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SUMMARY OF MONTHLY PROGRESS -~ .. .
 AUGUST 1973 B

The orlglnally proposed c1rcu1t de51gned to meet specu’lcatlon 4OM39515B

has been redesigned and upgrjaded to meet specification 401\/13960. Redesign

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

nent values have been calculated, and most breadboard components have

been .procured. o : ]
SEPTEMBER 1973

The circuit design has been breadboarded and tested. ‘The c1rcu1t de51gn
and parts 11st were submitted to NASA at the PDR meetlng held at HSC

on 27 September 1973, Only one change was made at the PDR, and that was
to decrease the. sens1t1v1ty of the trlgger enable input. Since the PDR, the

parts list has been revised to meet specification 85M03938, "EEE Parts

. Selection Appl_ication 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 SK1731, The arm signal ie-epplied to a Voltage/curfent

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 VDCand 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
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applied to the trigger circuit inputs. The firing signal also turns off the
arm input regulator, preventing recharging of the energy storége ¢apacitor |
after firing.
Regulator - The voltage regulator is avseries pass.transistor type of
regulator. The arm voltégé and current is regulated by series_irénsistor Q1.
Transistor Q4 amplifies the difference between the regulated output and the
temperature compensated reference source VRZ. The combination of @4 ana
Q2 controls the series pass transistor Ql in the feedback loop. Current
regulation is obtained by VRl which stérts to turn off the series pass transis-

| tor Q1 w_heﬁ more than 700 MA is drawn through R2. The reg\;llated output |

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

~ signal through CR3 and R6. Transistors Ql and Q2 ha%/e VCEO ratings of

N 80 volts in order to regulate the voltége transients bn the arm ‘s'ignal th,ét-

~ can be as high as 50 volts. The regulato'r and DC t.<‘3> DC converter have
been tested over the input voltage and temperature ranges with the total
6utpﬁt voltage variations being only 3.6%. This variation easily meets,tﬁe |
specification which allows for a total charge voltage variation of 8.7%. The
rjeg‘ulator céntrol 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 wavé voltage dpubiér is useé oﬁ -the oﬁtput of the-
co_nverter to redﬁée the requi;-‘ed secondary voltage, and i_mprove ‘overalli »
converter efficiency. Also, ,sin'ce the-energ.y storage capacitor: is required
for.pe:‘ik holding, the monitor output will be less than 3 volts wi’;h 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 SGl 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 storagé capacitors (C5 and C6)hare used to

<insure sufficient primary current in each trigger transformer. Transistor
| Q9 and zener diode VR4 comprise a current regulato‘r' which charges the

- trigger capacitors at a linear rate.

Zener'diod_e VR3 and SCR Q7 form a thréshold detection circﬁit which
~ triggers Q8 when the trigger capacitors reach 18 volts. Q8 dumps the
trigger capacitors into the trigger transformers primaries. Diodes CRY
. and CR10 comprise a hold off cifcuit, <anless trigger enable is present.
After triggé‘ring, Q7 holds off current ~regula’corQQ 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 J1. The line that requires the most filtering is the
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power return followed by the power input, 'th_é tr_iggef lines, and the -
mc’m_itor line. A filter i's now being designéd to provide the reguired atten-
uation. The high:voltage subas";semblyiis'now being p‘éckaged. I;t:will be |
~encapsulated in epoky,’ and it will contain all ﬁigh voltage componenté,
except for the energy storage capacitor. High voltage terminals on the sub-
assembly are designed to be ééaled aftef Wir'és. are soldered to therr'l‘. | A
preliminary PW board layout has been made.,. and it will be finalized after
the high voltage subassembly désign is cofnpleted. The preliminary case

design will be finalized after the filter design is complete.

| NOVEMBER AND DE (EMBER 1973 N
‘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 -applicatiéns \%r}'lte_re the arnbiel;lt ‘temperature can be above
70°C. Thé film cabacitérs are many times larger'than th¢ tantalum capaciA-
tofs, "and this necessitates repéckaging the Vfiringvunit. |

