.2 sar:r Acceptance Level Vibration - Perform the test sequence

specified in Table B in each of 3 arthogonal axes. The 82}71' hcceptance level

Vibration Test Spectra are givea in Figure II, Eight cycles of wibration ere required.

E-39
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TABLE B
" VIBRATION TEST LEVEL

_ TEST DURATIOR ' FREQUENCY RANGE , ACCELERATION

PER AXIS (Hz) RANDOM (G RMS)
(SECOrDS) Lower Upper Ref.
ko _ 20 2000 6.1

Perform operatlonal tést and monitoring per paragrapb !;.2.9 h

B42.9.3 Acceptance Level Sbock

A. "The test specimen shall be subjected to impact shock
with a terminal sawtooth pulse shape having a 6 + l milllsecond duration.

B. There shall be one shock of 50 g's apphed in each of the
two directions for each of the axes defined in Figure II for each shock cycle. ‘
Eight cycles of shock are required, A

C. A phofog.faph shall be rade of thc first pulse in ecch.
direction. (It shall not be necessary to photograph every shock pulse provided
the first ones are within tolerance and no set-up changes are made.)

- 4e2.9.4 Performance Requirements During Acceptance Level Vibratiorn/

Mechanical Shock - Pkior to the beginning of the vibration/shock environzental

exposure, an operet ional test per paragraph L,2,2 shall have been cstpleted,
puring environmental test in each exis, the specimen' shall be monitored per
-wagrapb 4,2.1 and operated per paragraph 4,1,3 A at 30V. Between axes, operate
the specinen per peragraph 4.1.3 B at 30V. After completion of the Vivration/

Mechanical Shock Test, perform the operational test of paragraph 4.2.2. N

k.3 Post Environmental Tasks

h.3.1 Post-Insuletion Resistance Check - Perform insulation

resistance tcst per paragraph h_.1.2.

L.3.2 post-Environmental Test - Perform operational test per paragraph 4,14,

E;4 L e3. 3 y_QS_u_B_l__lmm - After completion of environmental testing,
remove the cover and perform visual inspection for any physical defects.

[



Appendix E - 23.TRA-02:L
‘ Page 16
5.0 SUCCESS/FAILURE CRITERIA : . :
Nou-complisnce with the requirements specified herein shall be considered
s failure. ‘ ' |

6.0 REPORTTIG OF MALFUNCTIONS |
Failure of the fest specimen to meet ﬁhe requirements of this fest request
.hai]. be recorded on Qualification Test Failure Report: (QTFR) Fora No. 3-53261.
All applicable items on the report shall be completed by thé criginator. |
The originator's copy of the QTFR shall be’ refained by the Test ladb,

The master and all remaining copies shall be forwarded to Reliability Assurarce,

T.0 DATA SHEEIS '
A reproducidble copy of this test request and completed date sheets sh;l.l

"be placed in the components logbook upon completion of tests.

E—-41
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FIGURE III

VIERATICH TEST SPECTRA
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Appendix E . 23-TRA-(RL4 A

Page 21
PRE-ENVIRONMENTAL TEST DATA SEEE.'I‘
§.,1.4 Functional Performance Test
Test A at 30V Input , Output Spike Photograph Required
Cha No, Description Measurement Required Value
———— —————— e, N3 3g 75
1 Ignition Charge Voltage 8.6 29.8 + 1. 6v Before td (:ﬁ
2 - Squidb Voltage B o) o3+ .]?g.‘y Before td
i - =+
Squid Voltage Spikew - a).9 20 -2y * Peak at ty
3 Regulator Output P32 9.0 4 0.5V Until LOR
4 Input Voltage 2777 30 + .01V
B/A Tine Delay (t,) - 3.72/6 3.7+ 0.6 Seconds
Test B at 30V Input .
Cha No. Description < Measurexent Required Value '
b § Ignition Charge Voltage' - 28,3 29.8 + 1.6V Before td(
2. Squib Voltage - o 0+ .01V Before t,
3. Regulator Output - 9.3/2 9.0 + 059 Until LR | A
L] Input Voltage : 0.0! 30+ OV
B/A . LOR Time = ~ §.3 5.2 Seconds (Minioun)

#heasure Spike Peak Voltagc Froa Photosra;h
E-46



Appendix E

. 23-TRA-QRUk A
Tage 22 '

PRE-ENVIRORMENTAL TEST DATA SHEET

b.1.4 Functioral Pe:formneé Test

Test A at 35V Input, Output Spike Photograph Required

Cha No.

b §
>

3
3

x/A

Delcriggim

Jgnition Charge Voltage
Squid Voltage

squid Voltqge Spike#
Regulator Output

Iput Voltage

. _Time Delay (t,)

Test 3 et 3F Dt )

Cha Wo.

Beoeriggion
Ignition Charge Voltage:.

Squid Voltage

Regulator Output

Input Voltsge

IR Time

]

.

Messurement Required Valu'e'
70. 04 - 29.8 % 1.6v.aer9re ty
o o+ .3110vv Before t,
22 20 _oy Peakat t, | ,
9.3 % 9.0 # 0.5¢ Until LOR
35 35V + Qv
2233 3,74 0.6 Seconds
Neasurenent Required Value o
3p. 235 29.8 & 1.6V Defore t, é'?}
o) 0+ .01V Before t, ‘Q.
2.32 9.0+ 0.% Until LR |;.
23.0 SV + OV
L0 542 Seconds (Mininun)

#jeasure Spike Peak Voltage From !hotednﬂl

E-—47



Appendix E

23-TRA-02-: A
Page 22

.. PRE-ENVIRONMENTAL TEST DATA SHEET

Lol.b Functiomal Performance Test

Test A at 30V Input (Load Select in "Fuse" Position) -

Cha No. Description Measurement
1 ~ Ignition Charge Voltage a%.%
2  ‘squib Voltage D
- Squid Volta'ge Spike I
3 ‘Regulator Output - __22¢
Ty : Input Voltage .- 29.79

2 Squib Voltage Spike » 342

E-—48

Reguired value

w0

29.8 + 1.6V.Before t;
<3

Verify Fuse Cpens )

9.0 4 0.5 Until LR | &

30V + 0LV

" Verify Spike Output at ty I A



Appendix E

PRE-EXVIROSMENTAL TEST
DATA SHEET
L.1.% Punctional Performmnce Test

Test A at 35V Input (“Safe Arm Relay” Switch "on")

" m No. Description Measurenent
1 Ignition Charge Voltage _3.0!
2 ~ Squid Voltage 6
" Squib Voltage Spike s
3 mepaserowps | _9.30
Y Input Voltage 35,0
, @ 8quid Voltage Spike (et

23-TRA-0z-4 A

Page 2h

Reguired Value g
3.15 + o0.2v Befare t, &
04 .0V  Before td
Verify Fuse Does not -
Open
9.0 + 0,5V Uantil ICR
35+ .01

Verity Spike Output at ¢

E-49



Appendix E

DATA SHEET

84,2.,2 CGperational Test

Pre-test for High Temperature/Low Temperature

-Test A at 30V Input, output Spike Photograph Required

Cha No. . Description
1 . Ignition Charge Voltage .-
2 Squid Voltage
o 8Squidb Voltage Spike#
3 Regulator Qutput .
4 Input Voltage
N/A Tizme Delay (t4)

Test B at 30V Input

:Cha Ho. _ Description

3 Ignition Charge Voltage-
. 2. - Squib Voltage -

3 Regulator Qutput -

b Input Voltage *

K/A . LOR Time -

R

E-50 .

23-TRA-Q2LL A
Page 25

sMeasure Output Spike Peek Voltage From Photograph

Measurement Reguired Value
) &% 2073
23.45 - 29.8 % 1.6V.Befare t, AR
N~ 04+ .01V  Before t, i
R z, v 2y kak at td A
__9.32 9.0 + 0.5V " Until LoR | -
— 2 3T206 Seconts
Measurement -Required Value . “,’

287~ 29.8 1.6V Before t,

. (o) 0+ .01V Before t, \
?3/7 9.0 + 0S5V Until LR z
30.0! 0+ V' ~

-_%.8 5.2 Seconds (Minimua)



Appendix E
: 23-TRA-R A

Pge 26
HIGH TEMPERATURE/LOW TEMPERATURE
.. 5.2,3 High Témpemture ,
Test A at 30V Inpat, Output Spike Photograph Required
~ Cha No. . Description o Measurenent Required value -
1 Igniticn Charge Voltage 29.9 2 29.8 *+ 1.6V . Refore t,
2 Squid Voltage O 0 : fg‘}v ‘Before t a
| Squid V@tage_ Spike# . 22 20 oy - Peak -at t‘d A
'3 Regulator Output 7.32 9.0 + 05y Until LOR
A Input Voltage - ___do.00 30V + 0LV
w/A Time Delay (t,) . 325 3.7+ 0.6 Seconds
" Test B at 304 Input
Cha Ko. Description Measurerent Required Value Sroy
: 1 = Ignition Charge Voltage- 229 29.8 # 1.6V Before t, '
. 2 Squid Voltege ‘ O - 04 .,01v. Before tas N\ ~
3 Regulator Output C %33 9.0 # 0.5V Until LR IA
Y Input Voltage 32.0 30v + 01V .
7/} LOR Time (0.4 5.2 Seconds (Minimuz)

Sjieasure Spike Pcak Voltage Fram Photograph E-51



Appendix E

DATA SHEET

HIGH TEMPERA W

4.2.3 High Tenperature

Test A at 35V Input, Output Spike Photograph Required

Cha No. Description
1' ' Ignition Charge Voltage
2 Squidb Voltage o
. Squidb Voltege Spike#
3 Regulator OQutput
3 Input Voltage
X/A Time Delay (t,)

Test B at 35V Input

Cha No. ‘ Description
b § Ig"nition' Charge Voltage'.
2 Squid Voltege
3. Regulator Qutput
b Input Voltege
g 7/ 'LOR Time

23-TRA-OR4L A
Page <7

X

Measurement Reguired Value
- 4% 39
20.9 29.8 + 1.6V.Befare t, =,
0 0+ .01V  Before t, Q/
23 Zw:éev Peak at ¢ a A./
_ 933 9.0 + 0.5V Until LOR .
39.0 35v + .0V
—2Z7 3.7 $ 0.6 Seconds
Measurecent " Regquired Value & 30 5
J0.93 29,8 + 1.6V Before td(@ )
o 0+ ,01Vv  Before t, .
7.33 9.0 + 0.5v Until LCR 'm
35 35+ 01V '
L/- 8 5.2 Seconds (Minimun)

#Measure Spike Peak Voltage From Photograph

E-52 -



Appendix E

23-TRA-O2L4 A
Tage 23
) : . , DATA SHEET
HIGH TEMPERATURE/LOV TEMPERATURE
4.2.3 Lov Temperatu-e
Test A at 30V Input , Output Spike Photograph Required
Cha No, - Description Measurenent -Required value
p § Ignition d':arge Voltage 23 A - . 29.8 + 1.6V.Begcwe id :
2 Squid Voltage o 0+ .01V Before ¢ a
Squib Voltage Spikew 20 - po) :ésv  Pesk 8t t, |
3 Regulator Output 9.30 9.0 + 0.5V Until LOR
'3 Input Voltage I20-0 3ov + .01V
- iR 7/ Time Delay (t,) - J.708 3.T & 0.6 Seconds

Test B at 30 Input

Cha To. Description . Measurecent Reguired Value 30 75

) 1 Ignition Charge Voltage- 28. > 29.8 + 1.6V Before t, S,
2 _ Squid voltage [ 0+ .0lV Before t, '
3 Regulator Output 7.30 9.0 & 0.5v Unt1l LR l A
3 Input Voltage —30.0 30V + 01V '
8/A IOR Time 2.7 5.2 Seconds (Minizun)

¢
§

Sjeagure Splke Peak Voltage From Photograph



&.2.3

Test A at 35V Input, Output Spike Photograph Required

Cha No.
1_
2
3

L
/A

Appendix E

DATA SHEET

HICH TEMPERATURE/LOW TEMPERATURE

Time Delay (t

Lovw Témperature

Description

Ignition Charge Voltage:
'Squib Voltage

Squib Voltage Spike#
Regulator Output
Input Voltage

2

Test B at 35V Input

Cha No.

