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SUMMARY OF MONTHLY PROGRESS

AUGUST 1973

The originally proposed circuit designed to meet specification 40M39515B,

has been redesigned and upgraded to meet specification 40M3960. Redesign

also eliminated some potential problem area in the original design. Compo-

nent values have been calculated, and most breadboard components have

been procured.
SEPTEMBER 1973

The circuit design has been breadboarded and tested. The circuit design

and parts list were submitted to NASA at the PDR meeting held at HSC

on27 September 1973. Only one change was made at the PDR, and that was

to decrease the-sensitivity of the trigger enable input. Since the PDR, the

parts list has been revised to meet specification 85MO3936, "EEE Parts

Selection Application Guidelines for the Space Shuttle External Tanks and

Solid Rocket Booster. "

' OCTOBER 1974

EBW Firing Unit Circuit Design

Hi-Shear Corporation's design approach is described using as an aid the

schematic diagram SK17 31. The arm signal is applied to a voltage/current

regulator which regulates the voltage and limits the charging current to the

DC to DC converter. The DC to DC converter increases the 20 VDC from

the regulator to 2300 VDC and charges the energy storage capacitor. Two-

three electrode spark gaps are used to switch the energy stored in the capa-

citor to the EBW load. A monitor circuit, which is a precision voltage

divider, monitors the voltage on the capacitor. The three electrode spark

gaps are triggered by the trigger circuit when the proper firing signal is

3-1799103
1



ORDNANCE DIVISION
TORRANCE • CALIFORNIA

applied to the trigger circuit inputs. The firing signal also turns off the

arm input regulator, preventing recharging of the energy storage capacitor

after firing.

Regulator - The voltage regulator is a series pass transistor type of

regulator. The arm voltage and current is regulated by series transistor Ql.

Transistor Q4 amplifies the difference between the regulated output and the

temperature compensated reference source VR2. The combination of Q4 and

Q2 controls the series pass transistor Ql in the feedback loop. Current

regulation is obtained by VR1 which starts to turn off the series pass transis-

tor Ql when more than 700 MA is drawn through R2. The regulated output

voltage is approximately 20 VDC. The regulator is turned off by trigger

signal through CR3 and R6. Transistors Ql and Q2 have VCEO ratings of

80 volts in order to regulate the voltage transients on the arm signal that

can be as high as 50 volts. The regulator and DC to DC converter have

been tested over the input voltage arid temperature ranges with the total

output voltage variations being only 3. 6%. This variation easily meets the

specification which allows for a total charge voltage variation of 8. 7%. The

regulator control is taken from the input to the converter rather than the

output, which allows for better isolation between input and output circuits.

DC to DC Converter - The DC to DC converter utilizes the conventional

push-pull, common emitter, single saturable transformer configuration.

This configuration was selected over various single ended half wave conver-

ters because it is easier to filter, and it can easily be used with a voltage
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doubler circuit. A half wave voltage dpubler is used on the output of the

converter to reduce the required secondary voltage, and improve overall

converter efficiency. Also, since the energy storage capacitor is required

for peak holding, the monitor output will be less than 3 volts with the storage

capacitor out of the circuit.

Output Circuit - The output circuit uses two three-electrode gaps connected

in series with resistor R27 to keep SGI on until SG2 turns on. Resistors

R27 and R28 provide "keep alive" current for the triggered gaps SGI and

SG2 until the safety gap in the EBW Ordnance turns on.

Trigger Circuit - Two trigger storage capacitors (C5 and C6) are used to

•insure sufficient primary current in each trigger transformer. Transistor

Q9 and zener diode VR4 comprise a current regulator which charges the

trigger capacitors at a linear rate.

Zener diode VR3 and SCR Q7 form a threshold detection circuit which

triggers Q8 when the trigger capacitors reach 18 volts. Q8 dumps the

trigger capacitors into the trigger transformers primaries. Diodes CR9

and CR10 comprise a hold off circuit, -unless trigger enable is present.

After triggering, Q7 holds off current regulator Q9 to keep the trigger

current low.

Additional environmental tests have been performed on the firing unit bread-

board, and the unit performs correctly. EMI tests have been performed on

the firing unit, and the data indicates that filtering will be required on all

pins of input connector Jl. The line that requires the most filtering is the
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power return followed by the power input, the trigger lines, and the

monitor line. A filter is now being designed to provide the required atten-

uation. The high voltage subassembly is now being packaged. It will be

encapsulated in epoxy, and it will contain all high voltage components,

except for the energy storage capacitor. High voltage terminals on the sub-

assembly are designed to be sealed after wires are soldered to them. A

preliminary PW board layout has been made, and it will be finalized after

the high voltage subassembly design is completed. The preliminary case

design will be finalized after the filter design is complete.