_ JANUARY 1974
The circuit has been rep'ackaged to incorporate the large film capacitors. -

The new packaging requires two circuit boards,. one for the arm circuit, and .
oﬁe for the trigger circuit. The high v'Qltaée subassembly is comnected to
"and placea between the two boards. Further bréadboard tests héve shown
that the film trigger cap;acitors exflibit superior electrical charactéristics

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,v 1974 and reviewed
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the drawings». He made several sugges’tions as to changes thai‘- would improve

the unit, and HSC will mcorporate these changes.'.
JUNE 1974

The output connector is completely demgned and parts procured The con~
néctor con51sts of 3 parts (body, insulator and pins). The parts will be
nickel plated, and then the"con-nectuor parts and 'c‘o'ver will be brazed together
_at one time. T’he cable hats’ been desigﬁed and fabricated. The eiectrical
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 the RBlO-'48612-‘3S
connector. (Drawing enclosed). Our first brazing operation on the connector

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

silvér was added in the second connector which produced & good'br'azed'sﬁréi o
face. In addition, a brazing ring was also designed for the input connector.,
This will give rigidity tc the mounting surface. The power boards have been

completed. One set of boards is under test.

AUGUST, SEPTEMBER, AND OCTOBER- 1974
All EMI fllters 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

i)ower supply at hot temperafure (930C) exceeded the specification of 250 ma. .
After careful consideration, a ferite core transform_er'was selected. This

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

21799103 . o ’ ) _ . ) 5- -
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: we.ll witﬁin _spe_c_ifications; Further problems.“did occur at cold te'mpveij';li:.ure
(-54°C). High .frequenconscillations and slow éharge time occurred at cold,
‘Af;cer ‘a compiete analysis on the cﬁarging circuit, the following solutions
were selected to sélve fhe ,abo.ve problems. B
a. Decreésé Sdfge resistor R2
) b. Increaée base emittér resistors R13 and 14
c. De;:reasé .Rl and R2 in the H. V, assembly
The above solutions were tested and proven good at both cold and hot temper-
atur(_es. A revised schematic and parts list will be sent to NASA as soon as'

' the'dra_wings 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
© 40M 39640, -The test déta..is recorded in Appendix A. The cable was tested

 with a HSC . 010271 'load. The test data is recoreded in Appendix B. -

2-1799103 . o . : } ) ' B . 6
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S/N101

peak and shall decay to a maximum average "idle" current

of 0.25 ampere within 1, 0 seconds.

SPECIFICATION . . INPUT ~54°C AMB. +93°C
PARAGRAPH . . o PARAMETERS
' 3.4,4.1 DC-DC Converter Characteristics - The systems .
shall operate within requirements on 24 to 32 Vdc delivered 24V OK OK OK
..through an internal resistance of less than 1 ohm, It shall. = 32V OK OK OK
be referred to as 28 Vdc throughout this specification. The " 0 - 36 o OK OK OK
converter or any part of the firing system shall not be dam~ -
aged by the application of an input signal of any amplitude 50V at "OK OK - OK
N “ between 0 and 36 volts or application of a 50-volt, 10 mi- 19 MSEC . .
B ..._owommoosa Svﬁ Uﬁmm. - ,
S o . . | _ | VMONITOR _’MONITOR "MONITOR
. 3.4.4.2 DC-DC Converter Qutput Voltage -~ The UO:UO 24V . 4.585 4.750 4.790
- converter output voltage supplied to the storage unit- 36V 4.888 4.758 4.828
shall be 2300 + 100 Vdc with a peak-to-peak H.%@Hm 0m , _
- not greater. »:ms moo <o§m. v
3.4.4.2.1 Charging Current - The charging current over o - Iss ss Iss
the 24 to 36 Vdc input range shall not exceed (TBD) amperes 36V 149 ma 170 ma 230 ma

