




1. Report No. 2. Government Accession No. 3. Recipient's Catalog No. 

CR-2461 1 I 
4. Title and Subtitle I 5. Report Date 

CAPACITANCE DISCHARGE SYSTEM FOR IGNITION OF SINGLE BRIDGE APOLLO 
STANDARD INITIATORS (SBASI) 

9. Performing Organization Name and Address 

Vought Systems D i v i s i o n  

LTV Aerospace Corporat ion 

November 1974 
. 

6. Performing Organization Code 

7. Author(s) 

R. D. Ward 

8. Performing Organization Report No. 

10. Work Unit No. 

i 
15. Supplementary Notes 

Dal las, Texas 75222 

12. Sponsoring Agency Name and Address 

National Aeronautics and Space Admin is t ra t ion 

Washington , DC 20546 

I F i n a l  Report 

13. Type of Report and Period Covered 

Contractor Report 

14. Sponsoring Agency Code 

16. Abstract 

Design support data were developed dur ing SBASI pulse discharge i g n i t i o n  energy tests .  A 
c i r c u i t  was designed and bread-board tested t o  v e r i f y  operat ional  c a p a b i l i t i e s  o f  the c i r c u i t .  
Test data, design c r i t e r i a ,  weight and r e l i a b i l i t y  t rade-o f f  considerat ions,  and f i n a l  design 
recommendations are presented. 

17. Key Words (Suggested by Author(s)) 1 18. Distribution Statement 

SBASI - Capacitance Discharge I g n i t i o n  Scout 
Rocket - Spacecraft Separation System Unc lass i f i ed  - Unl imi ted 

I 
19. Security Classif. (of this report) 20. Security Classif. (of this page) 1 21. No. of Pages 1 22. Rice* 

For sale b y  the National Technical Information Service. Springfield, Virginia 22151 

Uncl ass i f I ed Unc lass i f i ed  1 1 7  I $4.50 





FOREWORD 

This final report presents the results of a 
feasibility study and preliminary design effort performed by 
Vought Systems Division (VSD) of LTV Aerospace Corporation to 
determine the feasibility of incorporating a capacitive 
discharge ignition system into the Scout Launch Vehicle. This 
report contains a review of the component selection process, 
test results and a circuit design for an operational system. 
The study was conducted under NASA Contract NAS1-10000, Task 
R-70. 
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CAPACITANCE DISCHARGE SYSTEM FOR IGNITION OF SINGLE 

BRIDGE APOLLO STANDARD INITIATORS (SBASI) 

By R. D. Ward 
Vought Systems Division, 
LTV Aerospace Corporation 

1.0 SUMMARY 

The Scout Fourth Stage Capacitive Discharge 
Ignition System Study Program was initiated in April of 1973. 
The study was authorized under Contract NAS1-10000, Task R-70. 
In support of this study the Single Bridgewire Apollo Standard 
Initiator (SBASI) was tested at NASA Langley Research Center 
(LRC) to determine the minimum pulse energy required for 
initiation, From this testing an energy level of 34 millijoules 
was determined to be sufficient when supplied by a 460 micro- 
farad (mfd) capacitor charged to 24 volts. From the preliminary 
testing at LRC, support data was generated to develop a bread- 
board circuit to perform Scout fourth stage payload initiation 
functions. The breadboard circuit was packaged inside a 
Government Furnished Equipment (GFE) Scout Payload Separation 
~ystem'timer, The ignition design concept eliminated the firing 
batteries and a safe-arm relay assembly used in the existing 
system, The modified timer was tested at LRC to verify opera- 
tional concepts. The evaluation testing proved that incorpora- 
tioh of the Capacitive Discharge Ignition (CDI) System in the 
Scout launch vehicle is feasible. The testing also proved that 
sufficient energy was available from the CDI System to fire 
two SBASI's in parallel. The weight of the tested CDI System 
was significantly less than the existing design. Range Safety 
at Wallops Island (WI) and Vandenberg Air Force Base (VAFB) 
were contacted. Both have affirmed that with the incorporation 
of safety provisions in the final design, the CDI system as 
presented herein is consistent with Range Safety guidelines. 

I 

A method was developed which allows checkout of 
the entire ignition system including the squibs while installed 
in the vehicle. A preliminary study was performed to evaluate 
the complexity of implementing the checkout method as presented 
herein. 

Based on the findings of this study, VSD recom- 
mends progression into a production system of the design 
presented. 



The NASA/DOD Scout has been operational since 
1960. During this period of operation, a wide variety of 
scientific and military application satellites have been 
launched on orbital, reentry, and probe missions. Flight re- 
liability of the Scout vehicle has been demonstrated by 
twenty-nine consecutive successful missions. This high degree 
of reliability has been attained through a program of carefully 
planned and designed improvements. In keeping with the history 
of planned improvements, NASA/LRC contracted Vought Systems 
Division (VSD) to study the feasibility of upgrading the method 
of performing payload ignition functions. The statement of work 
(SOW) covering this study was released in April 1970. 

2.1 SCOPE AND OBJECTIVES 

The basic scope of the SOW was to study the 
feasibility of the incorporation of capacitive discharge , 

techniques into the Scout Fourth Stage payload ignition func- 
tions. As detailed by VSD, feasibility was to be established 
by performing with positive results the following tasks and 
objectives: 

(1) Evaluate switching methods. 

(2) Reduce weight of the ignition system. 

(3) Maintain or increase theoretical reliability 
values for the ignition system. 

(4) Establish pulse firing characteristics of 
the SBASI. 

(5) Design and breadboard a capacitive dis- 
charge ignition system for evaluation testing by NASA/LRC. 

(6) Design the SBASI ignition circuit to pro- 
vide the level of firing energy determined in tests at LRC. 

(7) Package timing, safing and ignition cir- 
cuitry in one unit. 

(8) Select components for the breadboard design 
using existing Scout environmental criteria (i.e., temperature 
and altitude). 

(9) Coordinate breadboard design with VAFB and 
WI Range Safety. 



2.2 STUDY APPROACH 

2.2.1 Preliminary Testinq 

Tests to determine the energy levels necessary 
to fire the SBASI were performed at Langley Research Center 
Environmental ~ e s t  Facility. Data obtained during these tests 
established relationships between voltage levels, component 
values, system electrical characteristics and squib firing 
energy requirements. The relationship thus established provided 
the guidelines for the preliminary design of a capacitive dis- 
charge ignition system. Results of these tests are described in , 

paragraph 3.3. 

Range Safety 

During the preliminary design effort, VSD person- 
nel visited with Range Safety personnel at Wallops Island (WI) 
and Vandenberg Air Force Base (VAFB) to coordinate safety con- 
siderations. The final design concept incorporated all sugges- 
tions made by Range Safety personnel. 

Design 

The capacitive discharge ignition system was 
designed through the following steps: 

(1) Review of the existing system to assure 
weight reduction 

(2) Selection of switching device 

(3) Packaging concept 

(4) Component selection 

(5) Firing capacitor size selection from test 
data 

(6) Reliability analysis 

Design Evaluation 

The breadboard circuit was assembled in a vector 
board configuration to evaluate interface compatibility with 
the Scout payload separation system timer, VSD P/N 23-004069-1. 
During this phase of the study, special tests were performed on 
the circuit to evaluate the design. Results of this testing are 
described in paragraphs 5.1 and 5.2. The preliminary design was 



configured on a printed circuit board to replace board Number 
3 (13948-105) in the timer. After assembly of the circuit into 
the timer, evaluation tests were performed at LRC Environmental 
Facility. These evaluation tests verified operational capabi- 
lity to ignite the SBASI. Twenty-two SBASI's were fired with 
the timer during this evaluation with the results as shown in 
paragraph 5.3. 



3.0 PRELIMINARY TEST 

3.1 INITIAL SURVEY AND TEST 

The energy-time firing requirement for the 
initiator had to be established and verified for design in- 
formation for a capacitive discharge ignition system. Of the 
data reviewed, only Jet Propulsion Laboratory (JPL) had tested 
SBASI with the intention of determining minimum firing energy 
requirements with pulse application (Reference No's 1, 2 and 3). 
At the time of this study, the only other available data which 
characterize the energy necessary to fire a SBASI were those 
obtained from constant current initiation. These data define the 
level of constant current at which the SBASI will not ignite 
("NO FIRE") and the level required for ignition ("ALL FIRE") . 
These data were not adequate to establish the energy versus time 
(watt-second/joules) relationship required to raise the bridgewire 
to ignition temperature. 

LRC conducted the tests described in paragraphs 
3.3.1 and 3.3.2 to generate additional data. The chronological 
sequence of preliminary testing at LRC was: 

(1) Hardware characterization (paragraph 3.3.1) 

(2) Energy evaluation by bridgewire break 
(paragraph 3.3.2.1) 

(3) Energy evaluation by pulse firing (para- 
graph 3.3.2.2) 

TEST CIRCUITS 

In order to provide test data to establish SBASI 
minimum firing energy requirements, tests were performed at 
LRC using the circuits shown in Figures 1 and 2. Figure 1 de- 
picts the test circuit used to evaluate switching methods, 
capacitor equivalent series resistance, variation of voltage, 
and variation of capacitance. Figure 2 shows the test circuit 
used to evaluate the transistor as a switch and to provide a 
method for generating a variable time firing pulse. For each 
test, current and voltage of the load (dummy load and SBASI) 
were recorded on a Frequency Modulated (FM) tape recorder. 
Test equipment used for these tests is listed in Table I. 



S1 

-49.8 VOLTS 

NOTE: LOAD VOLTAGE WAS NOT MONITORED DURING HARDWARE 
CHARACTERIZATION TESTS 

FIGURE 1 SCR TEST CIRCUIT 



VOLTAGE 
MONITOR 

NOTE 

INSTRUM~NTATION 
AMPL~FIER 

NOTE: LOAD VOLTAGE WAS NOT MEASURED DURING 
HARDWARE CHARACTERIZATION TESTS 

FIGURE 2 TRANSISTOR TEST CIRCUIT 



TABLE I TEST EQUIPMENT 

(2) CALIBRATION POWER AND CHARGE POWER POWER SUPPLY, 50 AMPERE, 0-40 VOLT 

(3) RESISTANCE MEASURING INITIATION RESISTANCE MEAS. EQUIP. 

10 MA. DIGITAL READOUT 

(4) INSTRUMENTATION AMP. DC DlFFERENTlAL AMPLIFIER 

(5) FM INSTRUMENTATION TAPE FM TAPE 120 IPS RECORD (+ 1 dbAT40  KHz) 

1 7/8 IPS PLAYBACK 

(6)  OSCI LLOGRAPH LIGHT BEAM GALVANOMETER TYPE USING 
FIVE INCH PAPER 

(7) CURRENT SHUNT 50 AMP - 50 MV 

(8) FIRE CAPACITORS TEST BOARD 

TOTAL OF 940 MFD AVAILABLE, TWENTY 
EACH OF TANTALUM (M39003/01-2072) 

JAN 12954 (71 3824) 47 MFD, 35 VOLTS DC 

(9) PULSE GENERATOR VARIABLE PULSE WlDTH TYPE 

(10) OSCILLOSCOPE FlVE INCH CATHODE RAY TUBE TYPE WITH 
HIGH GAIN DIFFERENTIAL AMPLIFIER. 



3.3 PRELIMINARY LRC TEST RESULTS 

3.3.1 Test Hardware 

The purpose of this task was to evaluate various 
switches for energy transfer from a capacitor bank to a d a y  
load. The dummy loail was selected to simulate the electrical 
resistance of a SBASI. Power switches evaluated were a mercury 
relay, two types of silicon controlled rectifiers (SCR), and 
one transistorized gate. Discharge pulses were recorded at 
each of five voltage steps (49, 40, 30, 20 and 10 volts) Tor 
each type switch. When the capacitor energy was switched with 
a mercury wetted relay, the contacts welded together, so no 
further tests were attempted using the relay. From this data, 
the capacitor equivalent series resistance was to be deter- 
mined. At each voltage level four capacitance values (49.85, 
233.8, 509.8 and 954.6 mfd) were used to evaluate variations 
in voltage and capacitance. 

Data from the tests are recorded in the first 
four columns of Table 11. Evaluation of the test data showed 
that instrumentation errors were present and affected the data. 
In most.cases, the calculated voltage drop was greater than the 
capacitor charge voltage. Subsequent checking of the instru- 
mentation set-up showed that the FM tape unit exhibited a 15% 
~vershoot with a square wave input. Column 5 of Table I1 con- 
tains the data corrected for the aforementioned overshoot 
error. The SCR forward voltage drops are shown in Column 6. 
These values were taken from the typical curve of Figure 3 
using thk corrected current values. 

The equivalent series resistance could not be 
determined from these tests, but its effect is insignificant 
compared to the other resistance elements in the circuit. The 
110 amp SCR had a slightly lower voltage drop than the 7.4 amp 
SCR, but this was not of sufficient difference to justify its 
use since the 110 amp unit is much larger physicaliy than the 
7.4 amp SCR. 

When the power transistor was used for switching, 
overshoot did not occur due to slow rise time of the transis- 
tor. The transistor conducted current up to saturation and 
then limited current to about 28 amps as the capacitor charge 
voltage was increased. 

These tests showed the need for measuring volt- 
age across the load during tests. Subsequent tests did include 
this voltage measurement. 



TABLE I I  HARDWARE EVALUATION DATA 
SCR SWITCH 

SWITCH TYPE 

7.4A SCR 

2N1913-110A 

CHARGE 
VOLTAGE 

10 

20 
30 
40 

CAP. IN 
MFD 

509.8 
509.8 
509.8 
509.8 

PEAK 
CURRENT 

11.25 

21.25 
32.5 
42.5 

PEAK 
CORRECTED 
CURRENT 15'6 
OVERSHOOT 

9.56 
18.06 
27.63 
36.13 

SCR V DROP 
A T  PEAK I 

1.49 
1.84 
2.1 5 
2.39 

CIRCUIT 
RESIS. 

1.07 1 
1.07 1 
1.071 
1.07 1 



TABLE I I  HARDWARE EVALUATION DATA 
TRANSISTOR SWITCH - 2N3055 (CONTINUED) 

SWITCH TYPE 

TRANSISTOR 

CAP. IN 
MFD 

CHARGE 
VOLTAGE 

10 

20 

30 

40 

49 

10 

20 

30 

40 

49 

10 

20 

30 

40 

49 

10 

20 

30 

40 

49 

10 

20 

30 

40 

49 

10 

20 

30 

40 

49 

PEAK 
CURRENT 

VCE (SAT) 
AT PEAK I 

CIRCUIT 
RESIS. 

"PEAK CURRENT X CIRCUIT RESISTANCE >CHARGE VOLTAGE 



CURRENT IN AMPS @ 250C 

FIGURE 3 SCR FORWARD VOLTAGE DROP VS FORWARD CURRENT 

a 



SBASI Firing Energy 

3.3.2.1 Bridgewire Break 

These data were generated with the same test 
setup as in paragraph 3.2, Figure 1, except SBASI1s were used 
instead of the dummy load. A total of seventeen SBASI's were 
used to evaluate firing characteristics through a.SCR switch 
with variations in voltage and capacitance. The SCR used as a 
switch was rated at 7.4 amps steady state current capability. 
Test sequence consisted of closing charge switch S1 until volt- 
age across fire capacitor stabilized and then opening the 
charge switch. Charge voltage was monitored with a digital volt- 
meter that remained connected while fire switch S2 was closed to 
gate the SCR. SBASI instantaneous voltage and current data were 
recorded by connecting a dc differential amplifier as shown in 
Figure 1 to drive an FM tape recorder. A playback from the FM 
tape to a direct recording oscillograph furnished data to be re- 
duced as shown in Table 111. From this data Figures 4 and 5 were 
developed. Figure 4 is a plot of minimum-charge voltage versus 
capacitance. Figure 5 is a plot of charge voltage versus cal- 
culated energy consumed during ignition. Note that the energy 
consumed during ignition was not the minimum energy required 
to raise the bridgewire to the pyrotechnic ignition tempera- 
ture, Energy would continue to be consumed until bridgewire 
break, which would normally occur due to the burning propel- 
lant. Approximations that were made in calculating consumed 
energy are shown in Figure 6. The approximations were that 
capacitor discharge is a straight line and that initiator 
resistance can be approximated by a 30 percent increase. Ac- 
tion time as a function of the magnitude of applied energy 
(charge voltage) for each capacitor size is shown in Figures 
7, 8, 9 and 10. Charge voltage versus time to bridgewire break 
and first indication of pressure for each capacitor size are 
also shown on Figures 7 thru 10. 

3.3.2.2 Pulse Firing (Minimum Energy) 

Using bridgewire break for evaluation of SBASI 
firing energy requirements indicated energy requirement in 
excess of the true level necessary. True energy require- 
ments were determined by applying a terminated pulse to the 
SBASI's and gradually decreasing the pulse width while main- 
taining a constant amplitude until the initiator did not 
fire. To evaluate the SBASI for minimum energy required 
for ignition, the transistor circuit shown in Figure 11 was 
used. The data in Table IV were generated by reducing the 
pulse width of the pulse generator after each SBASI firing 



TABLE I l l  SBASl CAPACITOR IGNITION SCR SWITCH 

T A N T A L U M  CAPACITORS - M39003101-2072 

35VDC; CIRCUIT RESISTANCE - 0 . 1  16 

OBSERVER BEMENTIWARD 

*Zero time reference is from first indication of current flow. I 

T I M E *  
TO 

F IRST  
PRESSURE 

ENERGY 
MI  LLl  

T IME'  
BW BK 

OR 
M E A N  
PULSE 
T IME 

ENERGY 
TOTAL 
A V A I L  VOLTS 

VOLTS 
BW 

BREAK 
OR CHARGE 

CAP 
SIZE 

- 

U N I T  
SERIAL 

VOLTS 
PEAK COLD 



CAPACITOR SlZE IN MFD 

FIGURE 4 SBASl IGNITION CHARGE VOLTAGE VS CAPACITOR SlZE 





until a "NO FIRE" condition was reached. Fire capacitor charge 
and monitoring were the same as paragraph 3.3.2.1. Transistors 
were used as the fire switch instead of an SCR to terminate 
current flow to the ignitor. Two power transistors were used 
in parallel to keep the transistor (rated at 15 amperes) from 
current limiting. The pulse generator was manually triggered 
to initiate the firing signal. The pulse generator was preset 
to a duration of fire pulse based on the results of the pre- 
vious test step. First fire pulse time was determined from the 
minimum function time of paragraph 3.3.2.1 data. Initiator 
serial No's. 0613, 0633, 0417 and 0554 were fired in the se- 
quence as listed with fire pulse times of 500, 150, 100 and 
71 microseconds, respectively. The next unit (S/N 0458) did 
not fire when subjected to a fire pulse of 60 microseconds. 
The unit was then subjected to fire pulses of 65 and 70 micro- 
seconds with ignition attained at 70 microseconds. SBASI 
serial Number 0686 was subjected to fire pulses of 50 and 65 
microseconds with firing at 65. Unit number 0673 was subjected 
to three pulses of 63, 65 and 70 microsecond without ignition; 
test of this unit was then terminated due to a change in re- 
sistance. Likewise, Unit Number 0483 did not fire at 63 and 
67 microseconds. Testing of these two units was terminated 
with no conclusive results. Units 0421 and 0568 provided addi- 
tional data to bracket the minimum additional firing energy 
requirements by firing at 70 and 67 microseconds. In each case 
where more than one pulse was applied to an igniter, a "cool 
down" time of at least five minutes was allowed between 
pulses. Figure 12 shows the approximations used to calculate 
the energy required for SBASI ignition (Column 8 of Table IV). 
The calculation of energy utilized approximations of voltage, 
resistance and time represented in Figure 12 as Vmean, mean, 
and Tmean. SBASI Serial Number 421 required the least amount 
of energy to obtain ignition of 34.2 millijoules. 



