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ABSTRACT

This report covers all activity carried out under Contract NO.
DAAHO1-75-C-0552, ‘Manufacturing Techniques for Static Switches .
The purpose of this contract was to improve the producibility
and reliability of the present 2.75-inch rocket launcher
intervalometer through the improvement of manufacturing methods
and techniques brought about by:

~~a. Conversion of all timing functions to solid state
circuits.

b. Conversion of all switching functions to solid state
circuits.

c. Provision for the sensing and bypassing of any open
or shorted squibs,

~ d. Pilot production of five prototype solid state switches
to verify the techniques chosen. - . ./

e. Design of an assembly line capable of producing 1000
switches per week.

The contract has been concluded with all above tasks success-
fully accomplished . In addition, a reliability analysis of
the solid state circuitry was conducted , an EMI analysis was
made , and some EMI testing was done. A detailed investigation
into the conversion of the electronic circuitry to one hybrid
circuit chip was performed. All of these activities are docu-
mented in the report.
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$ SECTION I

INTRODUCTION

The presently used sequence switch , consisting primarily of an

electromechanical stepping switch , exhibits faults common to

such mechanical devices used in aircraft environments. These

faults include :

a. Sensitivity to shock and vibration resulting in short

life, mechanical failure, and erratic operation.
b. Short life and erratic operation due to mechanical

wear of component parts.

c. Degradation of electrical contacts due to moisture ,

corrosion , fungus, migration of lubricants , etc.,
which result in misfires.

d. Sensitivity to temperature extremes resulting in

erratic timing of firing pulses.

e. Sensitivity to supply voltage fluctuations resulting

in erratic timing of firing pulses.

f. Critical tolerances in mechanical assembly , which
affect the timing , accuracy, and reliability of the
switch are dependent upon the skills and variable

attitudes of the human assembler.

g. Deterioration of contacts when trying to fire a

shorted squib may lead to premature switch failure.

Prior studies have shown the feasibility of using solid-state

electronic components to replace the mechanical components in

the switch and thereby eliminate the above faults. Incorpora-

tion of solid-state electronics makes possible the development

of production procedures that reduce fabrication and assembly

costs. Use of solid-state circuitry will accomplish the

following:

~:~~~~:t~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



a. Provide extremely accurate timing for firing pulses

regardless of environmental conditions, supply voltage

fluctuations , or age of the unit.
b. Provide self-protection against shorted or open equibs,

stepping to the next available good squib and firing

it within the alloted time between firings.

c. Make possible an automated assembly line with little

operator skill required. Automatic test equipment

incorporated in the line will analyze ~nd reject

defective units before final potting and acceptance

testing.

Because of this qreat potential for switch improvement in both

reliability and producibility , the program described in this

report was undertaken .
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SECTION 2

CONCLUS I ONS AND RECOMME N DATIONS

2.1 ONCLUSIONS

Conclusions that can be drawn from the work performed under

this contract include the following :

a. A solid-state sequencing switch is feasible and proto-

types of such a switch have been designed , fabricated ,

and tested to verify the feasibility.

b. This switch can be mass—produced using common elec-

tronic production techniques. No unique processes or

components are required and no new skills must be

learned by normal electronic assembly line personnel.

c. The resultant , mass—produced switch will be more

accurate , more reliable , and have a much longer life

than the present electromechanical switch it is de-

signed to replace.

2.2 RECOMMENDATIONS

Recommendations for additional work to be done prior to mass

production of the solid-state switch and its introduction

into the military supply system include the following :

a. Simplification of hardware for cost savings in produc-

tion line assembly and added reliability should be

undertaken. This simplification was investigated

under the present contract and is discussed in some

detail within this report. Because of the time and

cost limitations of this program , these hardware sim-

plifications could not be used for the manufacture of
five prototype switches. They involve tooling costs

which are acceptable only when the comm itment to high-

2—1 
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volume production has been made. These simplifications

a re:

(1) Conversion of the discrete electronic components

to a hybrid circuit. This will cut the number of

printed wiring boards in the switch from two to

one, and drastically reduce the number of compo-
nents to be machine and hand inserted into the

boards.

(2) Design of a suitable, high-volume package for the

toroid transformers used in the switch. For the

five prototype switches the transformers (19 in

each) were made by winding primary and secondary
windings on a standard , easily available core.

Each transformer was then hand mounted into its

proper place on the printed wiring board. For

high-volume production a method of packaging must

be devised in which the transformers are machine

wound and all encapsulated into a single drop-in

package with pins spaced to fit a mating board or

flexible circuit interconnect.

(3) Design of a high-volume circuit interconnect H

method . The major components of the prototype

switches (printed wiring boards, connector and

load/arm switch) are interconnected with many

individual wires , each cut to length , stripped ,

and hand soldered into place. For high-volume

production great labor savings can be realized

through the use of custom designed flexible

circuit wiring . With this type of wiring all

connections can be made at once with no chance of
miswiring , and then machine flow-soldered to corn-
plete the wiring process.

2-2 
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b. An investigation into the variation in output charac-

teristics of the decoder/drivers, as described in para-

graphs 3.1.3 and 3.4, should be conducted to see it

the device manufacturer can provide units with guaran-

teed output at low temperature and at a reasonable

cost. If not, an added stage of amplification might

have to be added to the decoder/driver output to in-

sure operation of all units at -550C.

c. Methods of lowering the induced noise on unfired squib

lines , discussed in paragraph 3.4, should be investi-

gated along with a close analysis of MIS-23156 to de-

termine whether the requirements spelled out, which
were written for an electromechanical intervalometer
firing squibs with dc voltage, are really applicable

to the solid-state switch operating at 10 kilohertz.

d. An extensive environmental test program should be con-

ducted on many solid-state switches , the amount of

which is great enough for statistical analysis to be

meaningful. The five units produced under this contract

underwent only limited testing as specified by the con-

tract.

e. Dedicated test equipment to allow rapid go/no-go

testing of the switches should be developed for both

production line and field use.

2—3
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R~I~SECTION 3

TECHNICA L ACT I V I TY

The technical ac t iv i ty  carried out under this contract centered
around the conversion of the electromechanical switch to a solid-

state design through circuit design, breadboarding and testing ,

prototype design , fabrication and testing . Each of these areas

of activity will be described in the following paragraphs.

3.1 CONVERSION TO SOLID-STATE DESIGN.

Meeting all of the specifications originally written for the

electromechanical switch with a new unit of solid-state design

presented a number of real challenges. The requirement for

squib shorting by less than 0.1 ohm ruled out the use of any

semiconductor element as a switch in series with the squib.

And the 30 millisecond maximum “time—to-first-fire” require-

ment meant that the electromechanical switch ’s inherent memory

of its last position , with power off would somehow have to be
duplicated or designed around with presently available elec-

tronic components.

To solve the above problems, several “brainstorming ” sessions

were held with engineers of highly varied backgrounds, both

electrical and mechanical, in attendance. Many ideas were pro-

posed and each was investigated for its feasibility by the
project design engineers.

About the only feasible method to emerge for meeting the squib

shorting requirement with present technology was that of using

the secondary winding of a transformer , whose dc resistance is

less than 0.1 ohm , as the shorting element. Then when firing

of the squib is required , energy will be coupled into this

winding by application of an ac fire pulse on the primary

winding . This was picked as the method to be designed and

breadboarded.

4:: I ,
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To meet the “time—to—first—fire” requirement a number of

approaches were considered. A number involved solid-state

duplic ation of the “memory ” of the electromechanical switch

such as:

a. Nonvolatile solid state memories and bubble memories.

Both were considered too new and presently too expen-

sive for serious consideration at this time.

b. Built-in, long life battery to keep a volatile memory

alive during the required 400 cycles and whatever

shelf life is necessary. This was considered to be a

lessening of the reliability of a totally solid-state

unit and building in an obsolescence that was unde-

sirable.

c. Use of a programmable, read-only memory (PROM) and

permanently alter the memory during each firing.

Memories capable of con trollin g the required 400
cycles are attainable but again built-in obsolescence

was felt to be undesirable since a solid-state unit

should have unlimited life.

d. Magnetic memory cores. This method was a strong con—

tender and inves tigation into it’s pos sible use was
carried on in parallel with the chosen method during

the early part of the program. It was determined to

be a feasi ble method but was finally drop ped for two
reasons. First it was felt that the circuitry in-

volving 19 magnetic cores and their read/write ampli-

fiers would be more costly and take up more space in

the small package than the chosen method. Secondly ,

this method would require a delibera te “resettin g” of
the memory cores at the time the rocke t launch er was
reloaded. This resetting would require power on the

circuit and would present a new and possibly dangerous 1
reloading sequence in the field. Because of this it

3—2
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was dcc ded that  th is  w.i~; an ii tcc~ ‘~~ t at’ 1 ~ ap~’z

The 1t~~ en approach dotes not dup ii cat t i~ • “mt~m ‘I

01 the c led i ornechaniea I s w i tch .  1 ust cad it. ;es ,i

scanning technique wh i ch 1 ocat  e~; the  I i  rst uni  ii t•~~ .

rocket , through scnsinq squib i i ped.mcc , and I i i  .u~

i t  . It  t h e  swi tcli can scan , locate  a t ioud squ ib  , and
t i r e  i t  w i t h in  the prescribed U) m i l l  i s~~~~~ds t hen a

memory is not required.

The c i r c u i t r y  required for  scanii i n~ L’~1I1 L c  designed

using s tandard semiconductor componen ts  m an u f a c t u red

to m i l i t a r y  specif icat icn s .  Si m i lar  c i r c u i t r y  has

been used success f u l l y  in o t h e r  app i Ica lio ns and i t s
use here appeared to p resent  110 unusua l  problems .

An added bonus wi th  this  approach is  t h e  fac t  t h a t
short ed and open squi bs w i l l  be bypassed and a

t . 
rocket wi l l  be f i red  wi th  each closure of the Lr i q q c r

switch . The present swi tch w i l l  at t e m p t to f i r e  a

bad squib and remain in place u n t i l  a command is

ge nerated to move to the n ex t  posi t ion.

For these reasons , the scanning  approach was s c l c c t t ’d
as the one to be designed and breadboarded .

3.1.1 Circuit  Desi~~
Actual c i rcui t  design began w i th  t h e  e st ab l i shment  01 the lo~i i c
f l ow diag ram of F igu r e  3— 1 .

Upon receipt of a li re  command ( i . e .  closure ol t h e  t r i . i i e r

switch which applies voltage to t h e  u n i t)  squib number I is
selected and a determinat ion is made as to w h e t h er  or not, i t
is a good squib. I t  not the select c i r c u i t ry  is advanct ’d to

squib number 2. This advancement c o n t i n ue s  u n t i l  the l u st

good squib is lound. When t i lat  occurs , a t i r e  pulse 01 40
milliseconds durat ion is sent to the squib to t i r e  i t .  A f t e r

- ~~
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FIRE COMMAND

SQUIB
SELECT
1—19

INHIBIT GOOD NO ADVANCE
ADVANCE SQUIB TO NEXTL 

_ _  

_ _

YES

I FIRE PULSE 140 ms

SWITC 
~ sON E

RIPPL

NO

FIGURE 3-1
LOGIC FLOW DIAGRAM
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H
S tiring , the squib select c i rc u i tr y  is e i th e i  ad vanced te t.hte

next squib or i n h i b i te d  f rom advanc in g  I u rt h e r  dcpcndin~, upon

the se t t ing  of the ripp l e/ s in gle  t i re  select switch.

Design 01 c i rcu i t s  to accomplish the l o uj e  dep icted was t hen
divided into two major areas; squib shor t ing  and t i r i n g , and

log ic and t iming .