Vo

21799103



o | s/N1G A X —
SPECIFICATION - ' . . . INPUT -54°C AMB

¥ - +93°%¢c
.o PARAGRAPH = .+ . . PARAMETERS

| m..w.@: 3 Storage Capacitor ~ The .mﬁoﬂ_.wmm capacitor shall be : _
capable of charging 2200 volts in not more than 1,0 seconds. . - 24V- -8 sec ’ m. sec .4 sec
after input power is applied to the DC-DC converter. ‘ _

+°3.4.4.3.1 Bleed Circuit - A bleed circuit shall be provided -
- that will allow the stored voltage to decay to 300 volts and
monitor voltage to 0.6 volts within 15 seconds after removal :
of input power. The bleed circuit shall provide redundant . 36V " 1 sec A 12 sec: X 12. m.mmo_
bleed paths so that a single failure will not cause complete _ _
loss of the bleed circuit, Either bleed circuit shall allow - L _ . -
the stored voltage to decay to 300 volts within 90 seconds L . :
after H.mbpoﬁ.p of Svﬁ power, . _ AU g oot

.

/ ORDHANCE Dms:oﬂ.J

TORRANCE -

g N
w 3.4. p 4.1 Hzmmo& Circuit Initiate - No storage mpmgmam in’' g : . .. o
0 the trigger circuit shall be activated until application of a. - 24V 4.0OMS 4.2MS 4». SMS
m 28 + 4 Vdc trigger signal.  Input impedance shall be less than 32V 3.5MS 3. 7MS 4. 0MS
m 10 K ohms and shall provide protection against negative tran- : , )
~sients of -50 Vde with 10 microsecond durations. Positive . 50V at ~ OK - OK OK
transients of 50 Vdc and 10 microsecond durations shall not © 10 MSEC _

~damage or trigger the system. Firing of the system shall occur
~ within 4 + 1 milliseconds after application of the trigger signal.

.. - - F
bi-sheagr
CORIPrORATION
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S/N 101
mwmoHEQS.Hoz | o
m>w>ow> PH o

't

1 3.4.4.4. 2 Tr Hmmow Oﬁ.oc&n Enable - > mm t 4 <ao trigger
"+ enable signal shall be required prior to the 1 trigger initiate
" signal to fire the unit unless pins JIB and JIC are extern-
:. ally connected, in'which case, a single 28 + 4 Vdc signal

wvvﬁma to mnrma .d.w or .bO éaﬁ fire the system,

s

3.4.4.4.3 Trigger Circuit Sensitivity -~ The trigger
circuit shall require a peak input current of not less than
110 ma and not more than 250 ma to operate. Steady sate
average trigger circuit input current after operation shall
not exceed 75 ma, The trigger circuit shall not operate

" when subjected to an 8 Vdc input signal or an input tran-
+ ~ sient pulse of 50 volts amplitude and 10 microsecond dura-

tion. Note: This applies to the trigger o:.ocﬁ E&Smﬁm msa

. ﬁ.pmmmd oﬂ.ocn mswgm.

INPUT

: PARAMETERS

24
32

32V (Enable)

.32V (niitiate)

- 32(Enable)

 32(Initiate)

-54°¢

OK
OK

_vamw
140 ma

150 ma

Hmm

19.6 ma

2lma

AMR

OK
OK

ﬁmmw_
150 ma

150 ma

ss
20 ma

2lma

+93°C

OK
OK

peak
160 ma

160 ma

ss
20ma

2lma

2-179910)




- : o S/N1iol o . .
.| i SPECIFICATION T I | o o e
oo i PARAGRAPH _ - INPUT - =54 C AMB,  +93°C
e e S . ' PARAMETERS . .