ENERGY CALCULATION 

RESISTANCE 

ENERGY = ( "ME~N"  X T BRlDGEWlRE BREAK 
R~~~~ 

FIGURE 6 BRIDGEWIRE BREAK ENERGY CALCULATION 



CAPACITOR 
IGNITION SBASl 

49 8UF SCR 7 4 AMP 

&TIME TO BW BREAK CIRCUIT RES - 0 066 
OTlME TO FIRST PRESSURE SBASl RES - 1 1 + 1 

FIGURE 7 CHARGE VOLTAGE VS FUNCTION TlME - 49.8 MFD 

CAPACITOR 
IGNITION -SEAS1 

954.6UF SCR 7.4 AMP 

U T l M E  TO BW BREAK Cl RCUlT RES - 0.066 
OTIME TO FIRST PRESSURE SBASI RES - 1.1 -c .I 

20 30 40 50 60 70 80 100 200 300 400 500 600 800 1000 
90 700 900 

CHARGE VOLTAGE VS TlME - MICRO SECONDS 

FIGURE 8 CHARGE VOLTAGE VS FUNCTION TlME - 954.6 MFD 







TABLE IV  SBASl CAPACITOR IGNITION VARIABLE TIME FIRE PULSE TRANSISTOR SWITCH 

T A N T A L U M  CAPACITORS - M39003101-2072 

35VDC CIRCUIT RESISTANCE = 0.1 16  

OBSERVER BEMENTIWARD 



I RESISTANCE 

"SHUTOFF IS DETERMINED FROM DATA WHICH INCLUDES CIRCUIT DELAY. 

ENERGY = 
( V M E A N ) ~  

TMEAN 
RM EAN 

FIGURE 12 APPROXIMATIONS USED IN  ENERGY CALCULATIONS PULSE FIRING 



4.0 DESIGN 

4 . 1  APPROACH 

The CDI system w a s  designed t o  perform t h e  
payload separa t ion  and i g n i t i o n  funct ions  p resen t ly  performed 
by t h e  e x i s t i n g  Scout f o u r t h  s t a g e  r i n g  module payload separa- 
t i o n  system. The major assemblies on Scout are shown i n  
Figure 13. The e x i s t i n g  f o u r t h  s t a g e  payload separa t ion  
system i s  mounted on t h e  module r i n g  assembly. This module 
r i n g  assembly i s  i n  t u r n  mounted on t h e  f o u r t h  s t a g e  motor 
(see Figure 1 4 ) .  The complete 4 th  s t a g e  r i n g  assembly i s  
shown i n  Figure 15. The module r i n g  assembly is composed o f :  

(1) Fourth s t a g e  te lemetry package 

( 2 )  Telemetry t r a n s m i t t e r  

E.3) Telemetry b a t t e r y  

(4 )  Accelerometers 

(5) Umbilical bracket  

( 6 )  Safe-arm r e l a y  assembly 

(7)  I g n i t i o n  b a t t e r i e s  (two) 

(8) I g n i t i o n  t i m e r s  (two) 

Items 6 ,  7 and 8 l i s t e d  above a r e  t h e  packages 
under cons idera t ion  i n  t h e  C D I  s tudy.  El iminat ion of two 
i g n i t i o n  b a t t e r i e s  and t h e  safe-arm r e l a y  assembly is inheren t  
with t h e  design of t h e  CDI  system s i n c e  f i r i n g  energy is  
obtained from t h e  t imer  b a t t e r y .  The safe-arm funct ion  is  
s i m p l i f i e d  i n  t h e  C D I  system by connecting a r e l a y  contac t  
across  t h e  f i r e  capaci tor .  The safe-arm funct ion  can be 
performed by one r e l a y  i n  t h e  C D I  system as compared t o  four  
i n  t h e  e x i s t i n g  system. El iminat ion of  t h e  two i g n i t i o n  
b a t t e r i e s  and t h e  safe-arm r e l a y  assembly would r e s u l t  i n  a 
s i g n i f i c a n t  weight saving (see weight of  e x i s t i n g  i g n i t i o n  
system i n  Table V ) .  The concept of redundant i g n i t i o n  systems 
(two t i m e r s )  was r e t a i n e d  i n  t h e  C D I  design t o  opt imize opera- 
t i o n a l  r e l i a b i l i t y .  



'SHIELD 
FOURTH STAGE MOTOR 

FIGURE 13 SCOUT MAJOR ASSEMBLIES 



I 

PAY LOAD 

PAYLOAD SEPARATION 
BAND WITH 
EXPLOSIVE NUT 
SEPARATION 

I FOURTH 
STAGE 

ASSEMBLY 

FIGURE 14 SCOUT FOURTH STAGE 



1. ACCELEROMETER LONGITUDINAL 
2. ACCELEROMETER LONGITUDINAL 
3. TIM SIGNAL CONDITIONING PACKAGE 
4. IGNITION TIMER NO. 1 ASSEMBLY 

23-004069-1 (WIO BATTERY) 
5. ACCELEROMETER NORMAL 
6. THERMISTOR 
7. IGNITION TIMER NO. 2 ASSEMBLY 

23-004069-1 (WIO BATTERY 
8. TELEMETRY BATTERY 

ACCELEROMETER TRANSVERSE 
IGNITION BATTERY NO. 1 
SAFE-ARM RELAY ASSEMBLY 
UMBILICAL BRACKET 
TIM TRANSMITTER 
IGNlTlON BATTERY NO. 2 
THERMISTOR 
THERMISTOR 
THERMISTOR 

FIGURE 15 MODULE RING ASSEMBLY 



TABLE V WEIGHT OF EXISTING SYSTEM 

* 

TIMER 1 0.357 (0.787) (WITH BATTERY ) 

TIMER 2 0.357 (0.787) (WITH BATTERY) 

SAFE-ARM RELAY ASSEMBLY 0.327 (0.72) 

COMPONENT MOUNTING BRACKETS 

CONNECTORS 

WIRE 

I MISC. HARDWARE (CLAMPS, ETC.) 0.045 (0.1 I 1 FIRING BATTERY NO. 1 0.499 (1.1) (FILLED) I 
FIRING BATTERY NO. 2 0.499 (1 .I) (FILLED) - - 

3.481 KG (7.674 POUNDS) . 
NOTE: DOES NOT INCLUDE ANY T/M OR RING COMPONENTS 



4.2 USER L I A I S O N  

Severa l  a c t i v e  programs a r e  us ing  c a p a c i t i v e  
discharge i g n i t i o n  systems. VSD reviewed c a p a c i t i v e  d ischarge  
systems now i n  use by o t h e r  programs t o  t a k e  advantage of 
experience gained through p r i o r  use  and development. Of 
s p e c i a l  concern during t h e  u s e r  l i a i s o n  and review w e r e  t h e  
switching devices ,  f i r i n g  c a p a c i t o r  types  and s a f e - a m  
methods. U s e r  l i a i s o n  cons i s t ed  of con tac t  wi th  personnel  
a s soc ia ted  wi th  t h e  fol lowing programs which u t i l i z e  capaci-  
t i v e  discharge i g n i t i o n  systemsr 

Arnes Research Center. (PAET Program) - Used 
success fu l ly  i n  mission 

Viking LPCA (Figure 16) - Contact NASA/LRC 

H I T  (Figure 17)  - Contact VSD 

Mansafe System (Figure 18)  - Contact VSD 

Explorer - Contact NASA/LRC 

Viking O r b i t e r  75 (Figure 19) - Contact JPL 

Space S h u t t l e  SRB (Figure 20) - Contact Rockwell 
I n t e r n a t i o n a l  

A l l  of t h e s e  programs except space s h u t t l e  have 
q u a l i f i e d  a C D I  system f o r  f l i g h t .  Range of  t h e  design con- 
c e p t s  v a r i e s  from r e l a y s  used i n  Explorer and Mansafe systems 
t o  t h e  t h i c k  f i l m  hybrid used on t h e  H I T  program. A l l  of t h e  
systems surveyed except H I T  were designed t o  f i r e  1 amp-1 
wa t t  i n i t i a t o r s .  Table V I  summarizes t h e  comparison of design 
concepts o f  programs l i s t e d  above, with r e l a t i o n  t o  t h e  pro- 
posed Scout system. 

T h e  v a r i a t i o n  of design a s  noted by Table V I  
a r e  due l a r g e l y  t o  performance and packaging r e s t r a i n t s  placed 
on the  capac i t ive  d ischarge  i g n i t i o n  system. An example i s  
t h e  H I T  design which was based on extremely l i m i t e d  space and 
severe weight c o n s t r a i n t s .  A s  a r e s u l t  of t h e  review of t h e  
Viking LPCA c i r c u i t ,  cons ide ra t ion  of  t h e  i g n i t i o n  system 
checkout procedure as shown i n  paragraph 7 . 1  Ground Support 
Equipment was i n i t i a t e d .  



C 
TO OTHER 
INITIATORS 

FIGURE 16 LPCA INITIATOR FIRING CIRCUIT 



FIRING CIRCUIT POWER 
6V DC 

BATTERY RETURN 

QUADRANT SELECTOR ON 
MOTOR FIRING SELECTION 
MATRIX 

FIRING CIRCUIT > &&-I 
POWER 

FIGURE 17 HIT TYPICAL MANEUVER MOTOR FlRlNG CIRCUIT 

MOTOR 1 
SELECT 





FIGURE 19 JPL VIKING ORBITER 



MASTER EVENTS CONTROLLER PYRO INITIATOR CONTROLLER 
+28V 1 I - - - - - - -  7 
E SS I 

BUS NO. 1 
I 

I 

I 

I 0 4  0 5  Q6 

ARM 
1 
I 1 SIGNAL ,J 

FAILURE MODES (PER REDUNDANT CIRCUIT) 

1 -PREMATURE FIRING 2-FAILURE-TO-FI RE 

INADVERTANT ARMING FOLLOWED BY SHORTING ANY FIRE OR ARM TRANSISTOR IN  MEC 
OF FIRING TRANSISTORS OPEN CIRCUIT 

o FIRING WIRES SHORTED TO + 28V AFTER QA OR QB OPEN CIRCUIT 

CAPACITOR IS ARMED QC SHORTED 
0 COMPUTER GENERATES SIGNALS OUT OF SAFE LINE SHORTED TO +28V 

SEQUENCE (NOT AN ACCEPTABLE FAILURE) 
ESSENTIAL BUS NO. 1 FAILED 

FIGURE 20 SPACE SHUTTLE PYRO CIRCUIT DESIGN 

TOR 



TABLE VI CIRCUIT SUMMARY 

COMMENTS 

+ 

VIKING LPCA (NASA) 

HIT (ARMY) 

MANSAFE 
SYSTEM (NAVY) 

EXPLORER (NASA) 
AIR DENSITY 
ENGINE 

VIKING ORBITER 
"75" (NASA) 

SPACE SHUTTLE 
(NASA) 
(BREADBOARD) 

SCOUT (NASA) 
(BREADBOARD) 

RELAY 

ACTIVE 
COMPONENT 
(SQUIB 
SWITCH) 

RELAY 

RELAY 

RELAY 

TRANSISTOR 

RELAY 

SCR 

SC R 

RELAY 

RELAY 

SC R 

TRANSISTOR 

SCR 

NO 

YES* 

NO 

NO 

NO 

YES 

NO 

82 MFD 
(12 EACH) 

120 MFD 
(1 EACH) 

20,000 
MFD 
(1  EACH) 

1,000 
MFD 

225 MFD 
(6 EACH) 

82 MFD 
(5 EACH) 

300 M FD 

150 MFD 
(2 EACH) 

984 
MFD 

120 
MFD 

20K 
MFD 

1K MFD 

1350 
MFD 

410 
MFD 

450 

MFD 

36V 

12V 

28V' 

30V 

30V 

20V 

24V 

WET 
SLUG 
TANTALUM 

TANTALUM 
FOlL 

TANTALUM 
FOIL 
(TANSITOR) 

WET SLUG 
TANTALUM 

TANTALUM 
ETCHED 
FOIL 

WET 
SLUG 
TANTALUM 

WET SLUG 
TANTALUM 

1 CHECKOUT BY DISCHARGING LOW 
CURRENT THROUGH IGNITOR 

2 CURRENT LIMIT BY INDUCTANCE 

1 THICK FILM HYBRID CIRCUIT 

(16 CIRCUITS ON APPlOX 19 CMI 

2 VOLTAGE DOUBLING BY CAPACITANCE 

3 'REDUNDANT AS A RESULT OF 
VOLTAGE DOUBLING 

1 'THERMAL ACTUATED BATTERY 

2 FIRES 12 SQUIBS AT ONE TIME 

1 DESIGN CURRENTLY BEING CHANGED ' 
TO SCR FIRING SWITCH 

1 0 5 OHM SERIES RESISTOR ADDED 
LIMIT CURRENT TO 22 AMP 

2 SAFE ARM SHORTS CAPACITOR ONLY 
(IGNITOR NOT SHORTED) 

1 BREADBOARD (NOT AN OPERATIONAL 
ClRCUlTl 

2 FIRE SWITCH IS TWO 20 AMP TRAN 
SISTORS IN SERIES 

1 CAPABILITY TO CHECKOUT SYSTEM 
BY DISCHARGING LOW CURRENT 
THROUGH IGNITOR 

2 REDUNDANCY TO ASSURE PROPER 
MISSION OPERATION OBTAINED BY 
USE OF TWO SEPARATE SYSTEMS. 

.1 



4 . 3  RANGE SAFETY COORDINATIOIJ 

*From t h e  onse t  of t h i s  study program and a s  a 
cont inuing e f f o r t  throughout,  Range Safe ty  a t  W I  and VAFB have 
been kept  informed of t h e  c i r c u i t  design s t a t u s .  Coordination 
with Range Safe ty  personnel a t  WI and VAFB was maintained so  
t h a t  t h e  f i n a l  c i r c u i t  design would r e f l e c t  s a f e t y  margins 
c o n s i s t e n t  with range requirements.  

Coordination meetings have been held with 
Wallops I s l a n d  and Vandenberg A i r  Force Base Range Safe ty  
personnel and t h e i r  requirements and comments have been 
considered and incorpora ted  i n  the  c i r c u i t  design.  Hei ther  
range had d e f i n i t i v e  requirements governing design of a CDI  
system. Each i g n i t i o n  c i r c u i t  i s  evaluated f o r  compliance 
t o  b a s i c  s a f e t y  gu ide l ines  a s  a p a r t  of i t s  t o t a l  system. 

The b a s i c  gu ide l ines  inc lude:  

(1) I g n i t i o n  c i r c u i t  e l e c t r i c a l  i s o l a t i o n  

( 2 )  Absolute s a f e t y  of personnel  when handling 
pyrotechnics  

( 3 )  V e r i f i c a t i o n  of f i r i n g  c i r c u i t  s a f e  condi- 
t i o n  be fo re  connecting i n i t i a t o r s  

( 4 )  A s i n g l e  p o i n t  of f a i l u r e  cannot endanger 
personnel  

(5 ) Adequate monitoring c a p a b i l i t y  t o  a s s u r e  
s a f e t y  of t h e  f i r i n g  c i r c u i t  opera t ion .  

Personnel a t  both ranges i n d i c a t e d  t h a t  s e v e r i t y  of a mal- 
func t ion  and p o s s i b l e  personnel  i n j u r y  i s  considered i n  
review of  any design. An example of t h i s  i s  whether t h e  
i g n i t i o n  system i s  used f o r  a main s t a g e  motor o r  f o r  a 
payload s e p a r a t i o n  b o l t .  Range Safe ty  personnel  a t  W 1  re -  
viewed t h e  design and t h e i r  recommendations have been incor-  
porated i n t o  t h e  C D I  c i r c u i t  design.  Recommendations from W I  
were t o  provide a method of dumping (d ischarging)  t h e  f i r e  
capac i to r  from t h e  blockhouse and automatic shutdown f o r  over- 
vol tage  on t h e  f i r i n g  c a p a c i t o r  dur ing  t h e  s a f e  condi t ion .  VAFB 
range s a f e t y  found t h e  design approach t o  be s a t i s f a c t o r y  and 
acceptable .  



1 4 . 4  
1 

CIRCUIT 

Based on review of e x i s t i n g  C D I  c i r c u i t s ,  range 
s a f e t y  and t h e  concepts needed f o r  a  Scout f u n c t i o n a l  system, 
a  block diagram was developed. The capaci t ive-d ischarge  
i g n i t i o n  system i s  composed of  t h e  elements shown i n  t h e  block 
diagram of  Figure 21. 

CONVERTER 

SBASI'S 

FIGURE 21 CDI BLOCK DIAGRAM 

The design technique was t o  examine d i f f e r e n t  
ways of  implementing t h e  block func t ions  and s e l e c t  one of 
t h e  ways. 

Table V I I  shows the  ranking and s e l e c t i o n  
f a c t o r s  t h a t  were used t o  eva lua te  t h e  f u n c t i o n a l  elements 
of t h e  design. The t a b l e  is  configured s o  t h a t  t h e  func t iona l  
elements a r e  ranked top  t o  bottom and s e l e c t i n g  f a c t o r s  i n  
t h e  o r d e r  of importance l e f t  t o  r i g h t .  

4 . 4 . 1  Power Switches 

Two types  of switching devices ,  SCR and t ran-  
s i s t o r ,  were considered i n  s e l e c t i n g  one t o  f i r e  t h e  S B A S I ' s .  
The SCR proved t o  be b e t t e r .  C h a r a c t e r i s t i c s  of both types 
were s tud ied  and t e s t s  were performed t o  determine how 
e f f i c i e n t l y  energy was t r a n s f e r r e d  from a  c a p a c i t o r  t o  a  
dummy load (paragraph 3 . 3 . 1 ) .  A schematic of t h e  t e s t  se tup  
using an S C R  switch i s  shown i n  F i q u r e  1. 



TABLE VII SELECTION FACTORS 

FUNCTION 

POWER SWITCH 

1 - SCR 

2 -TRANSISTOR 

DRIVERS 

1 - PULSE TRANSFORMER 

2 - DIRECT-COUPLED 

3 - OPTICAL ISOLATOR 

POWER CONVERTERS 

1 - DC-DC 

2 - CAPACITANCE 

I MULTIPLICATION 

RELIABILITY 

EXPLANATION OF RANKING: 

1 - MEETS A L L  REQUIREMENTS. 

2 - USABLE BUT REQUIRES SELECTION OR RELAXED REQUIREMENT. 