3.1.1.1 Squib shorting and f i r i n g  circuit design began w i t h  a

concept involving individual  power amp l i f i e r s  for each 01 the
19 outputs , operating at a f requency of one megahertz , and a

shorting method in which a load in the primary side ol . the
transformer is activated to ret lect back to the secondary a

load of 0.1 ohm or less. The output amplilier and t ransformer
designs were considered to be the areas o greatest concern

and work was begun on them first. Active squib shorting cir-

cuitry would be incorporated after their satisfactory develop-

ment.

During the initial breadboarding of the output circuit , a
transformer consultant and fabricator was called upon to assist

FMC with selection and source ol the transformer cores. Due

to the packaging requirement of small size and the di g i t a l

nature of the logic circuitry , the choice oh a 1 MHz square

wave seemed appropriate. But because el this frequency and

wave shape , problems were encountered with stray wiring capa-

citances and inductances and long turn-ot t times of switchinq

transistors.

Since these problems at 1 MHz were not easily resolvable , the
frequency was lowered to 100 khIz w i t h  si g ni t i c a n t  increase in

core size but s t i l l  wi th in  the total  package requirement i t  a
common power amplif ier were used for all the 19 outputs .
Various core materials, with different permeabilities and
using different numbers of turns and ratios , were tried with
a conventional push-pull power amplitier. A satisfactory
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amplifier using 2N2905A transistors was tested with a center—

tapped 56-turn primary and 3-turn secondary ferrite toroidal

core t ransformer .  Due to the numerous interconnections neces-
sary wi th  19 s ta t ions , a single-ended amp l i l i er  c i rcui t  was
designed using a dc pulse dr iving an iron powder core trans-
former with 30:3 turns . Since this transformer does not re-

quire a center tap the number of interconnections were reduced

to the minimum of 4 per transformer. An active squib shorting

circuit was then attempted on this 100 kilz, single—ended amp-

lifier and transformer circuit. The active squib shorting

circuit consisted of steering diode s, power transistor and
resistors.

Due to the coupling inefficiency (the secondary , having 3

turns , t ry ing  to drive the primary , having 30 turns), leakage
inductance (secondary windings on top of the primary), and

re la t ive ly  hi gh semiconductor threshold voltage , this active

shorting circuit would not work at low voltage levels. So an

analysis was made of the launcher wiring from the intervalo—

meter to the rocket ignition contact to determine if such a

squib short ing c i rcu i t  would func t ion  considering the impedance

and frequency involved . After this analysis , it was concluded
that the wiring reactance and the transformer secondary would

provide sufficiently high impedance to limit the current in
the squib to a safe level at RF frequencies. Therefore , tile

active squib shorting circuit was abandoned . At dc and low

frequencies , sq u ib shorting is provided by the t ransformer
secondary winding , whose resistance has been measured to be
0 . 0 7 2  ohm.

Soon af terward , it was fo und that MIL—STD- 1385 (NAVY) ,
“Preclusion of Ordnance Hazards in Electromagnetic Fields;

General Requirements for” , s ta tes :  “4.1.2 Alternating power

sources with frequency greater than 10 kHz shall not be used

for the normal initiation of EEDs” . Since one of the users of 4
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the intervalometer is the Navy , the power output frequency was

reduced to 10 kHz. This change increased the size of the

transformer core sufficiently that packaging of the solid

state version was to be quite difficult. Due to the longer

pulse duration of a 10 kHz, 50% duty cycle pulse , it was neces-

sary to abandon the dc pulse amplifier and turn to a modified

push-pull amplifier. With this type of operation , the curren t
level of the primary winding is reduced, thereby reducing the
station select driver requirement. This modified push-pull

amplifier consists of two transistors which are turned on and
off out of phase. The collectors of both transistors are

connected together and then capacitively coupled to each of the

19 output transformers. The modified push-pull amplifier does

not require a center—tapped transformer resulting in a minimum

number of interconnections to the transformer.

3.1.1.2 Logic and timing circuit design began with the squib

select circuitry which was developed using two binary-coded-

decimal (BCD) to lU-line decoder/drivers. These standard

integrated circuits perform the function of selecting one of

nineteen squibs at a time without requiring the use of nineteen

discrete output circuits. A four-bit digital counter and a
flip-flop provide the BCD sequencing input to the decoder!

drivers.

Circuitry to sense for good squibs was developed using a dual

differential line receiver. Problems were encountered in its

use and accurate current sense levels corresponding to open

and shorted squibs could not be established . The problem

appeared to be too high an input offset voltage. No other

integrated circuits with better characteristics could be found

so a current sense circuit was designed using discrete compo—

nents. Transistor and diode junction voltages were used to

establish current sensing levels. Temperature compensation

circuitry including a thermistor was designed to compensate

3—7
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these junctions over the regu i red  operat ing temperatur e ran~ic
of -55°C to 75°C.

A good squib is required by specification to have a resistance

of 1 ± 0 . 3  ohms . Launcher wiring between the switch and tile
sq uib can exhib i t  a resistance rang ing f rom .04 to .87 ohms.
Thus a good squib and wir ing could be from .74  to 2.17 ohms .

As a resul t  tile current sense levels wore chosen to indicate
a short at .7 ohms and an open c i rcu i t  at 1 •4  ohms .

Timing circuitry was initially designed using two integrated

circuit NE555 timers . One was used as a free-running oscilla-

tor which developed the output  frequency and the other was
used as a one—shot to provide the 40-millisecond fire pulse.
Because of problems wi th  the one—shot being t r iggered durinq
c i rcui t  power-up , the design was changed to use a counter in
conjunct ion wi th  the f ree-running osci l lator  and count pulses
equivalent to 40 milliseconds and establish the tire pulse

period . This design was breadboarded and operated successfully.

When the output c i rcui t ry  and logic c i rcu i t ry  were married to-
gether , it became apparent that additional circuitry would be

required to select the precise time at which to check squib

current to decide whether to remain at that output and fire or

step to the next output. Another counter was originally con-

cepted to provide this timing for sensing squib current. A

scheme was developed , however , to use a s ingle  counter to pro-

vide both t iming functions. This counter is a CMOS divide-by-

4096 ripple counter and its operation is described in tile

f ollowing paragraphs.

Tile complete circuit design is shown in the scilefliatic diagram
of Figure 3-2. Referring to the schematic , circuit operation

is as follows :

I
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a. Logic & Sequencing--When power is applied to pin A of

the connector and the LOAD/ARM switch is in the ARM

position , regulators .VR1 and VR2 supply +5 Vdc and

+18 Vdc respectively to the logic and amplifier cir-
cuits. Several initial conditions are established by

the slow rise of voltage at the junction of R6 and

C27. The Q outputs on flip flops U2A and U2B are

preset high. Counter U6 is reset to a count of 0.

Counter U3 is reset to Q thru gate U7A. U6, tJ2B, U9,

and UlO are connected to form a 1—of-20 line counter

and decoder/driver. Line one of U9 is not used since

only 19 outputs are required. Resetting counter U6

and presetting f l ip flop U2B selects line 1 of 20. Ui

is connected as a free running 80 kHz oscillator, and
provides overall system timing . It’s output is con-
nected to counter U3 and gate U4. Output Q3 of

counter U3 provides a 10 kHz drive signal, through
buffers U8C and UBD, to the output amplifier. No

current flows thru the output amplifier with line 1

of 20 selected. A current sense circuit monitors the

amplifier current and generates a low output when the
amplifier current is above or below a good squib ’s

current level. When line 1 of 20 is selected the

current sense circuit senses an open circuit and gen-
erates a low output to inverter U8E. The output of

U8E is connected to gate U4. In addition gate t34

receives inputs from counter U3, oscillator Ul, and
gate U5. These inputs establish the precise time when

the output squib current is checked. If the current H

is not correct at this time the output of U4 will
pulse low and counter U3 will be reset by gate U7A.

• 
.

- U7B will pulse U7C, U7C will pulse U8B, and U88 will
• clock counter U6 to the next higher count. Line 2 of

0 20 will now be selected and the first real squib

3-11
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circuit is selected. If a good squib is sensed the
output gate U4 wi l l  not pulse low and counter U3 will
not be reset. It will continue to count until it

reaches a count of 4096. Then the output of U5 will

go high , the output of U8A will go low and clock flip

f lop U2A and pulse U78. Clocking U2A will transfer

the SINGLE/RIPPLE f i r e  information to tJ7C. If a low
is transfered to 117C , SINGLE fire has been selected
and the gate will be disabled preventing the clocking
of counter V6. If a hi gh is t ransfered, RIPPLE f i re
has been selected and counter U6 will be clocked to

the next higher count. The sequence will then repeat

if RIPPLE fire has been selected .

b. Output Circuitry -- B u ff e r  U 8D applies a 5 volt 10 kHz

square wave to Rl8 which is connected to the base of

transistor Q6. When the collector of Q6 goes low , Q5

turns off and Q4 turns on supplying current to the

output coupling capacitors , Cl through Cl9. When the

collector of Q6 goes high , Q4 turns off and Q5 turns

on sinking current from the coupling capacitors.

Resistors Rl3 , Rl4 , R25 , and thermistor RT1 form a

temperature compensated current element for the cur-
rent sense circuit.

Each decoder/driver output line has an open collector
NPN output transistor with a substrate diode connected

between the collector and the emitter of that transis-

tor. When an output line is selected , the transistor

turns on and switches the primary of the corresponding

transformer to ground . When line 2 of decoder U9 is

selected and the amplifier output is high , current

f lows through Cl, the primary of Ti, and the NPN
transistor of line 2 in the decoder. When the ampli-

fier output is low, it sinks current through the same

3—12
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elements except that the substrate diode in line 2

of U9 provides a reverse current path instead of the

NPN transistor. Capacitor Cl is an ac coupling capa-

citor. Each transformer primary is coupled to the

output amplifier by its own capacitor. The trans-

former turns-ratio is such that a 15 volt peak-to-

peak square wave applied to the primary produces an
output of about 3 volts peak-to-peak to the squib

when that primary is selected by the decoder. The

dc resistance of the secondary is designed to be
less than 0.1 ohm to meet the squib shorting require-

ment when the squib is not being fired.

c. Current Sense Circuitry -- Amplifier output current

flows thru thermistor RT1 and resistors Rl3 R14,
and R25. When the voltage across the series-parallel

combination exceeds .6 Vdc transistor Qi turns on

and supplies current to R7 and RB.

When it exceeds 1.2 Vdc , transistor Q2 turns on and
supplies base current to transistor Q3. Transistor

Q3 shunts the current flowing thru RB to ground and
a low input to inverter 08E is produced. Thus when

the voltage across RT1, R13, R14, and R25 is less

than .6 Vdc all transistors Qi, Q2, and Q3 are off

and the input of inverter USE is tied to ground thru
R8 and is low. This is the “open circuit” condition.
When a voltage above .6 Vdc is present only Qi is

turned on and a high is produced at the input to
inverter USE. This is the “good squib current” con-
dition. When a voltage greater than 1.2 Vdc is pre—

sent, all transistors are on and the input to inverter
LJ8E is low . This is the “ short circuit”  condition.

The circuit arrangement of RT1, R13, R14, and R25
produces a higher output voltage at low temperatures,

3— 13
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for a g i v e n  amplifier current , and a lower output

voltage at hig h temperatures to compensate icr va: ia—

tion in the turn—on voltages for the base-emitter

junc t ions  of Ql and Q2 and diode junction of CR1 ove:

the temperature range.

3.1.2 Breadboard and En9ineering Test Unit Fabr i ca t ion

The circuits designed were converted to hardware in the orm

01 a breadboard - a un i t  that  can eas i ly  be mod i t ied  and

tested dur ing  the f i n a l  design stages.  Tests were conducted ,

minor modifications were made, and when it was felt that the

entire circuit was operating as desired the breadboard was

converted to an engineering test unit - a hardwired unit which
can be handled and put through temperature and field tests.

Thi s eng ineering test uni t  is shown in Fi g ure 3 3 .