;W N -

/A

#jjeagure Spike Pcak YVoltag

E 54

Description

Ignition Charge Voltage- ‘_

Squidb Voltage
Regulator Output

. Input Vditage

IOR Time

23-TRA-GRLL A
Puge 27

¢ From Photograph

Measurenent Required value a:
. s
22/ 29.8 #+ 1.6V.Before t, ’,;\ ‘
o 0.0V  Before t, S
) ?0 -2v- Pesk at ¢,
—3. 30 9.0 #+ 0.5V Until LOR
35 35 + OV
3.70% 3.7 + 0.6 Segqndl
Measurexent Reauired Value 'Hso-,s
2224 _29.8 # 1.6V Before t‘; /“(::
- 04 .0V Beforet, <=
2.36 9.0 £ 0.5V Until LR |4
sz . 35 % .0V
3.4 5.2 Seconds (inimun)



Appendix €

DATA SHEET

§.2,2 Operstional Test

Post-Test for High Temperature/lLow Temperature

Test A at 30V Input , Output Spike Photograph Required

GISNO. :

L
2

3
b

| x/A

D,eacriE ion

Ignition Charge Voltage
8quid Voltage

Squib Voltage Spike#
Regulator Output

Input Voltage

Time Delay (td)

Test B at 30V Input

- Cha No.

& o w N e

l/A

Peseription
Ignition Charge Voltage-
Squid Voltage
Regulator thpx:t
Input Voltage
IOR ‘nme;

K]

_23-TRA-QRUL A
Nge 30

Measurenent Required Value .
23.35 29.8 + 1.6V.Before t,. ﬂ\ 3
o 02 .0V Before t,
__.&l_'j_— 20 .2v Peak 8t ta
9.3/ 9.0 + 0.5V Until LOR
J0.0 30V + .01V
KA/ 3.T & 0.6 Seconds
o IR
Measuresent Required Value [,"~
2%.57 29.8 + 1.6V Before t, \:\:,_
o) 0+ .0V Before t,
_2.3/ 9.0 £ 05Y Until LR | &
—_—0:0 30V « .0V
3.2 5.2 Seconds (Minimun)

 ®Measure Output Spike Peak Voltage From Photograph

E~-55



4.2.2

Appendix E

DATA SH_:T
TEMPERATURE SHOCK

Operationnl Test

Pre-Test fa Temperature Shock

Test A at 30V Input,output Spike Photograph Required

m No.

1
o

3
L

‘l/A

Deseription

Ignit;on Charge Voltege
_Squib Voltage ‘

Squid Voltage Spike#
Reguht_of Output
Input Voltage

Tine Delay (t,)

Test B at 30V Input

Cha No.

oW N

L3

) Ignition Charge Voltage-

Squib Voltege
Regulator Output
Input Yolta__ge
LOR Time

’ 2)-9 20 -2y . Peakatt ~

@00 30 .0V
PR 1Y s . 5.2 Seconds (¥inioum)

23-TRA-QRLL £
Page 21
Measurement ... Reguired Value A
° . Vet 5

28.§ 5 . 29.8 + 1.6}/, Before t,

o) 0+ .01V  Befcre tg
- F10V ’

V4

9.31 9.o+o.sv Until LOR

__J.7/ ‘ 3.T4 0.6 -' Seconds _’

Measurerent  Required Value

28.87 ‘ '_ 29.8 + 1.6V Before ta‘:
= 04 .01V Before t, \

£.3! 9;0 + o;s,v Unt 1l LOR

Sheasure (utput Spike Peak Vo].tage Froa Ehotograph

E-56



Appendix E

23-TRA-GR44 A
. Tage 32
DATA SHEY
M2.4 ‘l‘eﬁpentme Sw:ck
Test A at 0V Input,
Cha No. . Deseription Measurenent " Required Value
1 Ignition Charge Voltage 28.40 - 29.8 + 1.6V.Before ty Ry 1°TS
2 Squib Voltage ’ 0 0% .00V DBetoret, (i)
_ 8quid Voltage Spike 21V Verify (v ) st t, \
3 Regulator Output - 930 9.0 + 0.5v until LR | A
[N . Input Voltage (YA 44 30 + .0V |
B/a Tize Delay (t,) _3.¢0 3.7 4 0.6 Seconds
Test B at 30V Dnput
Cha Fo. Description ~  Messurement  Required Value
1 Ignition Charge Voltage- 236 29,8 # 1.6V Before t,
2 Squid Voltage : ) 0 ¢+ .01V Before ta
3 Regulator Outpet 9.3/ 9.0 505V Ut IR | A
. Input Voltage 20 Ve 0V
B/A IR Time . g% 5.2 Seconds (Minizun)

A ]

‘.

. , o E-57
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Appendix E

DATA SHEET
Temperature Shock
Test A at 35V Input, R
Deseription - . Measurenent

Cha No.

l
2

3
b

R/A

Ignition Charge Voltage . Jo.2

Squid Voltage o
Squid Voltage Spike a v’
Regulator Output c 9.3/
Input Voltage ' . 359. (.Z
Time pelay‘(td) __3.¢%0

Test B at 35V Input

Cha Ko.

,w e -

R/A

E-58

Description Measurement

Ignition Charge Voltage. 20, 2 S
Squib Voltage T O
Regulator Output ‘ 2 3/ :
Input Voltage L 35

' LOR Time ' o6

[

]
.

23-TRA-QRL4 4
Page 33

Required Value

Ky
29.8 & 1.6V.Befare t,  _ °
04 .01V  Before t, (&)

verity (/). at t,-
9.0 + 0,5V Until LOR IA
35 + 0V

3.7 + 0.6 Seconds

Required Value . Ko

0+ .0V Before t,
9.0 + 045V intil LCR- lA
35 + 0LV

5,2 Seconds (Minimun)



Appendix E

TECERATURE SHOCK

r2.2 Operational Test
Post-Test for Temperature Shock

.Test A et 30V Input, Output Spike Photograph Required

Cha No., .

1
2

3
b

/A

Deoeriﬁ ion

Ignition Charge Voltage

- 8quidb Voltage

8quid Voltage Spike®
Regulator Output
Input Voltage

Tine Delay (t,)

Sest B at 30V Input

Cha ¥o.

> w N e

 1/3

Deseription
Ignition Charge Voltage-

Squid Voltage
Regulator Output
Input Voltege
ICR Time

- —

23-TRA-QRUk A -
Nge 2%

' Beqni.rea value

easure (utput Spike Pear Voltage from Photograph

Measurenent 1T
28.87 - ,29f8 4 1.6V.Befare t, -
O . 0%.0lV Befare t,
- <10V ;
2/.9 20 -2v Peak at t, A
2.;:/ 9.0 ¢+ 0, Uotil LOR
JO oV ¢ Qv
) .102/5 307 0 0.6 &m.
Measurewent Required Value <o LTS
A% 2 29.8 + 1.6V Before t @
O -o_o_.on Befare t, it ,
. 9.3/ © 9.0+ 0.5V tatil ma |4
Iv &~ 502 Seconds (ﬂln!mﬂ)

E-59

AN



Appendix E

DATA SHEET

BIGH TEMPERATURE-ALTITUDE

5.,2.2 Operational Test

Operational Pretest for High Temperature-Altitude

Test A at 30V Input, Output Spike Photograph Required

Cha No.
1
2

3
b

/A

Description

Ignition Charge Voltage

" Squib Voltage

Squid Voltage Spikew
Regulator Output
Input Voltage

Tize Delay (t a)

Test B at 30V Input

Cha Ro.

rw N

R/A

Description
I@itibn Charge Voltage-.
Squid Voltage
Regulator Cutput
Input Voltage
LOR Time

Measurenent

O~
,.wl

21.3

T
—320

050

3 us

' Measurezent

' 22.86
o

2.8/

i

#f4easure Output Spike Peak Valtage from Photograph

E-60

-

S0+ .01V

23-TRA-R4L 2
Page 35

Required value

29.8 + 1,6V.Before ta -

Before td :
+10V

20 -2v Peak gt td A

9.0 + 0.5V Until LOR

30 + 01V

3.7 + 0.6 Seconds

Required Value
29.8 + 1.6V Before t, -

: 4
0+ .01V Before t a

9.0 + 0.5V Until LCR
30 + .01v

5.2 Seconds ( Mini:xun)_
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Appendix E

DATA SHEET

HICH TEMPERATURE-ALTITUDE

CYCLE 1

Cperatiocnal Test for Temperature-Altitude

Test A at 30V Input

Cha Ko,

"1
2

3
b

/A

Description

Ignition Charge Voltege
Squib Voltage

8quib Voltage Spike
Regulator Output

Input Voltage

Time Delay (t d)

Test B at30 V Input

Cha Fo.

FWN P

B/A

Description
Ignition Charge Voltage-
Squid Voltage
Regulator Output
Input Voltage
ICR Time

29.8 * 1.6V, Before t .

23-TRA-(RLL A
Page 26

Rﬁquired value

_ a
0% .01V  Befare t,
verity (v ) at t,

9.0 # 0.5V Until LOR l A

30 + 0LV

3.7 : 0.6 Seconds

Required Value

29.8 + 1,6V Before t,
0 4 .,0lv  Before t,
9.0 + O5V. Until LR lA
30 + .Qav

5.2 Seconds (Mininun)

w1

E—61



Appendix E

HIGH TEMPERATURE-ALTITUDE

23-TRA-Q2UL A
Page -7

Required Value

Y

298A'16vaef i
«0 + 1.0V, e ¢ —~—
o 463D
04+ .0V Before t; \\G%
verity (/) at t,
9.0 + 0.5V Until LOR l A
35+ .0V

3.7 # 0.6 Seconds

Required Value

. | CYCLE ) 4
5.2.5.1 Operatdonel Test for Temperature-Altitude
Test A at 35V Input
Cha Ko. ’ Description Measurement

1 Ignition Charge Voltage 30.0/
2 'Squib Voltage K=
" Squib Voltage Spike - v
3 Regulator Output S 2 33
N Input Voltage ' 350
/A “Time Delay (t,) 376
Test B at 35§ Input
Cha Jlo. Descriptién ‘Measurezent
b § Ignition Cbarge Voltage- 21.¢S
- Squidb Voltage : D
3 ~ Regulator Output o233
Y - Input Voltage ' I5.0
R/a IOR Time 1.9

;-

E—62

29.8 + 1.6V Before t, |

0+ .01V Before t,
9.0 + 0.5V Uotil LR | A

354+ .0
5.2 Seconds (Minimum)



Appendix E .

DATA SHEET

HIGR TEPIRATURE-ALTITUDE

8e2.5.1

CYCLE 2

Test A at 30V Inpat

‘Cha No. Description
1 Ignition Charge Voltege
2 - Squid Voltage '
8quid Voltage Spike
3 _ Regulatar Output
[ 3 Input Voltage
5/A Tize Delay (t,)

" gest B at30 V Input

Description

Cha Ko. ,
1 Ignition Charge Voltage-
2 Squid Voltage
3 Regulator Output
Input Voltage
B/A LR Time

Operational Test for Tempermture-Altitude

23-TRA-02LL 4
- Tage 3¢

-

Meagurement E ~ Required Value a, .5'
295 29.8 + 1.6V.Before t,
() 0+ .01V Before t,
v’ verify (/) et t,
9.33 9.0 + 0,5V Until LOR A
__3.76 37406 Seconds
Measurement Required Value W, y)
_RP.S5  29.8 # 1.6V Before t,
(@) '~ 0+ .01V Before t,
9.33 9.0 + 0.5V Until LR | &
Jo__ 30 + .0V
5.2 Seconds (Minimunm)



A dix E
ppenaix =. 23-TRA-O2UL A

Page 39
DATA SHEET
HIGH TEMPERATURE-ALTITUDE
CYCLE 2
§.2.5.1 Operatiopal Test for Temcercture-Altitude
Test A at >°V Input
Cha Ko. Description . Measurement‘ .- . Required value
1 Ignition Charge Voltage 30.9 - " 29.8 + 1.6V, Before t a
2 . Squib Voltage- . o) 0+ .0V Before ¢ d (7
8quid Voltage Spike - v’ Verify () at t d\:’
3 °  Regulator Output ; 2.3 3 "~ 9.0 +-05V Until IOR ‘A
L Input Voltage . 33.0 35 + 0V _
N/A  Tize Delay (t,) - 3.7 3.7 4 0.6  Seconds
Test B et 35¥ Input |
Cha No. "~ Deseription Measuretent Requiz;ed Value w1 =
B! Ignition Charge Voltage-. 30.9 29.8 + 1.6V Before t, (-'
2 Squid Voltage o 0+ .01V Before t, \:z:
3 " Regulator Output - 7.33 9.0 + 0.5V Until ICR ' A
L Input Voltege 230 35 + .01V
R/A " IOR Time T 5.2 Seconds (Minimun)

M . '
"

E-—64



Appendix E

23-TRA-02Uk A
Puge 4O

DATA SHEET

HIGR TEMPERATURE -ALTITUDE

4,2,2 Operational Test

Operational Post-Test for High Temperature-Altitude
Pest A at 30V Input, Output Spike Photograph Required

* Cha No. Description
1 °  Ignition Charge Voltage -
2 Squib Voltage
Squid Voltage Spikes
3 Regulator Output
3 : Input Voltage
N/A Tine Delay (t,)

Test B at 33V Input

Cha No. Description
1 - Ignition Charge Voltege~.
2 Squid Voltage
3. Regulator Output
b Input Voltage

K/A LR Tine

SpMeagure Output Spike Peak Voltage from Photograph

Measurenent Required Value =, , -
28,89 - 29.8 + 1.6V.Before t,’ /{:{‘\ '
. o -0 + 01V Before ¢
L0V a
-V B Peak at ¢, ,
7.31 9.0 + 0.5V Until IR
J0.0 30 + .0V
- 3.7/1 3.7 # 0.6 Seconds
Measurement Requireé Value n 1
2%. 7 29.8 # 1.6V Before t,
: e 0+ .01V  Before t,
2.3/ . 9.0 + 0.5V Until ICR 'A
Jo.o 30 + .01V '
.+ 5.2 Seconds (Minimun)

E—65



. Appendix E

mnim'é

VIBRATION/MEGHANICAL SEOCX

4,2,2 Operational Test

Operational Pre-Test for Vibration/Mechanical Shock
Test A at 30V Input

Cha No,

1
2

3
4

/A

Deacriﬁion

Ignition Charge Voltege
_8qu1b Voltage _
Squib Voltage Spike#
Regulator Output

Input Voltage

Time Delay (t )

Test B at 3¥ Input

Cha No.