3 - NOT ACCEPTABLE. 



i 
A schematic of t h e  t e s t  se tup  using t h e  t r an -  

s i s t o r  switch i s  shown i n  Figure 2 .  Tes t s  using a  dummy load 
showed t h a t  no d i f f e r e n c e  could be de tec ted  between switching 

', t h e  load wi th  a 7 .4  am? SCR and a  110 amp SCR. When t h e  t r an -  
s i s t o r  switch was used t h e  c u r r e n t  was l i m i t e d  t o  25 amps by 
t h e  t r a n s i s t o r  c u r r e n t  s a t u r a t i o n  l e v e l .  This l i m i t a t i o n  was 
considered when t h e  minimum f i r i n g  energy t e s t s  were performed 
using t h e  t r a n s i s t o r  switch c i r c u i t .  T r a n s i s t o r s  were con- 
s i d e r e d  because of t h e i r  a b i l i t y  t o  be c u t  o f f  a t  any prede- 
termined t ime, thus  conserving energy. A t r a n s i s t o r  capable 
of  switching f i r i n g  c u r r e n t s  up t o  25 amps r e q u i r e s  two s t a g e s  
of ampl i f i ca t ion  wi th  subsequent c u r r e n t  d r a i n  on power sources  
and another  t iming device f o r  c o n t r o l l i n g  t h e  l eng th  of t h e  
f i r i n g  pulse.  T r a n s i s t o r s  with c u r r e n t  car ry ing  capaci ty  t o  
f i r e  t h e  devices  a r e  phys ica l ly  l a r g e  unless  ba re  chips  a r e  
used. T r a n s i s t o r s  a r e  s u b j e c t  t o  "second breakdown" when 
t h e i r  maximum c o l l e c t o r  c u r r e n t  i s  exceeded, t h e r e f o r e  having 
no surge c u r r e n t  c a p a b i l i t y .  I n  comparison t o  a  t r a n s i s t o r ,  
an SCR can ca r ry  a  very heavy overload c u r r e n t  f o r  t h e  s h o r t  
t i m e  requi red  t o  f i r e  t h e  SBASI'S without  damage t o  t h e  SCR. 
A small  c u r r e n t  i s  requi red  f o r  a  very s h o r t  t ime t o  t r i g g e r  
t h e  SCR t o  t u r n  on. The SCR c u r r e n t  w i l l  c u t  o f f  e i t h e r  by 
t h e  br idgewire opening up o r  by d ischarge  of t h e  capac i to r  
below minimum SCR hold c u r r e n t  l e v e l .  An SCR type switch w a s  
chosen a s  t h e  switching device i n  t h e  design. 

These t e s t s  were a l s o  designed t o  determine t h e  
Equivalent S e r i e s  Resis tance (ESR) of  t h e  capac i to r s  while  
d ischarging  from a  d c  vo l t age  l e v e l .  The energy t r a n s £  er 
tests t o  determine t h e  ESR of  t h e  capac i to r s  d i d  n o t  produce 
t h e  d e s i r e d  r e s u l t s .  The ESR of  wet s l u g  tantalum capac i to r s  
was s o  small  compared t o  t h e  r e s i s t a n c e  of t h e  c i r c u i t  t h a t  
i t s  ex i s t ence  could n o t  be determined from t h e  test  da ta .  
This  f ind ing  e l iminated  capac i to r  ESR value  as  a s i g n i f i c a n t  
cons idera t ion  i n  t h e  opera t ion  of t h e  i g n i t i o n  system. 

4 . 4 . 2  Drivers  

The d r i v e r  c i r c u i t  se rves  as an i n t e r f a c e  
between t h e  t i m e r  l o g i c  c i r c u i t  and t h e  power switch.  It 
must supply s u f f i c i e n t  power t o  r e l i a b l y  t r i g g e r  t h e  SCR's 
and provide e l e c t r i c a l  i s o l a t i o n  between c o n t r o l  and i g n i t o r  
c i r c u i t .  Three types  of d r i v e r s  w e r e  considered: d i r e c t -  
coupled, o p t i c a l  i s o l a t o r  and p u l s e  t r ans fo rne r .  A one-shot 
m u l t i v i b r a t o r  w a s  considered as a  direct-coupled device s o  
t h a t  t h e  SCR f i r i n g  p u l s e  l eng th  could be shortened t o  a t i m e  
l e s s  than t h e  SBASI f i r i n g  t i m e .  Two types  o f  one-shots w e r e  
eva lua ted  - one of t h e  COS/MOS family and one of t h e  DTL 
family. The DTL m u l t i v i b r a t o r  consumes too  much power while  



t he  COS/MOS m u l t i v i b r a t o r  r e q u i r e s  an a d d i t i o n a l  s t a g e  of 
ampl i f ica t ion .  No e l e c t r i c a l  i s o l a t i o n  i s  provided by e i t h e r  
type between t h e  d r iv ing  c i r c u i t r y  and t h e  S C R ' s  o r  betweeq 

I 
I 

t h e  four  f i r i n g  channels.  I 

Several  manufacturers of o p t i c a l  i s o l a t o r  
devices  were contacted t o  eva lua te  a v a i l a b i l i t y  of c u r r e n t l y  
produced devices .  Only one manufacturer was found t o  produce 
t h e  o p t i c a l  i s o l a t o r  and SCR i n  one package. This manufac- 
t u r e r  s t a t e d ,  " I n  o rde r  t o  o b t a i n  reasonable s e n s i t i v i t y  t o  
l i g h t  t h e  SCR must be cons t ruc ted  s o  t h a t  it can be t r i g g e r e d  
with a  very low c u r r e n t  dens i ty .  This r e q u i r e s  t h e  use of a  
f a i r l y  t h i n  s i l i c o n  p e l l e t  of small  dimensions hence high 
cur ren t  devices  a r e  not  considered p r a c t i c a l  f o r  l i g h t  t r i g -  
ger ing  a t  t h i s  time. The high s e n s i t i v i t y  of t h e  l i g h t  
a c t i v a t e d  SCR a l s o  causes it t o  respond t o  o t h e r  e f f e c t s  which 
produce i n t e r n a l  cu r ren t s .  A s  a  r e s u l t  t h e  l i g h t  a c t i v a t e d  
SCR has a  h igher  s e n s i t i v i t y  t o  temperature,  app l i ed  vo l t age ,  
r a t e  of change of app l i ed  vol tage  and has a  longer  turn-off 
time than  a  normal SCR." With an o p t i c a l - i s o l a t o r  device 
packaged separa te ly  from t h e  SCR no s i g n i f i c a n t  advantage i n  
s i z e  would be obta ined  over  use of a pu l se  t ransformer.  
Addi t ional ly ,  t h e  s teady s t a t e  c u r r e n t  d r a i n  i s  h igher  than 
pu l se  t ransformers .  

I s o l a t i o n  is gained when p u l s e  t ransformers  a r e  
used, b u t  an a d d i t i o n a l  s t a g e  of  d r i v e  i s  requi red  t o  couple 
t h e  COS/MOS t i m e r  l o g i c  t o  t h e  pu l se  t ransformer.  Based on 
s i z e ,  e l e c t r i c a l  i s o l a t i o n  and c u r r e n t  d r a i n  t h e  p u l s e  t r a n s -  
former was chosen f o r  t h e  C D I  design. 

4 . 4 . 3  Power Converter 

C i r c u i t  power requirements based on t e s t i n g  a t  
LRC (paragraph 3.3.2.1) i n d i c a t e  t h a t  a  charge vol tage  of 
approximately 20 v o l t s  would be necessary t o  f i r e  t h e  SBASI. 
Avai lable  power sources  i n  t h e  Scout four th  s t a g e  as  p r e s e n t l y  
configured a r e  i g n i t i o n  b a t t e r i e s  (12 v o l t s )  and t imer b a t t e r y  
(6 v o l t s ) .  I n  o r d e r  t o  s u b s t a n t i a l l y  decrease weight of t h e  
four th  s t a g e  f i r i n g  c i r c u i t ,  t h e  e x i s t i n g  f i r i n g  b a t t e r i e s  
must be el iminated.  The e x i s t i n g  four th  s t a g e  t imer  r equ i res  
0.6 milliamp (ma) of  c u r r e n t  from t h e  180 milliamp-hour t imer  
b a t t e r y .  Analysis of t h e  CDI  system maximum power requi re-  
ments, inc luding  t imer ,  showed steady s t a t e  power consumption 
not  t o  exceed 10 milliamp-hours. This  g i v e s  an energy rese rve  
of 170 milliamp hours a t  a  mission t i m e  of  2.77 hours. 

Two types of conver ters  were examined f o r  
changing t h e  t i m e r  b a t t e r y  vo l t age  of  6  v o l t s  t o  t h e  capac i to r  
charge vo l t age  o f  24 v o l t s .  These were vo l t age  m u l t i p l i e r  
using S C R ' s  and c a p a c i t o r s ,  and dc t o  dc conver ter .  



Schematic of t h e s e  a l t e r n a t i v e s  are shown i n  
Figure 22. Advantages and disadvantages of t h e  dc-dc con- 
v e r t e r  l i s t e d  i n  o r d e r  of t h e i r  importance a re :  

Advantages 

(1) Smaller s i z e  - The dc-dc conver ter  w i l l  be  
approximately one-fourth t h e  s i z e  of t h e  m u l t i p l i e r .  Since 
only one c i r c u i t  w i l l  be r equ i red  as compared t o  f o u r  mult i -  
p l i e r  c i r c u i t s ,  t h e  t o t a l  system requirement would be  smal ler  
by a r a t i o  o f  approximately 16: l .  

(2 )  E l e c t r i c a l  i s o l a t i o n  between i n i t i a t o r s  
and the  t iming c i r c u i t  - This  i t e m  i s  important  from a s a f e t y  
s tandpoin t  i n  ordek t o  keep one ground f a u l t  i n  t h e  i g n i t i o n  
c i r c u i t  from causing a system malfunction. 

Disadvantages 

(1) Lower e l e c t r i c a l  e f f i c i e n c y .  

(2)  Requires s p e c i a l  t ransformer design. 

Since t h e  power requirements wi th  t h e  
lower e f f i c i e n c y  can be suppl ied  by t h e  
t imer  b a t t e r y  and pre l iminary  design 
i n d i c a t e s  t h e  s p e c i a l  t ransformer i s  
f e a s i b l e ,  t h e  dc-dc conver ter  method was 
s e l e c t e d  f o r  t h e  CDI  design. 

COMPONENT SURVEY FOR BREADBOARD EVALUATION 
TESTING 

A f t e r  t h e  c i r c u i t  design w a s  completed, a com- 
ponent survey f o r  p a r t s  a v a i l a b i l i t y  was made. 

4.5.1 SCR' s 

Requirements f o r  t h e  SCR w e r e  s p e c i f i e d  as: 

Pealc Reverse Voltage = 50 v o l t s  minimum 

Gate F i r i n g  Current  = 1 ma minimum, 15 ma 
maximum 

Forward Voltage Drop = 2.5 maximum a t  12 amp 

Forward Current = 60 amp f o r  1 m s  

Avai lable  i n  bare  chip  form 
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Available  i n  TO-5 can f o r  breadboarding 

JEDEC approved type  number 

Turn-on t i m e  of 2 microseconds maximum 

Holding c u r r e n t  = 20 ma minimum (To assu re  
turn-off  wi th  shor ted  squib)  

Many SCR's are a v a i l a b l e  t h a t  meet t h e  breakdown 
vo l t age  and dc  c u r r e n t  requirements. The g a t e  f i r i n g  c u r r e n t  
requirement, case s i z e  and forward vol tage  drop requirements 
quickly reduced t h e  number of  devices  a v a i l a b l e  t o  two, 
n e i t h e r  of which has a JEDEC approved type number. One of 
these  was r e j e c t e d  because one lead  would have t o  be connected 
t o  t h e  case.  This l e f t  t h e  s e l e c t i o n  t o  be a SCR per  t h e  
s p e c i f i c a t i o n s  shown i n  Appendix'A. Although t h e  requi red  
minimum holding c u r r e n t ' o f  20 m a  i s  wi th in  t h e  s p e c i f i e d  range 
f o r  t h i s  SCR, t h e  t y p i c a l  holding c u r r e n t  f o r  t h i s  SCR i s  9 ma. 
A screening t e s t  was requi red  f o r  s e l e c t i o n  of S C R ' s  with hold- 
ing  c u r r e n t s  of 20 ma minimum. 

4.5.2 Power Converter Transformer e, 

A ca ta log  survey w a s  made t o  f i n d  a t ransformer 
f o r  t h e  dc-dc converter .  A l l  t ransformers  t h a t  would work 
e l e c t r i c a l l y  were t o o  l a r g e  phys ica l ly  t o  be used i n  t h i s  
i n s t a l l a t i o n .  A t ransformer w a s  designed on paper t o  estab-  
l i s h  requirements f o r  purchase of a t ransformer t o  be wound 
s p e c i a l l y  f o r  t h i s  app l i ca t ion .  A s p e c i a l l y  b u i l t  t ransformer 
with a volume s m a l l  enough t o  f i t  dimensional requirements 
was purchased f o r  breadboard eva lua t ion  t e s t i n g .  Speci f ica-  
t i o n s  f o r  t h e  power converter  t ransformer a r e  shown i n  Table XV 
(Reference T5).  

4.5.3 T r a n s i s t o r s  

A search  w a s  made t o  f i n d  t r a n s i s t o r s  f o r  both 
t h e  power conver ter  and i n  t h e  p u l s e  t ransformer d r i v e  
c i r c u i t .  They should be i n  a s  small  a package a s  poss ib le  so  
t h a t  bare  chips  would no t  have t o  be used with t h e  breadboard 
c i r c u i t .  The t r a n s i s t o r  s e l e c t e d  i s  a 2N3904 except the  packaging 
i s  a micro-miniature annular  lead  conf igura t ion .  This package 
i s  0.234 cm (.092 inch)  diameter and 0.147 cm (.058 inch)  high. 
The 2N3904 t r a n s i s t o r  meets a l l  e l e c t r i c a l  requirements of t h e  
t r a n s i s t o r s  i n  t h e  conver ter  and t h e  pulse transformer d r i v e  
c i r c u i t .  



Diodes 

Diodes per  t h e  s p e c i f i c a t i o n  of Appendix B were 
s e l e c t e d  f o r  a l l  diodes i n  t h e  c i r c u i t .  

4.5.5 Pulse  Transformer 

The f i r e  command s i g n a l  generated by t h e  
i g n i t i o n  t imer  .(23-004069-1) a t  P in  6 ,  C i r c u i t  A l ,  card  No. 
13948-105, i s  a 62.5 mi l l i second pulse.  This s i g n a l  was 
chosen a s  t h e  i n t e r f a c e  p o i n t  from t h e  e x i s t i n g  t imer  c i r c u i t  
t o  t h e  capac i t ive  d ischarge  i g n i t i o n  c i r c u i t .  Design c r i t e r i a  
f o r  t h e  i n t e r f a c e  between t h e  e x i s t i n g  t imer  c i r c u i t  and t h e  
capac i t ive  discharge i g n i t i o n  c i r c u i t  are: 

(1) Provide e l e c t r i c a l  i s o l a t i o n  (both high 
s i d e  and ground) from t imer  c i r c u i t  t o  f i r i n g  c i r c u i t .  

(2)  S a t u r a t e  a f t e r  10 microseconds and no t  
overheat  with a 62.5 mi l l i second f i r e  command. pulse .  

(3) Provide s u f f i c i e n t  c u r r e n t  t o  t r i g g e r  
t h e  SCR. 

( 4 )  Have a minimum c u r r e n t  d r a i n  when n o t  
f i r i n g  an SCR. 

(5)  Minimum s i z e  

(6)  Maximum c u r r e n t  t r a n s f e r  e f f i c i e n c y  

From t h e  SCR opera t ing  c h a r a c t e r i s t i c s  and 
c u r r e n t  d r i v e  a v a i l a b l e  from t h e  t imer COS/MOS l o g i c  a 1 0  ma 
SCR g a t e  turn-on s i g n a l  w a s  s e l ec ted .  The 10 ma g a t e  cu r ren t  
w i l l  g ive  an SCR turn-on time of approximately 10 m i l l i -  
seconds a s  der ived  from t h e  SCR d a t a  shee t .  A 1:1 r a t i o  pulse  
t ransformer with an open c i r c u i t  primary inductance of 2 
m i l l i h e n r i e s  was s e l e c t e d  as t h e  SCR d r i v e r .  The s e l e c t e d  
t ransformer w i l l  s a t u r a t e  and produce p o s i t i v e  and negat ive  
pu l ses  of approximately 10 microseconds dura t ion .  The 
negat ive pulse  w i l l  be el iminated by t h e  use of a diode. An 
encapsulated module package pulse t ransformer w i l l  meet t h e  
requirements as out l ined .  Packaging of t h i s  t ransformer i s  
four  sepa ra te  t ransformers  i n  a conf igura t ion  s i m i l a r  t o  a 
dual- in- l ine package. 



4.5.6 Capacitor Type (Breadboard only)  

Se lec t ion  of t h e  f i r i n g  c a p a c i t o r  type  f o r  t h e  
Breadboard design w a s  based on s i z e .  F igure  23 shows t h a t  i n  
t h e  range of capaci tance  m u l t i p l i e d  by r a t e d  vo l t age  (15,000) 
t h e  t h r e e  candidates  r e q u i r i n g  t h e  l e a s t  volume a r e  Tantalum 
Wet, Tantalum So l id ,  and Tantalum F o i l .  Tantalum Wet type  
capac i to r s  r e q u i r e  t h e  least amount of space p e r  u n i t  
capaci tance.  A Tantalum Wet s l u g  capac i to r  of  cons t ruc t ion  
s i m i l a r  t o  Figure 24 was chosen f o r  t h e  breadboard eva lua t ion  
t e s t i n g .  

4.6 CAPACITOR SIZE VS VOLTAGE 

Tes t ing  w a s  performed a t  LRC t o  eva lua te  t h e  
f i r i n g  energy requirement of t h e  SBASI (paragraph 3.3.2.1). 
Based on r e s u l t s  of t h i s  t e s t i n g  and supported by va r ious  
t e c h n i c a l  r e p o r t s  from JPL, a minimum f i r i n g  l e v e l  of  34 
m i l l i j o u l e s  was s e l e c t e d  a s  a guide f o r  design-  The d e l i v e r y  
of t h i s  energy t o  t h e  br idgewire i s  a time-dependent funct ion  
complicated by varying br idgewire r e s i s t a n c e .  

Severa l  SBASI's w e r e  f i r e d  using four  d i f f e r e n t  
s i z e s  of capac i to r s  charged t o  vol tages  from 49 v o l t s  down 
t o  10 v o l t s  t o  f i n d  t h e  b e s t  combination of capaci tance and 
charge vo l t age  (Table 111). The c a p a c i t o r  s i z e s  were 49.8, 
233.8, 509.8 and 954.6 mfd's.  

Two devices  were f i r e d  from t h e  49.8 rnfd 
capac i to r  when charged t o  49.2 and 45 v o l t s .  A lower charge 
vol tage  would n o t  provide s u f f i c i e n t  energy t o  f i r e  t h e  
device with t h i s  va lue  of capaci tance.  

When using t h e  233.8 rnfd c a p a c i t o r ,  t h e  lowest 
charge vo l t age  t h a t  would f i r e  a device w a s  20 v o l t s .  When 
t h e  capaci tance w a s  increased  t o  509.8 rnfd t h e  minimum f i r i n g  
vo l t age  changed t o  15 v o l t s  bu t  d i d  n o t  go lower when t h e  
capaci tance was increased  t o  954.6 mfd. A p l o t  of minimum 
charge vo l t age  vs capac i to r  s i z e  i n  rnfd i s  shown i n  Figure  4. 
This  c h a r t  shows t h a t  any capaci tance  l a r g e r  than  500 rnfd 
would n o t  allow t h e  charge vo l t age  t o  be lowered s i g n i f i c a n t l y .  
For t h e  breadboard eva lua t ion  c i r c u i t ,  a s tandard  capaci tance 
s i z e  of 470 rnfd a t  30 working v o l t s  was s e l e c t e d .  A c a p a c i t o r  
charge vo l t age  of 24 v o l t s  would provide s u f f i c i e n t  energy 
f o r  SBASI i g n i t i o n .  A s a f e t y  f a c t o r  of 0.8 i s  maintained 
between opera t ing  vol tage  and c a p a c i t o r  working vo l t age  f o r  
r e l i a b i l i t y .  Ex i s t ing  Scout f i r i n g  c i r c u i t  r e s i s t a n c e  i s  
approximately 0.25 ohm p l u s  t h e  i n i t i a t o r  r e s i s t a n c e .  There- 
f o r e  24 v o l t s  capac i to r  charge vo l t age  w i l l  provide s u f f i c i e n t  
peak c u r r e n t  t o  a s su re  i n i t i a t o r  f i r i n g  under worst  case  



CV RATING (CAPACITANCE X RATED VOLTAGE) 

FIGURE 23 CAPACITOR SIZE 
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FIGURE 24 WET SLUG TANTALUM - ELASTOMER SEAL 



condit ions.  The energy l e v e l  provided by a 470 mfd charged 
t o  24 v o l t s  is  a s  follows: 

Nominal Energy: (470 mfd capac i to r )  
..3 

Worst Case (Temperature and capac i to r  to le rance ,  cons tant  
vol tage)  

Q = 176 m j  maximum 

Q = 108 m j  minimum 

The minimum energy ca lcu la ted  above shows an energy rese rve  
of 71 mj-when compared t o  t h e  JPL d a t a  of reference  3 (37 mj 
requi red  f o r  i g n i t i o n ) .  