3.1.3 Testing

Extensive tests were performed on the cn~iineerin .~i test unit

to prove the design satisfactory prior to prototype packa~iiny

design. These tests covered the unit ’s timing accuracy , (1

actual squib firing capability , and the effects of temperature

and voltage changes on its performance.

Temperature tests were conducted on the unit in a temperature
0 0chamber over the range of -70 C to 100 C. No problems were

found at high temperatures but several presented themselves as

the temperature was lowered. The output amplifier voltage

started dropping off at -25°C and squib firin~.i became mar~iinal .

Resistor values in the transistor output circuit were changed

to provide more base drive and correct the problem .

It was also discovered that the decoder/driver output charac-

teristics change with low temperature and units t rom different L
manufacturers change by different amounts. Those obtained
from National Semiconductor worked over the temperature range

3 — 1 4
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while those from several other manufacturers would not. ThU S

National ’s devices are the only ones being used.

Temperature compensation circuitry developed for the current
sense circuit, discussed previously, was also tested thoroughly

in the chamber.

Voltage tests were conducted over the required operatinç~
range of 20 to 30 volts dc and operation of the unit was sat-

isfactory . Two voltage regulators designed into the unit

supply 5 Vdc and 18 Vdc to the logic and amplifier circuits

respectively. The 18 volt regulator will maintain 18 volts

as long as the input remains above 19.5 Vdc. Since the mini-

mum supply voltage to the switch is specified as 20 ~‘dc no

voltage problem will occur in the unit.

All circuit timing within the switch is controlled by a single

IC oscillator. The frequency drift of this oscillator ~as
monitored over the temperature range of -55°C to 75°C. Tile

drift was so small that switch timing stayed within the speci-

fication limits.

During the testing a number of live squibs were fired with the
switch. In the first live squib test, two squibs were seen as

“shorts” by the switch and were skipped over in the firing
sequence. They were later measured and found to have a resis-

tance of 0.8 hms . The engineering test unig of the switch

was adjusted at that time to sense 0.9 ohms as a short. It

was subsequently changed to .7 ohms and the squibs were all

successfully fired . The oscillograph recordings presented in
Figure 3-4 show the ac firing pulse applied in sequence to
four squibs which were located in rocket positions 1, 9, 10,

and 19. The increase in amplitude of the ac signal occurs as

the squib fires and open-circuits.

Ill
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Ou t put
Line

I t

“SHORT” fir e pul ’~’ Apply lire ~iqna l
A pply lire si gna l to Squib 10
to Squib 9

Squib 19 called
“SHO RT ”

Figure 3—4. Oscillograph Recording of Live Squib Firing
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As soon as breadt~oat d i nq  of the e le ct r o n ic  switch began , i t . I
could be seen that a test set-up which would simulate the

actual t iring 01 squibs in a launcher would be necuss.iry to

save many hours ci t ime in the laboratory . A simple one—Ohm

resistor simulates the initial impedance ci a squtb but since

it doesn ’t “ I i r e ” a nd o p e n — c ir c u i t , the scanning techniques

of the sw i tch cannot  ho checked without Iabo i ious disconnec-

ting and reconnectin’~i ci 19 resistors b r  each simulation ~~1

a full rocket load tiri nt~. Thus a circuit was designed to

simulate a squib’s impedance and firing characteristics.

This circuit was duplicated 19 times and all were housed in

box containing other components which would mate with the

electronic switch connector and would ~;imu1ate thu entire

electrical circuit of the aircraft and launch tube assembly .

In addition, timing circuits were built in to check simply

and reliably for the switch ’s conformance  to specifications
for time—to— i i r~; t— fire and time—between— i i rings.

The completed test set is shown in Fi~iure  3-~4 connected to
the engineering test un i t  of the switch by means ci th~ b lack

cable and tus connector. The white cable, t e rmina ted  wi th
• alligator clips , connect to an e x t e rn a l  power source;  ei the r

• battery for field operation or adjustable dc power supply for

checking the switch ’ s oper at ion  over the specit  iud v olt  aqe

range.

Other con trols on the test ~;eL include:

a. Power—on switch and indicator  lamp . A replaceable
• fuze is provided in the power line .

b. Trigger switch. This sw i tch ~; iiuu iatos  the p i l o t ’s

triqger switch in the a i r c r a f t.  and i i i i ti.ites action

of the solid state switch.

c. Burst Select Switch. This  sw i tch ~io1ects one ci

three time durations f o r  w h i c h  the t r i~i~ier pulse i~
• applied to the SW i tell il l ordo v to check the t c l i  ow in¼l :
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(1) On “1” the pulse is applied for 30 milliseconds.

To meet the specification, the first unfired
squib must be fired within that 30 milliseconds.

(2) On “18” the pulse is applied for 720 millisec-
onds. To meet the specification , less than 19
squibs must be fired during that time.

(3) On “19” the pulse is applied for 885 millisec-

onds and in that time all 19 squibs must be
fired.

d. Sing le/Ripple switch . This switch simulates the
single/ripple switch on the launcher and selects the
firing mode for the solid state switch.

e. Reset Switch. This switch resets all of the squib

simulation circuits back to their “unfired” condition.
f. “Squibs Fired” Indication Lamps. These lamps light

to give an indication of which squibs, 1 through 19,
have been fired.

g. Squib condition switches. One switch for each of the

19 squibs allows the selection of an open circuit,
short circuit, or good squib simulation on that out-
put line from the switch.

Since the squib simulation circuitry requires that a sure-fire

current has been applied for more than 10 milliseconds , as

called for in the specification , before open-circuiting , all

functional requirements of the switch are tested easily and
quickly with no additional instrumentation required and no
operator skills required . A simple sequence of operating

switches and watching for proper lights to li ght will check

out a switch for proper functioning to specifications within

• a minute or so.

Details of the tester , including circuit diagram, are included
- I in Appendix A.

j
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~.2  PROTOTYPE D E S I G N

Design of the prototype switch, of which five units were to
be buil t and delivered under this contract , was undertaken
following the successful testing of the engineering test unit.
Steps in this design were as follows :

3.2.1 Selection of Components

Since all components used in the engineering test unit were

standard items, the same components were selected for use in
the prototypes. Military temperature range versions were

purchased where they were available within the time frame
required. Exceptions were the voltage regulators and output

amplifier transistors which are commercial units.

The possible use of hybrid circuits had been considered
throughout the circuit design phase of the contract. The

originally proposed circuits would not have fit into a package
• the size of the present mechanical switch without conversion

to hybrids.

As circuit design progressed , however , the circuits grew
simpler , with fewer components, and it began to look feasible
to build the switch of standard components and primary efforts

were put toward that goal.

In a lesser parallel effor t discussions were conducted with
several manufacturers of hybrid circuits and cost estimates

were obtained for the tasks involved in converting our circuit

to a hybrid. As prototype package design progressed it

became clear that the circuit of standard components could be
• squeezed into the required package but with difficulty and

tight tolerances. It became evident that a hybrid circuit

would make a unit that would be much easier to produce on a
high volume production line. Thus a hybrid design program

was undertaken to prove the feasibility of the conversion to a

0
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• hybrid and to generate a budgetary cost estimate for the high

volume hybrids .

The results of the program , which do prove the feasibili ty,
are presented in Appendix B. Included is a reliability study

of the proposed hybrid circuit.

Although feasible, the contract schedule and funds dictated

that the five prototypes be built using standard components

rather than converting to hybrids.

3.2.2 Package Design

Packag ing of the ear ly electronic circuitry into the same

• envelope as the electromechanical switch appeared to present
no problem. This circuitry , operating at 1 MHz , used 19 out-
put transformers wound on ferrite cores of .375 inch OD and

.125 inch thick. All 19 would fit in a single row along the

axis of the switch.

When the operating frequency was reduced to 10 kHz, however ,
packaging became very difficult. This lower frequency re-

quired an increase in transformer core size to .312 inch OD

by .250 inch thick. The 19 transformers would no longer fit

• in a single row and required one printed wiring board just

for them and their associated coupling capacitors.

The final package design consists of two printed wiring boards,
a connector, a load/arm switch, and the interconnecting wires
for these components . The main printed wiring board contains
the logic, current sense , and output amplifier circuits and
the voltage regulators. The other, smaller board contains
the output transformers and coupling capacitors. These compo-

nents and their assembly can all be seen in photographs pre-
sented in Section 6.

The two boards , switch , connector , and interconnecting wires
are molded into a single, solid epoxy unit. Location of the

4 ’
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S
~onnector , switch , ~.inJ 3 mountiag luy s ar e identic al to the
present elec~romec~sanica1 unit.

3.2.3 Printed Wiring Boards

The piotutype boards are of conventional double-sided design
wi~~h p lated—throucjh holes for circuit interconnects. They

are made of rigid glass epoxy and the conductive paths have
been tinned for protection and ease in soldering .

For a production version, it is suggested that the two boards
be comb ir4ed during the component insertion and soldering

steps, as outlined in Section 6, to take full advantage of
wave soldering techniques.

3.2.4 Interconnecting Wiring

For the prototype switches, individual point-to-point wiring

was used. Flexible circuits and flat cables were considered

and estimates were obtained from vendors for their possible
use but because of high first—cost and long delivery times

they were not used. They are recommended , however, for the
• f i na l  production version of the switch due to the reduction

in assembly labor possible and the reduction in wiring errors.

3.3 PROTOTYPE FABRICATION

The f ive  prototype solid.state switches were fabricated in
the Ordnance Engineering Division ’s Experimental Electrical
Shop. Fabricati on was done by an electronics technician of

average skill. Steps in the fabrication can be related to

the production line specified in Section 6 and depicted in
Figure 6-6 as follows :

a. Component Insertion -- In the prototype fabrication
all components were inserted into the printed wiring
boards individually and by hand . On the assembly

line a number of them are prepackaged on reels and
would be inserted by machine .

3—2 3
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b. Soldering , Lead Trimming and Cleaning -- For the
prototypes , all solder connections between the com-
ponents and the printed wiring boards were made indi-

vidually by hand . On the assembly line all connec-

tions would be soldered at once on a wave soldering

machine. Lead trimming and cleaning would also be

completely automatic.

c. Board Handling and Hardware Insertion -- No board
separation was required with the prototypes but

stand-of f insertion was identical to the same proce-

dure in the production line.

d. Board Test -- Since no automated tester is available
for testing the individual boards, no test was per-
formed on the prototypes at this stage.

e. Hand Soldering -- Except for automatic wire cutting
and stripping , this operation on the prototype

switches was almost the same as would be performed on
the assembly line. The wires are individually hand

soldered between the printed wiring boards , connector ,
and switch.

f. Assembly — -  This operation of fastening the two

boards together was identical with the assembly line

operation proposed .
• g. Test -- Functional testing and troubleshooting of

• bad units was done in basically the same way that it

would be done on the production line. The automatic

tester described in paragraph 3.1.3 was used for this

test and a similar unit would be designed for the
production line. It allows an unskilled operator to

• quickly and reliably check the completed solid state
switch for proper operation. Timing , proper sequen-

cing, proper squib current for firing , and the abil-

ity to skip opens and shorts are all checked automa-
tically with a “go/no-go” indication to the operator.

p
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Units that failed the f unctional test were given to
an electronics technician to be analyzed with the

normal troubleshooting equipment such as an oscillo-

scope , digital voltmeter , and logic analyzer.
h. Pot -- Functionally good units were then potted in

exactly the same way they would be done on the assem-
bly line except that multiple molds would be used to
meet the required production rate. The units were
positioned in the mold with the connector and switch
firmly held in place. The potting compound was

mixed and poured into the mold . When cured , the
completed unit was removed from the mold .

i. Test -- A final functional test, identical to that
performed before potting, was then run again to
insure that potting had not affected any of the
switch’ s characteristics.

I
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3.4 PROTOTYPE TESTING

Each of the five prototype units, three potted and two unpotted ,

underwent extensive testing of their functional characteristics.