FW N M

R/A

Description
Ignition Charge Voltage-’
Squib Voltage '
Regulator Output
Input Voltage
LOR Time

Measurement

#Meagure Output Spike Peak Voltage from Photograph

E—66

0+ .01V Befare t

23-TRA-RLL A

Required value

29.8 # 1.6V.Befare t,

- a Tt
20 3¢ Peak at t, =

9.0 + 0.5V Until LOR
30V + 0LV

3.7 # 0.6 Seconds

Required Value

29.8 + 1.6V Before t, “"':"’
0 + OlV  Before ta .’_L::'
9.0 + 0.57 Until ICR

30v + .01V

5.2 Seconds (Minimun)




Appendix E rage sc

DATA SIEET

VIBRATION/MECHANICAL SMOCK

4,2.6,4 Performance Requirements During Vibration/Mechenical Shock

Test A at 30V Input  cutput Spike Photograph Required

Cha No. ~ Description Measurement " Required Value

X Y ZAxis .
1 - . Ignition Charge Voltage 1.7 28.9 287 29.8 + 1.6V.Before ty (
"2 . squid Voltage , O © _© 04+.0lV Beforet, \<
. 8quib Voltage Spixer QL2 A2 210 20 2% peak at ty
3 Regulator Output 231 23} 9.31 9.0 + 0.5V Until LOR A
& Input Voltage - Jo 30 32 3w .ow
o/A Tine Delay (t,) 3.20 3219 371 - 3,74 0.6 Seconds
_ Test B at 30V Input ( Between Axis Test) ' -2
Cha No. Description Measurement Required Value
1 Igaition Charge Voltage. 23.7 28.7  .29.8 # 1.6V Before t, / @
2 Squid Voltage -0 [#) 0 + .01V Before ta
3 Regulator Output 23] 9.3/ 9.0 % 0.5V Until LCR l A
h Input Voltage ' 30 20 30 + 0LV

/A LOR Time 2.1 £.0 5.2 Seconds (Minimum)

SpMeasure Spike Pcak Voltage From Photograph



Appendix E
: 23-TRA-RLL A

Page L3
DATA SHEET
VIBRAL ION/MECHANICAL SHOCK
4.,2,2 Qperational Test
Operatioﬁal Post-Test for Vibration/Mechanical Shock
Test A at 30V Input, Output Spike Photograph Required"
Cha Ko. . Description Meagurenent Required value
- - o2 T
1 . Ignition Charge Voltage 28.7 - 29.8 + 1.6V.Befare t a
2 Squid Voltage @] 0 # .0lV - Befcre td Q )
_ Squib Voltage Spikes 21,5 20 ‘1°V Peak st t,
3 Regulator Output ' 7.3/ 9.0 : o.sv Until LOR
4 Input Voltage Jo 30 + .01V
K/A Time Delay (t,) 3.7/7 3.7 + 0.6 Seconds
Test B at 30V Input
Cha No. Description Measureument Required value L
1 Ignition Charge Voltage- 28.9 29.8 + 1,6V Before t, ([ — ES
- 2 Squib Voltage A o) - 0+ .0V Before t,
3 Regulator Output 2.3/ 9.0 + 05V Until ma I &
1 Input Voltage 30 30V + .01V
. R/A LOR Time g.2 5.2 Seconds (Mininun)

SMeasurc Output Spike Peek Vo].tage from Photog-aph
E—-68



-

Cha No.

1
2

3
b

) 7/

Appendix E

Test B at 30V Input

Cha No.

”» w0 M

23-m-oéu A
Page LL .
DATA SHEET
ACCELERATION
52,2 mntiomi Pre-Test far Acceleration
Test A at 30V Input, Output Spike Photograph Required
Deaer(ﬁlon Measurement - Required value .
Ignition Charge Voltage 2338 29.8 & 1.6V.Before t,
8quid Voltage o 0+ .glv Befare td )
- ‘ ov ..
8quid Voltage. Spike+ 23 20 oy Peak 8t t, | >—
Regulator Output 7.31 9.0 # 0.5V Until LOR
Input Voltage 3o 3V + Qv
Time Delay (t,) J. 673  3.730.6 Seconds
. - . s ’E .
_ Desceription. Measureczent Required Value
Ignition Charge Voltage- 2% 2% 29.8 + 1.6V Before ¢ F'-:"\\)
Squib Voltage ) 0+ .0V Befare t, \&Z
Regulator Output 7.31 9.0 + 0,5V Unt1il LOR 'A
Input Voltage 20 30V » OV
IOR Time 2. % 5.2 Seconds (Mininunm)

/A

.
[

#Moasure Output Spike Peak Voltage from Photograph

E—69



Appendix E Page L5

DATA SHEET

ACCELERATION

4,2,7.3 _ .ormance Requirements During Acceleration

Test A et 20V Input, Output Spike Photograph Required

Cha No. Degeription Measurerent (AXIS) Required value
X -X ! =Y Z -2 :
1 Ignition Charge Voltage 283 28.9 X487 2397 237 2997 29.8 + 1.6V Before t,
2 . Squibd Voltage o o e o o o 0:* 18\];v Before tga 5
-Sguib Voltage Spikew 23_ ,ZLS 23.2 134+ 23 é}_ 205:2\/ Peak at tg ]
3 Regulator Output 931 23) 23i 93 Sy 23/ 9.0 +0.5V Until LCR ¢
L Input Voltage 3o 3% 30 3o 36 3 30V:+.01V
K/A Time Delsy (tg) g2 235 241 335 237 3.3% 3.7 + 0.6 Seconds 1o
Test B at V Input (Between Axis Test) \LL:‘
. Measurecieats (AXIS) P
Cha No. Description 4 X =X Y -XY A Required Value t\’
. Ignition Charge Voltage 28.13 257 239 2847 A28.7] 29.8 + 1.5V Before td\w'l
2 ‘Squib Voltage o 0 o o o 03 .01V Before t; |
3 Regulator Output 23/ 23 93 23/ 923/ 9.0 + 0.5V Until ICR ¥
4 Input Voltage 2o S0 30 35 30 30s .0w °
F/A LR Tine - %0 §3 %/ 8§) g 5.2 Seconds (mnm.m;%:_§
- 7

#Measure Spike Peak Voltage From Photograph



Appendix E

23-TRA-RLL A
Puge b
DATA SHEET
ACCELERATION
4.,2.2 Operational Post-Test for Acceleration
Test A at 30V Input , Output Spike Photograph Reguired
Cha No. Description Meagurement Required value
1 Ignition Charge Voltage . 29.8 + 1.6V.Before t,
2 Squid Voltage ' . 0* O0lV Before ¢ a
' © _ Squib Voltage Spike* 20 ‘;3" Peak at t,
3 Regulator Output 9.0 + 0.5 Until R |*
b Input Voltage 30 + .0V
N/A Time Delay (t,) 3.7 + 0.6 Seconds

Test B at 30V Input

Cha Nb'. Description Measurenent Required Value
1l .Ignition Charge Voltage- 29,8 + 1.6V Before t 4
2 Squid voltage - 0 + .0lV. Before t,
3 Regulator Output 9.0 £+ 0. % Uotil ICR |4
3 Input Voltage 30 + 0LV
§/A IOR Time . ' 5.2 Seconds (Minimun)

 Rofu b 23-Q7F R-oc%

#jeasurc Output Spike Peak Voltage from Photograph ' - E-NM



Appendix E

23-TRA-CRUL A
Puge &7
DATA SHEET
EUMIDITY
b,2.2 Operational Pre-Test for Humidity
Test A at 30V Input, Out'put Spike Photograph Required
Cha Ko. Description Measurenent Required value
R - ﬁ 8 .
> a 3
1 Ignition Charge Voltege _ R23.7/4 .  29.8 + 1.6V.petore t, (3
2 Squid Voltage : o 0+ .01V  Before t, \zo’
Yo +lov
8qul-b Voltage Spike# RO 20 .2V Peak 8t t d
3 Regulator Output 7.23% 9.0 + 0.5V Until LOR
Y "Input Voltage 30 30 + .01V
K/A . Time Delay (t,) 3.72 3.7 + 0.6 Seconds
Test B at 30V Input -6
. . . . ey
Cha No. ‘ Description Measurerent Required Value
b § Ignition Charge Voltage- 28.7/4 . 29.8 + 1,6V Before
2 Squid Voltage O O + ,01V  Before t a
3 'Regulator Output 7.23% 9.0 + 0.5/ Until LR I“
b Input Voltage ' Jo 30 + .0V
7/ LOR Time . 8.2 5.2 Seconds (Minimun)

-

#Meacure Output Spike Peak Voltage from Photograph
E-72



Appendix E

23-TRA-QR4b A
MQ 58
. DATA SHEET
HMIDITY
‘4,22 Operational Post-Test for Humidity
Test A at 30V Input
Cha No. . : Description . Measurement Required Value
1 Ignition Charge Voltage. 28.96¢ 129.8 & 1.6ViBefore t,
2 Squib .Voltage o o 0+ .01V  Befare t,’
. Squib Voltage Spiket 20 2033" " Pmkatt,
3 Regulator Output T 9340 9.0 + 0,5V Until LoR
L Input Voltage 7 30 30 + .01V
B/A _ Time Delay (t,) 3729  3.7T+0.6 Seconds
Test B at 30V Input | )
Cha No. Deseription - Measurement ~~ Required Value f?i};
A —— . . ——— - S —— \‘..-..¢'
b § - Ignition Charge Voltage-. 22, 76Z ‘29.8‘: 1.6V Before t d
2 ~ Squid Voltage O 0.+ .0V Before t,
3 - Regulator Output - 2 240 - 9.0 +# 0,5V Until ILR
4 Input Voltage = __ =5 30+ .0 -
B/A  10R Time g 4 5.2 Seconds (Minimuaf> ™

N

: ‘ ‘ E-73
S¥Measure Output Spire Peak Voltage from Photogravh

cl. & vwr

€. 3w



Appendix

' DATA SHEET

" CYCLIC LIFE

4,2.2 Operational Pre-Test for Cyclic Life

 ‘gest A st 30V Input

Cha No. Description
l Ignition Charge Voltege
2 - 8quidb Voltage '
" Squib Voltage Spike#
3 Resulatoi- Abutput '
| S Input Voltage
7/ % Time Delay (t,)

Test B st 30V Input

Cha Ro. Description
1 Ignition Charge Vc.altagé'.
2 Squid Voltage
3 Regulator Output
5 Input Voltage

B/A . 1OR Time

.'.'

Measurement

23.70

. 287
30
_L_é—‘- 7 3

—_—
—_—l
2257

Heasuremént

®Meagure Output Spike Voltage From Photograph

E-74

30v + .01v.