NOVEMBER AND DECEMBER 1973
The circuit has been changed to incorporate ceramic and film capacitors to

replace all tantalum capacitors. Tantalum .capacitors are not-allowed on

Space Shuttle in applications where the ambient temperature can be above

70°C. The film capacitors are many times larger than the tantalum capaci-

tors, and this necessitates repackaging the firing unit.

JANUARY 1974
The circuit has been repackaged to incorporate the large film capacitors.

The new packaging requires two circuit boards, one for the arm circuit, and

*
one for the trigger circuit. The high voltage subassembly is connected to

and placed between the two boards. Further breadboard tests have shown

that the film trigger capacitors exhibit superior electrical characteristics

to the tantalum capacitors.
FEBRUARY, MARCH, AND APRIL 1974

The drawing package is finished and has been sent to NASA, Joe Burson

from MSFC visited Hi-Shear Corporation on February 4, 1974 and reviewed
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the drawings. He made several suggestions as to changes that would improve

the unit, and HSC will incorporate these changes.

JUNE 1974

The output connector is completely designed and parts procured. The con-

nector consists of 3 parts (body, insulator and pins). The parts will be

nickel plated, and then the connector parts and cover will be brazed together

at one time. The cable has been designed and fabricated. The electrical

parameters of the cable will be calculated and then determined by test. The

components for the boards have been procured.

JULY 1974

The cable drawing has been sent to NASA. A shield termination ring was

designed and fabricated to terminate the shield of the cable to theRB10-48612-3S

connector. (Drawing enclosed). Our first brazing operation on the connector

was fair. After inspecting the connector, more silver was needed. More

silver was added in the second connector which produced a good brazed sur-

face. In addition, a brazing ring was also designed for the input connector.

This will give rigidity to the mounting surface. The power boards have been

completed. One set of boards is under test.

AUGUST, SEPTEMBER, AND OCTOBER 1974
All EMI filters have been received. The breadboard converter transformer

was tested within the H. V. subassembly. The results indicated that a more

efficient transformer was needed because the idle current of the complete

power supply at hot temperature (93 C) exceeded the specification of 250 ma.

After careful consideration, a ferite core transformer was selected. This

ferite transformer performed very well under test. The arm current was

2-1799103
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well within specifications. Further problems did occur at cold temperature

(-54 C). High frequency oscillations and slow charge time occurred at cold.

After a complete analysis on the charging circuit, the following solutions

were selected to solve the above problems.

a. Decrease surge resistor R2

b. Increase base emitter resistors R13 and 14

c. Decrease Rl and R2 in the H. V. assembly

The above solutions were tested and proven good at both cold and hot temper-

atures. A revised schematic and parts list will be sent to NASA as soon as

the drawings are changed. The H. V. subassemblies have been tested. They

are now being potted.
NOVEMBER 1974

Units S/N 101 and 102 were assembled and tested per NASA specification

40M39640. The test data-is recorded in Appendix A. The cable was tested

with a HSC . 01027-n. load. The test data is recoreded in Appendix B.
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SHORT CABLE

Using the HSC . 01027 OHM load the time to peak and peak current is . 904
microsecond and 3017 amperes.

COMPUTER ANALYSIS

RUN
VHUJE OF T l j T S , I i j ' I 2 » C

7 2 . 1 E - S J 4 . 1 E - & J 2 9 ? 1 8 > 1 E - 6

PHOTO

10V/DIV

1 MICROSEC/DIV

v = 2356

RESISTfiNCE IHDUCTRHCE
3=96155E-

FREQUENCY
250888,0888

SCRRICH
LOR Di3
RUN
VFiLUE OF R j V j L ? C

?,1889358 ? 2356 5 3„96155E-7 ? 1 E -
1' I f: IE T 0 P E R K P E R K C U R R E H T

9.8 4 8 8 7 E-8 7 3817.26158 3

JUUUULJU
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ORDNANCE DIVISION
TORRANCE • CALIFORNIA

SHORT CABLE

Using the HSC . 01027 OHM load the time to peak and peak current is . 904
microsecond and 3017 amperes.

COMPUTER ANALYSIS

RUN
VHLUE OF T l j T

'? li: * 1E ~ 6 i 4« 1 £ G 5 2 9 ? 18? IE - 6

PHOTO

10V/DIV

1 MIC ROSE C/DIV

V = 2356

IHljiJCTRHCE FREQUENCY
258806= 8888

SCRRTCH
LOflDQ
RUN
ViiLJJE OF RVvSLsC

1 '?'. i 8 S 9 3 5 & ? 2 3 5 6 5 3 „ 9 61 5 5 E - 7 ? 1E 6
1 Ihh TO PEflK F'EHK CURRENT

9,. 0 4 8 8 7 E 8 7 3 S17 . 2 6 15 8 3
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