Using the automatic tester, proper timing and squib firing se-

quence were monitored in both the ripple and single-fire modes.

The switch ’s bypass capabilities for both shorts and opens were
checked on each output line.

These tests were repeated for each of the five prototypes at

temperatures of -55°C, -25°C, 0°C, 25°C, 50°C and 75°C. All

functions operated properly over the temper~ture range with the
exception of the short bypass. In three units, sensing a short
at -55°C is marginal and the unit will attempt to fire the short-

ed squib prior to stepping to the next output. This failure is

attributed to the decoder/drivers and their inability to sink

enough current at low temperature to indicate a short to the

current sense detector.
p

Since the engineering test unit and two of the prototypes do

work properly at -55°C, it is felt that all units could be made

to work with proper selection of decoder/drivers with high cur-

rent sinking capabilities. The economics of such a selection

would have to be discussed with the manufacturer of the devices
prior to the commitment of their use in the high volume pro-

duction of the switch.

Two of the prototypes were used to conduct firing tests with
live squibs. One unpotted unit was used to ripple-fire four

live squibs located at output positions 1, 9, 10, and 19. The

test was repeated with the switch at -45°C. Both firings were

successful in all respects. Oscillograph recordings confirmed

proper sequencing and timing .

One potted unit was~ then- u~ed to ripple-fire all 19 squibs. All

squibs fired successfu11y.~i
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All t ive prototypes were then tt ’~;ted accord i nq to the contract
to determine conformance to MIS—23l~~ , 1’~iraqraphs 4.4.1 , 4.4.2,

4.4.3 and 4.4.4.6, as modified by Moditication P00005 to tile

contract. These tests were performod for  both FMC and govern-

ment inspectors.

In general , the test results were considered very succes s fu l

except for those measured under paragraph 4.4.1.2. In this

test the switch is se~;uenced through all 19 positions azi~i at

each position all unf ired pins are checked for the presence ~ f

less than 5 m i l l i vo l t s .  At the start of the test, w i t h  onl y
the first output fired , about ~i0 % ot tile remaining outputs are

under the 5 millivolt limit. Several range from 5 to 7 milli-

vol ts .  As addi t ional  l ines are ‘ fired ” and opened , the noise
level Ofl the remainin.: unfired lines increases until finally
all unfired lines are over the 5 millivolt ~~mit. It appears

that each line opening adds about 0.5 millivolt to each of the

remaining lines and a maximum level of 15 mi l l ivo l t s  or so can
be ob ..ained under the ij ~iht  co:::bin~~t ion  of condi t ions .

Time did not permit investiqation into s~ 1utions to this prob-

lem but it is felt that th~ fo11owin~ would hav e considerable
inf luence :

a. Outpu t wires between the printed wir ing  board and the

connector, which are presently laced in a tight

bundle , should be separat ’d as f~ r as possthle and
perhaps repi -CLd shielded conductors to reduce
cross-c~ up1ing of noise between them .

b. Placement of magnetic sh ie ld inq  material between the

output transformers should reduce any coupling that

may exist between them .

This induced voltage , at a maximum , is s t i l l  less than one—
tenth of the maximum n o - t i r e  volt aq~’ (MNFV ) a l lowed for the
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Mark I squib and is seen by the squib for only the few milli-

seconds that other squibs are being fired. The MNFV of 200

millivolts can be applied continuously for 5 minutes without

initiation of the squib, according to specification. Thus,

the specification for the present intervalometer may be tighter

than necessary in this area.

Data sheets recorded by the inspectors covering all of these

tests for all five prototypes are being submitted with the

hardware.

3
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Two port ions of the c i r c u i t r y  fo r  tht solid state switch are

based upon analog operation and must be designed to operate

within specifications over the temperature range and over the

tolerance range selected f o r  the Components .  These two por-
tions are clock t im in ~: and squib resistance detector.

3.5.1 Clock Timing Tolerance

The clock circuit provides the basic timing for the solid

state switch. It’s output is an ac signal whose frequency ,

through divide-by-N counters , determines the power output

frequency , the fire pulse duration , ripple timing , and the

squib scan speed.

• This clock circuit consists basicall y of the SE555V integrated

• c i rcui t  timer , 2 precision resistors and one precision capaci-
• tor. Timing accuracy depends on the part tolerance , tempera-

ture coefficient, and drift of each component. These factors
• - for the 4 components are listed in Table 3-1.

The specification for ripple timing calls for 35 milliseconds

minimum to 45 milliseconds maximum between stations , or 40 ± 5
ms.

An analysis of the variation in frequency due to the variables

of Table 3-1 and the temperature range of -55°C to +80 0C (when
the 4 components are in their c i rcui t  conf igura t ion  as an
astable multivibrator) is summarized in Table 3-2. This analy-
sis shows that the clock circuit will provide a stable time

base and stay well within the specification

3 .5 .2  Squib Resistance Detector

In the solid-state switch , the squib resistance detector

(current sense circuitry ) determines whether or not a good

squib is present on the selected output line and signals the
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TABLE 3-1

Timing Circuit Variables

• Component Part Temperature Drift
________________  

Tolerance Coefficient 
—

Timer , SE555V

Timing accuracy ±2% ±100 ppm/°C

Resistor, 2K ±1% ±100 ppm/°C

Resistor , 51.1K ±1%

Capacitor , 100 pF ±2% 0 to +70 ppm/°C ±(.05%

~:!~••~~• P !2

TABLE 3-2

Maximum T .aing Circuit Variations

‘variation Specification ,
Temperature MS MS 

-~ _____

—55°C 37.4 to 43.04 35 to 45

+25°C 38.06 to 42.06 35 to 45

+80°C 37.5 to 42.5 35 to 45
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log ic to either fire the squib or continue to search for .~~~Il

acceptable squib. This detector is a “window” type, bypassii~ i

any resistance lower than the window (i.e., shorts) or h iqh c r

than the window (i.e., opens). The resistance for an accep-
table squib and i ts  wi r in q  to the swi tch  can vary  f rom about
0 . 7  ohm to 2 . 4  ohms . Thus, the “window ” should be set to call

any resistance within that range a good squib.

This detector circuit was simulated on a timeshare computer

using models tor the diode and transistors of the circuit.

While the computer will provide a solution , the validity of

the solution depends on a true and realistic representation 01

the circui t  and its elements , especially of the diodes and
• transistors . Actually two circuits were simulated . One, the

dc current  level detector to determine tile switching points

when a load resistor , representing the reflected resistance of

the squib , was varied . The other simulated the output cir-

cuitry consisting of the coupling capacitor , transformer , and

squib. This output  c i r cu i t  simulation was necessary to corre-
late the squib resistance to output current to determine the

values of squib resistance of the window , i . e . ,  the upper and

lower switching points of the current detector.

Many simulations of the current level detector were tried .

The final simulation used latcl:es controlled by the voltage

across diode junctions to simulate transistors. The j unction
voltages were determined by actual measurement of the t ransis-

tor base— emi t t e r  j u n c t i o n s .

Both upper and lower limits of the resistance window at three

different temperatures were determined through computer simula-

tion. The three temperatures correspond to the operat ing envi-
ronment of the solid state switch , .e., -55°C, 25°C and 80°C.
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The results were:
SQUIB RESISTANCE (ohms)

“Window” limit -55°C +25°C 80°C

Upper 2.0 2.3 2.5

Lower .55 .63 .71

These results indicate that the squib resistance detector can
determine acceptable squibs but the variations with temperature

fall, slightly outside of the desired range.

Since the computer solution is dependent on the validity of

the models used , the variations indicate that further simula-
tion with more accurate model parameters, determined from
actual testing of the semiconductor devices, is necessary .

~

?
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SECTION 4
RELIABILITY ANALYSIS

A reliability analysis was undertaken of the static switch
design to establish a predicted value of Mean Time Between

Failures (MTBF) for the unit. The analysis included a worst—

case stress analysis of the circuitry , evaluation of the
qual ity level of parts used , and a compilation of predicted
failure rates.

Based on available information relating to the quality level of
the purchased electronic parts, the following is a summary of

the predicted MTBF for the static switch. The three values

shown reflect different screening levels and testing which can

be performed on the integrated circuits.

IC Qual. Level MTBF

Commercial 5,187 hours
MIL—M—38510, Class C 23,733

• Vendor Equiv., 883B 28,257

• 4.1 CIRCUIT STRESS ANALYSIS

• • A worst—case stress analysis of all electronic components was

performed utilizing logic diagram SKAM 8175 as the basic cir-
cuit schematic. In general, Stresses were computed based on

conservative approximations of voltage and current levels

applied , such that in most cases the computed stress levels are
probably higher than will be experienced in actual operation.

Even so, with few exceptions stress ratios (i.e. the ratio of
actual to rated electrical stress) were found to be consistent-

ly low, with approximately 75% of the components experiencing

stress of 25% or less of rated major electrical parameter value.
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4.2 RELIABILITY PREDICTION

The predicted values of failure rates are based on the data and

methods of MIL-HDBK-217B. En determining the value of the

various mul tipliers , the following assumptions were made.

a. The environment was considered to be “A ircraf t, Uninha-
bited Area” in determining the environmental mul tiplier ,

b. Maximum temperature was assumed to be +71°C, based on
the requirement for testing to MIL-STD-810, Method 501,

Procedure I.

c. Failure rate levels for  the established reliability (ER)
parts were assumed as level R for resistors and level M

for capacitors.

d. The 2N290~ and 2N2222 transistors were considered as JAN

devices , while the lN400l diode and the 2N4918 and
2N492l  transistors were assumed to be commercial quality
level.

e. Integrated circuits were assumed to be military tempera-

ture range , but of commercial quality . However, addi-

tional computations were made considering IC ’s to be

MIL-M—385l0 , Class C qua l i ty , and also for screening to
MIL—STD-883 , Class B.

f .  Cycling rates for the connector and the Load/Arm switch
were assumed as less than 40 cycles/b OO hours.

g. The temperature rating of the transformer insulation

was assumed to be 85°C.

Based on the above assumptions , the circuit Stress Analysis
sheets presented in Appendix C, list tile predicted failure rates

for each component in the static switch. An MTBF value may be

calculated by taking the reciprocal of the summation of the
individual fa i lure  ra tes :

a
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1MTBF = ________

~ FR b 9 2 . 7 9 lX l 0 6

= 5,187 hours

It should be noted that this figure is merely the predicted

mean time between random failures of individual components; it
does not necessarily imply that the switch will  f a i l  to func tion
properly, or at least adequately, after that number of hours.
Since a failure mode and effects analysis was not a part of this

ef fort , it is unknown what the e f f e c t  on system performance is
for failure of each part. It is likely , however , that failure
of some par ts due to dr i f t  of some parameters out of tolerance ,
would not always preclude adequate output. Nevertheless, the

MTBF value does give a relative picture of the switch rel iabi-
lity.

The major contributors to the total failure rate are seen to be

the integrated circuits, which account for about 87% of the

summed value.

This is due largely to the assumption of commercial quality ,
resulting in a quality level multiplier of 150 for these devices.
If the IC’s are purchased to the requirements of MIL-M-385l0,

Class C, this value drops to 16, resulting in an increase in
MTBF to 23 ,733 hours. Further , since the specification, par.
3.7, calls for testing of all microelectronic devices to MIL-

STD-883 by the contractor or a subcontractor , it may be logic-
ally assumed that the IC’s will be screened at least to the

vendor equivalent of MIL-STD-883 , Class B. In this case, the

quality level mul tiplier may be further reduced to a value of
10, resulting in an MTBF value of 28,257 hours.

C
4 — 3

• • -• • _-————-• ._ •—_ -—- ——.- • _ -- -• ~~~~~~~~~~~~ •~~~~~0 • — * , --- . • . •  P—-~~~~~ --- - • - . - • •-~~ - -e.~~--~ ’—

• • _ • • • — • _

.