23-TRA-CRLL A
Fage 4

" Required value XY 23°T5

29.8 + 1.6V.Before t,
&

04 .01V Before t,
+10v tt
9.0 + 0.5V Until LOR

A

3.7+ 0.6 Seconds

Required Value ”
29,8 + 1.6V Before &ﬁ
0 : «OlV  Before ta
9.0 + 0. % Until IR lA
30V + .01V
5.2 Seconds (Minimum)
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Appendix E

DATA SHZIET

CYCLIC LIFE

L,2,2 Operational Post-Test for Cyclic Life

Test A at 30V Input, cutput Spike Photograph Required

Cha ilo.

L
2

3
b

R/A

-Deseription

Ignition Charge Voltege
Squid Voltage '
Squidb Voltage Spike#*
Regulator Output

Input Voltage

Time Delay (td)

Test B at 30V Input

Cha RNo.

& w D e

| R/A

Description
Ignition Charge Voltage-.
Squidb Voltege '
Regulator Output
Input Voltage
LCR Time

Measurenent

28.97

Measurerent

28.97

—_—
2.2 4%

30
S 1 S
3.5

#Measure Output Spike Ppak Voltage From Photograph

23-TRA-GR4L A
Pege & . :

Required value

By 20 -
29.8 + 1.6V.Befare td'(,:.%:s

0+ .0lV  Befare ty%: 7%/
+1CV

20 v Peak at td_ A

9.0 + 05V Until LOR -

30V + .0V

3.7+ 0.6 Seconds

. ‘ “ 2‘: .B
Required Value.

29.8 + 1.6v Before "_"E\
0% .0V Before t,

9.0 + 05V Uatil LOR r
30V + .01V

5.2 Seconds (Minimu.ﬁ)

E-85



Appendix E ~29-THA-Ucuw
Page 59

POST- ENVIRQNMENTAL TEST DATA SHEET

801 Visul Creck - (V/1f ox) ; Weleht _ 2,379rms

A, 1.2 Insulation Reslstance Check

Pin to Case ’ . Resistance

Pin lio. Bequired oni::;.rum Verity ()
Ji-1 . 5 . v
2 s . | | ol
-3 o ! | -~
a . " =
-5 ' | 1 el
-6 1 - .
a-7 i1 -
J2-1 2 | ~
-2 2 .
-3 1 ~
-4 1 —
" A —_—
-6 ; 1 ~
J2-7 : 1 -

®)

E-86 -
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Appendix E

* POST-ENVIROXMENTAL TEST DATA SHEET

4.l.4 Functional Parformance Test

Test A at 30V Input, Output Spike Photograph Required

Cha No.

1
2

3
L

N/A

Description

Ignition Charge Voltage
Squib Voltage

Squib Voltage Spike*

Regulator Output
Input Voltage

Time Delay (td)

Test B at 30.¥ Input

Cha No.

W

R/A

Description :
Ignition Charge Voltage-
Squib Voltage
Regulstor Output
Input Voltage
ICR Tinme

Measurenent

28. 947
—_—l

- ¥ o
7.237

(o]
3.727

Measurecent

23. 967
)
2.237
30
75 Z

#Measure Spike Peak Voltage From Photograph

©..9.0 £ 0.5V Untl LR A

23-TRA-024LA
Page 50
Required value :""‘:? h

29.8 + L.6V.Before t, ~—’

0+ .0LV  Before t

20 % peacatt, q |0
-av IRCE LY

9.0 + 05V Until LOR “

30V + .0V :

3.7 + 0.6 Seconds

Required Value
29.8 + 1.6V Before t
0+ .0lv Before t

d
4

3ov + .01V d
5.2 Seconds (Minimun)

E-87



" Appendix E

Page €1
POST-ENVIRORMENTAL TEST DATA SHEET
§,1.4 Functional Performance Test
i‘
Test A at 35V Input, Outpit Spike Photograph Required
Cha No. Description ; Measurenent ) Requireé Value ’:‘:'
1 : Ignition Charge Voltage 30.192 29.8 + 1.6V.Before ta ' ::2 ,
2 Squib Voltage - o 0.0l  Befare t, d
Squib Voltage Spike* al U Peak at ¢ a
3 Regulator Output ?.23% 9.0 + 0,5V Until LOR
L Input Voltage 3.5 35 + .0V
N/A Time Delay (t,) 7.723% 3.7 + 0.6 ~ Seconds
Test B at 35V Input A _ @,
Cha No. _ . Description " Measurement Required Value ' /ﬁ\-ﬁ\
1 ‘Ignition Charge Voltage-. 30.4%3% 29.8 + 1.6V Before t, ~<-_:;
2 Squid Voltage 1) 0+ .01V Before t a
3 Regulator Output C_9.23% 9.0 + 0.5V Until ICR lA
13 Input Voltage 35 35+ .0V
N/A  LOR Time | 9 5.2 Seconds (Minimus)

#Meagure Spike Peak Voltage From Photograph
E-88 '



Appendix E

Page 62

" POST.-ENVIRONMENTAL TEST DATA SHEET

k.1.4 Functional Performance Test

Test A at 30V Input (Load Select in "Fuse" Position)

Cha No.

1l
2

&

DescrigE ion

Ignition Charge Voltage
Squibd Voltage

8quidb Voltage Spike
Regulatar Output

Input Voltage

Squib Voltage Spike

Measurement

27987 -

;

'Verify -Fuse Opens .
/9.0 4 0,57 ‘Until LOR

- 'Verifjr'Spike Cut put i 4
. at td in Channel 2 I

Reguired value

29.8,4 1.6V.Before t s

a
0+ .0,V  Before t

d

30V + .0V

E-89



Appendix E

CO™ AT Y I

Page 63

POST-ENVIRONMENTAL TEST DATA SHEET

4.1.4 Functional Performance Test

Test A at35V Input ("Safe Arm Relay” Switch "On")

Cha No.

1l
2

o

Deseription

Ignitibn Charge Voltege
Squib Voltage

Squib Voltage Spike
Regulator Output

Input Voltage

Squ:!:b Voltege Spike

£-90

Measurenent

2.07

Required value

3.15 # 0.2V Before t,
0+ .01V Before td
Verify Fuse Does Not QUpen
9.0 + 0. 5V Until IOR
35 + .01V

Verify Spike bxtput at ¢




4,2.,2

Operat fonal Test

Appendix E .

DATA SHEET

Pre-Test fa Temperature Shock

TEMPERATURE SHOCK

Test A at 30V Input,output Spike Photograph Required

Cha No.

b §
2

3 .
L
N/A-

Description

" Ignition Charge Voltage
Squid Voltage
- 8quib Voltage Spike#
‘Regulator Output

Input Voltage

Time Delay (t,)

Pest B at 30V Input

A ————

Cha Nb.

W NP

R/A .

TesT

Pescription

Ignition Charge Voltage.

Squib Voltage
Regulator Cutput
Input Voltage
IOR Time

U

Pee 23— GTFR-00%

23-TRA-GR4L 2
Page 64"

ﬁequired Value

Measurenent
: LT
25.9/ .. 29.8 + 1.6V.Before ts o
o 0+ .01V  Before &, ~
20 20 11OV Pesk at t
-2V - . at %,
G.28 -9.0 4+ 0,5V Until LOR
30 30V + .0V
3.7/ 3.7 + 0.6 Seconds
Measurement Reéuirea Value\
2890 29.8 + 1.6V Before IANG
-9 0 + .01V . Before t,
9-2¥8 9.0 + 0.5V Until IOR IA
30

g4

#Mcasure Output Spike Peak Voltage From Photograph

0+ .0V
5.2 Seconds (Minimun)

E-97°



Appendix E

: E : R 23-TRA-0RLY A
N . Page - 65
DATA SHEET
4,2,k Temperature Shock
Test A at 20V Input,
Cha No. Description ‘ Meesurement Required Value s
1l AIgAnition Charge Voltage 28.06 . 29.8 + 1.6V.Before ta
2 Squidb Voltage . (o] O + .0V - Before ¢ a
N SquibAVol_tage Spike ; /& verify (v ) at t 4
'3 Regulator Output _9.274 9.0 + 0.5v until LOR l A
4 Input Voltage .. 30 30 + .01V '
N/A Time Delay (t,) - 3.696 3.7 + 0.6  Seconds
Test B at 30V Input
Cha No. Description Measurement  Required Value } w s
1 Ignition Charge Voltage:. 25.06 29.8 + 1.6V Before t;/ —
-2 Squib Voltage 0 0 + .01V Before td ‘\;,
3 - Regulator Output A W 4 4 9.0 + 0.5V Until LCR | A
b ~ Input Voltage 30 30V + .0V )
/A LOR Time - 2.& 5.2 Seconds (Minimun) °

resT  pex 23— GTFR 0¥



Appendix E

23-TRA-G2L4 A
Page 66

DATA SHEET
k.24 'remperatux;e Shock
Test A at 35V Input, .
Cha No. ' Description Measurement Required Value
1 Ignition Charge Voltage 30.03 29.8 + 1.6V, Before ta M
2 . Squib Voltage 0 0% .0,V Before t; (-
Squib Voltage Spike /9 Verify (/ ) &ttt -
3 Regulator Output g. 2§ 9.0 + 0,5V Until LR |4
L Input Voltage . 38" '35 + 0LV '
N/A Time Delay (t,) - 3.698 3.7 + 0.6 Seconds
Test B at 35V Input
Cha No. Description Meaéurement Regquired Value ‘
1 Ignition Charge Voltage. __ §0.03 29.8 + 1.6V Before t, ¢ ()
-2 Squidb Voltage 0 0 + ,01V. Before ta
3 Regulator Output 9. 28 9.0 + 045V Until LCR
4 Input Voltage 35 35 + .01V
K/a LOR Time Z.0 5.2 Seconds (Minimum)
.|' .
TesT Pere 13- ATFR - oog

. E-93



Appendix E

DATA SHEET

TEMPERATURE SEOCK

h.2.,2 Operational Test
Post.Test for Temperature Shock

Test A at 30V Input, Output Spike Photograph Required

Cha No. Description Measurenent
p _ Ignition Charge Voltege 25.83 .
2 Squidb Voltage (2]
Squib Voltage Spike# 20
3 Regulator Output g.26
4 Input Voltage ' 30
n/a Time Delay (ty) 272¢

Pest B at 30V Input

Cha N.o.' - Description. Measurerent

23-TRA-0RUL A
Poge 67

Required Value

1 Ignition Charge Voltage- 26 83
2 . . Squibd Voltage o

3 Regulator Output .. F.26
1 Input Voltage ' 30
R/A . LOR Time ' £. 3

A

'TésT Pce 23— RTFR —0of

#Meagurc utput Spike Peak Voltage from Photograph
E-94 ‘

[ _FCET
29.8 + 1.6V.Before t, £,
0+ .0V Befare ¢ :
20- +10V - peak atdt
<2V ] d A
9.0 + 0,5V Until IOR
"30v + .0V
3.7 4 0.6 Seconds
Required Value LELES

29.8 # 1.6V Before t,
0+ .0V Before t,
9.0 + 0.5V Until LR - |A
30V + .01V

5.2 Seconds (Minimum)

=

PR
e L3
.y
Nee



5.2.2

Appendix E

DATA SHEET

TEMPERATURE SEOCK

Operational Test

Post-Test for Temperature Shock

Test A at 30V Input, Output Spike Photograph Required

23-TRA-024L A
Page 67

Required Value

dxa No. Description Measurenent
 } Ignition Charge Voltege 25.83 . 29.8 + 1.6V.Before t a
2 Squib Voltage o 0+ .0V  Befare t,
Squib Voltage Spike* 20 20 :;3" " Peak at t a
3 Regulator Output g.26 9.0 + 0.5 'Until LOR
L Input Voltage 30 30V + .01V
K/A Time Delay (tg) 3724 3.7 + 0.6 Seconds
Test B at 30V Input
Cha No. | Description ~ Measurement Requiréd Value W 573
1 Isnition Charge Voltage: 2£. 853 29.8 * 1.6V Before t, ( Y
2 Squib Voltage ) 0+ .0V Beforet, -7
3 Regulator Output -._9-26 9.0 + 0.5V Until LGR IA
3 Input Voltege 30 30V + 0LV,
R/A IOR Time £ 3 5.2 Seconds (Minimum)
A
‘TégT PER 23~ OTFR —0of

#Meagurc Output Spike Peak Voltage from Photograph E-95°



Appendix £ C:FRNO. 23-QTFR-003

4PROGRAN SCOUT _

QUALIFICATION TEST FAILURE REPORT
DATE 5-5-75 = |PAGE 10F 13
. - NAVE Electronlc De]_a MSO DRAWING NO. ) CUATOMEIR 06, NC, SCR1Aw 1.2,

TEST ITEM Tgnition Module znnﬁ 23-004349-1 . o002
SUBASSEAJBLY NAME MANUFACTURER PART OK DwG.INO. SERIAL OFR LOTYT NO.
COPAPONE'\JT NAME MANUFACTURER PART OR DG, NO. SERIAL CA LOT "uC.
S.C. KUMEER 1SMGIL LERINC EFFORT! G.C. NUMEBER 12‘.:-\1.:".".' ErFORNT) c.o:_ NUMDLUH (MANUTAITURING a‘:‘!’;if.:
3384-Cv-1220 338k-CV-1220 338k-CV-1220
TEST LABOKRATORY . \ TESYT DOCUMENT NUMBER REV. DATE

2-L45202 ' 23-TRA-02LL ' -- 4-14-75
[J :vlous ENVIRPNMENTAL TE TOTAL OPERATING TIME‘CYCLES -

Hi-Temp/Lov Temp Ik 2 3 3. Hi-Temp-Altitude - 4-2.5

2. Temp, Shock 4-2-L_ L, Vib/Mech Shock 4-2-6 S.Accel. 4-2-7 £ 3 hours

FAILUKE DESCRIFTICN

. During operational test of para. 4.2.2, after completion of the acceleration test per
para. 4.2.7.3, voltage measurements performed according to para. 4.2.2 were mcorrect.
The regulator voltage measured 4.4 volts; should be 9.0 + 0.5 vIC.