4.7 SAFE-ARM DESIGN 

Safe-arm cons idera t ions  f o r  t h e  capac i t ive  
discharge i g n i t i o n  system were: 

(1) Personnel s a f e ty  while  connecting f i r i n g  
u n i t  t o  i n i t i a t o r  

(2 )  F a i l  s a f e  mode with power o f f  

(3) Rel iable  components 

( 4 )  Capabil i ty  t o  allow i n i t i a t o r  checkout 

(5) Maintain o r  exceed r e l i a b i l i t y  concepts 
used i n  e x i s t i n g  f i r i n g  c i r c u i t  

(6) Minimum system weight without s a c r i f i c i n g  
s a f e t y  

(7) Provide method of ve r i fy ing  capac i to r  
charge vol tage  i n  t h e  s a f e  pos i t ion .  





A schematic of t h e  method chosen f o r  t h e  safe-  
arm funct ion  is depic ted  i n  Figure 25. Safe-arm r e l ay  K1 i s  
s e l e c t e d  t o  t h e  s a f e  o r  armed pos i t i on  from an ex t e rna l  
source. A magnetic l a t c h  on t h e  r e l a y  con tac t s  provides a 
f a i l  s a f e  means of  locking t h e  r e l a y  t o  t h e  s e l e c t e d  pos i t i on .  
The r e l a y  i s  a double-pole, double-throw, type wi th  one set  
of con tac t s  used f o r  t h e  safe-arm funct ion  and t h e  o t h e r  set 
used to  provide ex t e rna l  means of monitoring r e l ay  pos i t ion .  

I n  t h e  s a f e  pos i t i on  a 348 ohm r e s i s t o r  R5 is 
shor ted  across  t h e  f i r i n g  capac i to r  C1.  Res i s to r  R5 provides 
a means of discharging t h e  f i r i n g  capac i to r  without  damaging 
t he  r e l ay  contac ts .  The r e s i s t a n c e  va lue  was chosen i n  
r e l a t i o n  t o  t h e  charge r e s i s t o r  R4 t o  allow a 3 v o l t  charge 
across  t he  f i r i n g  capac i to r  f o r  a f i n a l  countdown f i r i n g  
c i r c u i t  check. I t  i s  poss ib le  t o  monitor t h e  capac i to r  charge 
vol tage  while  t r i g g e r i n g  the f i r i n g  SCR through t h e  i g n i t i o n  
c i r c u i t  with t h e  r e l a y  i n  t h e  s a f e  pos i t ion .  

4.8 BREADBOARD CIRCUIT DESIGN 

The func t i ona l  blocks of F igure  21 w e r e  d e t a i l e d  
with s p e c i f i c  components and c i r c u i t s  as shown i n  Figure 26. 
This c i r c u i t  w a s  eva luated  i n  t h e  breadboard t e s t i n g .  

4.8.1 Packaging 

Prime cons idera t ion  i n  t h e  design t rade-off  
a s soc ia ted  wi th  t h e  Scout f ou r th  s t age  CDI  system was pack- 
aging i n  o rde r  t o  achieve weight reduct ion.  A review of 
e x i s t i n g  fou r th  s t age  Scout i g n i t i o n  c i r c u i t  ( reference  
paragraph 4 . 1 )  i nd ica ted  t h a t  any s i g n i f i c a n t  weight reduct ion  
would have t o  be by e l imina t ion  of i g n i t i o n  b a t t e r i e s  and/or 
t he  safe-arm package. The proposed capac i t ive  discharge 
i g n i t i o n  system could be b u i l t  on a p r i n t e d  c i r c u i t  board t h e  
same s i z e  and mounting a s  e x i s t i n g  t i m e r  (23-004069-l), board 
number t h r e e  (13948-105). Fur ther  i nves t i ga t i on  revealed  t h a t  
s u f f i c i e n t  power i s  ava i l ab l e  from t h e  e x i s t i n g  t i m e r  b a t t e r y  
f o r  opera t ion  of t h e  capac i t i ve  discharge i g n i t i o n  system. 
Based on t h e  weight saving and t h e  a b i l i t y  t o  design t h e  
system without compromising func t iona l  a spec t s  of t h e  e x i s t i n g  
f i r i n g  c i r c u i t ,  packaging i n t e r n a l  t o  t h e  e x i s t i n g  t i m e r ,  
Figures  27 and 28, was chosen. 

Af t e r  design and component s e l e c t i o n  was com- 
p l e t ed ,  it was determined t h a t  d i s c r e t e  components could be 
packaged on e x i s t i n g  t i m e r  board number 3 f o r  t h e  breadboard 
evaluat ion  (Figures 28,  29 and 3 0 ) ,  provided t h a t  t h e  extended 
capaci tance wet s l ug  capac i to r  was used. 





FIGURE 27 SCOUT FOURTH STAGE TIMER 



FIGURE 28 SCOUT FOURTH STAGE TIMER - INTERNAL VIEW 







4.9 WEIGHT 

Since a weight reduction in the fourth stage 
payload separation system increases payload capability by the 
same amount, the decreased weight of the CDI system to the 
existing system was based on actual weights whenever possible. 
An example of the method of determining component weights 
that were estimated is the connector weight. Nine connectors 
weighing a total of 0.354 kg (0.78 pound) are used in the 
existing system, four of these are eliminated in the CDI de- 
sign; therefore, CDI connector weight = 0.354 - (0.354 x 4/9)  
= 0.195 kg (0.43 pound). 

Comparison of the weight of the existing fourth 
stage payload separation system versus the CDI system is 
shown in Table VIII. The indicated weight saving of 1.95 kg 
(4.30 pounds) will result in 1.95 kg (4.30 pounds) of 
additional payload capability. The balance of the module 
ring assembly can be maintained by adjusting the location of 
components on the module ring. 

4.10 RELIABILITY TRADE-OFF EVALUATION 

4.10.1 General 

The reliability design goal for the Scout Fourth 
Stage Capacitive Discharge Ignition (CDI) System was that 
"No Degradation of Reliability" of the existing ignition 
system occur as a result of the CDI design. The objective of 
the Reliability Trade-off Analysis was to evaluate the CDI , 

design with respect to the existing ignition system to deter- 
mine if the 9 1  design is consistent with the reliability 
goal. The evaluation was performed by identifying the 
inherent reliability characteristics of the existing and CDI 
systems and comparing them for relative superiority. As used 
herein, the term "ignition system" shall be taken to mean one 
member of the redundant pair of ignition systems used to 
initiate Scout fourth stage payload separation events by 
firing SBASI's. Only one member of the redundant pair was 
evaluated (as opposed to both members as a unit) for simplic- 
ity and because they are identical. The present ignition 
system, which employs the ignition timer (or sequencer) is 
referred to herein as the "existing ignition system" or the 
"existing system". 

The Reliability Trade-off Analysis included both 
a quantitative and qualitative reliability evaluation of the 
two ignition system designs. The quantitative evaluation was 
performed so that a strictly numerical ignition system 
reliability comparison could be obtained. The qualitative 



TABLE VlIl WEIGHT COMPARISON 

TIMEA 1 0.357 (0.787) WITH BATTERY 0.355 (0.783') 

TIMER a 0.357 (0.787) WITH BATTERY 0.355 (0.783*1 

SAPE/ARM RELAY ASSEMBLY 0.327 (0.72) (0) (INCLUDED IN TIMER) 

COMPONEIWT MOUNTING .821 (1 -81) 
BRACKETS 
CONNECTORS .354 (0.78) 

MI RE -222 (0.49) 

I ETC.) 

FIRING EbATfEhY NO. 1 .499 (1 -1) CHARGED 0.00 (0.00) USES TIMER BATT. I 
FlFIlNC BA'I't€!,RY NO. 2 .499 (1 .I) CHARGED 0.00 (0.00)USESTlMERBATT. - - 

3.481 KG (7.674 POUNDS) 1.331 (3.376 POUNDS) 

f SAVING = 3.481 - 1.531 = 1.95 KG (4.298 POUNDS) 
YL" " " '  ' " ~ I 

*ACTUAL WEIGH1* OF BREADBOARD MODIFIED TIMER WITH BATTERY 



e v a l u a t i o n  was performed t o  provide  a comparison of  t h e  
q u a l i t a t i v e  r e l i a b i l i t y  f e a t u r e s  which each system con ta ins .  
These q u a l i t a t i v e  f e a t u r e s  a r e  those  des ign  c h a r a c t e r i s t i c s  
which enhance o r  degrade t h e  p r o b a b i l i t y  t h a t  t h e  p r e d i c t e d  
i n h e r e n t  system r e l i a b i l i t y  w i l l  be  r e a l i z e d .  No q u a n t i t a t i v e  
r e l i a b i l i t y  va lue  can be ass igned  t o  t h e  sys tem's  q u a l i t a t i v e  
c h a r a c t e r i s t i c s .  However, they can be ranked r e l a t i v e  t o  
s i m i l a r  c h a r a c t e r i s t i c s  i n  another  system. These q u a l i t a t i v e  
f e a t u r e s  may a l s o  r e f l e c t  any e x t r a o r d i n a r y  elements o r  charac- 
ter is t ics  which would enhance o r  degrade t h e  r e l i a b i l i t y  i n  a  
manner n o t  r e f l e c t e d  i n  t h e  r e l i a b i l i t y  p r e d i c t i o n .  

4.10.2 Q u a n t i t a t i v e  Evalua t ion  

The q u a n t i t a t i v e  e v a l u a t i o n  was performed by 
means o f  p i ece -pa r t  r e l i a b i l i t y  p r e d i c t i o n s  f o r  t h e  C D I  system 
and t h e  e x i s t i n g  system. The p r e d i c t i o n  methodology employed 
was t h e  same f o r  each of  t h e  contending systems. The f a i l u r e  
r a t e s  employed dur ing  t h e  p r e d i c t i o n s  was t h e  same f o r  equiva- 
l e n t  component types  i n  e i t h e r  system. By employing t h e  same 
methadology and e q u i v a l e n t  p a r t  f a i l u r e  rates dur ing  predic-  
t i o n s ,  t h e  r e s u l t a n t  r e l i a b i l i t y  va lues  r e p r e s e n t  r e l a t i v e  
i n h e r e n t  r e l i a b i l i t y  d i f f e r e n c e s  between t h e  systems and 
a s s u r e s  a r e p r e s e n t a t i v e  comparison. 

The p i e c e p a r t  f a i l u r e  r a t e s  used f o r  t h e  pred ic-  
t i o n  w e r e  ob ta ined  from Reference 4 and previous scou t  re l i -  
a b i l i t y  s t u d i e s .  The e l e c t r o n i c  p a r t s  f a i l u r e  r a t e s  were obta in-  
ed from Reference 4 .  F a i l u r e  r a t e s  f o r  t h e  o t h e r  components 
were obta ined  from previous s c o u t  s t u d i e s  and a p p l i c a b l e  
manufac turer ' s  d a t a .  

F igure  31 p r e s e n t s  t h e  r e l i a b i l i t y  block diagrams 
and t h e  corresponding r e l i a b i l i t y  c a l c u l a t i o n s .  The i n d i v i d u a l  
block diagram's  success  p r o b a b i l i t y  va lues  w e r e  c a l c u l a t e d  i n  
t h e  manner shown below. 

Rx = e-'xt = R e l i a b i l i t y  o f  Block "Xu 

m 
Where: A x  = C kinihi 

i=l 
t h  ki = Environmental Modif ier  f o r  t h e  i- Component 

(From MIL-HDBK-217A, Reference 4) 

t h  hi = F a i l u r e  Rate f o r  t h e  i- Component 

t = 0.234 h r .  (14 min. ) Mission T i m e  (Fron Typical  
Scout Mission P r o f i l e )  



e = Base of Natural  Logarithms (2.718) 

i = An Index Var iable  (Values: 1, 2, . . ., m-1,  
m) 

t h  
n  = Number of  Components of t h e  i- Component Type i 

m = Number of Component Types i n  Block "x" 
(Block "X" i s  Any Block) 

The system r e l i a b i l i t y  c a l c u l a t i o n s  a r e  shown i n  Figure 31. 
Addi t ional ly ,  Figure 31 p resen t s  t h e  c a l c u l a t i o n  of t h e  
expected improvement i n  t h e  "pe r  mission f a i l u r e  r a t e "  ( t h e  
r a t e  of  i g n i t i o n  system f a i l u r e s ) .  This r a t i o  g ives  a f igure -  
of-merit  i n d i c a t i n g  t h e  degree o f  r e l i a b i l i t y  improvement ex- 
pected f o r  each member of  t h e  redundant p a i r  of  f o u r t h  s t a g e  
i g n i t i o n  systems. 

The r e s u l t s  of t h e  r e l i a b i l i t y  p r e d i c t i o n  ind i -  
c a t e  an inheren t  r e l i a b i l i t y  va lue  of 0.99990 f o r  t h e  C D I  
system. This  value compares favorably with t h e  value 0.99986 
p red ic ted  f o r  t h e  e x i s t i n g  i g n i t i o n  system. The expected i m -  
provement i n  t h e  p e r  mission f a i l u r e  r a t e  i s  30.7%. These re- 
s u l t s  i n d i c a t e  t h a t  t h e  C D I  design i s  c o n s i s t e n t  with t h e  
r e l i a b i l i t y  goal  of "no degradat ion".  

4.10.3 Q u a l i t a t i v e  Evaluat ion 

The q u a l i t a t i v e  f a c t o r s  eva lua ted  during t h e  
t rade-off  a n a l y s i s  a r e  ind ica ted  i n  Table I X .  The f a c t o r s  were 
evalua ted  t o  t h e  e x t e n t  of comparing s i g n i f i c a n t  d i f f e r e n c e s  
between t h e  two i g n i t i o n  systems. 

4.10.3.1 Complexity Comparisons 

An eva lua t ion  of r e l a t i v e  complexity between t h e  
e x i s t i n g  system and t h e  C D I  design w a s  performed. The evalua- 
t i o n  was separa ted  i n t o  t h r e e  ca tegor ies :  

(1 ) Funct ional  Complexity 

( 2 )  Component Count 

(3 )  Component Complexity 

Each of  t h e s e  t h r e e  ca tegor ies  of  complexity have an impact on 
system r e l i a b i l i t y .  I t  i s  usua l ly  d i f f i c u l t  o r  impossible t o  
f u l l y  r e f l e c t  t h i s  impact i n  a  q u a n t i t a t i v e  manner. The qua l i -  
t a t i v e  complexity eva lua t ion  provided he re in  was intended t o  
augment t h e  q u a n t i t a t i v e  eva lua t ion  previous ly  discussed.  The 



INITIATOR BATTERY TIMER BATTERY 

EXISTING IGNITION SYSTEM 

5 
RES = 11 Ri = (.9999990) (.9999684) (.9999996) (.999996) (.9998960) = .9998626 

START SWITCH TIMER BATTERY MODIFIED TIMER 

CAPACITIVE DISCHARGE IGNITION SYSTEM 

XCD~ 1 -RCDI 1-.9999047 
RATIO OF PER MISSION FAILURE RATES = AES - - I-RES - 1-.9998626 = 0.893 

EXPECTED IMPROVEMENT = 1.0 -0.693 = 30.7% 

FIGURE 31 RELIABILITY BLOCK DIAGRAMS AND PREDICTION 



TABLE IX QUALITATIVE RELIABILITY EVALUATION FACTORS 

COMPLEXITY COMPARISONS 

- FUNCTIONAL COMPLEXITY 

- COMPONENT COUNT 

- COMPONENT COMPLEXITY 

GENERAL RELIABILITY COMPARISONS 

- CHECKOUT CAPABI LlTY 

- ENVIRONMENTAL CONSIDERATIONS 

- INIT1ATION DATA 

- EXPERIENCE 



complexity comparison w a s  performed by i d e n t i f i c a t i o n  and 
eva lua t ion  of t h e  s p e c i f i c  complexity d i f f e r e n c e s  between t h e  
two i g n i t i o n  systems. The r e s u l t s  of t h e  eva lua t ion  were ind i -  
ca ted  by t h e  ranking of  one system o r  t h e  o t h e r  a s  super io r  
(more r e l i a b l e )  i n  each complexity category.  

4.10.3.1.1 Funct ional  Complexity 

The eva lua t ion  of f u n c t i o n a l  complexity r e s u l t e d  
i n  i d e n t i f i c a t i o n  of t h e  p r i n c i p a l  f u n c t i o n a l  complexity d i f -  
fe rences  between t h e  e x i s t i n g  system and t h e  C D I  system. The 
s i g n i f i c a n c e  of  t h e s e  d i f f e r e n c e s  i s  t h a t  t h e  number of c r i t i -  
c a l  f a i l u r e  modes i s  reduced i n  propor t ion  t o  any decrease  i n  
f u n c t i o n a l  complexity. There a r e  two p r i n c i p a l  d i f f e r e n c e s  
between t h e  two i g n i t i o n  systems. The f i r s t  occurs  a s  a  con- 
sequence o f  t h e  method used t o  te rminate  i g n i t i o n  c u r r e n t  on 
t h e  redesigned Timer Board No. 3  f o r  t h e  CDI  design. Spec i f i -  
c a l l y ,  t h e  e x i s t i n g  system employs r e l a y s  t o  perform each of 
t h e  c o n t a c t  c l o s u r e s  which cause power t o  be app l i ed  t o  t h e  
i n i t i a t o r s .  Subsequent t o  each i n i t i a t o r  f i r i n g  t h e  corre-  
sponding r e l a y  r e s e t s  i n  response t o  t imer  l o g i c  commands. The 
r e s e t  s t a t e  te rminates  any remaining c u r r e n t  which w i l l  flow 
i n  t h e  event  t h a t  t h e  expended i n i t i a t o r  has shor ted .  The C D I  
system employs SCR's t o  perform t h e  power switching and c u r r e n t  
te rminat ion  funct ions .  The f u n c t i o n a l  d i f f e r e n c e  between t h e  
two implementations i s  i n  t h e  c u r r e n t  te rminat ion  funct ion .  
Unlike t h e  e x i s t i n g  system, t h e  C D I  does n o t  r e q u i r e  a  t imer  
command t o  te rminate  t h e  r e s i d u a l  i g n i t i o n  c u r r e n t .  I n s t e a d ,  
t h e  c u r r e n t  te rminat ion  func t ion  occurs  spontaneously when t h e  
i n i t i a t o r  c u r r e n t  drops below t h e  minimum dc holding c u r r e n t  
value f o r  t h e  SCR. The spontaneous occurrence of t h i s  c u r r e n t  
te rminat ion  switching funct ion  i n  t h e  C D I  system e l imina tes  
those  f a i l u r e  modes which could prevent  c u r r e n t  te rminat ion  i n  
any o r  a l l  of t h e  f o u r  i g n i t i o n  channels of t h e  e x i s t i n g  sys- 
t e m .  This e l imina t ion  of  f a i l u r e  modes enhance t h e  C D I  r e l i -  
a b i l i t y  r e l a t i v e  t o  t h e  e x i s t i n g  system. 