--• •--

~

--- —• —- __ i _— --._— -- ••--- --— ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~



• 
- • _ -.--— • - __ 

~~
_ • • --_ _ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~—~--~~~~~~~~~~~~~~~~~~~~~~ ------ _- - ~,‘

4.3 OPERJ’.TING CYCLES

It is recognized that the system operating hours , that is, the

total time during which the circuit is energized , is not the
• parameter of major interest. Rather, since the unit is essen-

tially an intermittently pulse-operated switch , the number of
f i r ing cycles is a more useful indicator of unit reliability.
Since the circuit is energized only when the trigger switch is

closed, and since the closure time of this switch may be only a

• fraction of a second on many closures, a direct translation of

• operating hours to cycles will probably lead to an unrealisti-

• cabby high number of cycles between fa i lures  (MCBF) . Since the
circuit will experience considerable capacitive and inductive

transients during pulse operation , the stresses on many parts

will be greater, in sum , than if the circuit  were to be contin—
uously ene rg ized . Although the scope of this e f f o r t  did not
allow for system analysis to the depth required for a precise

quantitative determination , it is estimated that at least a

factor of ten is required to reflect the transient effects

mentioned . Knowing the timing of the system , a total time to

cycle through all switch positions can be determined and from

this value an approximate translation to cycles per operating

hour computed .

4. 4 RECOMMENDATIONS

a. The variation in the quality level of the integrated

circuits depending on screening level used has been

discussed above . It is recommended that screening of
the IC devices be undertaken to a level equivalent to

MIL-STD-883, Class B. This will provide a substantial

increase in the predicted values of MTBF and MCBF , and
in part icular  wil l  detect those devices prone to infan t
mortality .

J
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b. It is further recommended that all capacitors be pur-
chased to ER level R as are the resistors. While this
will achieve only a relatively small increase in MTBF,
about 5%, it does provide added confidence, and would be
consistent with the resistor quality level.

c. One capacitor , C22, acting as a filter at the output of
the l8V regulator , is stressed to 90% in voltage. It is
recommended that a 50V rated unit replace the current
20V rating.
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SECTION 5

EMI ANALYSIS

5.]. SUSCEPTIBILITY OF THE SQUIB

For reasons of safety and reliability , the current induced

• through the squib from unwanted external sources must be

kept as low as possible. The maximum no-fire current for

the Mark I Nod 0 Squib is 200 milliamperes. Normal practice
is to limit the current to 10% to 15% of the maximum no f ire

• current. Therefore, maximum current should be limited to 20
to 30 milliamperes.

For this analysis, squib current level will be the criteria.
The Mark I Nod 0 sensitivity to RF current has been shown

to be the same as its DC sensitivity. Therefore, there will
be no safety factor added for the RF currents.

5.2 RADIATION FIELD ENVIRONMENT

The maximum far field electromagnetic radiation environment

for electroexplosive devices as required by the three

services (Army , Air Force and Navy) are different. The Army

requirement for this analysis was taken from a document,
“Electromagnetic Radiation (EMR) Interim Criteria for
Missile Systems ” , received from MICOM wi th a letter dated
11/19/75. The Air Force requirement was determined from

sections of NIL-STD-1512 and AFSC Design Handbook DH2-5.

The Navy ’s requirement is contained in MIL—STD—1385. These

requirements are summarized in Table 5-1.

Since the launchers are to be used by all. three services,

the requirements were consolidated into one table. The con-

solidated requirements are shown in Table 5-2 at the frequen-

cies of interest.

5—1
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TABLE 5-1. ELECTROMAGNETIC FIELD CRITERIA

Average Power 2
Service Frequency (MHz) Density (Watts/Meter )

Army 0.1 — 100 26.5

100 — 12,400 106

Air Force

.03 — 40,000 100

Navy

Communications
0.25 — 0.535 239

2 — 32 26 .5

100 — 156 0.1

225 — 400 0.1

Radar

200 — 1215 100
1215 — 1365 50
2700 — 3600 780

5400 — 5900 1050

7900 — 8400 1750

8500 — 10440 1500

33200 — 40000 40

L - • •~~~~~~~~~~~~~~~~~~~~~~ • •1~~~~~~~~~~~~~ A
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TABLE 5-2 - POWER DENSITY REQUIREMENT

Average Power 2Frequency (MHz) Density (Watts/Meter

.030 100

.100 100

.250 239

.535 239

2 100
32 100
100 106

225 106

1.215 106
2700 780
5400 1050

7900 1750

8500 1500

40 , 000 100

The near field environment is not covered by those documents

covering the far field. In order to study this area, an

assumption is made. Due to the low impedance involved , the

magnetic inductive field is of primary concern. For the

induction coupling , the current level in the nearby conductor

is assumed to be 25 amperes, and the separation between the

launcher and the conductor is assumed to be 40 inches (approxi-
mately 1 meter).

5.3 SHIELDING

The launcher skin of aluminum , 40 mi ls in thickness , provides
the shielding for the solid-state switch. However~ the skin

C
5—3

_ _  - 

~i1~
_j ~_



- .~~- •
• -~~~~-~~~~-~~~- —~ --—-

- ~~~~~~~~~~~~
--

should not have any openings. Where openings are necessary ,

such as for access doors, a covering for the opening should
provide low impedance path by use of RF gaskets and conductive

surfaces.

5.4 SQUIB CIRCUIT WIRING

The squib circuit wiring is assumed to be similar to a monopole
with the squib bridgewire being the load. The length of the
AWG 20 wire varies from 11 inches to 34 inches. The spacing

between the wire and the return, which is the launcher struc-
ture and skin, is assumed to be .125 inch. For this analysis

the longest lead (34 inches) will be used. This will provide
a lower sensitive frequency when using the monopole antenna
concept.

5.5 FAR FIELD ANALYSIS

In the far field region the squib and its associated wiring is
assumed to be a monopole with the squib being the load. The
squib resistance is 1 Ohm , and the wiring varies in length from

11 inches to 34 inches. We will consider the longer length due
to its larger susceptibility within the rocket launcher. It is

important for effective shielding that the aluminum skin be
continuous without any openings. Being continuous becomes

• increasingly important at higher frequencies.

The power delivered to the squib is given as ,
WR ~A 

X S x AE

Where WR = Power available to squib (watts)

= Power density to electromagnetic radiation
field (Watts/Me t 2)
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S = Shielding loss

= Effective aperture of squib wiring (Meter2)

In order to consider the wors t case condition , it is assumed
that there is no mismatch between the antenna (the wiring ) and

the load (the squib). The characteristic impedance of a lead ,
.032 inch diameter, separated from ground by .125 inch is

approximately 164 Ohms. The radiation resistance for a quarter
wave monopole is approximately 36 Ohms . In reality then, there
is a mismatch , and this assumption will result in a higher cal-
culated squib current than actual.

The gain of the antenna is assumed to vary with frequency. At

quarter wave frequency , f0, to 7 times f0, the gain is constant.
At frequencies below f , the gain increases 20 dE per decade.

The squib wiring is assumed to be a quarter wave monopole which
has a gain of 3.28 above an isotropic antenna. The use of such
a high gain will provide a margin of safety. Using the gain ,
effective aperture area is determined by,

A (meter2) = G x 3.28 x 2
• e R

4~r
GR = Relative antenna gain , varies with frequency

N = Wavelength , meters

Shielding effectiveness can be defined as the total attenuation
of the RF energy in attempting to penetrate a barrier. This

shielding loss , in dB , is generally expressed as:
• S ( d B ) = A + R

Where A = Absorption loss (dB )

• R = Reflection boss (dE)

C
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The absorption loss , A , is determined by the material , its
thickness and the frequency of radiation.

A (d B) = 3.334 x lO~~ t

where: t = thickness in mils

f = frequency, in Hz .
= relative conductivity , (referred to copper)

/1 = relative permeability (referred to free space)

For this squib susceptibi~.ity analysis, the aluminum skin of

the rocket launcher is assumed to be 40 mils in thickness.

For aluminum a is 0.61 and1U is 1.

The reflection loss, R, is the result from the mismatch of the
impedances at the air-to—aluminum interface seen by the elec-
tromagnetic wave. This loss was determined using procedures

in NAVWEPS OD 30393, and becomes greater as the frequency de-
creases.

For this analysis, the more significant loss is used in deter-
ming susceptibility . That is, at frequencies up to 1 14Hz, the

• reflection loss is used; above 1 MHz, the absorption loss is

used. Utilizing these losses the squib current is calculated

from ;

WR = I SR ;

Where WR = Power available to squib (watts)

= Squib current (amperes)

R = Resistance of squib (one Ohm for the Mark I
Mod 0.)

with the shielding effect of the aluminum skin of the launcher

taken into consideration , the squib current levels are below

the required criteria of 20 to 30 milliamperes maximum. The

induced squib currents at the various frequencies are listed

in Table 5-3. i
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TABLE 5-3 INDUCED SQUID CURRENT

Freq. Power Shielding Relative Squib

MHZ Density Loss Antenna Current
W/M 2 A R Gain Ampere

dB dB dB

.03 100 121 —70 1.44 x

.1 100 116 —59 2.73 x l0~~

.25 239 112 —51 6.71 x 10~~

.535 239 108 —42 1.40 x b0~~
2 100 150 —33 5.43 x b0~~
32 100 590 —9 5.37 ~

100 106 1040 0 1.58 x 1o 51

225 106 1560 0 7.01 x io 78

1215 106 3600 +6 2.59 x 10 180

2700 780 5400 +13 7.08 x bO 270

5400 1050 7650 +19 2.59 x 10 382

• 7900 1750 9250 +22 3.23 x 10 462

8500 1500 9600 +23 9.86 x 10 480
• 40000 100 20800 +35 2.15 x b0 1040

5.6 NEAR FIELD ANALYSIS

In the near field the analysis is directed toward inductive

coupling of the squib lead to the magnetic field. The induced

voltage is given as,

— 3.19 x io 8 f L i in

5-7
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When e = induced voltage (volt)
f = trequency (Hz)

L = length of coupling (inches)

i = current in nearby conductor (ampere)

r1, r 2 = distances from conductor (inches)