NOTE: See Continuation Page 2 for Failuve fescription.

TEST MONITOR- ‘4‘\, . DATE RELIABILITY ENGINEER DATE BREAK OF INSPECTLON OATE
DI <> 5-6-15 |G d e a | 57€-25]_ mee 7
FAIL INVESTIGATION INVESTIGATION ASSIGNED TO PROJECT"T:_GINEER OATE 9ROJECT ENGINEER

aearo. 2D /RO A IS W55 =
FAILED PT. ANAL. FROJECTY ENGINEEZR OATE ILED PART, ANALﬁIS REFORT NO. CLALIT //

. (e

D REQeO. M) i/ Jé '(/
PAILURE INVESTIGA TIUNSUMMAR Ccuss

Investigation showed that Z-1 (Voltage Regulator SES550) W /4(//}, /-2
was Jamzged due to improperly applied voltage. No other components Z=

indicated dacage due to mi%red cable, {The EDIM operated properly after replacing Z-1.

Qmay7S

*See Page 2 for continuation of Failure Investigation Summary.

coaeg.nv?éyzma:jéuzo LX) , j;ac‘r % i o B} :/75

CORRECTIVE ACTION DESC [1-1 ” ‘// / / ” N
7£o/n Py Iw:r«/ [cqh«/{r 7o ¢ (:4/ &7 aw,oo/ ‘% /‘b n7
/1 Py ;; . / A e Comacelor & P f&c‘(/d .ff/‘"u ‘:z w:g/:,/;:/;:”‘f’e/“, /

f}y:xomv Invel¥ Vire 5 Lanl ‘//l/' 0 fCiom .
u/:n), (s M ,7/2/7)/ :

Cond By EDim ple) Conennd Avif 24 M/b Coga
%AWW %W ZJ~00¢(JQ4-
ﬂgquw,w%fm ¥.2.2. ,ZUMQ av/15

A AT T o

PRO, Ec*r ENGINEER RELIABILITY ENGINEER WORK COMPLETED
%M QUAL/.. DATE CUSTOMEN .DATE

s W@W c}'w"/:qu/n“v S (m ] frass @ - 15-13-%

°”""""'"‘°" RETESTREAUIAEUENTY ]/ Reperform Temperature Shath/est per para. U. ERS
2. Conduct the EMI Test per para. 5 of SEI 1683. 3. Conduct 10 cycles of S2ET beration
and Mechanical Shock per pera, 4.2.9. 4, Conduct Humidity Test per pera. 4.2.8.

3'. This completes the qualification test prosra.m of  the EDIM; return to pera, 9 of
’ SEI 1683A,
E—96

¥-832:"

(13 s TNEEA CavTE SIEAT ENGIREER PN [eurren o4re
(st — [Sr2 i P o e W

- ———— = -

- c——— e e - e



Appendix E_ :

Q1 FR NO. 23-QTFR 008

CONTINUATION SHEET - QUALIFICATION TEST FAILURE REPORT |PAGE 2 OF

~ FATLURE DESCRIPTION
A review of the test results indicated the regulator voltage measured

9.31 VDL before the EDIM was disconnected at the completion of the
acceleration tests, but measured .4 VDC vhen reconnected for the operationa.l
test. Upon the discovery of the voltage discrepancy, it wvas realized that
the pover ca.ble connector connected to the EDIM input cable was wired
1ncorrecthr. This connector was rewired a_ccording to print, The incorrect
wire configuration of the connector was not recorded and, therefore, is :
unknown., The EDIM was retested with the revised connectar. The voltage
measurements acccrding to para. 4.2.2 were still inccrrect.

FAILURE INVESTIGATION SUMMARY (Continued)

NOTE: The first SE550 installed in the board was affected by temp-shock from amb temp
to -17.89C and back to amb (increased standby current, reference step 21 of con-
nuation sheet). This SESSO was inopere.ble after removal from the EDIM boa.rd

D FA/Lunc ( VESTIG ATON

87
/— CommecC The EODIM MJ a,a,,(), POWER PER -
BN G INEERIANG 0 (R I3¢<T WA . C ‘-\.
2_ P:RFoRh oR VE-n Fy veLTAGE MeniukEnc-.«n tor
the SoLlowin’g P /A/I'S RPécor D VILTAGE -
6?) Re; vlaToR _ ouTPvT P .l/.l‘( 17,14
4) VelTagE Mmor eToC 2 26.67voc
c) o vT PuT VOLTAGG * v | : d-'VD(
d =l - : . 28-6C v
'? e) Ji-2: ‘ | ' bVD(
Ty | » |
v .{) -t : | ' 3a VvOC
Tl st  Twasved
4 -6 : 26 99 vou
A JI-7: o T Vogﬁ
‘ A : SR T ‘e v¥bDc
Ne s : e . .
-A) G2 Z’-‘ L . _ "—~——-a Vo
: j) Ja-$° . |
~) 0\” An V2 Pews , 7 ovb<
@ | N ovOC.
7 S ' ‘ E-97

L TR

V. g .

-,



"_1 CONTINUATION SHEET — QUALIFICATION TEST FAILURE REPORT IPAGE 3 OF
) o N %'z:d oyl —Ueed EOIm Cvr7r €mT, 3.0 ma.
\T 3 /U% o~ /\}cv-\/ Ta~e de/‘y. - . 597 )%,

Appendix E

QTERNO. 23~ GT AR —od
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5 20 the TEST PANEL MZQ%J?&M 1/
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- Appendix E .

CONTINUATION SHEET — QUALIFICATION TEST FAILURE REPORT IPAGE & OF
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Appendix E

QTFRNO. 22~ AT FR - ooy

CONTINUATICN SHEET — QUALIFICATION TEST FAILURE REPORT |PAGE ¢~ OF -
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Appendix E

: QTFR NO. 23 - @7— FH~ 00§
CONTINUATION SHEET — QUALIFICATION TEST FAILURE REPORT ]PAGE £ OF

r< TEST A Cm7.
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Appendix E

QTERNO. 2 % -& T FR ool

CONTINUATION SHEET — QUALIFICATION TEST FAILURE REPORT  [PAGE ) OF
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Appendix E

QTFR NO.

CONTINUATION SHEET — QUALIFICATION TEST FAILURE REPORT lPAGE %’ OF
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Appendix E

" laTER NO.

CONTINUATION SHEET — QUALIFICATION TEST FAILURE REPORT  |PAGES] . OF
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ppendix & Enclosure (2) to 23-DIR-177Y

: Page 1 of 3
TEST AND EVALUATION REPORT /RELIABILITY ASSURANC LABORATORY
.‘3 ]
%a’ ' JOATE OF FAILURE LOCATION OF F AILURE
SCOUT _ " wod  oav] va. No. 2-45202/5R-47
YSTE R NO. MEA NO, PAGL GF
® MIgmtxon : M 1 I 1
COMPON[VY . . P/N SN CODERANUT,
Ignition Delay . -
Assembly : 23-004349-1 Qual 002 VSD/Marshall Strect
PART P/N -S/N coc)-c MANUF,
OBJECTIVE(S):

Subject the Scout Fourth Stage Electronic Delay Ignition Module to a thurough visual
examination for evidence of damage and capacitor leakage after compi<tion of flight
qualification tests, This assembly had been subjected to altitude, temperature shock,
high-low temperature, vibration, humidity, acceleration, mechanical shock and EMI
susceptibility tests. -

EVA LUATION PROCEDURES AND RESULTS:

Figures 1,2,3 and 4 are top, end, side and bottom views, respectively, of the
assembly, Visual examination of the exterior revealed several areas (arrows in
Figures 1, 3 and 4) where the paint had loosened and peeled away from the meétal
surface,

The bottom cover plate was removed for examination of the interior, Figure 5 is

a view of one side of the circuit board before its removal from the case. An oblique
view of the circuit board mounted on the bottom cover is shown in Figure 6, Figure 7
is a view of the opposite side of the circuit board after its removal from the bottom
cover plate, ‘Examination of the circuit board and the interior of the casc revealed
no evidence of moisture or corrosion as a result of the humidity test, However, the
paint had loosened and pulled away from the metal in one of the inside covers of the
case as shown in Figure 8, arrow, . . -

Visual examination of the circuit board revealed no cracked solder joints or anomalies
as a result of the qualification tests, The ends of all the capacitors were exammed
and exposed to litmus paper with no evidence of electrolyte leakage,

In conclusion, other than the paint which had loosened and peeled away from the metal

surfaces, there was no evidence of component deterioration after the flight qualification
tests,

NOTE: This report contains two (2) pages of photographs,
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ADMINISTRATIVE DATA

Purpose of Test

To qualify the Electronic Delay Ignition Module for Scout flight application. -
This was accomplished by performing the following tests:

1. Conducted Susceptibility
2. Radiated Susceptibility

Manufacturer
Vought Systems Division

LTV Aerospace Corporation
Dallas, Texas

Interference Specifications

MIL-STD-461A, Notice 1
MIL-STD-462, Notice 1

Security Classification

Unclassified

Disposition of Test Article

To be retained at LTV
References
a) VSD Test Request 23-TRA-0246, EMI Qualification Test for Scout 4th

Stage Electronic Delay Ignition Module (EDIM) P/N 23-004349-1, dated-
8 May 1975,
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LIST OF TEST EQUIPMENT

Test-Equipment

1. Automated Spectrum
Surveillance System
Fairchild FSS-250
Ser - 005

2. Current Probe
Fairchild Electrometrics
Mod - PCL-10
Ser - 005

3. Current Probe
Fairchild Electrometrics
Mod - PCL-25
Ser - 005

4. Field Strength Meter
Instruments for Industry
Mod - EFS-1

5. Antenna
EMCO
Mod - 3105
Ser - 2039

6. R. F. Power Source
Airborn Instruments Laboratory
Mod - AIL-25
Ser - 117

7. R. F. Power Source
Hewlett-Packard
Mod - HP 6188
Ser - 1100

8. R. F. Power Source
Hewlett-Packard
tod - HP 6208
Ser - 740-00534

9. TWT Amplifier
Keltec Florida
Mod - SR630-200
Ser - 4429-045

10. TWT Amplifier
Keltec Florida
Mod - CR630-200
Ser - 4428-009

E-116

Characteristics Required

30 Hz to 1 GHz
50 ohms

30 Hz - 50 KHz
50 ohms

14 KHz to 25 MHz
50 ohms

14 KHz to 1 GHz

1 GHz to 12 GHz
50 ohms
Double Ridge Waveguide Horn

200 MHz to 3 GHz
50 ohms

3.8 GHz to 7.0 GHz
50 ohms

7 GHz to 11 GHz
50 ohms

1 GHz to 2 GHz
50 ohms
200 watts

2 GHz to 4 GHz
50 ohms
200 watts
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LIST OF TEST EQUIPMENT (Continued)

AR

12.

13.

14,

15.

16.

17.

18.

19.

20.

Test Equipment

TWT Amplifier
Keltec Florida
Mod - CR 630-200
Ser - 4428-010

THWT Amplifier
Keltec Florida
Mod - XR630-200
Ser - 4429-048

Signal Generator
Spectral Dynamics
Mod - SD 104-5
Ser - 5957 .