The second a r e a  of  f u n c t i o n a l  complexity d i f -  
fe rence  between t h e  content ing  i g n i t i o n  systems occurs  a s  a  
consequence of t h e  requirement i n  t h e  C D I  design t o  inc rease  
t h e  supply vol tage  app l i ed  t o  t h e  f i r e  capac i to r .  T h i s  func- 
t i o n  i s  performed by t h e  dc-dc conver ter  ( see  Figure  26). No 
conver ter  i s  requi red  i n  the  e x i s t i n g  i g n i t i o n  system because 
t h e  r equ i red  vo l t age  i s  suppl ied  by a s e p a r a t e  b a t t e r y .  The 
absence of  a conver ter  i n  t h e  e x i s t i n g  system enhances i t s  
r e l i a b i l i t y  r e l a t i v e  t o  t h e  C D I  system. 

One of t h e  p r i n c i p a l  f u n c t i o n a l  d i f f e r e n c e s  
between t h e  i g n i t i o n  systems favors  t h e  C D I  system. The o t h e r  
d i f f e r e n c e  favors  t h e  e x i s t i n g  system. The n e t  r e s u l t  i s  deemed 



t o  be t h a t  t h e  d i f f e r e n c e s  are o f f s e t t i n g  and n e i t h e r  system 
was g iven  an advantage i n  t h i s  p a r t i c u l a r  complexity ca tegory .  

4.10.3.1.2 Component Count Complexity 

A Component Count Complexity comparison w a s  made 
comparing t h e  number of  components r e q u i r e d  t o  perform i d e n t i -  
c a l  system f u n c t i o n s  i n  t h e  e x i s t i n g  and C D I  systems.  The p r i n -  
c i p a l  i g n i t i o n  system areas a f f e c t e d  by changes due t o  t h e  C D I  
des ign  are: 

(1) El imina t ion  of t h e  e x i s t i n g  i n i t i a t o r  ba t -  
t e r y  a t  t h e  system l e v e l .  

( 2 )  S i m p l i f i c a t i o n  of  t h e  safe-arm mechaniza- 
t i o n  by performing t h e  safe-arm f u n c t i o n  w i t h  one r e l a y  i n -  
s t e a d  of two. 

(3 )  S i m p l i f i c a t i o n  o f  t h e  i g n i t i o n  f u n c t i o n  
component mechanizat ion by performance o f  t h e  i g n i t i o n  func- 
t i o n s  wi th  fewer components. 

The s p e c i f i c  r e d u c t i o n s  i n  component count  com- 
p l e x i t y  are g iven  by Table  X. These r e d u c t i o n s  r e s u l t  i n  a 
corresponding dec rease  i n  t h e  number o f  c r i t i ca l  f a i l u r e  
modes. T h i s  r e s u l t s  i n  r e l i a b i l i t y  improvements o f  t h e  C D I  
r e l a t i v e  t o  t h e  e x i s t i n g  system. 

4.10.3.1.2.1 Safe-Arm Component Count 

A s  i n d i c a t e d  by Table  X ,  t h e  C D I  performs t h e  
safe-arm f u n c t i o n  wi th  one r e l a y .  The e x i s t i n g  sys t em ' s  s a f e -  
arm f u n c t i o n  r e q u i r e s  two r e l a y s .  This  r e d u c t i o n  s i g n i f i c a n t l y  
dec reases  t h e  number o f  s p u r i o u s  c o n t a c t  c l o s u r e s ,  c h a t t e r  
f a i l u r e s  o r  contaminat ion induced f a i l u r e s  which can occu r  
du r ing  f l i g h t .  Enhancement o f  sys tem r e l i a b i l i t y  can be ex- 
pec ted  as a r e s u l t  o f  t h e  C D I  safe-arm f u n c t i o n  s i m p l i f i c a t i o n .  

4.10.3.1.2.2 I g n i t i o n  Funct ion Component Count 

The components assumed h e r e i n  t o  correspond t o  
performance of t h e  i g n i t i o n  f u n c t i o n s  are: (1) t h e  i g n i t i o n  
b a t t e r y  ( p a r t  o f  ' t h e  e x i s t i n g  system) and (2)  t h o s e  compo- 
n e n t s  on t i m e r  board number 3  (which w a s  redes igned  f o r  t h e  C D I  
t i m e r  c o n f i g u r a t i o n ) .  The p r i n c i p a l  i g n i t i o n  f u n c t i o n  component 
count  complexity d i f f e r e n c e s  are t h o s e  l i s t e d  i n  Table  X. The 
e l i m i n a t i o n  of  t h e  requirement  f o r  a s p e c i f i c  b a t t e r y  d e d i c a t e d  
t o  f i r i n g  t h e  i n i t i a t o r s  r e s u l t s  i n  o p e r a t i o n a l  improvements 
and r e l i a b i l i t y  enhancement. The decreased  component count  on 
t h e  redes igned  t i m e r  board w i l l  r e s u l t  i n  some dec rease  i n  t h e  



TABLE X COMPONENT COUNT COMPLEXITY COMPARISON8 

- EXISTING SYSTEM REQUIRES: TWO RELAYS (5  CONTACT SET$) 

- EXISTING SYSTEM REQUIRES: 1 BATTERY 

- CDI SYSTEM REQUIRES: NONE 

B. SCOUT FOURTH STAGE TIMER BOARD NO. 3 (13948-105! 

- EXISTING SYSTEM REQUIRES: 36 COMPONENTS 

- CDI SYSTEM REQUIRES: 31 COMPONENTS 



number of c r i t i c a l  f a i l u r e  modes inheren t  t o  t h e  C D I  a s  com- 
pared t o  t h e  e x i s t i n g  system. This  complexity category ad- 
vantage favors  t h e  C D I  system design. 

4.10.3.1.3 Component Complexity 

The complexity of t h e  i n d i v i d u a l  components i s  
a l s o  a  f a c t o r  which a f f e c t s  i n h e r e n t  r e l i a b i l i t y .  I n  t h e  case  
of t h e  C D I  system v s  t h e  e x i s t i n g  system, most of t h e  conpo- 
nents  used a r e  of  approximately equal  complexity. The s i n g l e  
except ion t o  t h i s  occurs  i n  t h e  comparison of t h e  r e l a y  
i g n i t i o n  switches of t h e  e x i s t i n g  system versus  t h e  SCR ign i -  
t i o n  switches employed by t h e  C D I  design. Each of t h e  r e l a y s  
which \are  used i n  t h e  e x i s t i n g  design t o  perform t h e  i g n i t i o n  
and cur ren t  te rminat ion  switching func t ions  a r e  replaced by 
an SCR i n  t h e  C D I  design. These r e l a y s  are considerably more 
complex than  t h e  SCR's of t h e  C D I  design. They a r e  a r e l a t i v e -  
l y  complex assemblage of c o i l s ,  mechanical con tac t s ,  intercon-  
nec t ions  and mounting s t r u c t u r e .  This  complexity i s  consider- 
ab le  a s  compared t o  t h a t  of t h e  SCR which i s  a s o l i d  s t a t e  
devicq with no moving p a r t s .  The lower complexity of t h e  SCR1s 
w i l l  r e s u l t  i n  a  decrease i.n t h e  number of i g n i t i o n  system 
c r i t i c a l  f a i l u r e  modes i n  t h e  C D I  and thereby enhance t h i s  
system's r e l i a b i l i t y  r e l a t i v e  t o  t h e  e x i s t i n g  system. 

General R e l i a b i l i t y  Comparisons - 
The genera l  r e l i a b i l i t y  comparisons performed 

during t h e  q u a l i t a t i v e  eva lua t ions  f e l l  i n t o  f o u r  c a t e g o r i e s  
a s  presented  i n  Table X I .  The evalua t ion  of  t h e  contending 
i g n i t i o n  systems was performed s o  a s  t o  i d e n t i f y  t h e  s i g n i f i -  
c a n t  d i f f e r e n c e s  i n  each category. The r e s u l t s  of t h e  evalua- 
t i o n  a r e  a  ranking assessment of one system o r  t h e  o t h e r  a s  
super io r  (more r e l i a b l e )  i n  each category.  The s i g n i f j c a n c e  
of a  super io r  ranking i n  any one of t h e  c a t e g o r i e s  i s  a  h igher  
p r o b a b i l i t y  of  achievement of  t h e  inheren t  r e l i a b i l i t y  of  t h e  
corresponding system. A s  i n  t h e  case  of  t h e  "complexity com- 
par i sons" ,  t h e s e  "genera l  comparisons" are of a  na tu re  which 
makes a  f u l l  assessment of  t h e i r  q u a n t i t a t i v e  con t r ibu t ion  t o  
r e l i a b i l i t y  d i f f i c u l t  o r  impossible t o  make. However, t h e  r e l -  
a t i v e  ranking which was obtained provides t h e  necessary in-  
formation f o r  a  q u a l i t a t i v e  t rade-off .  

4.10.3.2.1 Checkout Capabi l i ty  

The ground checkout c a p a b i l i t y  of t h e  i g n i t i o n  
system provides knowledge about t h e  f u n c t i o n a l  i n t e g r i t y  of t h e  
system. The nea re r  t h i s  ground checkout approximates t h e  f l i g h t  
funct ions  and conf igura t ions ,  t h e  c l o s e r  t h i s  checkout w i l l  
approach a complete v e r i f i c a t i o n  of  t h e  system. Grea ter  sys  t e m  



TABLE XI GENERAL RELIABILITY CONSIDERATIONS 

- EXISTING SYSTEM - LIMITED CHECKOUT ON PAD 

- CDI SYSTEM -CAN SIMULATE A COMPLETE EVENT 
SEQUENCE WHILE IN  THE FLIGHT CONFIGURATION 

ENVIRONMENTAL CONSIDERATIONS 

- VIBRATION - CDI MAY BE SOMEWHAT LESS SUSCEPTIBLE 
DUE TO MINIMAL DEPENDENCE ON RELAYS. 
IGNITION SYSTEM CAN BE SUBJECTED TO PRE-FLIGHT 
VIBRATION 

- SCR'S ARE KNOWN TO BE SOMEWHAT SENSITIVE TO 
EM1 AND SYSTEM TRANSIENTS 

- NO OTHER EXPECTED SIGNIFICANT DIFFERENCE IN 
ENVl RONMENTAL SUSCEPTIBILITY 

INITIATION DATA 



f l i g h t  r e l i a b i l i t y  w i l l  r e s u l t  from a more comprehensive ground 
checkout because a h igher  percentage of p o t e n t i a l  f a i l u r e  modes 
can be checked f o r  during t h e  countdown. 

I n  t h e  case  of t h e  C D I ,  checkout c a p a b i l i t y  
e x i s t s  t o  perform a very comprehensive system v e r i f i c a t i o n .  
This  c a p a b i l i t y  w i l l  permit  s imula t ion  of a complete i g n i t i o n  
sequence i n  t h e  f l i g h t  conf igura t ion  ( a f t e r  i n s t a l l a t i o n  and 
mating o f  a l l  f l i g h t  hardware). This  s imula t ion  w i l l  inc lude  
t h e  a p p l i c a t i o n  of  "no f i r e "  energy pu l ses  a t  t h e  i n i t i a t o r s .  
The "no f i r e "  pu l ses  r e s u l t  when t h e  system func t ions  wi th  t h e  
safe-arm r e l a y  i n  t h e  "safed" condi t ion  wherein a reduced 
vol tage  i s  appl ied  t o  t h e  f i r i n g  capac i to r .  System checkout i s  
performed by a monitoring vo l t age  on t h e  f i r i n g  capac i to r .  The 
vol tage  s i g n a l  obta ined  from t h i s  monitor during t h e  s imulated 
i g n i t i o n  sequence conta ins  a l l  t h e  information necessary t o  
v e r i f y  proper  funct ion  of  t h e  system. The information inc ludes :  
capac i to r  charge vo l t age ,  c i r c u i t  c o n t i n u i t y ,  RC t i m e  cons tan t  
and event  t i m e s .  Any dev ia t ion  i n  t h e  expected va lues  of t h e s e  
parameters w i l l  i n d i c a t e  t h e  ex i s t ence  of  an i g n i t i o n  system 
f a i l u r e  mode. A f t e r  t h e  i g n i t i o n  sequence check i s  complete, 
t h e  system i s  "armed" and p o s i t i v e  v e r i f i c a t i o n  of t h e  "armed" 
s t a t e  can be observed a t  t h e  f i r i n g  capac i to r  vol tage  monitor. 

Ground checkout c a p a b i l i t y  of t h e  e x i s t i n g  ign i -  
t i o n  system i s  somewhat less complete. The i g n i t i o n  sequence 
cannot be s imulated with t h e  i n i t i a t o r  f i r i n g  b a t t e r y  in -  
s t a l l e d  without  f i r i n g  t h e  i n i t i a t o r s .  

Due t o  i t s  s u p e r i o r  checkout c a p a b i l i t y ,  t h e  C D I  
system must be ranked above t h e  e x i s t i n g  i g n i t i o n  system i n  
t h e  checkout category. 

4 . 1 0 . 3 . 2 . 2  Environmental Considerat ions 

An eva lua t ion  of  environmental c h a r a c t e r i s t i c s  
,was performed f o r  each of  t h e  i g n i t i o n  systems. The eva lua t ion  

r e s u l t e d  i n  i d e n t i f i c a t i o n  of p o t e n t i a l  problem a r e a s  r e l a t e d  
t o  component environmental s u s c e p t i b i l i t y .  This  type  of eval-  
ua t ion  r e s u l t s  i n  determinat ion of a reas  of p o t e n t i a l  design 
r i s k .  The p o t e n t i a l  r i s k s  are t y p i c a l l y  t r e a t e d  by des igner  
emphasis during t h e  design phase and t e s t i n g  emphasis during 
t h e  test  phase. Continued e f f e c t s  a f t e r  design and t e s t i n g  can 
sometimes be observed i n  t h e  magnitude of  t h e  r e l i a b i l i t y  
achieved by t h e  system o r  t h e  number of  r e j e c t e d  systems 
screened through production t e s t i n g .  The o v e r a l l  e f f e c t  on 
r e l i a b i l i t y  and/or c o s t  i s  n o t  always p red ic tab le .  The objec- 
t i v e  of t h e  eva lua t ion  documented he re in  was t o  i d e n t i f y  
p o s s i b l e  a r e a s  of d i f f e r e n t  r i s k s  inhe ren t  t o  each i g n i t i o n  
system due t o  t h e  d i f f e r e n t  components used. 



AS a r e s u l t  of t h e  eva lua t ion  of  the  inheren t  
s u s c e p t i b i l i t y  of t h e  components used i n  each of t h e  des igns  it 
was determined t h a t  each design contained one component type 
which would cause t h a t  system t o  be s u b j e c t  t o  a p o t e n t i a l  
environmental s u s c e p t i b i l i t y  which w a s  d i f f e r e n t  from t h e  o t h e r  
i g n i t i o n  system design.  The components involved a r e :  i g n i t i o n  
r e l a y s  i n  t h e  e x i s t i n g  design and SCR1s i n  t h e  C D I  design.  The 
environments involved a r e  v i b r a t i o n  i n  t h e  case  of r e l a y s  and 
EMI/System t r a n s i e n t s  i n  t h e  case of t h e  S C R ' s .  The r e l a y s  w i l l  
cause t h e  e x i s t i n g  i g n i t i o n  system t o  be p o t e n t i a l l y  somewhat 
more s u s c e p t i b l e  t o  v i b r a t i o n  induced f a i l u r e s  and t h e  S C R ' s  
w i l l  cause t h e  C D I  system t o  be p o t e n t i a l l y  somewhat more 
s u s c e p t i b l e  t o  EMI/System t r a n s i e n t s .  Design emphasis and 
adequate t e s t i n g  are expected t o  provide adequate s o l u t i o n s  t o  
both of t h e s e  p o t e n t i a l  problems bu t  a r i s k  of  environmentally 
induced f a i l u r e s  and/or system screening  r e j e c t i o n s  does e x i s t  
f o r  each type  of i g n i t i o n  system. 

No t rade-off  advantage was i d e n t i f i e d  f o r  e i t h e r  
t h e  e x i s t i n g  system o r  t h e  C D I  System as  a consequence of t h e  
d i f f e r e n t  types  of  environmental r i s k s  i d e n t i f i e d .  These po- 
t e n t i a l  r i s k s  w e r e  assumed t o  be o f f s e t t i n g  (of equal  t rade-  
o f f  r a n k ) .  It must be noted,  however, t h a t  t h e  p o t e n t i a l  r i s k  
of EMI/transient problems w i l l  r e q u i r e  t h a t  adequate t e s t i n g  
of t h e  C D I  System a g a i n s t  t h e s e  environments be performed. 
Those tests w e r e  performed during t h e  q u a l i f i c a t i o n  t e s t i n g  of 
t h e  e x i s t i n g  system. 

4.10.3.2.3 I n i t i a t i o n  D a t a  

P r i o r  t o  t h e  r e c e n t  advent of i n i t i a t o r  f i r i n g  by 
t r a n s i e n t  techniques (pu l se  i n i t i a t i o n ) ,  cons tan t  c u r r e n t  in -  
i t i a t i o n  w a s  t h e  convent ional  method. Normally, i n i t i a t o r  f i r -  
i n g  c h a r a c t e r i z a t i o n  i s  given i n  terms of  " a l l  f i r e "  and "no 
f i r e "  parameters.  The SBASI i n i t i a t o r  " a l l  f i r e "  and "no f i r e "  
cons tan t  c u r r e n t  c h a r a c t e r i z a t i o n  d a t a  a r e  p r e s e n t l y  a v a i l a b l e .  
These cons tan t  c u r r e n t  parameters a r e  based on comprehensive 
Bruceton t e s t s  involv ing  l a r g e  s t a t i s t i c a l  samples of SBASI1s. 
The Scout C D I  f e a s i b i l i t y  program has performed t e s t i n g  which 
generated d a t a  from which pu l se  energy " a l l  f i r e "  SBASI 
c h a r a c t e r i z a t i o n  w a s  der ived.  During t h e s e  C D I  tests, t h e  f i r -  
i n g  energy was ga ted  u n t i l  t h e  minimum f i r i n g  energy was found 
below which no i n i t i a t i o n  would occur .  The smal l e s t  va lue  of 
energy a t  which SBASI f i r i n g  d i d  occur  was 3 3 . 8  m i l l i j o u l e s .  
A s  compared t o  t h e  cons tan t  c u r r e n t  sample s i z e ,  t h e  C D I  t e s t -  
ing  sample s i z e  was small  and does n o t  j u s t i f y  a high s t a t i s -  
t i c a l  confidence value.  However, independent t e s t i n g  performed 
by t h e  Jet Propulsion Laboratory (JPL) and documented i n  
Reference Number 2 i n d i c a t e s  an " a l l  f i r e "  s e n s i t i v i t y  of 37.2  
m i l l i j o u l e s .  These r e s u l t s  a r e  c o n s i s t e n t  wi th  t h e  C D I  t e s t i n g  



\ \ i n  t h a t  t h e  pu l se  " a l l  f i r e "  va lues  der ived  a r e  of  t h e  approxi- 
\ mate same magnitude. These r e s u l t s  p l u s  t h e  f a c t  t h a t  t h e  Scout 
\ C D I  design w i l l  d e l i v e r  no less than 108 m i l l i j o u l e s  under 
;worst  case f i r i n g  condi t ions  a r e  c o n s i s t e n t  wi th  a high l e v e l  
] o f  confidence i n  t h e  C D I  design f o r  f i r i n g  t h e  SBASI i n i t i a -  
t o r s .  