~~~ r4 ~~~~~~~~~~~~~~~~~ L 
~~ r4

_ _ _  _ _ _L

~~~~~~~~~~

For this analysis, it is assumed that L = 34 inches, 40

• inches, r2 = 40.125 inches and I - 25 amperes. Therefore,

e = 8.46 x io 8 f volts

The far field region is defined as the region whose distance

is one wavelength beyond the transmitting antenna. Therefore,

the near field will be assumed to be the region within one

wavelength. Since we have previously assumed that the distance

from the conductor is 40 inches , our analysis will be limited
to frequencies whose wavelength is 40 inches or more. The cut-

of f f requency is approximately 300 MHz. At higher frequencies
the region at 40 inches becomes far  field , and the far  field
analysis will hold.

Due to the aluminum skin of the launcher whose thickness is

40 mils , there is sufficient attenuation to protect the squibs.
The squib currents due to the near field inductive coupling

are listed in Table 5-4

5-8



TABLE 5-4

Freq. (MHz) Rh (dB) I~ (current,  ampere)

.030 57 3.59 x 10 6

.100 62 5.34 x b0~~

.250 66 1.06 x l0~~

.535 70 1.43 x b0~~
2 75 3.01 x 10~~
32 87 1.21 x

100 92 2.13 x b0~~
225 96 3.02 x

300 97 3.59 x 10~~

In the actual circuit there will be in series with the squib
the output transformer ’s secondary winding. The added impe-

• dance of the secondary winding and the transf ormer leakage
inductance will decrease the squib current further. The total

of the two inductances has been measured to be approximately

104 microhenries.

5.7 CONCLUSIONS

Based upon the above analysis, it is concluded that the Mark I
• 1od 0 squibs are safe from ignition and dudding when shielded

by the launcher ’s conductive outer skin. The far field

analysis indicates that the maximum squib current is less than

1% of the maximum no fire current (200 milliamperes). In the
near field the maximum squib current is less than 2% of the

maximum no fire current. These current values were determined

with optimum conditions, and in real ity wil l probab ly never be
• encountered.

L
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It is imperative, though, that the enclosing outer skin have
minimum number of openings , and these openings should have
conductive covers providing a low impedance path to RF by use
of highly conductive gaskets, surfaces and finishes.

References used in the preparation of this analysis are pre-
sented in Appendix D.
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5.8 EMI I~~~~ING

To obtain some veri f ication of the above analysis , one of the

prototype solid-state switches was subjected to EMI testing at

a subcontractor ’s test facility . The unit was mounted in a

rocket launcher along wi th one iner t rocket wi th a one ohm re-
sistor simulating a squib i nserted in it.

A transducer to monitor actual squib current induced by a radi-

ated field was installed near the switch. It ’s output was
brought out to measuring instruments , located outside of the

screen room , through a specially made access panel and rigid

and flexible metal conduit. Figure 5-1 shows the test set-up

with the launcher mounted within the radiating antenna used for

susceptibility measurements at frequencies up to 200 megahertz.

Although testing was not quite complete at the time of writing

this report , all squib currents measured were wel l below the
no-fire current specified for the squib and thus it is felt

that no hazard is presented by use of the solid-state switch.
Measurements under several sets of conditions were taken on
both the solid-state switch and the electromechanical inter-
valometer. Squib currents were comparable and in some instances

the solid-state switch currents  were lower.

Preliminary test data sheets of tests performed to date have
been included iii Appendix D. The f inal EMI test report , to be

received from the subcontractor w il h i n  a few weeks , will be
forwarded at that time .

C
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SECTION 6
I

PRODUCTION LINE DESIGN

A so1id~state switch , which sequentially provides the electrical
energy to fire nineteen rockets, has been developed as reported
in previous sections of this report to replace the existing
electromechanical intervabometer. The objective of this part
of the report is to establish a production line concept to manu-

facture one thousand solid state switches per week. To fulfill

this objective, lists, photos, drawings and specifications will
be provided as required to specify the production line. The

production environment and production and test equipment will be

identified and test equipment calibration control requirements

will be discussed .

6.1 INTERVALOMETER DESIGN

The complete assembled electronic switch is shown in Figure

6-1. Only three features distinguish the completed unit as

being anything but a solid block of potting material. A man-

ually operated control knob is provided to arm and dis-arm the

unit as required, an electrical connector provides an electri-

cal interface with the rest of the rocket system and three

threaded inserts are molded into the body to provide a mount-

ing means.

The unpotted unit, in contrast, looks like and is a collection
of integrated and discrete electronic components as shown in

• Figure 6-2.

6.1.1 PARTS

The completed electronic switch requires a total of 95 elec-

tronic parts plus 7 individual pieces of hardware and 48 inter-

connecting wires.

Fifty-three of the electronic parts, or 57% can be identified

as machine insertable into the printed wiring boards. These

6— 1

- . - -  ~~~~~~~~~~~ ~~~~~~~~~~~~~~~ L .~~ - . •~A ~~~~~~~~~~~~~~ - L



cc~~~~~~~

Figure 6-1. Comp lete Switch Potted
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Figure 6—2. Switch Unpotted
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are :

24 Axial lead ¼-watt resistors

1 Axial lead diode
(Same physical size as ¼-watt resistor)

19 Axial lead capacitors
(Same physical size as ¼-watt resistor)

5 (16) Terminal DIPS

5 (14) Terminal DIPS

Forty of the electronic parts, or 43% are considered to be
machine insertable only at considerable added cost and thus

will be inserted by hand. These parts are:

8 Capacitors

6 Transistors (signal)
2 Transistors (power)

1 Thermistor

1 Resistor
2 Regulators

19 Transformers
1 DIP (8 terminal)

One switch and one connector bring the total number of elec-

tronic parts to 95.

6.1.2 BOARDS

All insertable components go on the logic board except

19 Axial lead capacitors

19 Transformers
which go on the output board. The completely assembled logic

board and output board are shown in Figures 6-3 and 6-4 res-

• pectively.

6—3
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Figure 6-3. Completed Logic Board
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Figure 6-4. Completed Output Board
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6.1.3 WIRING HARNESSES

Terminals 1 thru 9 of the logic board connect to terminals 1

thru 9 of the output board with a single harness.

In the same way terminals 10 thru 19 of the logic board con-
nect to terminals 10 thru 19 of the output board with a single

harness.

Two additional wires connect the AC bus and ground of each

board together and constitutes a 3rd harness.

The connector is prewired with the fourth harness consisting

of 24 leads. 20 of these leads connect to the output board

and 4 leads connect to the logic board .

6.1.4 ASSEMBLED UNIT

With the four harnesses mentioned above wired into position,

all that remains to complete the assembly is to connect 3
leads from the switch to the logic board and fasten the out-

put and logic boards together mechanically using the two

standoff s swaged into the logic board and two screws. Figure

6-5 shows the completed assembly before and after mechanical

coupling of the boards.

6.2 PRODUCTION LINE SPECIFIED

To produce 1000 solid state switches per week in an essential-

ly serial manner, one switch must appear at the output end of

the line at the rate of one every 2.1 minutes, based on 35
hours per week of actual production. Therefore, 1000 units

per week will be produced if the duration of each operation,

including material handling, that makes up the production line,

averages out to 2.1 minutes, as a maximum.

In the allocating of stations within this production line,

time estimates for doing manual tasks are based on FMC derived

time and motion studies. For tasks involving machine

6—6 
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operations, the vendor ’s stated production rates are used.

The electrical/electronic parts used in this production line H
are assumed to be good , having been tested and burned-in by

the supplier. Parts can be purchased in this manner at a

small premium cost per part. If parts were not pre-tested

and burned-in , it would be necessary to add work stations to

accomplish this task .

A.xial lead, machine inserted parts will be obtained from the

vendor taped and on reels with the parts sequenced in the

order that they go into the board. Automatic sequencing of

parts onto taped reels, if done as part of the production ,

would require a considerable captial investment.

Integrated Circuits (IC’S) are assumed to be obtained already

in slide magazines.

Manually inserted components are assumed to have their leads
already cut to length and pre-formed in a manner that will

apply spring tension between the lead and the plated through

holes of the board . Some companies, such as Heller Industries ,
• Inc. ,  specialize in supplying components in this configuration.

Printed circuit boards will be assumed to be supplied already

inspected and tested for shorts, opens and correct plated
through hole resistance. The manufacture of printed circuit

boards would require a separate production line approximately

equivalent to the line proposed. Suppliers of printed circuit

boards regularly inspect and test their product. Therefore,

it should not be necessary to repeat this function on the pro-
• posed production line .

The proposed solid state switch production line can be ordered

into the following processes, as shown in the flow graph of

Figure 6-6:

6— 8

L



~ ri_ -- 
• • -

~~~~~~~~~~~~~~~
.• • - . ~~~~~~~~

COM P()MEAI I 7TNcP ~k’// oA/

~~~
— A ~ I f~i L ~ r ‘-‘h ~Th

L (F % T)  I
r~io. OF OPER Aro~~ 

(I ’) (i S
) ((s)

I~ TDU~J]
~~ b. ___

~~~ __ ___c ~~. n 1
_ _ _ _ _ _ _ _ _  

~~~ TR4~J~~~ 1’~~-~L

IN5~.RT I _______

(~~~pu~~ 
~~ 

OIOb~ j  
.j ~r~~u t 4 r ~ _ _ _ _

SEQ. LC

Mfl~~. a

L EG E N !~ ~



—

~~~~~~~~~~~~~~~~
.
~~~~~~~~

—- -
-

~~ ~~
— 

~ C) L Of (? lsU 
~~~ 

LE4D 7~ lAfM/1IG —~ ~
- (3OAR/) l1/$NbLIP,J4 - 

~ ~ — BOA R h TES T -

~ CLE4M/N~ ~• IN S~ ..1L1IO?J

• 

( I)  ( I )  (z~)

p 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ !wcpFGi~~~ -

SPOOLF_b tPJIRE Ct.’T
sc~iP

— M / - T r~r2 s A 1  ~u r ’P t 1 F~r~ P R O D b C T ~~OP ~J P

—
~ 

•
~~~

• 
~*4 ~~~~~~~~~~ ~~~~~~~~~~ 

• I • • • •  ~ •~~S • • . 

- ----I ____ ____



I -•—.-

~~~

-—.—- _ _ _  

_ _

TE.ST -
~~~~~~~~~ 

,qANr)

(2. )

TF-~7

ov~rrui ~~~~

LOC4T~~ ~ t*J ~~~T~T U) 12EJ cM ONE ~‘1~~
OF COMV~~V/’ft - CL/ i1 £L /lU ~~ / d ñ’ ~~‘) ~~~~ 7Z

- c7,~~Tl c,.~ ~ ,~v CO,~vPI yt/~~

~~ FE (.1 ~ .
~~ 

L___ - CW . 1___J~~ NtY~ ~
L_____J

~
- 

LDGI(.- ~~ 
L~~~

j 1 T 0  (‘UTPLfl t3~~. L

CONN~~ bWITCl~

HL:JR~I1

~ FRODbCU O~ i PR OC( 5~~~ 
A U 1O Mf l i i~~ M~~C / . w  

~~LJ ~~~~~ *V -



S. 
I . .

• 
—-- -~~- 

— _____

‘C  TP . T— ~~~--- P9T ‘c— Tf ~i7 -
~~~~

- 
(~

) (. 2) (2)  ( 1 ’) ThTAL.

D~~~ I2~D
Iii~~T I  ~AD

• UPJfl)

_  

1’ 

_ 
_  _

c’OTtIkSL
cc’ M P

NWPJ

M f l u i ~~ Mft C I~w1. D~~5) PT ( j , ,i~I

Fi~~uLi~ 6—6. s~i id ~ t u~~ ’ switch As~~t’rn1~1V LIflt* F

6— 9

~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ 
- •.-.-——-- 

• ~~~~- •~~~~ --- - 
. . . • .•• • ‘ ,- • • • 

•



F— T~ T —) 

~~~
— 

/~~~
)T 

~~~ YE $7

(2) (2) (1 
~ TOTAL ~

D)~C*IlD

~AD

1 u~~~
] 

_ _ _ _ _

-t 

_ _  _
[~~T 1 [[~~M,’r.

1IJ~±J 1~ i

• c’OTtII~J&
CC M P

I4*DN~

~tOC7gr, ’J

Fi~~urc 6—6. Solid State Switch Assembly Line Flow Grz~ph

6-9

1. . -• — .•—‘---••——-—•--•..- • -- — •—‘~— -••-*-•-•-—--—.-.-- • •
~ — •-— • - -•- --. -—-‘-•-—- —.—..-~— - •.•• -.— ———-~••.----- -••--• •--~•-- ••— • . 

•



_ _ _ _ _ _  

________________ -~~~~

• Component insertion

• Machine soldering, lead trimming and cleaning

• Board handling and hardware insertion

• Board test

• Hand soldering

• Assembly

• Pre pot test and trouble shooting

• Potting

• Final functional test

Each process will be discussed in the order it is accomplished L
on the production line.

6.2.1 COMPONENT INSERTION

An axiom of the trade is that the greater the number of inser-
• tions per pass through an automatic insertion machine, the

• 
• greater will be the economical advantage in using the machine.

Because of this , it will be most economical to group several
• small PC boards together for the insertion cycle . The point

then arises as to how the boards should be grouped (i.e.,
• output boards together, and logic boards together or output

and logic boards together) .