Signal Generator
Hewlett~Packard
Mod - HP 608D
Ser - 1527

Signal Generator
Hewlett-Packard
Mod - HP 606B
Ser - 811-01791

Power Amplifier
Krohn Hite Corp.

Mod - UF 101A
Ser - 983

Isolation Transformer
Solar Electronics

Mod - 6220-1A5

Ser - None

Field Strength Meter
Singer

Mod - EMA-310

Ser - 123-135

TWT Driver
Keltec )
Mod - SR620-1
Ser - 4440-032

TYT Driver
Keltec

Mod - DR620-1
Ser - 4428-010

Characteristics Required

4 GHz to 8 GHz
50 ohms
200 watts

8 GHz to 12 GHz
50 ohms
200 watts

50 Hz to 50 KHz

10 MHz to 480 MHz
0.1 v. into 50 ohms

50 KHz to 50 MHz
0.1 v. into 50 ohms

50 Hz to 15 KHz

3v open circuit

1 - 10 GHz
50 ohms

2 - 4 GHz
1 watt

4 - 8 GHz
1 watt
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LIST OF TEST EQUIPMENT (Continued)
Test Equipment Characteristics Required
21. TWT Driver 8 - 12 Ghz ‘
Keltec . : 1 watt
Mod XR620-1
Ser - 4428-011
22. Antenna 10 KHz - 200 MHz
Instruments for Industry 50 ohms
Mod - EFG - 2
Ser - 45
23. Antenna 200 MHz - GHz
EMCO 50 ohms
Mod - 3106 Double Ridge Waveguide Horn
Ser - 2005 : .
24, VTVM
Hewlett - Packard
Mod - HP-403
25. Oscilloscope
Tektronix
Mod - 545
26. RF Power Amplifier 10 KHz - 200 MHz
Instrument for Industries 1000 watts
Mod - 406
Ser - 0674969
27. Antenna 1 - 10 GHz
EMCO Log Conical
Mod - 3102
Ser - 2352
28. Choke ' .010 Hys.
: ' 12.5 Amps DC

29, Oscilloscope
Hewlett - Packard
Mod - HP 184A with 1805 plug in
Ser - 1301A 00357

30, Digital Voltmeter
Data Precision
Mod - 3500
Ser - 1798

31. Electronic Counter
Hewlett - Packard : ;
Mod - NP 5326A
Ser - 1240A 01880
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1.0 General
1.1 TEST SAMPLE DESCRIPTION

The test article was the Scout 4th Stage Electronic Delay Ignltlon Module (EDIM),
P/N 23-004349-1, S/N 002.

1.1.1 Purpose of Test Sample - The Electronic Delay Ignition Module is designed to
ignite an SBAST after a 3.7 second delay from an external command (switch closure
between Ji- 2 and J1-3).

1.1.2 Electrical and Hardware Description - The EDIM circuit diagram is shown in
Figure 1. Power to the unit is supplied from the Scout 3rd stage ignition battery
through connector J1-5 and J2-2. In flight operation, power will be removed (3rd

to 4th stage separation) from the unit 1.5 seconds before the start command. Power.
for generation of the delay and ignition of the SBASI is stored in capacitors for
the operational life of the unit (5.2 seconds, 1.5 + 3.7). The capacitors used for
energy storage are hermatically sealed tantalum wet slug capacitors. Time delay is
generated with an unijunction transistor and a RC integrator circuit, an op. amp
voltage reqgulator is used to stabilize the unijunction voltage during decay of the
power storage capacitors. The unijunction transistor provides a gate signal to turn
on an SCR which dumps ignition capacitor energy through a SBASI for 4th stage motor
ignition. For EMI and grounding considerations, the unit is sealed with an EMI
gasket and painted with conductive epoxy silver paint.

1.2 TEST EQUIPMENT

1.2.1 Ccalibration of Equipment - Test equipment is maintained in calibration

accuracy through periodic calibration by the Calibration and Support Laboratory in
accordance with the requirements of Specification MIL-C-45662A and calibration
procedures that are periodically reviewed by NAVPRO Quality Assurance Division Audit
Branch.

1.2.2. Measurement Techniques

1.2.2.1 CSO01 - Susceptibility'signa1 levels were measured using an HP - 403B AC .
voltmeter connected to the voltmeter winding of a Solar 6220-1A isolation transformer.

1.2.2.2 CS02 - Susceptibility signal levels were measured using a Fairchild EMC-25
connected across the system input power leads through a 1 uf capacitor as shown in
Figure 9. With the EMC-25 set in the peak detector function, both the signal level
and frequency at the system power connector could be accurately measured. Since a
signal source of much greater than 1 watt of output power was being used, it was
also necessary, if any susceptibility was evident, to measure the signal power level
being delivered to the test sample. Below 50 MHz, the input power was determined
by using the EMC-25 and a PLC-25 current probe to measure the current being supplied
to the test sample. (PLC-25 current probe factors are included in Figure 4.)

Above 50 MHz, the input power was determined by ca]cu]at1ng the impedance to ground
of the 1 uf capacitor (311 other impedance to ground can be neglected above 50MHz).
Using either the current delivered or the impedance to ground, the power being
delivered to the test sample was calculated and set to exceed 1 watt.

1.2.2.3 CS06 - Spike amplitudes were measured at the test sample's input power
connector us1ng an oscilloscope.
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1.2.2.4 RSO1 - The magnetic field levels required in Figure 20 of MIL-STD-461A
were generated using a loop antenna which was constructed per Figure 1A of
MIL-STD-461A. The amplitude and frequency of the current supplied to the loop
antenna were measured using a PLC-10 current probe and an EMC-10 receiver.
(PLC-10 current probe factors are included in Figure 5.) The current levels used to °
generate the required fields were as follows:

Frequency Field (db pT) Current (Amps)
30 Hz to 100 Hz 160 2.1
100 Hz to 300 Hz : 140 .21
300 Hz to 1 KHz 120 , 21(10-33
1 KHz to 3 KHz 100 2.1(10°3)
3 KHz to 10 KHz 80 -.21(10-3)
10 KHz to 30 KHz 60 - 21(10-6)

1.2.2.5 RS02 - Spike amplitudes were measured at the spike generator with an
oscilloscope. An RMS ammeter was used to measure the 400 Hz current.

1.2.2.6 RSO3 - Between 14 KHz and 1 GHz, an Instruments for Industry EFS-1 field
strength meter was was used to measure the radiated field strength. Between 1 GHz
and 10 GHz, field strength measurements were made using an EMCO 3102 conical log- _
spiral antenna, positioned alongside the test sample, and a Singer EMA-910 receiver.
Figure 6 contains the applicable antenna factors which were added to the EMA-910
receiver readings to obtain field strength levels.

1.3 TEST ARRANGEMENT

The general arrangement of the test sample, interconnecting cables, and test
equipment was as shown in Figure 2. The test sample was bonded to a copper ground
plane, 10 mils thick, 12 square feet in area, 30.inches wide, and attached to a

wall of the shielded enclosure in three places. The shielded enclosure is a double-
walled, solid, shielded enclosure 16 feet wide by 20 feet long. All test equipment
was isolated from the ground plane by placing the test equipment cases on a 1/4"
phenolic board and by not utilizing a case ground in the power cords. An inter-
connecting cable approximately 5 feet in length was used from the EDIM to the test
monitor panel. This cable was routed within 1042 cm of the front edge of the ground
plane on 2 inch standoffs above the ground plane. The test panel and test equipment
wiring is shown in Figure 3.

1.4 CRITERIA FOR SUSCEPTIBILITY

The EDIM was monitored for a pass or fail condition by a counter connected to the
test monitor panel. The EDIM was considered as passing the susceptibility tests if
the SCR turned on at the preselected time (3.7 seconds) after the start command
within the accuracy of the equipment specification (% 0.6 second). The EDIM was
considered as failing the susceptibility tests if the SCR turned on without a start
command having been given or if the time delay after the start command was outside
of the specification limits. ’
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2.0 TESTS PERFORMED

The following tests were performed in the VSD shielded room facility:

MIL-STD-§61A Method Description

€SO .03 to 50 KHz; Power Leads Susceptibility

Cs02 .05 to 400 MHz, Power Leads Susceptibility
CS06 Spike Test, Power Leads Susceptibility

RSOl .03 to 30 KHz, Magnetic Field Susceptibility.
RS02 “Magnetic Induction, Cable Susceptibility-

RSO3 - 150 KHz to 10GHz, System Susceptibility to
_ ' Radiated Electric Fields

| The above tests were performed in accordance with reference (a) using the test - -

methods of MIL-STD-462. A functional performance test was performed prior to . -
commencing each test method, during each test, and after each test method in order
to verify proper performance of the test sample. The performance test consisted of

the following steps:

1) Verify discharge jumper (J1-2 to J3-2) has been in pléce for a minimum of
30 seconds.

2) Verify ignition charge voltage has'reached a steady state value.
3) Remove discharge jumper.
4) Turn power switch to "OFF" position,

5) After power switch has been in "OFF" positioh for approximately 1.5
seconds, transfer the start switch to “START" position.

6) Record delay time indication displayed on electronic counter.
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3.0 TEST RESULTS

3.1 Csol

The CSO1 test was performed on the +30 volt power line with no indication of
susceptibility evidenced. The data sheet showing the test frequencies at which
functional tests were performed is included as page A-2 of Appendix A.

3.2 CS02 '

3.2.1 +30-V01t Line - The CS02 test was performed on the +30 volt power line
without any incidents of inadvertant firing and with all time delays within
specification 1imits. The time delay did vary from the nominal range of values by

as much as 0.14 seconds when test frequencies of 2 MHz, 5 MHz, and 25 MHz were in-

jected.. The voltage threshold at which the time delay began to deviate from normal
was 110 db uv at each frequency. The test data for these three frequencies is
given below, and the data sheets showing the test frequenc1es at which funct1ona1
tests were performed is 1nc1uded as pages A-3 and f.-4 of Appendix A

Frequency S1gna1 Level - - . Time-Delay '
(MHz) (db uv) -(Sec) -
2 ) 120 © 3.623
2 120 3.625
2 110 3.715
2 100 4 3.723
5 ’ 120 3582
5 120 '3.689
5 110 3.710.
5 100 4 13,723

25 120 3.9
25

110 - 3.718

3.2.2 Ground Line - During CS02 tests on the ground line, several test equipment
problems were encountered. Several ground loops were present in the initial test
equipment -set-up. These ground loops were eliminated by isolating the test equipment
cases from the ground plane and by isolating the test equipment power 1ine case
ground from the shield room power line safety ground. A regulated DC power supply
ceased to operate when the interference signal injected on -the ground Tine reached
25 MHz at a level of 1 volt. This power supply was replaced with a 31 volt battery .
for the remainder of the tests. One item which was evidence of susceptibility
during €502 tests performed onthe ground line was the inability of the test sample

to fire at certain test signal frequencies and levels. The only other evidence of
susceptibility was a shortening to the time delay at a test frequency signal of

250 MHz. The data for these cases is as follows:

Frequency nal Level : Time Delay
(MHz) (db uvg (watts) ‘ (Sec)
200 . 110 * 63 -
200 - - 12 - 100 3.503
200 114 158 -
200 _ : 120 628 - E—125

(Continued)
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_Frequency Signal Level Time Delay

(MHz) (db uv) (watts) (Sec)
250 100 7.9 3.723
250 102 12.5 3.719
250 104 19.7 3.717
250 104 * 19.7 3.720
250 105 24.8 2.101
250 : 106 31.2 1.443
250 107 39.3 1.514
250 110 78.5 1.224
250 120 78.5 -

* Threshold level (Specification limit = 120 db v or 1 watt whichever is less
- Did not fire

In all of the above cases, the input RF signal power !evel.was well above.1 watt
which, according to paragraph 6.5.1 of MIL-STD-461A, is evidence qf.compl1ance with
CS02 requirements. Signal power level was maintained at ].vdant1]1z1ng a 1000 watt
source. Whenever evidence of susceptibility was noted. The signal power level was
measured to assure specification compliance. The data sheets shewing the test fre-
quencies at which functional tests were performed are included as pages A-5 and A-6
of Appendix A.

3.3 CS06

1 3.3.1 Required Tests - The CS06 test was performed using the test set-up and

methods of reference (a) and MIL-STD-462 with no indication of susceptibility
evidenced. The data sheet for this test is included as page A-7 of Appendix A.