The h i g h e s t  f i r i n g  c a p a c i t o r  charge vo l t age  pos- 
s i b l e  f o r  t h e  C D I  design w i l l  no t  exceed 30 v o l t s .  This  vo l t age  
l e v e l  w i l l  n o t  cause dudding of  t h e  SBASI i n i t i a t o r s  when 
f i r e d  by C D I .  This  conclusion i s  based upon t e s t s  a t  LRC where- 
i n  success fu l  SBASI f i r i n g s  were performed wi th  t h e  f i r i n g  
capac i to r  charged t o  49 v o l t s  (40.2 amps peak) .  I n  a d d i t i o n ,  
the  dudding phenomenom w a s  i n v e s t i g a t e d  i n  more than  100 tests 
by J e t  Propulsion Laboratory (Reference 2) and found n o t  t o  
be a problem a t  f i r i n g  amplitudes as high a s  160 amps. Com- 
par ison  of t h e s e  peak c u r r e n t  va lues  i n d i c a t e s  a cons iderable  
margin of  s a f e t y  f o r  t h e  CDI  design f o r  an overvol tage  o r  over- 
cu r ren t  cons idera t ion .  

No C D I  t e s t i n g  w a s  performed during t h e  program 
f o r  t h e  purpose of ob ta in ing  t h e  SBASI "no f i r e "  pu l se  charac- 
t e r i s t i c s .  However, t h e  C D I  des ign  w i l l  d e l i v e r  only 2 . 1  
m i l l i j o u l e s  t o  t h e  SBASI i n i t i a t o r s  during ground checkout. 
Although t h i s  energy i s  deemed t o  be small  enough t o  a s s u r e  
t h a t  t h e  i n i t i a t o r s  w i l l  n o t  f i r e  during checkout, it is  neces- 
sa ry  t o  o b t a i n  t e s t  d a t a  t o  v e r i f y  t h a t  high confidence "no 
f i r e "  condi t ions  w i l l  e x i s t  dur ing  checkout. The Viking Program 
has obta ined  some "no f i r e "  d a t a  and it was made a v a i l a b l e  t o  
VSD f o r  e v a l u a t i o n .  

The eva lua t ion  of t h e  Viking Program "no f i r e "  
d a t a  rece ived  by VSD does n o t  i n d i c a t e  t h a t  t h e  C D I  design "no 
f i r e "  l e v e l s  a r e  inappropr ia t e .  However, t h e  Viking d a t a  was 
apparent ly obta ined  i n  such a way t h a t  a d d i t i o n a l  d a t a  w i l l  be 
requi red  t o  f u l l y  suppor t  t h e  C D I  des ign  t o  a s u f f i c i e n t  l e v e l  
of  confidence i n  t h e  "no f i r e "  (checkout) mode of opera t ion .  

Although t h e r e  i s  cons iderably  more cons tan t  
c u r r e n t  f i r i n g  d a t a  a v a i l a b l e ,  which i s  a p p l i c a b l e  t o  t h e  
e x i s t i n g  system's  i n i t i a t o r  f i r i n g  technique,  t h e  p u l s e  i n i t i -  
a t i o n  method i s  deemed t o  have adequate d a t a  suppor t ing  t h e  
f l i g h t  c r i t i c a l  i n i t i a t i o n  mode of opera t ion .  For t h i s  reason 
no t rade-off  advantage has been given t o  t h e  e x i s t i n g  system 
i n  t h i s  t rade-off  category.  A l l  a v a i l a b l e  information ind i -  
c a t e s  t h e  C D I  checkout c h a r a c t e r i s t i c s  provides i n s u f f i c i e n t  
energy f o r  SBASI i g n i t i o n  b u t  a d d i t i o n a l  t e s t i n g  must be per- 
formed i n  o r d e r  t o  e s t a b l i s h  t h i s  t o  a high l e v e l  of confi-  
dence. Fur the r ,  it appears  t h a t  only s l i g h t  modif ica t ions  of 
t h e  C D I  parameters would be necessary should subsequent "no 



f i r e "  d a t a  i n d i c a t e  an energy va lue  lower than 2 .1  m i l l i j o u l e s  
i s  requi red .  

4.10-3.2.4 Experience 

I n  t h e  experience ca tegory ,  t h e  e x i s t i n g  system 
must be ass igned a  t rade-off  advantage over  t h e  C D I  design.  
This advantage of experience i s  due t o  t h e  g r e a t  amount of con- 
s t a n t  c u r r e n t  type  system experience a v a i l a b l e  as compared t o  
t h e  p r e s e n t l y  l i m i t e d  amount of  C D I  type system experience 
a v a i l a b l e  t o  t h e  indus t ry .  

4.10-4 R e l i a b i l i t y  Trade-off Summary 

The summary of  r e s u l t s  of  t h e  r e l i a b i l i t y  t rade-  
o f f  eva lua t ion  between t h e  C D I  system and t h e  e x i s t i n g  system 
a r e  presented  i n  Table X I I .  The check marks i n  t h e  t a b l e  in-  
d i c a t e  which of t h e  contending systems i s  deemed s u p e r i o r  i n  
each of t h e  eva lua t ion  c a t e g o r i e s .  A s  i n d i c a t e d  by t h e  t a b l e ,  
t h e  C D I  was found s u p e r i o r  i n  6 of  t h e  10 eva lua t ion  ca te -  
gor i e s .  These o v e r a l l  r e l i a b i l i t y  t rade-off  r e s u l t s  favor  t h e  
CDI design a s  s u p e r i o r  t o  t h e  e x i s t i n g  system. This  i s  con- 
s i s t e n t  with t h e  design goal  of  no r e l i a b i l i t y  degradat ion.  

The t h r e e  eva lua t ion  elements i n  Table X I 1  which 
favor  t h e  e x i s t i n g  system a r e  EMI/Transient S u s c e p t i b i l i t y ,  
Converter Function and Experience. None of  t h e s e  a r e a s  of po- 
t e n t i a l  advantage f o r  t h e  e x i s t i n g  system a r e  deemed t o  imply 
a  problem a r e a  f o r  t h e  C D I  system. The EMI/Transient Suscept i -  
b i l i t y  and Converter Function elements a r e  o f f s e t  by an equiv- 
a l e n t  advantage i n  t h e  C D I  system column. The experience 
element although s i g n i f i c a n t  i s  p a r t i a l l y  o f f s e t  a s  s e v e r a l  
o t h e r  C D I  systems have been b u i l t ,  t e s t e d  and flown. The Viking 
LPCA and Viking O r b i t e r  "75" C D I  systems have been q u a l i f i e d  
f o r  f l i g h t .  

I n  conclusion,  t h e  r e l i a b i l i t y  t rade-off  r e s u l t s  
i n d i c a t e  t h e  C D I  system des ign  has achieved t h e  r e l i a b i l i t y  
goal  e s t a b l i s h e d  f o r  t h e  f e a s i b i l i t y  program. The C D I  system 
q u a n t i t a t i v e  r e l i a b i l i t y  p r e d i c t i o n  i n d i c a t e s  an inheren t  re- 
l i a b i l i t y  va lue  s l i g h t l y  g r e a t e r  than t h e  e x i s t i n g  system. The 
q u a l i t a t i v e  eva lua t ion  d i d  n o t  r e v e a l  any problem a r e a  which 
i s  l i k e l y  t o  prevent  t h e  r e a l i z a t i o n  of  t h e  p red ic ted  r e l i -  
a b i l i t y  value.  



TABLE XI1 RELIABILITY TRADE-OFF SUMMARY 

SUBCATEGORY SUBCATEGORY DETAIL 

RELlABl LITY 

GENERAL RELIABILITY 
CONSIDERATIONS 

*SINCE ADEQUATE DATA IS AVAILABLE SUPPORTING CDI INITIATOR TECHNIQUE, 
THERE IS NO TRADEOFF ADVANTAGE FOR EXISTING SYSTEM. (SEE TEXT 
PARAGRAPH 4.1 0.3.2.3) 



5.0 EVALUATION TEST RESULTS 

The c i r c u i t  descr ibed  i n  paragraph 4 . 8  w a s  
assembled on a v e c t o r  board and e l e c t r i c a l l y  connected t o  t h e  
i g n i t i o n  t i m e r ,  The breadboard w a s  f u n c t i o n a l l y  t e s t e d  and 
evalua ted  f o r  compa t ib i l i ty  with t h e  t imer.  The c i r c u i t  was 
then  incorpora ted  on a new p r i n t e d  c i r c u i t  board t o  r ep lace  
Board # 3  i n  t h e  i g n i t i o n  t i m e r  and t e s t e d  f u r t h e r .  The tests 
were conducted a t  Langley Research Center.  

5.1 SCR AND PULSE TRANSFORMER TESTS 

From twenty S C R ' s  t h e  four  with the  h ighes t  holding 
c u r r e n t  were s e l e c t e d  f o r  i n s t a l l a t i o n  i n  t h e  t e s t  c i r c u i t .  The 
c i r c u i t  was set-up a s  shown i n  Figure 3 2 .  

FIGURE 32 SCR HOLDING CURRENT-TEST CIRCUIT 

Res i s to r  R2 was f i r s t  ad jus ted  f o r  zero  
r e s i s t a n c e .  The SCR w a s  t r i g g e r e d  "on" and then R2 was 
increased  u n t i l  t h e  SCR was s h u t  o f f .  The c u r r e n t  j u s t  p r i o r  
t o  shu t  o f f  was recorded a s  t h e  holding cur ren t .  The t e s t  was 
repeated t h r e e  t i m e s .  The r e s u l t s  a r e  shown i n  Table X I I I .  



TABLE Xlll SCR HOLDING CURRENTS 



A pulse transformer and SCR were connected as 
shown in Figure 33 to determine the minimum drive to the pulse , 

transformer that would fire the SCR. 

FIGURE 33 PULSE TRANSFORMER TEST CIRCU!T 

The circuit was driven by a square wave pulse 
that had an amplitude of 6 volts, a duration of 10 microseconds 
and a rise time of 0.5 microsecond. The resistance of R1 was 
1200 ohms initially and.then was lowered in resistance until 
the SCR fired. Four different SCR's were tested. The maximum 
value of R1 for SCR firing is shown below: 

SCR Number 6 9 15 7 

R1 in ohms 630 370 780 59 0 

This test showed that the highest minimum drive current was 
16 milliamperes. The pulse transformer vendor stated that the 
transformer could stand 250 milliamps for 1 second; therefore 
the drive current to the transformer should be between 16 and 
250 milliamps. SCR's with higher holding currents require 
higher trigger currents. 

5.2 EXPERIMENTAL BREADBOARD 

Fuse clips were attached to the experimental bread- 
board so that one-fourth amp and one-half amp fuses could be used 
as loads simulating SBASI1s. A control panel was also attached to 
the experimental breadboard to provide arm-safe control and indi- 
cation and provide a timer start switch. Each one-fourth amp fuse 
had a resistance of about 3 ohms and each one-half amp fuse had 
a resistance of about 1 ohm which is approximately the resistance 
of a SBASI. 



The lower board was removed from t h e  t imer and t h e  
experimental  breadboard c i r c u i t  was t i e d  i n t o  t h e  o t h e r  two boards 
i n  t h e  t i m e r .  A photograph of t h e  experimental  breadboard and t h e  
t imer in terconnect ion  i s  shown i n  Fiqure 3 4 .  The in terconnect ion  
c i r c u i t  diagram is  shown i n  Figure 35. Six-vol t  power t o  t h e  
dc-dc conver ter  was i n i t i a l l y  suppl ied  through diode CR3 on 
middle board No. 13948-107. The a d d i t i o n a l  load of t h e  con- 
v e r t e r  burned o u t  t h e  diode. The diode was replaced  and t h e  
conver ter  load  was t i e d  i n  ahead of t h e  diode. The c i r c u i t  
shown i n  Figure  35 inc ludes  t h i s  change. 

Output vo l t age  from t h e  dc-dc conver ter  was 
monitored f o r  wave shape and frequency a t  room temperature 
and a t  77OC. Photographs of osc i l loscope  t r a c e s  of  t h e s e  
vo l t ages  a r e  shown i n  Figure  36. The upper t r a c e  was taken 
a t  room temperature and t h e  lower t r a c e  taken a t  77OC. The 
frequency w a s  7353 H z  and t h e  vo l t age  was 24 v o l t s .  Nei ther  
vol tage  o r  frequency changed when t h e  temperature was r a i s e d  
t o  77OC. 

A one-half amp f u s e  w a s  i n s t a l l e d  i n  t h e  f u s e  
c l i p  and t h e  t imer  w a s  cycled wi th  t h e  r e l a y  i n  t h e  " sa fe"  
condi t ion.  The r e l a y  w a s  switched t o  t h e  "arm" condi t ion  and 
t h e  t i m e r  w a s  cycled.  The f u s e  d i d  no t  blow. A one-fourth 
amp f u s e  w a s  i n s t a l l e d  i n  t h e  c l i p  and t h e  t imer  recycled.  
The one-fourth amp f u s e  d i d  blow. Traces of v o l t a g e  across  C 1  
during t h e s e  f i r i n g s  are shown i n  Figure 37. Double puls ing  
occurred when t h e  one-half amp f u s e  was used. The second 
pu l se  appeared one second a f t e r  t h e  f i r s t .  Double pu l s ing  
d i d  no t  appear i n  f i r e  capac i to r  ( C l )  vo l t age  d a t a  when t h e  
one-fourth amp f u s e  w a s  used because no load w a s  a v a i l a b l e  
when t h e  second p u l s e  a r r ived .  This  a d d i t i o n a l  f i r i n g  s i g n a l  
came from t h e  t iming g a t e s  having very s h o r t  co inc iden t  pulses  
from t h e  l a t c h  g a t e  and channel s e l e c t o r  g a t e .  These coinci-  
dent  pu l ses  e x i s t e d  i n  t h e  t imer  p r i o r  t o  modif ica t ion  bu t  d id  
n o t  cause problems because t h e i r  dura t ion  was s o  s h o r t  t h a t  t h e  
r e l a y  opera t ion  w a s  n o t  a f f e c t e d .  The p u l s e  t ime was such 
t h a t  it could n o t  be measured wi th  t h e  equipment on hand. I t  
w a s  l e s s  than  1 microsecond wide. The f o u r  channels were 
programmed f o r  10, 20, 30 and 40 seconds. A t  50 seconds, a 
second pu l se  occurred on Channel 4 .  A 1000 p icofarad  capac i to r  
w a s  i n s t a l l e d  across  t h e  i n p u t  t o  Channel 4 and e l iminated  t h e  
t iming anomaly a t  50 seconds. 

The l a t c h  g a t e  i n p u t  t o  t h e  vec to r  board was 
disconnected and grounded, r e s u l t i n g  i n  t h e  d r i v e  t o  t h e  vec to r  
board being a 1 second pu l se  i n s t e a d  of a 62.5 mi l l i second 
pulse .  Double pu l s ing  d i d  no t  occur  a f t e r  t h i s  change was 
made. 







c 

VERTICAL = 20 V/CM 
HORIZONTAL = 20 MICRO SECICM 

FIGURE 36 DC-DC CONVERTER OUTPUT 
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FIGURE 37 DOUBLE PULSING ON CDI OUTPUT 



When the fuses did not blow and when 1 ohm 
resistors were used as loads the previously fired channel 
fired again at the same time as the selected channel. Drive 
to the pulse transformers was reduced by adding a resistor 
in series with the power lead going to the pulse transformers. 
When the drive was sufficiently reduced, the repeat firing 
did not occur. 

Four one-half amp fuses were connected and the 
timer was cycled in the "safe" mode. A trace of the voltage 
on C1 is shown in Figure 38- The upper trace covers all four 
channels and the lower trace covers one channel only. The 
relay was switched to the "arm" mode and the timer was cycled, 
None of the fuses blew. A trace of C1 voltage is shown in the 
lower half of Figure 39. Four one-fourth amp fuses were fired 
and a voltage trace of C1 was made. It is shown in the upper 
half of Figure 39. All four fuses blew. 

5.3 BREADBOARD EVALUATION TEST 

The circuit was layed out on a printed circuit 
board and used to replace Board Number 3 in the ignition 
timer. Input currents to the timer were measured. When the 
battery was connected the timer drew from 6.9 to 8 milliamps. 
When start voltage (Vs) was energized in the "safe" condition 
the times drew 46 milliamps. When the arm-safe relay was 
changed to the "arm" condition the current dropped to 11 
milliamps. When a device was fired the input current immedi- 
ately increased to 50 milliamps and then decreased to 11 
milliamps in about 6 seconds while the capacitor was being 
recharged. 

The timer was taken to LRC and used in evalua- 
tion tests. The tests included: 

(1) Four SBASI1s fired at room temperature 
with the timer programmed for 10, 20, 30 and 40 seconds. 

(2) Firing of 4 squibs, 2 in parallel' on two 
channels, at room temperature and timed for 10 and 20 seconds. 

(3) Firing of 4 squibs after the timer and 
ignitors were hot soaked at 80.6OC. 

(4) Firing of 2 squibs after the timer and 
ignitors were cold soaked at -17.8OC and the battery voltage 
reduced to 5.5 volts and 6.0 volts. 

(5) Firing of 4 squibs after the timer and 
ignitors were cold soaked at -17.8OC and the battery voltage 
set at 5.2 and 6.5 volts. 



FIGURE 38 OUTPUT VOLTAGE IN SAFE POSITION 
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FIGURE 39 SIMULATED FIRING 
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( 6 )  F i r i n g  of 4 squibs  a t  room temperature with 
t h e  t i m e r  programmed f o r  10,  9960, 9970 and 9980 seconds. 

A t o t a l  of 22 SBASI's were f i r e d  during t h e s e  
tests wi th  s e v e r a l  parameters monitored. These were; c u r r e n t  
through t h e  i g n i t o r ,  vo l t age  a c r o s s  t h e  i g n i t o r ,  c a p a c i t o r  
charge vo l t age ,  temperature,  b a t t e r y  vo l t age  and func t ion  
t i m e .  The breadboard w a s  set up and connected a s  shown i n  
Figure 40. 

A s i n g l e  c u r r e n t  monitor was used t o  measure t h e  
c u r r e n t  i n  a l l  f o u r  channels.  Voltage ac ross  t h e  i n i t i a t o r s  
was measured by using a vo l t age  d i v i d e r  of  2.7K ohms and 
100 ohms. Charge vo l t age  on C1 w a s  measured by using a v o l t -  
age d i v i d e r  of  2 megohms and 6 8 K  ohms. Voltage and c u r r e n t  
monitors w e r e  c a l i b r a t e d  i n  a s t a t i c  condi t ion .  Squib re- 
s i s t a n c e s  and c i r c u i t  r e s i s t a n c e s  were measured. 

An o s c i l l o g r a p h  record  of one i n i t i a t o r  f i r i n g  
i s  shown i n  Figure  41.  These d a t a  a r e  t y p i c a l  of  t h a t  
obta ined  from a l l  t h e  o t h e r  f i r i n g s .  V c  i s  t h e  vo l t age  ac ross  
t h e  squib.  I t  i s  t h e  c u r r e n t  through t h e  br idgewire.  The 
t r a c e  a t  t h e  t o p  of t h e  c h a r t  i s  a 10 kHz t iming c a l i b r a t i o n  
t r a c e .  The peak load  v o l t a g e  of  27.2 v o l t s  was ad jus ted  
downward t o  compensate f o r  overshoot.  The vo l t age  va lue  
s e l e c t e d  as t r u e  was midway between t h e  f i r s t  high peak and 
t h e  f i r s t  negative-going peak. The value s e l e c t e d  was 25.6 
v o l t s ,  The c u r r e n t  monitor appeared t o  be proper ly  damped 
and requ i red  no adjustment f o r  overshoot.  The i n i t i a l  c u r r e n t  
was 16.6 amps and was 11.8 amps a t  br idgewire break. Bridge- 
w i r e  break occurred when t h e  load  v o l t a g e  was a t  i t s  lowest 
p o i n t  of 21.2 v o l t s .  The t i m e  t h a t  c u r r e n t  flowed through t h e  
br idgewire was 0.152 mi l l i seconds .  Current continued t o  flow 
a f t e r  br idgewire break a s  evidenced by t h e  c u r r e n t  t r a c e  and 
a l s o  t h e  d ischarge  o f  t h e  c a p a c i t o r  a f t e r  br idgewire break.  