In deciding how to group the PC boards , the following points
were considered:

• The output board has (19) identical axial lead compo-
nents to insert which are all oriented the same.

Therefore, no sequencing of these parts would be neces-
sary and one pass through the machine would be all that

is required.

• The logic board has only (8) axial lead machine inser-

• table components in one orientation as opposed to (17)

in a second orientation . The percentage of parts in-
• serted with each pass will be closer if the logic and

output boards are combined .

• 6—11
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• One axial lead insertion machine will easily meet the

required production rate. Therefore, there is no

advantage in dividing the work load between two

machines.

Based on these considerations, one logic board and one output

board were grouped together and treated as a single board in

the initial steps in this proposed production line.

Component insertion can further be categorized by component
configuration as axial leads, dual-in-line pin (DIP), and non-

machine insertable (manual).

~
‘ . Axial Lead

Machine insertion of axial lead components is accom-

plished with an insertion head that holds the indivi-

cual  component by its leads. The component leads are
cu~ to remove the component from the tape reel. The

insertion head forms the leads and pushes the formed
icads into the board holes. Another head works from

ur.der the board to cut arid clinch the leads.

~:xe consideration in carrying out the- above operation
is that the head generally has a fixed orientation to
the board so that only the components that are orien-

ta~.ed the same way can be inserted in any one pass of

the board through the machine .
• 

~~ second consideration is that of lead span , also

~‘alled center distance of each component. If the lead

span is the same for all axial lead insertions a
Fixed Center Distance (FCD) head can be used to insert

• the components. If only two lead spans exist, then a
• Dual Center Distance (DCD) head can be used. Another

option is the Adjustable Center Distance (ACD) head.

A fourth option is to use a Variable Center Distance

(VCD) head to insert axial lead components ; however,

6— 12
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• 
a VCD machine requires computer control to position
the two ha lves of the inser tion head at the proper
distance apart for each component as required .

Axial lead components will be inserted into the logic

and output board combination in two passes of the X-Y

table (and board ) under the head as shown in Table 6.1

A total of 44 axial lead components will be inserted

per logic-output board combination . To manufacture

1000 solid state switches per week (using a 35 hour

week), 44,000 components will be inserted per week

which is equivalent to 1260 insertions per hour.

To meet this insertion rate, a Universal 6222 Adjus-
table Center Distance Pantograph Insertion Machine is

selected . The manufacturer claims an insertion rate

of 2000 component insertions per hour.

b. DIP

As in axial lead insertion , DIPs are held in an inser-

tion head by gripping the leads. An X-Y table moves

under manual control , carry ing the PC board to a
series of positions as directed by a pantograph tem-

• plate . A more sophisticated system has the X-Y table
moving under computer control to increase insertion

rates.

The proper DIP for  insertion is manual ly or automati-
cally selected from a rack-type magazine.

A DIP insertion gun is available wh ich feeds f rom a
single slide magazine . The claimed insertion rate is
120 IC’s per minute which would be very adequate. The

process of manually positioning the gun to the proper
• point over the board for  insertion would appear to

require considerable skill , however .

~
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TABLE 6-1 - MACHINE INSERTION OF AXIAL LEAD COMPONENTS

Pass l Pass 2
• CR1 R2

R9 Rl
RiO R22

Ri R20
R8 R5
Ril R6

Rl2 R3
R18 R4

R25 C8

Rl3 C7

R14 C6

Rl7 C9
• Rl5 C4

R24 CS

R21 C2

R19 C3

R23 Cl
ClO
Cli

Cl2

Cl3

Cl4

C15

• C16

Cl9

C18

C17

6—14
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DIP components will be inserted into the logic portion
of the logic and output board combination in one pass
of the X-Y table (and board) under the head in the

order that follows: U4, U3, U5 , U8, U2, U7, UlO , U6 ,
U9. A total of 9 DIP components will be machine inser-

ted per logic-output board combination. 9000 compo-

nents will be inserted per week which is equivalent to

258 insertions per hour. To meet this insertion rate,

a Synergistic Econodip Model 2300 Pantograph Insertion
Machine is selected . The manufacturer claims an inser-

tion rate of 1000 component insertions per hour.

c. Manual

There are two basic approaches that can be taken for
manual component insertion. One approach is to let

one operator insert all the different components in

the b~ard . The other approach is to let one operator

insert just a few components of a particular type.

The assembly approach taken here is that of a group
operation , progressive line (essentially the second
approach above). This is one of the most efficient

methods of assembling components into a printed cir-
cuit board . A group of operators , working indepen-
dently and performing an assigned set of work tasks,

is utilized. A printed circuit board is conveyed from

operator to operator via conveyor belt.

In-house FMC time and motion studies indicate that for

this progressive line, an average of 212 components

inserted per hour will be a base-line minimum.

To insert the 40 non-machine insertable components by

hand will require 11.4 minutes.

To manufacture 1000 solid state switches per week ,

40 , 000 components will be inserted per week at the

* 
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average rate of one component each 17 seconds. There-

fore, 11,350 minutes or 190 hours per week will be

required to complete the 1000 units.

For a 35 hour week, six people will be required to

expend the 190 hours in one week.

In deciding which components will be inserted at each

station the following was considered:

• For 40 components inserted and 6 people to do

the inserting , each person will insert an aver-

age of 7 components , to divide the work load
evenly.

• Inserting like components is more efficient

than inserting un-like components.

Based on the above considerations the component inser-

tion groupings are as shown in Table 6-2.

To create a smooth running manual insertion progres-

sive line, the Electrovert Ipac In-Line Assembly
Conveyor is specified . The conveyor rate of travel

will coincide with the required production rate of

212 components inserted per hour. Boards will be

loaded onto the conveyor at the loading end of the
conveyor and as they move past the operators, the
components will be selected from convenient bins and

inserted in the printed circuit board .

The 18’ Model Ipac -18 conveyor is specified . This

will allow ample space for 6 operators to work at the

conveyor.

J
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TABLE 6-2 - HAND INSERTION OF COMPONENTS

L 

Operator Components Inserted 
-

1 Q2 , Qi , 06 ,
Q3 , Q7 , Q8

2 C21, C22, VR2,

C20, C25, VR1,

C24 , C27 , C26 ,
C23

3 TI , P2 , P3 ,

• T4 , T5 , T6

4 T9 , T8 , T7 ,
Tb , Til , T12

• S T13 , T14 , T15 ,
T16 , T19 , T18

6 T17 , Ui, RT1,
Q5 , Q4, R16

1-
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6.2.2 MACHINE SOLDERING

There are approximately 442 individual solder points on one

• logic-output board combination. If one connection point is

soldered each 10 seconds it will take about 74 minutes to
solder one combination board. Since this is more than six

times the time required for manual insertion, about 30 people

would be required on a progressive line to meet the production

rate. Obviously, hand soldering is not economical where a
wave-solder station can be incorporated into the line.

The Ipac In-Line Assembly Conveyor specified previously is

fitted with an inclinable unload to allow interfacing directly

with the conveyor of a wave-soldering system. This allows

completely assembled circuit boards to move from the assembly

conveyor to the soldering system conveyor. With this system

there will be no opportunity for components to become dislodged
because of board handling.

—

The Electrovert Model 724 Inclinable Frame Conveyor-wave-solder

System is specified to perform the printed circuit board
soldering function. The conveyor speed is adjustable from 0 to

20 Ft/Mm which will easily accomodate the speed required .

Some component leads and/or solder may be too long on the

soldered side of the board after the wave soldering process.

To assure that leads are riot left too long , a lead trimming

process is specified in the production line at this point. The

Electrovert In-Line Lead Trimmer can be interfaced with the

output of the soldering system . Circuit boards will move
smoothly through the lead trimmer and on to the printed circuit
board cleaning process.

Fluxing which is performed as part of the soldering process,

creates a film over the board which must be removed by proper
• cleaning. The Electrovert Aquapak In-Line Cleaning Process is

specified for this production line.

6—18
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‘p 6.2.3 BOARD HANDLING AND HARDWARE INSERTION .

Up to this point the logic board arid the output board have

actually been one large, perforated board . At this station an

operator separates the two board s at the perforation and
smooths the edges as necessary . The output board is then

ready for inspection and test. The logic board must go through

an additional step of having two internally threaded star.doffs

swaged into place with a manually operated bench press. FMC ’s

time arid motion studies indicate that one operator can easily

separate the boards, smooth the edges, and insert and swage
the two standoffs within the two minute period allotted .

6.2.4 BOARD TEST

Af ter the boards are separated, the individual logic and out-
• put boards are inspected arid functionally tested. Inspection

and test of the logic and output boards can take up to 2 m m -

utes to complete.

The output board can be tested by applying an input from a

signal generator at each of 19 input point s and observing the
output wave shape on an oscilloscope. This certainly can be

accomplished in 2 minutes , especially if a test fixture is set
up to speedily sequence the step function to each input and ,

at the same time , sequencing through the corresponding output
to the oscilloscope.

If one operator is to handle the testing of the logic boards ,
a specially designed , dedicated test station must be esta-

blished as part of the production line. This test station will

exercise all logic circuits and , at the same time , monitor out-
puts. The quantity of circuitry is sufficient to warrant the

use of high speed automatic test methods. Test equipment of

this nature (not dedicated) is available but its cost is prohi-

bitive being in the order of $25,000.00 for one test console.

6—19
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A dedicated system, having the specific purpose of testing this

one logic board , could be designed and built for a fraction of
this cost.

6.2.5 HAND SOLDERING AND ASSEMBLY

Certain feeder operations will be required to sustain the main

progressive assembly line operation in the area of hand

soldering. These are wire cutting and stripping , connector

wiring , and switch wiring .

The 48 interconnecting wires can be broken down into 14 groups

of d i f fe ren t  length wires . To produce these wires of d i f ferent
lengths will require that one operator man a wire cutting and

stripping machine which is fed from a spool of continuous , in-
sulated and tinned wire. The machine is automatic , but must be

adjusted for different lengths of wires. This operator also

replenishes the wire supply at the three using locations. The

automatic wire cutting and stripping machine selected is a

Gardner-Denver model 14YA machine, with reported production

rate of 3000 pieces per hour.

The three operations using the wires are connector wiring ,

switch wiring , and harness assembly to the logic board. Con-

nector and switch wiring require the soldering of 27 wires to

terminals. Time and motion studies indicate that this sold-

ering will require 30 seconds per terminal or a total of 13.5

minutes. Thus 7 operators will be required to maintain the

required flow of switches and connectors.

Harness assembly to the logic and output boards requires the

soldering of 69 wire connections to the printed circuit board

pads. Time and motion studies indicate that 10 seconds will

be required to complete each connection, therefore 690 seconds

of 11.5 minutes will be required to complete the task. If each

station retains one board no more then two minutes , exclusive

6—20
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of board handling , then there must be approximately six opera-

tors doinq wire insertion , cut-and-clinch , and hand soldering
and each operator must make approximately 11.5 connections in

the two minute period alloted .

Each of the 69 wire connections will actually require (3) Se-

parate opcrations on the assembly line .

• Stxipped and tinned leads are inserted into the throu—jli

holes in the connection pads.

• The beads are cut and clinched in one operation from
the other side of the board .

• The leads are soldered in place on the cut and clinch
sid’ - of the board .

To aI.complisAi this total task a second progressive line is

specified complete with conveyor. The logic board w ill be he ’d
rigidly in a ~i>~ture to allow access to both sides of the board .
Inserting of leads will be accomplished from one side of the

( - board while a second operator will perform the cut and cli’ich

Eunction on t u e  other side of the hoard. Soldering will be

accomplished in the remaiuling four stations.

Assembly of the output board to the logic board by moving the
output toarc’ into place and fastening wi th two screws can be
accomplished ~t the last station of the progressive line. The

assembler car . also unload the units for transport to the test

are6.