3.3.2 Additional Tests - Since the choke in the positive DC power line used in the
MIL-STD-462 CS06 test method would not be present in the actual installation of the
test sample, additional CS06 tests were performed usina parallel injection on the
DC power lines without using the choke in the positive power 1ine.. Using config-
uration, the ignition system fired at a spike level of +18 volts measured with the
spike generator connected to the power lines. There was no sensitivity to pulse .
repetition rate ]t was discovered that the most effective method of modifyind the
test sample to make it less sensitive to conducted spikes was to add a series choke in
the 1ine connected to P2-6 of the test sample. Using a 120 uh choke, the ignition
system fired at a spike voltage of -40 volts and had a time delay of 2.895 seconds
(outside specification 1imits) at a spike voltage of +60 volts. Using a 700 uh
choke, the ignition system would not fire inadvertently at spike voltages up to
$+100 volts, although, the time delay was still affected, as shown below (all spike
repetition rates were 10 PPS).

Spike Level Time Delay
(Volts) (Sec)
+20 3.664
+20. 3.720
+20 3.721
+25 3.658
+25 3.628
+30 3.499
+35 3.382

E-126 (Continued)
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Spike'Level 4 Time Delay .
(Volts) . (Sec)

w0 R T

+45 3.147

+50 * - . 3.135

+60 . ' 2.908.

+60 . . ‘ - 2.775

-60 o 3.720

* Threshold level. (Spec. 1imit = +60v)

3.4 RS0l - The RSO1 test was performed on the test sample case (two axis) and
connectors with the radiating loop antenna oriented as shown in Figure 13, No
indication of susceptibility was evidenced. The data sheet showing the test
frequencies at which functional tests were performed is indicated as page A-9 of
Appendix A. B

3.5 RS02 - The RS02 test was performed on the test sample case and cable using
both spikes and 400 Hz current as the field source. No evidence of susceptibility
was indicated. The data sheet showing the field source levels at which functional
tests were performed is included as page A-10 of Appendix A.

3.6 RSO3 - The RSO3 test was performed with no indication of susceptibility
evidenced at a field strength of 1 volt/meter. It was necessary to add a band
rejection filter on the electronic counter start gate 1ine when tests were conducted
between 47 MHz and 220 MHz due to the fact that the counter start gate was
susceptible to noise being picked up on its start gate input line. A field strength
of 10 volts/meter was maintained for most RSO3 tests with only isolated cases of
variations in time delay. At no test frequency,even at a field strength of 10 volts/
meter,was the time delay outside of the specified duration. The data sheets showing
the test frequencies and field strength levels at which functional tests were
performed are included as pages A-11 and A-12 of Appendix A.
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4,0 CONCLUSIONS

The Electronic Ignition Delay Module met all of the susceptibility requirements of
MIL-STD-461A, Notice 1, with all system performance within the equipment
specification 1imits. Although the test sample met the specification requirements,
a potential problem does exist in the area of spike voltages conducted on the input
power lines. The spike amplitudes at which. inadvertent firing occured during the
tests detailed in paragraph 3,3.2 are well within the range which could be expected
to be generated if any other equipment were being operated on the same power bus.
Accordingly, the strictest control must be exercised over the ignition system power
lines, both positive and return, to prevent the generation of voltage transients.
This control should consist of the prohibition of the addition of any voltage
transient producing circuitry, both in the present design and in the future, to the
ignition system power lines; and the isolation of the return line from the vehicle
chassis ground, j.e., using a return wire to the low side of the ignition system
battery. .
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Frequency

(G Hz)

d

—
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A

Antenna Factor
(db)

26.3
31.8
36.4
39.0
39.8
42.6
43,5
45,2
46,2
49,0

Figure 6 - EMCO 3102 Antenna Factors
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OLLCRIPTION QOF TL T SAMIPLL (Numand tatura, Modeld tio,, Sersal N3y

SIPE OF SULCEP LTy TLsT

TEST SIGLAL AVPLIED TG-

TEST PCREOHEMED BY - Uote

TEST SPECIFICATION

Lol __ . 3oV _¢in< .. DYER -FE i
4 el = = -
TEST [APPL'D|THRESH.| SrEcC. CIRCUIT OR SENS, !

FREQ. |sicnaL ] OLD LIMIT | OUTPUT MOHITCRED OF RESPONSE OBSERVED REMARKS

LEVEL . MONITOR{Ignition
Time Delay
- BCCa —
NORMAL QUTPUT i
e 3.723 PRe csel l
]
4os | 3v 3.723 i
2k | 3v 3.727 !
ok | 3v 3,722 .
[
25K | 3v 3.72¢ I
[
So k| 3v 372 4 2
1
—_ 3.90 ¢ PosT <Sol f
!
T
-
i
!
!
i
i
i
|
K
i I
i
NOTES:

A. No .d\cnge n normol output response directly due 1o the opplied signol wes observed over the frequency range indicered. )
8. Dev.atiuns ebivrved in monitered cucuit response resulting fiom the applied signai voltune ;tva'e detectable aver the :
- ftequency range (adicared, ’ |
i | e-143 |
ABOREVIATIONS: '
MDR - Minimum Discernible Response }
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P T
[ '.E?wno:« OF 1L T SAMIPLL (Beomnne bature, Mode b 1, Lernal tagy

el e

5 i
OV (ARSI PN

AR

12odbk = 1y
DRE VIATIONS:

E-144
MDR - Mininum Discermible Revponse

A. No change 1n normal output response directly due to the opplied signol wos observed over the frequency ronge indicctred.

. Deviorion: zhzerved in monitored cwrcuit response resulting lrcn. the applied signui valiuga wore detectable vey the
frequency ranje-ndicated.

Tr6  DechyY _AsSY 23.00 4343-1 QuaL oo _ {
L OF SUSCEP T LITY TEST TLST SIGRAL AFPLICD TG TEST PCRFORMED LY ~ Dote TEST SPECIFICATION - .
¢Sez [e:1uly +23o v Line C. ¢ pyse R ! i
Tcs;f:r’:x:'; tten] srec.| oot or SENS. 7
FREQ. Isicrer | OLD | LIMIT | OUTPUT MOtTORED |  OF RESPONSE OBSERVED REMARKS
LEVEL MONtTOR{Tgnition
e e
7H.724 NORMAL OUTPUT :
156 K{,20db 3.72¢ |-
Seex w_oaQ 3.7223 '
2 [120d b 3.4¢z3 DecdY within SPec ,J
?-'W\ 2o db 3.02¢8 Deldy woirhin SPEC _l
2m | odb 3.724 3
2w |liodblr0db 3,718 |
2w froodb| | 23.7213 |
2.5 12045 3,491 !
2.5 | 1odb. 2.2 1 i
.8 » | 25db] ~ 3.438
J,#un | )i0dE -_ 3,722
“m | jo0db| ' 2,723 3
T-5"'-* lodb|odb 3.7/0
s l2edh 3.582
sw izodb 3.489 R
fora l1205db 2.7(93 ‘3
2 v | )iodh ):oJ'L 3.9:8 ;
asim {120do 3472 |
(5w |izodb 3.74¢ i
bem |110dDb] 3.726 i
oo pizodv]  cf 3.722 K
Z5ana | 12odd 373 »
Beom. |120db 372/ ]
2o 170i4] 3722 . |
[oere f120d b 372T ' K
NOTES:
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F(;(—',C-RIPIION D TLLE SAMIPLL (Humanclgivie, Mede | He,, Serial Ha g

FE UF SUSCUV ity 1E5T

TLSY SIGHAL AFPLIED TC:

TEST PCRFORMED BY - Dote

TEST SPECIFiCATION

A. No change in normol output response directly due to the opplied signol wos obscrved over the frequency ronge indicored,

B. Deviotions chbzerved in monitered cucuit responte resulting from the appiicd signai valtuge were detivich!s svnr she

frequency range indicated.

ABBREL VIATIONS:

MDR -

Minimum Diacernible Ketponse

E-145

.

¢sol (1§ =< 40y 2lme c.{. DYs R 2096 44! }
B et e S Exs —3 =
TEST |APPL'D]|THRESH-| SPEC. CIRCUIT OR SENS.
FREQ. | SiGrirl oLD LIMIT | OUTPUT MOKITCRED OF RESPONSE OBSE,RVED REMARKS
LEVEL MONITOR|Ignition”
Time Delay
_— BECs .
NORMAL OUTPUT 3
Ise s |120db 3.723 !
200m |35 4b 3.7/7 f
-— | 2.723 PesT CSOZ '
i
|
:
|
N .
§
|
_l
1
i
i
i
|
|
|
1
' fr
NOTES:
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<
~
e

CRIPIIUNIR OF 1L T SAMILL (Hemnanctarera, Moded ., Serial Hay

]

b

TE OF sutcer t}:l.nv'ffs-r TCST SIGLAL AFFLIED TG: TUST PCRFOTVIO BY - Oore JTCST SPECIEICATION -
______C__‘.g}___-fl“fl______ 4and  Cine C.¢L.DYER -~ 441 _f
TCST {APPL'D|THRESH. SPEC. CIRCUIT OR SENS, '

FREQ. |SiGrisl. oLD LUAIT § QUTPUT MOHITCRED OF RESPONSE OB$§RV_ED REMARKS
LEVCL MoNITOR|Tgnition
Time Delsy
__Begc, .
3.719 NORMAL OUTPUT :
5o liz0db 3.711 |
23 ¢ | /1840|1184 | ppodbs — CAAAc 708 L schdeg b
-— ((. Foumd [ ro0fs] Ju  TEST dQu Priea T ) I:=/2! SbunA £ 73/-';/.;'|
: =
T3K {12udb CC‘A 2D ol e"l';#"‘ﬂhtz>> 3.72¢5 ____.-
73K {12045 3,725 !
1Sew {1204 b .76 |
S0 K {) 204L 3.72) |
sm |ized b 3.63g8 |
rom |1z0ds 3.8 i
Wk 112245 5 7-’”’ Clhvtes Tisa F'o-.-_.'.;

im 1zogl, 3.737 . SuPPlY 1o BATTeR]
o mi | 170 44 3 720 21vA |
font | 120db 37/9 : |

; Fri2Fdex vV ATS Fo 7,
Zeorn J120db] |- - O | e !
Zoom |)120b) j12/b 3507 i
Zoom |113d6]. —_— @ baomwT £IR&
Srom l1104b 370/
Soom /23 3.705‘ i
2"°m /O:—. 3 7 /2 B
Zoowm | /00 37/ !
2oan| Zo 372 i
2oe m |120db 3,522
200w | t2-ib 3,487
207 wn Ji2odb 2.513

NOTES:

E-146

- e mr G e = ——

MDR - Minimum Discernible Rernponse

er.

A. No chonge 1n normal output response directly due to the cpplicd signal was observed over the frequency range indicated.

B. Ueviznione chierved in moniicied cucoit response resuliing frem the epplied signzi volrugs were detecrcbis cver tne
frequency range adicated.

A
B @ E¢moved Gamb  Powel wile HFRem bumdl.e.’ Plobtem €L nnPA
ABDREVIAL I01S: ’
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Ibl TCRIPTION OF 1125 SAMPLL (Humandbatere, todel o, Scrial to.]