3.4.4.4.5 DC-DC Converter Cut-off - Application

- ~of the trigger signals shall activate a DC~-DC converter : :
c o o turn-off oﬁosz which prevents recharging of thestor-- - - " ° ww<aoo:<m3mwv
B '“age unit, Input current tothe converter mwmﬁ not mxomma L

I B 50 Bpﬁwwgﬁmsmm after cut~off. o . . S

24ma ©  24ma 25ma

3.4.4.6 Firing unit status monitoring - The firing unit R .w»ﬁ\.gosv . #.mmm.:_\ 4.750V 4,790V
. shall be provided with a monitoring circuit which will -~ _wmﬁ\.gosv , 4.588v 4,758V 4,828V

indicate the voltage to which the storage unit is charged, = . ,

The monitor circuit Hgﬁmamsom shall be 10K ohms + 1, 0%. IR R

The monitor voltage shall be 4.6 + 0.3 volts under nor- o .

mal operating conditions. Monitor <o§wmo rise time to : ‘ . : .
4.3 volts shall be less than 1.0 seconds, Maximum peak-’ L. 94 (Time) . 8sec .Bsec .4sec
-to-peak monitor voltage variation shall not exceed 0.41V, ° . 36 (Ripple)

The monitor shall be capable of determining that the . : .

storage unit discharged through the switching device,

Nominal sensitivity msmﬁ be moo volts per <oﬁ c.bamw. open
. n:.ocz.. oosawﬁosm.

.05V . o_m<HUHV - .06Vpp
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S/N102

peak and shall decay to a maximum m<m~.mmm :awm: current

of 0.25 ampere within 1, o mmoosam.

SPECITFICATION _ . . .INPUT - -5¢°C AMB.
PARAGRAPH _ | - PARAMETERS -
3.4.4,1 DC-DC Converter Characteristics -~ The systems . _
shall operate within requirements on 24 to 32 Vdc delivered = 24V OK OK
-through an internal resistance of less than 1 chm, It shall -~ 32V OK OK
be referred to as 28 Vdc throughout this specification. The 0 - 36 - OK OK
converter or any part of the firing system shall not be dam-
aged by the application of an input signal of any amplitude - 50V at "OK OK
between 0 and 36 volts or application of a mo volt, 10 mi~ - 19 MSEC
oaommoosa input- vcwmm. s
I i . . o VNIONITOR _VMONITOR
3.4.4.2 DC-DC Converter Qutput Voltage - The DC-DC 24V © 4.516 4.709
converter output voltage supplied to the storage unit 36V 4.522 4.716
shall be 2300 + 100 Vdc with & peak- »o:vmmw ripple of L
not m&mmﬁow than 200 <o§m. : ;
3.4.4.2.1 Charging i , Iss Iss
ging Current - The charging current over =2 —_—
the 24 to 36 Vdc input range msmS not exceed (TBD) amperes 36V 140 ma 168 ma

+93°C

OK
OK

OK
OK

VMONITOR

4.729
4,750

Ss
237 ma

)

2-1799103 -
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S/N 102

SPECIFICATION | . INPUT
: S PARAMETERS

PARAGRAPH

w » 4, 3 Storage Omwmozg. - The storage owﬁmozoﬁ. msmﬁ be
capable of charging 2200 volts in not more than 1.0 seconds 24V
after input power is applied to the DC-DC converter. -

¢

3.4.4.3.1 Bleed Circuit - A bleed circuit shall be provided

that will allow the stored voltage to decay to 300 volts and

. monitor voltage to 0.6 volts within 15 seconds after removal ¥

.of input power. The bleed ciréuit shall provide redundant- . 38V
‘bleed paths so that a single failure will not cause complete

less of the bleed circuit. Either bleed circuit shall allow

the stored voltage to decay to 300 volts within 90 mmoozam

m..@mu. %m§o<mw of. Hsﬁz» voéoﬁ.

3.4.4.4.1 Trigger Circuit Initiate - No storage elements in
the trigger circuit shall be activated until application of a . 24V
28 + 4 Vde trigger signal. Input impedance shall be less than 32V
10 K ohms and shall provide protection against negative tran-
sients of -50 Vdc with 10 microsecond durations. Positive

transients of 50 Vdc and 10 microsecond durations shall not

damage or trigger the system. Firing of the system shall occur.

‘within 4 + 1 milliseconds-after application of the trigger signal.