T e s t  d a t a  taken dur ing  t h e  eva lua t ion  t e s t  
f i r i n g s  a r e  shown i n  Table X I V .  A l l  parameters shown were 
measured except  VM, IM, and % which were c a l c u l a t e d  from 

t h e  fol lowing formulas: 

- 'I + v~~ 
v~ - where; 

VM = Mean load vo l t age  

VI = I n i t i a l  load vol tage  







VBW = Load voltage at bridgewire break 

IM = Mean load current 

II = Initial load current 

I BW = Load current at bridgewire break 

R~ + R~~ 
% =  2 

where ; 

% = Mean load resistance 

RI = Initial load resistance (- 

I1 

RBW = Load resistance at bridgewire break ( 
"BW) 
- 
T 

In Test No. 1, 4 squibs were fired at 10-second 
intervals at room temperature. All four units fired within 
the limits of their programmed time. The voltage drops 
inside the timer were between 3.J and 4.13 volts during peak 
current. This voltage drop includes the SCR drop. The time 
to bridgewire break was approximately 0.19 millisecond. The 
energy consumed before bridgewire break was about 48 milli- 
joules. 

In Test No. 2, two initiators were fired in 
parallel on two different channels. This time it took over 
0.4 millisecond for bridgewire break. The energy consumed 
was 87 millijoules or 43.5 millijoules per initiator. When 
fired in parallel, the initiators fired with ten percent less 
energy than when fired one at a time. 



TABLE XIV BREADBOARD EVALUATION TEST 

CHANNEL 3 - 0 179.1 
CHANNEL 4 - 0 157 fl 

2 ON TEST 4ONLV SIN 0837 FIRED BATT VOLTAGE 
WA$ RAISED ANOCVCLE REPEATFO ONLY 
SIN 0691 FIRED 

3 ON TEST 4 REPEAT ONLY SIN 05.7 FIRED BATT 
VOLTAGE WAS RAISED AND CYCLE REPEATED 
SIN 05M) 0619AND 0624 FIRED ON REPEAT 

CYCLE C1 VOLTAGE WAS NOT OBTAINEO 
4 ON TEST 4 REPEAT 0 F BW RESISTANCE WAS 

ATLRCWtTMJACKBATES JACKMcNETTANO 

4 . 0 6 3 4 .  244 . 10W 1MY - -- JIM BAILEY ASOBSERVERS 

4 , 0665 244 10W , 1012 NO FIRE 
-----t-- - - - -- -- 

- - - -- -. - - - -- -- 
4 . MSl 244 1018 1W5 2 0 2 6 < 1 3 7  - 13.8 * 76 - - - - 4OCQO 286 - 60+>O-  _ - - 1698 107- 6 s -  502 _ U 4 - _  

. . - - --A - - - 
4 05.7 241  1103 1080 . 2 4 9  186 114 124 _ 5 8  - 2 1 5 6  - - - 447 564 5 2  353 - 150 9 1  1733- 58L) - 6 4 1 L  -- -- - 
4 . 0660 244 im 1016 - 
4 . 0619 244 1057 1010 
4 0624 244 10% 1016 205 137 134 7 4 171 - 104_- 1691- 517 547 - 
5 0811 244 1117 



I n  T e s t  No. 3,  t h e  t imer ,  b a t t e r y  and i n i t i a t o r s  
were pu t  i n  an environmental chamber f o r  30 minutes a t  80.6OC 
p r i o r  t o  f i r i n g .  The energy consumed w a s  approximately 18 
percent  more than  t h a t  used a t  room temperature.  

I n  T e s t  No. 4 ,  t h e  t i m e r  and i n i t i a t o r s  w e r e  pu t  
i n  an environmental chamber a t  "17.8OC p r i o r  t o  f i r i n g .  The 
b a t t e r y  used w a s  a dry  c e l l  mounted o u t s i d e  t h e  chamber wi th  
a vol tage  d i v i d e r  connected a c r o s s  t h e  b a t t e r y  t o  reduce t h e  
t i m e r  i npu t  vol tage  t o  5.5 v o l t s  dc. Only t h e  i n i t i a t o r s  i n  
Channel 1 f i r e d .  The b a t t e r y  vo l t age  w a s  r a i s e d  t o  6 v o l t s  
dc and t h e  cyc le  was repeated.  Only t h e  i n i t i a t o r  i n  Channel 
4 f i r e d .  The t i m e r  was disassembled t o  f i n d  t h e  cause of 
channels 2 and 3 not  f i r i n g .  I t  w a s  determined t h a t  moisture  
provided a ground pa th  t o  t h e  power i n p u t  s i d e  of t h e  p u l s e  
t ransformers .  Moisture had en te red  t h e  t i m e r  through two 
holes  l e f t  open when t h e  b a t t e r y  w a s  removed from t h e  t i m e r  
when using an e x t e r n a l  b a t t e r y .  The mois ture  is n o t  con- 
s i d e r e d  a design problem s i n c e  t h e  breadboard made no pro- 
v i s ion  f o r  humidity t e s t i n g  ( i .e . ,  board was n o t  conformal 
coated) .  

The moisture  w a s  removed, t h e  ho les  w e r e  plugged, 
and t h e  t i m e r  was wrapped i n  a bag of d e s s i c a n t .  The t i m e r  
was pu t  i n  t h e  environmental chamber a t  O°F and T e s t  No. 4 
was repeated with t h e  b a t t e r y  vo l t age  a t  5.5 v o l t s  dc. Only 
t h e  i n i t i a t o r  i n  Channel No. 1 f i r e d  wi th  no i n d i c a t i o n  t h a t  
t h e  SCR's i n  t h e  o t h e r  t h r e e  channels rece ived  f i r i n g  s i g n a l s .  
The b a t t e r y  vo l t age  was r a i s e d  t o  i t s  f u l l  vo l t age  of 6.4 
v o l t s  dc and t h e  t i m e r  was recycled.  This  t i m e  t h e  o t h e r  
t h r e e  i n i t i a t o r s  f i r e d .  

I n  Tes t  No. 5 t h e  t i m e r  w a s  reprogrammed t o  
f i r e  i n i t i a t o r s  a t  i n t e r v a l s  of  10,  9960, 9970 and 9980 
seconds from i n i t i a t i o n .  Between t h e  10 second and 9960 
second f i r i n g  t h e  capac i to r  vo l t age  climbed t o  34 v o l t s .  

5.4 TEST CONCLUSIONS 

(1) The vo l t age  sp ike  on t h e  output  of t h e  
dc-dc conver ter  i s  i n t e g r a t e d  by capac i to r  Cl and g radua l ly  
r a i s e s  t h e  capac i to r  vo l t age  t o  t h e  sp ike  peak vo l t age  value.  
T h i s  occurs  i n  about 5 minutes. It  is  recommended t h a t  a 
zener diode be connected i n  p a r a l l e l  wi th  t h e  capac i to r  t o  
keep t h e  capac i to r  vo l t age  from inc reas ing  above p r e s e t  
vol tage ,  and t h i s  be v e r i f i e d  by a d d i t i o n a l  t e s t i n g .  

(2) Afte r  t h e  br idgewire break t h e  i n i t i a t o r  
continued t o  draw c u r r e n t  e r r a t i c a l l y  f o r  about another  
100  microseconds. 



( 3 )  A f t e r  an SCR f i r e d  it continued t o  be 
turned  on due t o  t h e  5.7 t o  7 mill iamp load provided by t h e  
ins t rumenta t ion  vo l t age  d i v i d e r  u n t i l  t h e  c a p a c i t o r  vo l t age  
b led  down low enough t o  reduce t h e  c u r r e n t  below t h e  SCR 
holding cur ren t .  

( 4 )  The c i r c u i t  w i l l  f i r e  two i n i t i a t o r s  i n  
p a r a l l e l  bu t  t a k e s  approximately twice t h e  t ime a s  f i r i n g  a 
s i n g l e  i n i t i a t o r .  

(5)  Operation of t h e  t imer  was n o t  s i g n i f i -  
c a n t l y  d i f f e r e n t  a t  80.6OC and a t  24.4OC. 

(6) A t  -17.8OC t h e  mean c u r r e n t  and mean 
vo l t age  were less than  a t  24.4OC b u t  t h e  t ime t o  br idgewire 
break was longer ,  r e s u l t i n g  i n  e s s e n t i a l l y  t h e  same amount 
of  energy needed t o  f i r e  t h e  squib.  

(7) The counters  i n  t h e  t imer  p u t  o u t  unwanted 
very s h o r t  t i m e  pu l ses  when switching from one count t o  
another.  These s h o r t  pu l ses  d i d  n o t  cause any problems when 
d r i v i n g  r e l a y s ,  b u t  d i d  cause unintended f i r i n g s  of t h e  SCR's 
i n  t h e  modified c i r c u i t .  I n  t h e  f i n a l  des ign ,  a r e s i s t o r  was 
added t o  so lve  t h i s  problem. 

( 8 )  Accuracy of t h e  t iming was n o t  a f f e c t e d  
by t h e  modif icat ion.  

(9)  The capac i to r  w i l l  charge t o  f u l l  vo l t age  
i n  l e s s  than  10 seconds a f t e r  f u l l  c a p a c i t o r  discharge.  

(10) The dc-dc conver ter  o s c i l l a t o r  d i d  n o t  
c r e a t e  any i n t e r f e r e n c e  i n  t h e  remainder of t h e  c i r c u i t .  

(11) The s e n s i t i v i t y  r e s i s t o r  (R9) was a 
carbon r e s i s t o r  wi th  a temperature c o e f f i c i e n t  of  a magnitude 
t o  allow a p o s s i b l e  25 ohm change dur ing  temperature t e s t i n g .  
I t  i s  concluded t h a t  t h i s  r e s i s t a n c e  change coupled wi th  t h e  
low vo l t age  of test  No. 4 ( r epea t  of  low temperature) caused 
non-tr iggering of t h e  SCR's a t  5.5 v o l t s .  El iminat ion of t h e  
s h o r t  dura t ion  non-programmed ou tpu t s  from t h e  t i m e r  l o g i c  
would e l imina te  t h e  need f o r  r e s i s t o r  R9. 



6.0 FINAL DESIGN 

Based on eva lua t ion  t e s t i n g ,  des ign  review and 
range s a f e t y  comments, t h e  c i r c u i t  a s  shown i n  Figure 42 and 
p a r t s  l i s t  per  Table XV i s  t h e  recommended f i n a l  design.  
Changes o r  a d d i t i o n  t o  t h e  breadboard c i r c u i t  a s  t e s t e d  a r e :  

( a )  Hermetically Sealed Capaci tor  

(b)  Thick F i l m  Hybrid Packaging 

(c) SCR Se lec t ion  

(d)  I s o l a t i o n  Diode (CR13) 

(e) P r o t e c t i o n  Zener (CR14) 

6 .1  HERMETICALLY SEALED CAPACITOR 

The f i r e  capac i to r  s e l e c t e d  f o r  use  i n  t h e  
breadboard eva lua t ion  t e s t i n g  was an elastomer sea led  w e t  
s l u g  tantalum type. This  s e l e c t i o n  allowed use  of d i s c r e t e  
components f o r  t h e  breadboard c i r c u i t .  Due t o  e l e c t r o l y t e  
leakage problems assoc ia ted  wi th  t h e  elastomer s e a l e d  
capac i to r  it i s  not  recommended f o r  t h e  f i n a l  c i r c u i t  design.  
A g l a s s  t o  metal  hermetic s e a l  wet s l u g  tantalum capac i to r  i s  
p resen t ly  used i n  t h e  payload separa t ion  system t imer  (LTV P/N 
23-004069-1) and i s  of proven r e l i a b i l i t y .  Two c a p a c i t o r s  
should be used t o  provide 450 mfd (150 + 300) of i g n i t i o n  
energy s to rage  c a p a b i l i t y  f o r  t h e  f i n a l  design of t h e  C D I  
c i r c u i t .  This  c a p a c i t o r  w i l l  provide nominal ene rgy . l eve1  of 
130 m i l l i j o u l e s  a s  compared t o  t h e  breadboard of  136 m i l l i -  
joules .  Wet f o i l  tantalums type c a p a c i t o r s  w e r e  considered 
but  r e j e c t e d  due t o  t h e  increased  space (approx. 5 : l )  r equ i red  
f o r  mounting. U s e  of t h e  w e t  f o i l  would a l s o  r e q u i r e  addi- 
t i o n a l  eva lua t ion  t e s t i n g  because of t h e  equ iva len t  s e r i e s  
r e s i s t a n c e .  A complete redes ign  of t h e  t i m e r  would a l s o  be 
necessary t o  accommodate t h e  c a p a c i t o r  mounting space which 
would be equal  t o  e x i s t i n g  board No. 3 ( i - e . ,  redes ign  t i m e r  
l o g i c  and programming t o  be contained on boards 1 and 2 ) .  
I n  t h e  c i r c u i t  a s  designed, no advantage is  obta ined  by use  
of t h e  w e t  f o i l  tantalum type  capac i to r .  Therefore,  redes ign  
of t h e  t imer i s  not  warranted. 





TABLE XV FINAL DESIGN PARTS LIST 

DIGITAL INTEGRATED CIRCUIT, 3 INPUT NOR GATE, 
COSIMOS LOGIC 

WET SLUG TANTALUM CAPACITOR, GLASS TO METAL 
HERMETIC SEAL, 150 MFD, 30 WVDC 

WET SLUG TANTALUM CAPACITOR, GLASS TO METAL 
HERMETIC SEAL, 300 MFD, 30 WVDC 

CAPACITOR, 1000 PF, CRK05BX102K 

CAPACITOR, 0.47 MFD, CK06BX473K 

SCR (SELECTED FOR MINIMUM HOLDING CURRENT - 
19 MA +5 MA), BARE CHlP FOR MOUNTING ON HYBRID 
SUBSTRATE 

DIODE, SILlCON EPITAXIAL MINIATURE SWITCHING. 
REVERSE VOLTAGE = 70 VDC, FORWARD CURRENT = 
200 MA, FORWARD SURGE CURRENT = 500 MA, 
OPERATING TEMPERATURE = -50 TO +135'~. BARE 
CHlP FOR MOUNTING ON HYBRID SUBSTRATE 

DIODE SILICON, PIV = 1000 V, 10 - 1.5 AMP, IN5054 

DIODE ZENER, VZ = 30 V, IN972 B/JAN 

RTK 57H-10-19P CONNECTOR 

DTK 07H-72-85 CONNECTOR 

RELAY, MAGNETIC LATCHING, DOUBLE POLE-DOUBLE 
THROW, 6 VOLT DC COIL. 

TRANSISTOR NPN SILICON, GENERAL PURPOSE SWITCHING 
TYPE BARE CHlP FOR MOUNTING ON HYBRID SUBSTRATE 
(TYPE 2N3904) 

RESISTOR, CARBON, +5%, 1/2W, 2.4K OHMS - RCR07-G242-J-M 

RESISTOR, CARBON, +5%, 1/2W, 220 OHMS - RCR07G221-J-M 

RESISTOR, I%, lW, METAL FILM, 2430 OHMS, RNR65K-2431-F-M 

RESISTOR, 1%, 1/2W, METAL FILM, 348 OHMS - RNR50K-3480-F-M 

RESISTOR, 5%, 1/4W, CARBON, 10K OHMS, RCR07-G-103-J-M 

RESISTOR, 5%, 114W. CARBON, 510K OHMS, RCR07-G-514-J-M 

RESISTOR, 5%, 1/4W, CARBON, 150K OHMS, RCR07-G-154-J-M 

RESISTOR, 1%, 1/2W, METAL FILM, 390 OHMS, RNR50K-3900-F-M 



TABLE XV FINAL DESIGN PARTS LIST (CONTINUED) 

W = 0.4 INCHES) 

DC-DC CONVERTER TRANSFORMER (SPECIAL DESIGN PER 
MIL-T-27C EXCEPT SIZE MAXIMUM DIAMETER = 0.625 INCHES 
(INCLUDING CASE) 
MAXIMUM HEIGHT = 0.44 INCHES HIGH 
CONNECTOR -PRINTED CIRCUIT SOLDER PIN TERNllNALS 
PIN CONFIGURATION - PER STANDARD 9 PIN BUTTON BASE 

FREQUENCY OF OSCILLATION = 5 KHZ MIN, 10 KHz MAX. 

EFFICIENCY = 75% MIN. 

FEEDBACK VOLTAGE = 1.9V MIN., 3.0V MAX. 
FEEDBACK CURRENT - 5.0 MA MIN. 



6.2 PACKAGING 

Thick Film Hybrid packaging of t h e  SCR c o n t r o l  
c i r c u i t  and dc-dc m u l t i v i b r a t o r  c i r c u i t  a r e  recommended f o r  
t h e  f i n a l  design,  Components mounted on t h e  Thick Film 
s u b s t r a t e  are: 

SCR Control (Subs t ra t e  No. 1) 

--A1 and A2 
--R6, R7, R9 
--CR1 through CR8 
--Q1 through Q4 

DC-DC Mul t iv ib ra to r  (Subs t ra t e  No. 2) 

6.3 SCR SELECTION 

D i f f i c u l t y  was encountered i n  s e l e c t i n g  SCR's 
with a holding c u r r e n t  as s p e c i f i e d  i n  t h e  c i r c u i t  design 
(Reference Paragraph 5.1, Table X I I I .  The s e l e c t i o n  process  

was aggravated by t h e  use  of of f - the-shel f  prepackaged SCRfs 
(TO-5 can) which had already been screened f o r  a low holding 
c u r r e n t ) .  For t h i s  reason an SCR which can be obta ined  i n  
t h e  p r e t e s t e d  s t a t e  f o r  s e l e c t i o n  by t h e  manufacturer f o r  
holding c u r r e n t  i s  recommended. The recommended SCR f o r  t h e  
f i n a l  design i s  a l a r g e r  ch ip  than t h e  SCR ch ip  used i n  t h e  
breadboard t e s t s .  The l a r g e r  c h i p  s i z e  inc reases  holding 
c u r r e n t  and allows a b e t t e r  y i e l d  i n  s e l e c t i n g  f o r  minimum 
holding c u r r e n t  of 1 9  ma +5, -0 ma. Use of t h e  l a r g e r  ch ip  
(60 m i l  compared t o  50 m i l )  i s  poss ib le  due t o  packaging i n  
t h e  f i n a l  design by t h e  t h i c k  f i l m  s u b s t r a t e  method. 

6.4 ISOLATION DIODE 

Range s a f e t y  a t  NASA Wallops S t a t i o n  recommended 
t h a t  provis ion  be provided i n  t h e  design t o  dump t h e  s t o r e d  
energy of t h e  f i re  capac i to r  i n t o  an e x t e r n a l  load v i a  block- 
house con t ro l .  The breadboard c i r c u i t  had an i s o l a t i o n  
r e s i s t o r  (R8) of 150k ohms i n  t h e  charge vo l t age  monitor l i n e .  
By rep lac ing  R8 with a s i l i c o n  diode (IN5054), c a p a c i t o r s  
C1A and C1B may be discharged through t h e  monitor connection. 
Poss ib le  reasons f o r  emergency discharge of t h e  f i r e  capaci-  
t o r s  a r e  f a i l u r e  of  t h e  safe-arm r e l a y ,  premature s t a r t  of 
t h e  t iming sequence, o r  any f a i l u r e  t h a t  could cause t h e  f i r e  



capac i to r  t o  be prematurely charged. The e x t e r n a l  discharge 
pa th  f o r  t h e  f i r e  capac i to r  should con ta in  a t  l e a s t  2 0  ohms 
r e s i s t a n c e  s o  t h a t  CR13 w i l l  n o t  be damaged. 