TEUF SUSCOR ey 157

TEST SIGHAL AFFLIZD TG

TEST PERFORMED BY ~ Dore

TEST SPECI LA ‘IhZ‘N

___CSee o) 6D liwe S L DYR - !
.T-t_; arpio|oees] sece. | cmeut or SENS. : : T
FREQ. |sicrizL| OLD | LUAIT | OUTPUT MONITORED | OF ~ RESPONSE OBSGRVED REMARKS
Levee | - MONITOR|Ignition
NORMAL OUTPUT 2
Zoo il 170dh 3,490 l
Zo o o | J1odb | 1105k 3,689 ?
266w | 10546 3. %0 __'
Zsow l120db — o TiRe [
isor | 116db |.21¢
2ssn | les db %.723
ésem 1sd b Ziel
2som |n2db 3,719 .
250m 1107db 1.8
260, | 1994 b 3.7.7 _'—!
76~ jo Gdb . .49 3 i
o J104db | ;o 4di) 3.720 . _i
E‘OBL 120 dYy 3.726. i
2som| 1zod), 3.67¢ |
2som lizod), Z2.835 ‘
250 12544 3. (48 : i
z50m |126d1 3.65¢ |
350 | 120db 3.7& [
3ro a1  20d4 3.723 __’
door |1z0db 3444 K
foom \rzedh| | 5.709 !
o e [\264 3,499 i
7o0 m |1ordp | 2. 633 i
200m |108d 3,649 . | |
Zoom |1104b Loorr.  FRE !
NOTES: i
A. No chonge in normel outpur :e;ponio directly due to o_he cpplied signal wos observed over the frequency ronge indicated. '
B. Devistions chivrved in monitored circuit response resulting from the opplied 31gnai voitcge wore derecrobin conr tne
- frequency range indicsted. .
. |
ABIBRE VIATIONS: E-147 |
MD R - Maoinoum Docirmnible Response | i
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FoTiCRIPRION OF TLoT SAMELL (iomant tateres ode§ 1o Serrat 1oy

L5046

- TE OF SUSCOP il ity 1LST

TCST SIGHAL AFPLIZD TC:
DC Foue ey

TEST PCRFORMED BY - Uote
c.L.DYR c.27-18

TEST SPECIFICATION
ST

!
TEsT {aPPLD —

seec. CIRCUIT OR SENS, - :
FREQ. |sicrias | OLD | LIMIT | OUTPUT MONITORED [ OF RESPONSE OBSERVED REMARKS
LEVEL moniToR|{Ignition
ime De
fl‘» Jec:.la)
NORMAL OUTPUT
Jo PPS Bioy | T |4beV 2.72¢ -
10 PPS FhoV - ~ ooV 3&0’5
10 PPS |- Loy -4sv 3723

NOTES:

ABDRE VIATI01:S:
E-148

ERTANS R 75 3

M DR - Minimum Discarmible Response

A. No chonge 1n normel output response directly due to the opplied signal wos observed over the frequency ronge indicared.

B. Devianior: cheerved in monitored circuit response resulting from the epplied signoi veltuge were detectable cver the
— hrequency ronge wndicated.

C. TST STl PeR
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F,g SCRIPTION 9F TLVT SAMPLL (Humanclatuee, Mode b 1o, Sersal Hol) -

o} i cme e & wrmm—

- e e e e —-—————

USCEP LY 1E5T TEST SIGHAL AFPUIED TG:  JTEST PEREORMED BY - Dote TLST SPECIFIiCATION .
-~ (s0d Powsc ¢ ines (PARAUEL ifadcerion)  CL. 2R £8-75 _-#&
TIE;A—-L});;_;; sric. CIRCUIT OR SENS. o R ~ - -I
FREQ. |SiGraL | OLD | LIMIT | OUTPUT MONITORED] OF | RESPONSE OBSERVED REMARKS
' LEVEL MONITOR|Tgnition
o e . |
— NORMAL OUTPUT . !
foPPSHéoV onld 3o vbe Jlue 2808/ Todh_chlee v P-b Cime |
N ' 2,98 1 o |
wo | 2.87%4 5 !
T " 2.ns N _i
i, " 2879 ,
0eps |~ov | om | 30v|pe Lime 3.7Z0 o
0t J+dev | L 2835 126 dh Vhere ;m P24 2 Ne
v ldov [-dov | Fifes . _
= 3567 Jao X Ve rs s Pt i _;
| ] 2
2P |00y | T | 7ouh] Chove Jna - (BFL wiRfe !
FPS |-1oev 5 wiCl | mor e n 4D ve("'r'm‘rl Yy : . '
— - !
N 3,727 ?
JoPPSPsoV | o h3ev Jeime 3135 7oouh clhoke n P28 Line
és N 3.147 v |
o dov ae 3.2¢/ a '
el AT i
v . 3.993 . K
v {420V " 31(4 o ':
U k2204 . 2.7z ' i
v heov | , 3,721 " [
o Hz2s U ‘e 3,4.{5’ . ' l
st 5428 | . i
NOTES: ;
A. No chonge 1n normol output response directly due to the opplied signal was obscrved over the hequm—cy ronge indicated. ‘
* B Deviotiuns chicrved in monitored citcuit response resulting lrom the opplied 3ignoi voiraga were derecrable senr she
- frequency renge inicated, '
B e A  Jvne come : |
ARDRCVIATIONS: N evehSheT, E-149 |
MO R - Munimum Doicenible Response ’
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B. Deviotions chicrved in monitered circuit response resulting lrom the epplied signai voltuge were derectoble 2ver the

Irequency ranje cnticated. 'L {J il
'r-4°'l g2 37 ’ =2 2

Y ABBREVIATIONS: 3,724 #3 . =y =
E-150
MO R - Minimum Disgrribile Response SueePime o0 Pos;rios ¥/

e et m o - —— - -

A. No chonge 1n normal output response directly due to the applied signal was obscrved over the lrequency range indiceted.

ek 10I OF VT SAMELL (fhmanc inture, Mols | 1is., Serral 115.]

. "'-L-/E?f—jél;—‘.-,&—t_;rl_ii:-:-i._ll_'l--I‘[ST T SIG:L AVPLIED TG: 'é“( f'.;v[o‘r_m l:,Y?-’U-:f Ttsr_lsf'scnrf.\rz%u 'i
Test |arrLo|atsn] srec. | cmeutor ] sews | }
FREQ. | SiGHsL ] OLD | LIMIT | OUTPUT MOITORED | OF RESPONSE OBSERVED REMARKS

LEVEL MONITOR[Ignition
dbua Tize Delsy |
_ NORMAL QUTPUT
Zoka |125db ' . 3 724 Pos. 2t/
’ j - 3 74 N P2tz
T E ' ' 3722 ~ Pos#t 3
%e0it. | 1154l ' 3,72 Post
E : - 5.72% | Poi# 2
" R _ 3:72 3 A Poszt 7
Soou | jrzdb 372% ' o Pes S
191 3 7Z¢ Pos 22
0 ' ' 3,124 | Aot 3
1oomt §1043Y 3,723 . pos#EL !
B -_ 3.723 | s e ‘
N ' 2,724 | . Pos*E 3 ]
‘ "-.’°°\J~L js0jb 5.7z¢ PosHE | }
o 3725 ' Fos #£2 |
. " _ 3,72 F | v Pos = 3 l
Zoory Dro- Al : 2. 124 Frst | I
LY » ' © {3724 P2 |
S 2.723 ros =2 i
Lo, | 9| ‘ 3.724 fos 7/ i
ey |- 3,724 Pss ¢ —t
A . . 5724 bhsdt 2 !
K| 87 13728 pos # | |
A L Y25 ) Pos# 2 |
1 ’ 3 724 . Pa;#’B ' i
22X 183 3. 724 P/ !
" NOTES: 3 72% 7z ‘
. " 3 9215 : &3 :;
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TCHIPTION UF TL.T SAMPLL (Humenctatore, Madid He., Scesal 1)

’ CCCP (a5 Y TL5T TEST SIGHAL AFFLIED TG: TEST FCRFORMED LY -~ Date TEST SPECIFICATION )
~ Cesoz T = CLDYSR szas | g1 ]!
Yest |apeue|rimesn] sree. CIRCUIT OR SENS, : '
FREQ. | sicrv | OLD | LUAIT | OUTPUT MOMITCRED| OF RESPONSE OBSERVED REMARKS
LEVCL MONITOR{Ignition
‘ Time Delay
pec, |-
NORMAL QUTPUT
kY
B i ‘ 3 ' A
JoPPs200 v ' _ 13478 d 4 e
18095 theo v/ | : 3724 1A -
foffs (5o ' ' 372z : | R
10?5 17451 _ A 5546 ;
£ool#s sy ‘ 3,712 !
200005 Pisoy : _ ‘ 3701 | | |
ige 775 [0y : , 3,728 ‘ S L |
/Ofﬁ ~ 2801 . 3, 72 3 % __!
' {
s6PtS g0V ‘ 2.7t% ' cAble |
- K
S23p05] 3Roy ’ 3,723 nAse
]V 3720 | _- 1 |
N ' 3720 y l
JoPPs eV | 5711 CAse !
]
1
i
B
1
Zopnpd deosy _ - 3726 cAbce
i NN 3,72 2 chhi e
. " ' 3.7z 2 ' CAS<e.

l‘"#’

NOTES:
A. No change in normel output response directly due to the opplied signol wos observed over the frequency range indicared.

E. Devisnions cbzvrved in monicred cwcuit response ve)ulhng from !l'le uppi ed signoi vohugo\ were detacrtable aver tha
frequency ronge snd.cated. LEee Vo wir &, er

~ we . e i
Joo VLTS CAL LEATED s I .7 Al mus 2EnTEN TS {“’C I RZe

W, Th o ? S Res. ;?oc‘, -
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Appendix E
P . Page A-11
";_—;-—',-Tﬂ"l()” OF TLLT SAMPLL (Horanctarere, Moded pin., Serial Hoyy -.i
TOF SUSCIV LT Y 1L5T  JTEST SIGEAL APFLIED TG (UST PERFORMED CY - Uote TEST SPECIFiCATI0N T
~  Psad ] - L VYR r-2)-75 : $-¢ A
TYEST |APPL'D|THRESH- srcc. CIRCUIT OR "SENS.
FREQ. |SiGrsl oLo LIMAIT § QUTPUT MOKITCRED Of RESPONSE ORSERVED REMARKS
LCVIL MONITOR|Ignition
Time De
e oea™ |
NORMAL QUTPUT ’
17K | Ty 3.72¢ l
25K 5 Wm 3723 __v'!
ok |7y, 3.72¢ o
1/00K_{1ov/m 3728 N
zook | 7V/m 3,925 |
Sook | 7.5Ym 3,704 1
/ m 7' 5 . 3 .7 2 5’ !
z2m ’ /0 ] : 3. 726 [ = !
LA N1 3.725 v :
0o ) o 3,125 :
i<m e 53%% f
om |10 3.350 . i
Bom | 1.0 3,726 }
|5 | 5 3.488 ?
Som | 8 3.43f |
dem ) 8 3,724 ;
{
- - 5 724 g AD“‘ e FPerecr'an [/Cﬁpz
41| 1o 3.7 or | covnire® sTART ¢imel,
lsm |io 3471 5
dsm Jro 3453 _ !
45 m | 3,720 !
pom | jO 3217 !
Mom | 1o 3. 744 i
/ 8o M . 2, 72z2# i
NOTES: ~",
) i
A. No chonge in normal output response directly due 1o the opplied signal was observed over the frequency ronge indiccred. HER
B. Deviation: chierved in monitered circuit response resulting irom the appl.ed signoi voltugs were detectahle curr tne
— ftequency ronye indicoted, ’ ‘
!
ARDRT VIATIONS: ‘
—~152 ' '
MOR - Minimum Discernible Revponss
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Appendix E P _ Page A-12
DLSCHIPTION UF TL%E SAMILL (Humancinture, Model th., Seral 113.) : - '
R S OF S\Jg-(?[éhif-l.-l-l—v-:ifh | TESY SIGI:’ALIU'VL ED TG: :ICL ‘ZT~ ;;;EYR{P?"M}:D B}:;’;’::?S_ YCST.ASV‘ECI}:CZ‘W."N ’
vest |arero|rmesn] sece. CIRCUIT OR SENS. ' _ I
FREQ. {SiGriee | OLD | LUMIT | OUTPUT MOMITORED |  OF RESPONSE OBSERVED REMARKS
LEVEL MONITOR|{Ignition
pie e
NORMAL OUTPUTY :
Z—Zim {_‘)_“//N . . ; ;ii - . Ec{,zv;.bw BA~d | peged
| £som] so Ym 3.721
| 3o0om| jo - _ 3.72%
356 A ﬁ) - . 3. 7 L¢
dso | /0 | , 3723
_|S00m] /O ' 772 2
. losmr | to 3,723
Zoom | o Z2 725
8oor~| Jo - 13.7/8
_ Aoem | 1> Z, 724
“N_g | rovm 37z2 .
56 | oav Alvjm 3,779
Tz |idedsdu. 3.6 |
. 3 414k . — - fwesy ~ §“° Re '
> 133 : . ' — ﬂ?eln\:/% ( ~no pire !
3 lizs | " 372y |
4 |25 - 3,722 |
¢ |57 3.472 P '
| 5= |14 3725 !
4 |ss2 . . 13724 ;
7 lis3 B 3 772 i
48 lido]| | 3724 |
19 |58 - ' 3.72% . i
1o 151 ' ' - |3.723 !
NOTES: ;
A. No chonge wn normal output response directly due 10 the cpplied signal was observed over the frequency range indicered. I
. B. Deviations chzcrved i muniored cucuit response resulting lrom the opplied signol voltuge were detectnble aver the '
— frequency rerje indicated. i
| E-153 |
AQHRE VIATIONS: |
MO R - Minimum Dovgarnble Renponze ,
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