50V at
10 MSEC

-54°C

.9 sec

10 sec

4,3 MS
3.5 MS

+OK

AMB

.6 sec

11 _m ec

4.4MS
3.6 MS

OK

. +93°C

.35 seq

12 sec

45 MS
3.7MS

OK
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S/N 102
SPECIFICATION :

INPUT
PARAGRAPIT PARAMETERS
3.4.4.4.2 Trigger Circuit H:mUHm = A28+ 4 Vde trigger o
enable signal shall be required prior to the 1 trigger initiate = - 24
. signal to fire the unit unless pins J1B and J1C are extern~- . . - 32
ally connected, in which case, a single 28 + 4 Vdc signal -
mﬁvﬁma to mzsmd J1B or ,ﬁo will fire the m%mﬁmg.
- 3.4.4,4.3 Trigger Circuit Sensitivity - The trigger
- circuit shall require a peak input current of not less than : .
110 ma and not more than 250 ma to operate. - Steady sate = 32V (Enable)
- average trigger circuit input current after operation shall . 32V(Initiate)
not exceed 75 ma, The trigger circuit shall not operate o : .
“when subjected to an 8 Vdc input signal or an input tran-
sient pulse of 50 volts amplitude and 10 microsecond dura-
tion. Note: This applies to the trigger circuit initiate msa
Hﬁmmm% circuit enable.
32(Enable)

32(Initiate)

~54°¢c’

OK
OK

Peak

160 ma

.Hmo ma

Hmm.
20.5 ma

21 ma -

AMR

OK
OK

Peak
175 ma

157 ma A

sSs
21 ma

21 ma

+93°C

OK
OK

Peak
180 ma

160 ma

'sS
21 ma

21 ma

\a
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SPECIFICATION , _ o o
PARAGRAPH . INPUT -54 C - AMB. +93 C
. . : _ o . " PARAMETERS .

!

3.4, 4. p m UO DC Oos<mimd Cut-off - >wwﬁomﬁos

" of the trigger signals shall activate a DC~DC converter : : _
turn-off circuit which prevents recharging of the stor~ . - 32Vliconverter) 25ma 25ma ~ 25ma
age unit. Input current to the converter shall not exceed . : : B

50 Bbﬁmgvmwmm after cut-off. .

i

. 3.4.4.6 Iiring unit status monitoring - The firing unit - 24 (VMon) - 4.518V 4,709V  4.729V
~shall be provided with a monitoring circuit which will 36 (Viion) - 4,529V 4. 716V 4.750V
indicate the voltage to which the storage unit is charged., - S _ _
The monitor circuit Sjwon_msoo shall be 10K ohms + 1.0%.

The monitor voltage shall be 4.6 + 0.3 volts under nor-

- 'mal operating conditions. Monitor voltage rise time to

e

.,,J L

/ _ORDHANCE DIVISIO
TORRANCE - CALIFORNIA

bi-sheor

CORrPoOoRATION

4.3 volts shall be less than 1.0 seconds. Maximum peak~ . 24(Time)
to~peak monitor voltage variation shall not exceed 0.41V,
The monitor shall be capable of determining that the

- storage unit discharged through the switching device.
Nominal sensitivity shall be 500 volts per volt under open
circuit conditions.

. 9sec : .Bsec ' .35sec

36 (Ripple) - .02V, L02V - 025V,

.2-179910)
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SHORT CABLE

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

COMPUTER ANALYSIS

PHOTO

10V/prv

1 MICROSEC/DIV

V = 2356

oY
SEEH 1 AL EREE

o —r'
I

. 904

. R - N
BT YR
DD[_\‘.‘DDDIBII
{0\ O
IE]BUBUDKIDD,
N =
,:]DDDEZE] LT

BESENEEERE

2-1799103




-
hi-shear / ORDNANCE DIVlSlON]

comrPORATION
.

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 PHOTO

10V/p1v
1 MICROSEC/DIV

il Tatall V = 2356
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