6.5 PROTECTION ZENER 

During breadboard eva lua t ion  t e s t i n g  (paragraph 
5.4), it w a s  determined t h a t  t h e  dc-dc power supply w a s  
capable of  o u t p u t t i n g  high frequency p o s i t i v e  p u l s e s ,  which 
over  a pe r iod  o f  t i m e  (approx. 5 minutes) ,  would i n c r e a s e  t h e  
charge vo l t age  t o  35 v o l t s  on t h e  f i r e  capac i to r .  The recog- 
nized f a i l u r e  mode of wet s l u g  tantalum capac i to r s  due t o  
r eve r se  v o l t a g e  from e x t e r n a l  sources  was a l s o  a concern 
during t h e  c i r c u i t  design. The a d d i t i o n  of zener diode CR14  
i n  p a r a l l e l  wi th  C I A  and C1B would e l imina te  both aforemen- 
t ioned  problems from occurr ing .  Diode C R 1 4  i s  a  30 v o l t  
zener,  which w i l l  l i m i t  t h e  maximum charge vo l t age  t o  30 
v o l t s  f5%. 



GSE TEST 

The engineering breadboard w a s  used t o  measure 
the  i n i t i a t o r  c i r c u i t  r e s i s t a n c e ,  and t o  demonstrate t h e  
performance of  t h e  c a p a c i t i v e  d ischarge  c i r c u i t r y  i n  terms of 
accuracy and r e p e a t a b i l i t y  when i n  t h e  " sa fe"  condi t ion .  

A test  method was developed t o  measure t h e  
e lapsed  t ime between t h e  i n i t i a t i o n  of c a p a c i t o r  d ischarge  
and t h e  t ime when t h e  vo l t age  reached a predetermined value.  
This e lapsed  t ime v a r i e d  with t h e  r e s i s t a n c e  of t h e  d ischarge  
c i r c u i t ,  which included an SCR, a SBASI, and a s s o c i a t e d  wir ing  
and connectors.  Therefore,  a change i n  c i r c u i t  r e s i s t a n c e  
could be de tec ted  by comparing t h e  e lapsed  d ischarge  t i m e  with 
h i s t o r i c a l  d ischarge  times. The test method is i l l u s t r a t e d  
wi th  a f u n c t i o n a l  block diagram shown i n  Figure 43. 

When t h e  t i m e r  funct ion  w a s  i n i t i a t e d ,  t h e  
capac i to r  vo l t age  climbed t o  3 v o l t s  a t  a r a t e  slower than  
t h e  d i f f e r e n t i a t o r  would d e t e c t .  When t h e  SCR f i r e d ,  t h e  
capac i to r  vo l t age  dropped a t  a r a t e  f a s t  enough t o  be de tec ted  
by t h e  d i f  f e r e n t i a t o r .  This s i g n a l  w a s  shaped by t h e  one-shot 
and then set t h e  f l i p - f l o p  which i n  t u r n  ga ted  t h e  c lock  and 
s t a r t e d  t h e  counter.  When t h e  c a p a c i t o r  vo l t age  dropped t o  
t h e  r e fe rence  vol tage ,  t h e  comparator s e n t  a r e s e t  s i g n a l  t o  
t h e  f l i p - f l o p ,  which ga ted  t h e  clock o f f  and stopped t h e  
counter.  

The funct ions  shown i n  Figure 43 were mechanized 
i n t o  a p r a c t i c a l  c i r c u i t .  The schematic is  shown i n  Figure 44. 
Test  runs were made using var ious  values of s imulated load  
r e s i s t a n c e .  An osc i l loscope  was used t o  s u b s t i t u t e  f o r  t h e  
counter .  The t ime i n t e r v a l s  measured wi th  t h e  o s c i l l o s c o p e  
were wi th in  a narrow band and were repeatable .  The times 
measured wi th  t h e  osc i l loscope  wi th  var ious  load r e s i s t a n c e s  
w e r e  recorded and a r e  shown i n  Table XVI .  A p l o t  of average 
time versus  squib  r e s i s t a n c e  i s  shown i n  Figure  45. 

Figure 45 shows t h a t  t h e  d ischarge  time changed 
30 microseconds f o r  a r e s i s t a n c e  change of 0.1 ohm. The 
maximum t i m e  v a r i a t i o n  f o r  a s i n g l e  squib  r e s i s t a n c e  va lue  a t  
o r  near  1 ohm was 3 microseconds. From t h e s e  d a t a  it appears 
t h a t  a r e s i s t a n c e  change of 0.05 ohm can be de tec ted  i f  o t h e r  
parameters a r e  cons tan t  o r  compensated. These parameters a r e  
temperature,  t i m e r  b a t t e r y  vo l t age ,  test  equipment v a r i a t i o n s  
and connector r e s i s t a n c e .  I t  is p o s s i b l e  t o  negate  t h e  in-  
f luence  of these  v a r i a b l e s  by c i r c u i t  design,  i f  warranted. 
Such a c i r c u i t  design compensation would be t o  use  a vo l t age  
g a t e  t o  s t a r t  t h e , c o u n t e r s  l n s t e a d  of t h e  d i f f e r e n t i a t o r  i n  
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TABLE X V I  DISCHARGE TlME VS SQUIB RESISTANCE 

R TIME 

1.052 162ps 
1.052 162ps 
1.052 162ps 
1.052 162ps 
1.052 162ps 
1.052 162ps 
1.052 162ps 

1.052 162ps 

1.052 162ps 

1.052 162ps 

0.952 135ps 

0.952 137ps 
0.952 134ps 
0.952 135ps 
0.952 1351s 

0.952 134ps 

0.952 1341s 
0.952 1351s 
0.952 137~s 
0.952 135ps 

R TIME 

0.W 109ps 
0.852 106ps 
0.W 1lOps 
0.852 108ps 
0.W 108ps 
0.852 108ps 
0.852 110ps 
0.852 108ps 

0.852 108ps 

0.852 108ps 

0.752 78ps 
0.752 78ps 
0.752 78ps 
0.752 78ps 

0.752 78ps 
0.752 78ps 

0.752 78ps 
0.752 75ps 
0.752 75ps 
0.752 75ps 

I 

0.452 noise 
0.352 noise 
0.352 noise 
0.252 noise 
0.152 noise 
0.052 noise 

R TIME 

0 . a  55ps 
0.652 52ps 
0.652 52ps 
0.W 52ps 
0 . a  53ps 
0.652 53ps 
0.652 50ps 
0 . a  52ps 

0.652 51ps 
0.652 52ps 

0.552 12ps 
0.552 lops 
0.552 12ps 
0.552 12ps 
0.552 12ps 

0.552 12ps 
0.552 12ps 
0.552 12ps 
0.552 12ps 
0.552 

0.452 noise 

R TIME 

1.152 192ps 
1,152 192ps 
1.152 193ps 
1.152 192ps 
1.152 190ps 
1.152 192ps 
1.152 192ps 
1.152 192ps 

1.152 193ps 
1.152 193ps 

1.252 222ps 
1.252 222ps 
1.252 222ps 

1.252 220ps 
1.252 222ps 

1.252 222ps 
1.252 222ps 

1.252 220ps 
1.252 222ps 
1.252 222ps 

R TIME 

1.352 250ps 
1,352 254ps 
1.352 253ps 
1.352 253ps 
1.352 250ps 
1.352 253ps 
1.352 253ps 
1.352 25Ops 
1.3a 250ps 

1.352 253ps 

1.452 283ps 
1.452 283ps 
1.452 282ps 
1.452 283ps 

1.452 283ps 

1.452 283ps 
1.452 283ps 
1.452 283ps 
1.452 285~s 
1.452 28311s 

R TIME 

1.552 318ps 
1.552 315ps 
1.552 318ps 
1.552 318ps 
1 . 5  317ps 
1.552 312ps 
1.552 318ps 

1.552 310ps 
1,552 317ps 
1.552 312ps 

1.652 348ps 
1.652 348ps 
1.652 348ps 
1.652 348ps 

1.652 348ps 
1.652' 345ps 

1.652 350ps 
1.652 348ps 
1.652 348ps 
1.652 348ps 

R TIME 

1.752 375ps 
1,7m 375ps 
1.752 373ps 
1.752 378ps 
1.752 375~s 
11752 373ps 
1.752 373ps 
1.752 380ps 
1.752 375ps 
1.752 375ps 

1.852 402ps 
1.852 403ps 
1.852 403ps 
1.852 403ps 

1.852 403ps 
1.852 403ps 

1,852 398ps 
1.852 405ps 
1.852 3951s 
1.852 400ps 

R -TIME 

1.952 430ps 
1.952 430ps 
1.952 430ps 
1.952 433ps 
1.952 430111s 
1.952 430ps 
1.952 430ps 
1.952 428ps 
1.952 428ps 
1.952 432ps 

2.052 460ps 
2.052 460ps 
2.052 4601s 
2.052 460ps 
2.052 460ps 

2.052 460ps 
2.052 465ps 
2.052 460ps 
2.052 463ps 
2.052 460ps 





Figure 44. This method would make t h e  t i m e  measurement in-  
s e n s i t i v e  t o  t i m e r  b a t t e r y  vo l t age  v a r i a t i o n s .  The GSE time 
readouts  must be judged r e l a t i v e  t o  readings  taken a f t e r  the  
squib  o r  a s imulated squib  i s  i n s t a l l e d  i n  t h e  veh ic le .  
Provis ions  must be made t o  s t o r e  t h e  readouts  of a l l  four  
channels because t h e  samples can be spaced a s  c l o s e  a s  10 
seconds a p a r t .  

The measuring c i r c u i t  shown i n  Figure  4 4  can be 
i n t e g r a t e d  i n t o  an o v e r a l l  checkout scheme f o r  t h e  modified 
t i m e r .  This  concept is  shown i n  Figure  46. Operation of  t h e  
c i r c u i t  is  descr ibed  below. 

The t imer  i s  switched t o  t h e  " sa fe"  condi t ion  
and t h e  mul t ip lexe r  i s  reset. The b a t t e r y  vol tage  i s  checked 
t o  see i f  it i s  wi th in  s p e c i f i e d  l i m i t s .  The t i m e r  and 
mul t ip lexe r  are s t a r t e d  from t h e  blockhouse. I f  t h e  t imer  
c a p a c i t o r  vo l t age  is  o u t s i d e  i t s  1 i m i t s . t h e  t imer  is stopped. 
I f  t h e  vo l t age  i s  t o o  high t h e  c a p a c i t o r  is a l s o  dumped. The 
f i r s t  d ischarge  information i s  recorded on d i s p l a y s  i n  t h e  
blockhouse. The mul t ip lexe r  then switches t h e  measuring 
c i r c u i t  t o  t h e  next  d i sp lay ,  ready f o r  t h e  nex t  channel d i s -  
charge. The t i m e r  can a l s o  be stopped and t h e  c a p a c i t o r  
dumped manually from t h e  blockhouse. V e r i f i c a t i o n . o f  t i m e r  
accuracy is  made and d isp layed i n  t h e  blockhouse. 
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8.0 CONCLUSIONS AND RECOMMENDATIONS 

This  s tudy program has shown t h e  f e a s i b i l i t y  of 
using c a p a c i t i v e  d ischarge  i g n i t i o n  f o r  t h e  Scout 4th s t a g e  
payload i g n i t i o n  system, provided t h a t  t h e  u s e r  (payload) 
systems are compatible wi th  SBASI requirements.  The c i r c u i t  
designed under t h i s  s tudy has been demonstrated a s  being 
workable, and w i l l  provide an a d d i t i o n a l  1.95 Kg ( 4 . 3  pounds) 
of payload c a p a b i l i t y .  Hardware t e s t i n g  determined t h a t  wet 
s l u g  tantalum c a p a c i t o r s  a r e  s a t i s f a c t o r y  f o r  t h i s  a p p l i c a t i o n  
and equ iva len t  s e r i e s  r e s i s t a n c e  i s  n o t  a s i g n i f i c a n t  c i r c u i t  
parameter f o r  w e t  s l u g  capac i to r s .  SBASI f i r i n g  energy t e s t  
r e s u l t s  agrees  wi th  t e s t i n g  previous ly  conducted a t  JPL show- 
i n g  a minimum f i r i n g  energy requirement of 34 m i l l i j o u l e s .  
R e l i a b i l i t y  analyses  i n d i c a t e  a t h e o r e t i c a l  reduct ion  i n  t h e  
p e r  mission f a i l u r e  r a t e  of 30.7% with t h e  C D I  system. 

Based on t h e  d a t a  compiled during t h e  s tudy 
program, VSD recommends t e s t i n g  and production of a hybrid 
t h i c k  f i l m  equ iva len t  of t h e  C D I  design.  A pro to type  engi- 
neer ing  u n i t  and a q u a l i f i c a t i o n  u n i t  should be b u i l t  using 
GFE i g n i t i o n  t i m e r s .  The engineering model would be f a b r i -  
ca ted  f i r s t  and would provide v e r i f i c a t i o n  of t h e  t h i c k  f i lm 
hybrid c i r c u i t  and t h e  i g n i t i o n  t imer.  F i n a l  design of t h e  
GSE could then be completed along with a s soc ia ted  drawings 
and documentation. Tes t ing  would be accomplished during t h e  
pro to type  engineering phase t o  v e r i f y  ground t e s t  s a f e t y  
cons idera t ions  of d ischarging  a t h r e e  v o l t  p u l s e  i n t o  a 
SBASI. This t e s t i n g  would e s t a b l i s h  a high confidence l e v e l  
t h a t  t h e  SBASI w i l l  n o t  f i r e  under any condi t ion  of system 
checkout. VSD f u r t h e r  recommends t h a t  t e s t i n g  be conducted 
on t h e  PC-19 c a r t r i d g e s  t o  c h a r a c t e r i z e  t h i s  i g n i t o r  f o r  " a l l  
f i r e "  and "no f i r e "  requirements using t h e  C D I  system. The 
u s e r ' s  manual would be rev i sed  t o  s p e c i f y  payload i g n i t o r  
energy c h a r a c t e r i z a t i o n  a s  a p r e r e q u i s i t e  t o  use of Scout P/L 
C D I  Separa t ion  System. 
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APPENDIX A 
SPECIFICATION FOR SILICON CONTROLLED RECTIFIER 

I. SILICON CONTROLLED RECTIFIER (SCR) TO BE DESIGNED FOR POWER SWITCHING CIRCUITS. 

II. ELECTRICAL CHARACTERISTICS; 

FORWARD, VDO = VDROM 

- 

- 

- 

- 

- 

20 

- 

- 

REVERSE (REPETITIVE), VRO = VRROM 

INSTANTANEOUS ON-STATE VOLTAGE: 

FOR iT = 30 A AND TC = +25 '~  

DC GATE TRIGGER CURRENT 

VD = 12V (DC) 

RL = 3 0 a  

Tc  = +25 '~  

DC GATE TRIGGER VOLTAGE: 

VD = 12V (DC) 

RL = 3 0 a  

TC = +25 '~  

INSTANTANEOUS HOLDING CURRENT: 

GATE OPEN AND TC = +25 '~  

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

VDo = VF(Bo)o MIN. VALUE 

EXPONENTIAL RISE, TC = +100'~ 

GATE CONTROLLED TURN-ON TIME: 

VD = V F ( ~ ~ ) o  MIN. VALUE, iT = 4.5A 

I G ~  = 200 rnA, 0.1 p s  RISE TIME 

TC = +25 '~  

CIRCUIT COMMUTATED TURN-OFF TIME: 

VD = V F ( ~ o ) o  MIN. VALUE, iT = 2A 

PULSE DURATION = 50ps 

dvldt = -20VIps, dildt = -30 Alps 

iGT = 200 rnA AT TURN ON, TC = +75 '~  

'RROM 

vT 

~ G T  

VGT 

i~~ 

dvldt 

tst 

tq 

0.05 
------ 

1.9 

6 

0.65 

9 

200 

1.5 

15 

0.5 

2.6 

15 

1.5 

20 

- 

- 

50 

rnA 

V 

rnA 

V 

- 

rnA 

V / ~ S  - 

P s 

p s  

4 



APPENDIX A 

DIMENSIONAL OUTLINE: 
SEATING PLANE 

REFERENCE 
POINT FOR CASE 

e - 

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). 
3. MEASURED FROM MAXIMUM DIAMETER OF THE ACTUAL DEVICE. 
4. LEADS HAVING MAXIMUM DIAMETER -021 IN. (-533 MM) MEASURED AT THE SEATING 

PLANE OF THE DEVICE SHALL BE WITHIN .007 IN. ( . I78  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. 

NOTES 

2 

4,5 

5 

3,5 

2 

1 

6 

5.7 

SYMBOL 

A 

4b 

4D 

GD1 
e 

1 
h 

i 
k 

L 

P 

0 

r 

a 

MILLIMETERS 

MIN. 

4.06 

.432 

9.01 7 

8.204 

4.83 

INCHES 

MAX. 

4.57 

.533 

9.296 

8.51 

5.33 

MIN. 

.I60 

-01 7 

.355 

.323 

,190 

MAX. 

.I80 

.02 1 

.366 

.335 

2.10 

2.54 TRUE POSITION 

.38 1 

.7 1 I 

.737 

25.02 

2.54 

.I00 TRUE POSITION 

.889 

,889 

1.14 

25.78 

.I79 

.015 

.028 

.029 

.985 

.I00 

42' 

.035 

.035 

-045 

1.015 

.007 

48' 



APPENDIX B 
SPECIFICATION FOR DIODES 

I. MAXIMUM RATINGS (EACH DIODE) 

RATING SYMBOL VALUE 

REVERSE VOLTAGE v R 70 

PEAK FORWARD RECURRENT CURRENT IF 200 

PEAK FORWARD SURGE CURRENT ~FM(SURGE) 500 
(PULSE WIDTH = 10 ps) 

POWER DISSIPATION @ TA = 2 5 ' ~  D 22 5 
DERATE ABOVE 25OC 2.05 

OPERATING AND STORAGE JUNCTION TJ'TSTG -55 TO + I  35 
TEMPERATURE RANGE 

UNlT 

Vdc 

CHARACTER ISTIC 

BREAKDOWN VOLTAGE 
(I(BR) = 100 pAdc 

REVERSE CURRENT 
(VR = 50 Vdc) 

FORWARD VOLTAGE 
(IF = 1.0 mAdc) 
(IF = 100 mAdc) 

CAPACITANCE 
( v R  = 0) 

REVERSE RECOVERY TIME 
(IF = IR = 10mAdc) 

SYMBOL MIN TYP I MAX ] UNIT 

Vdc 
V(BR) 1 70 1 - I - I 

Ill. DIMENSIONAL OUTLINE 

A. SINGLE DIODE 
B. DUAL DIODE 

I I 

ANODE ,( 
CATHODE 

i ....,nnc ,' -n 
SINGLE 

00 
O0 

,0.026 T{f 

I 

lo I 
I 

16 
I 

I I CATHODE 1 
I 
I 

I COMMON ANODE I 
- - - - - -L- - - - - - - -L- - - - -  

0 092 

0010 
0 1 M  0016 

Z1' 

1 oo?o--I c- 
0 030 
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'The aeronautical and space activities of the United States shall be 
conducted so as to contribute . . . to the expansion of human knowl- 
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