To a. comodate 7 O u ~ a1~OLs the ‘,‘1Lctro\’er~ Ip~c In—Line Assen~b1y
C- ’nveyor is ~pccirLed . The .1.8’ model tp~c— 1~-; w i ll. ha~~e dmple
operator space fo.. two operators or one side and liVe operatoA s

on the other side.
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6.2.6 TEST

The last opportunity to test, troubleshoot and repair the unit

before potting comes at this point in the manufacturing pro-

cess. A quick, easily accomplished functional test with a

dedicated tester will tell whether each unit is good or not.

Good units will go right into the potting process while bad

units will be shunted off to be repaired. Assuming functional

testing can be accompished in less then (2) minutes and

troubleshooting and repair of bad units can be accomplished

withi i the week by a technician other then the functional test

operator , no loss of production will result from finding bad
units at this point.

The functional test would consist of exercising the (19) steps

through which the switch passes and observing that the required
output function does occur arid within the specified time.

Since a good unit must sense a bad squib among the 19 and by-

pass it, a simulated bad squib (both shorted and open cir-
cuited) would have to be presented to each output position and

• proper operation observed.

No dedicated tester to perform this functional test now exists

and therefore none can be specified . However, a modified ver-
• sion of the tester built under this program and described in

paragraph 3.1.3 could be buil t  f or under $5 ,000 .00  to perform
this task.

6.2.7 POTTING

• To protect components, dissipate hea t and assure a rugged unit,
potting of the solid state switch is specified . The potting

compound used is a hard epoxy resin type. The set-up time of

the compound is about 60 minutes. To mesh into a production

line which requires a maximum (2) minute cycle time, a number

of molds are used . The number of molds is equal to the set-up

• 6—22
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time divided by 2 minutes or 30 molds. Now, every two minu tes
a unit is put into a mold and a potted unit is removed from a

mold.

Three threaded inserts are positioned in the mold along with
the solid state switch assembly. These threaded inserts be-

come the means for mounting the solid state switch within a

rocket launcher .

6.2.8 FINAL PEST

• A f inal  functional. test of each solid state switch is the last
step in the manufacturing process. The required test station

to accomplish this step, again, does not exist and will have

to be designed and built as a special , dedicated test station.
Either the same unit designed for pre-potting test or an iden-

• tical unit  could be used for this test.

6.3 TEST EQUIPMENT CALIBRATION

Calibration procedures must provide for a uniform method of

calibration, maintenance and issue of measuring and test equip-
merit used in assembly line test work, and establish require-

merits for records pertaining to such equipment.

Calibration procedures for the dedicated testers to be designed

for this production line would be prepared as part of the

tester design and as a minimum would include weekly tests of
the squib shorting and f i r ing parameters and the time base for
sequence timing measurements.

Test equipment used in the calibration of the dedicated testers
such as timers , signal generators, and oscilloscopes would
themselves be calibrated on a periodic basis against acceptable

secondary standards which can be traced to the National Bureau

of Standards.

6 — 2 3
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After equipment is calibrated a label should be attached to

the equipment which shows the date of calibration , the date
after which the equipment should not be used without recall-

bration and the date of equipment issue.

A calibration standards laboratory must be responsible for

calibration , maintenance and recording of data pertinent to

all measuring and test equipment.

The calibra tion program must be coordinated wi th,  and respon-
sive to the quality program and must require direct feedback

• from inspection personnel with prompt notification of damaged ,
• out-of-date calibration or malfunct ioning test equipment

utilized in acceptance testing.

A sample of calibra tion procedures and forms is presented in
Appendix F.

6.4 PRODUCTION ENVIRONMENT

No special clean room or electrically noise-free environment

will be required to manufacture the solid state switch. A

manufacturing area compatible with electronic assembly which

is relatively dust free and which has a relative low humidity

will contribute to the manufacturing of reliable units,

however .

A Grade lB area as defined in FMC Standard MPC-7006 would

appear to be the ideal work area for this manufacturing acti-

vity . This grade corresponds to a Type I, Class B environment

as specified in FED-STD-209. A copy of this standard is pre-

sented in Appendix B.

6.5 PRODUCTION LINE COST ESTIMATE

The total equipment cost to set up this production line is

estimated to be slightly over $100,000.00. A breakdown of

6—2 4
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costs and percentage of the whole cost to accomplish each

production process catagory is shown in Table 6-3.

• Costs for individual pieces of equipment are given in Table

6—4 .

Mosts costs were obtained from suppliers, however , some costs
t are estimates , based on FMC prior experience.

TABLE 6-3. PRODUCTION LINE COST ESTIMATE BRE AK DOWN

PRODUCTION COST , DOLLARS % OF WHOLE
OPERATION

Component 29 , 960 30.0
insertion

Soldering , lead trim , 40,350 40.0
• and cleaning

Board handling , 450 0.5
hardware insertion

Board test 6,030 6.0

Hand soldering and 9,433 9.5
assembly

Functional test, 8,000 8.0
troubleshoot and
repair

Potting 6,000 6.0

Total 100 , 223 100.0%

(
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TABLE 6-4. EQUIPMENT LIST

- 
PRODUCTION

PRODUCTION EQUIPMENT RATE COST,
PROCESS __________________________________________ units/hour dollars

Component Insertion p

Axial lead Universal 6222 adjustable center distance 2,000 13,000
Pantograph insertion machine

DIP Synergistic 2300 Econodip manual- 1,000 11,000
positioning insertion machine

Hand Electrovert IPAC—1SE inline assembly 5,960
____________________ 

conveyor with inclinable unload

Soldering Electrovert 724 inclinable frame 10,350
conveyor inline wave solder system
(12 inches with fingers) 

_________ ________

Lead trimming Electrovert 12—inch inline lead trimming 12,000

____________________ 

system

Cleaning Electrovert Aquapak inline cleaning 18,000
system

Board handling Table sander 250
and hardware
insertion Bench press 200

Board test Hewlett Packard 1208 single—channel 560
oscilloscope

Hewlett Packard 8003A general purpose 470
• pulse signal generator

Special purpose , dedicated printed * 5,000
circuit board tester (est.)

Hand soldering and Electrovert IPAC—l8 inline assembly 4,515
assembly conveyor

Manix Mark 33, MX 3A3, cut and layover 210
pneumatic hand tool (ea.)

Weller controlled output soldering 46
station (4 required) (ea.)

Hand tools as required 300

Gardner—Denver Model 14Th wire cutting
and stripping machine 

_________ 

4,225

Test (2 places) Special purpose, dedicated printed * 5,000
— circuit board tester (est.)

Test equipment and hand tools as required 3,000
for trouble shooting and repair 

________ 

(est.)

Potting Special purpose machined forms , 30 each 100
(ea.)

Grieve Model LO-200C laboratory oven, 100
30 each 

_________ 

(ea.)

*Not available

6— 26
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SE CTION 7
PRODUCTION UNIT COST ESTIMATE

The unit cost for the solid-state switch, manufactured in a

quantity of 10,000 switches on the production line specified in

Section 6, is estimated as follows:

a. Material Cost

All materials were categorized by types as listed in

Table 7-1. Costs shown for one switch were actual

costs incurred in building each of the five prototypes.

Estimated costs for 10,000 were obtained through dis-
cussions with representative vendors for each category
and not through competitive bidding which would take

place when actual purchases were made. Thus, the

- • 
actual cost might well be less than indicated. In

• 

- 
particular, the quantity discount on CMOS integrated

circuits does not appear reasonable as compared to

t-~. 
other IC’s. Since they account for 20% of the material

cost , a better discount would be significant.
b. Electronic Parts Pre-Test

All semiconductor devices and a few selected resistors

and capacitors will be pre-tested prior to delivery to

the assembly line. These tests, performed by indepen-

dent testing laboratories, are designed to eliminate
infant mortality in the tested components as well as
check for proper parameters. Tests include a visual

inspection , thermal shock, burn-in at elevated tempera-

ture, and final electrical test on 100% of the compo-
nents. Estimated cost for this service is from $.08 to
$.20 per part depending on complexity of the test. It

is estimated that $3.70 per switch would cover this

testing on the selected components.

c. Labor

A tabulation of the operators required in the produc-
tion line is presented in Table 7-2 A total of 32

1 
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TABLE 7-1 - MATERIAL COSTS

Quantity
Category 1 10,000

IC’s (TTL) $66.92 $10.04
IC’s (CMOS 32.89 19.26

Capacitors 31.95 9.59

Resistors 8.35 2.67
Discrete 13.82 4.84

Semiconductors
Other 163.31 40.83

Hardware 4.90 1.47

Potting 2.00 .60

Total $324.14 $89.30

TABLE 7-2 - PRODUCTION PERSONNEL

Production NO. % of
Operation Operators Whole

Component 8 25
Insertion
Soldering, lead 1 3.1
and cleaning

Board handling 1 3.1
hardware insertion

Board test 2 6.3

Hand soldering and 15 47
assembly

Functional test 2 prepot 9.4
troubleshoot and
repair 1 post-pot

Potting 2 6.3

Total 32 100%

L — — — --— -—————- - r -—- -—— ~~
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operators are required to produce a switch in 2.1

minutes. Thus, 1.12 manhours are required per switch.

Based on the above items, the cost of the solid state switch
produced in a large quantity would be:

Material $89.30

Pre-Test 3.70

G & A at 15% 13.95

Labor (1.12 hours at 11.20
$4. and 150% Burden)

Sub—Total $118.15
Profit at 20% 23.63

Total $141.78

If the recommendations presented in Section 2 are followed

(i.e. use of a hybrid circuit , flexible circuit interconnect,

tT: and new transformer packaging) it is estimated that the unit

cost for the solid state switch would be affected as follows: - -

a. Material Cost

The material cost would increase somewhat with the

hybrid circuit estimated at $55. (from figures in

Appendix B), flexible circuit interconnect with connec-
tor pre-attached at $17., and remaining hardware and

components at $30., for a total of $102. 4
b. Electronic Parts Pre-Test

This-cost would remain about the same. Although fewer
components are involved , the test of the hybrid circuit

would be more complicated and thus more expensive.

c. Labor

The assembly line would be considerably different for
this switch. One machine operator and one hand inser-

tion operator could handle all component insertion

eliminating 6 operators in that portion of the line.



a )
The board handling and hardware insertion station

would be eliminated as would the two inspection

stations for the individual boards.

The only operation performed at the hand soldering

station would be the attachment of the switch to the

flex circuit. All operations involving wire cutting

and stripping , harness assembly and wiring , connector
wiring, and interboard wiring would be eliminated .

Thus 13 operators would be eliminated at this station.

The one operator for assembling the two boards would

be eliminated since there is now only one board.

This leaves a total of 11 operators to man the entire

line or about .32 hours per switch.

Based on the above, the cost of this switch would be:

Material $102.00

Pre-Test 3.70

G & A at 15% 15.86

Labor (.4 hours 3.20
at $4. and 150%
Burden)

— Sub-total 124.76
Profit at 20% 24.95

—~Total $149.71

Although this cost is slightly higher than that estimated for

the presently designed solid state switch , the following facts
should be considered :

a. The hybrid cost is based on the estimate received from

Itek Corporation and included in Appendix B. A budge-

tary estimate received from another hybrid manufacturer

quoted $27.75 per unit for 10,000 units and $25.35 per
unit for 25,000 units. A visit to his plant gave

7—4
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indication of a much lower overhead with most produc-

tion involving high volume, commercial products , such
as Timex electronic watch modules. Thus in competitive

bidding a price for the hybrid circuit might be ob-
tained that would drop the cost of the completed switch
below that of the presently designed switch.

b. The use of flexible circuits would eliminate the possi-

bility of any miswiring in the interconnection of con-
nector , switch and circuit board. This will cut down

on rework of miswired units and improve reliability of

completed units.

c. The elimination of most of the hand operations in
hardware insertion, wire stripping, and soldering auto-
matically means an increase in reliability by elimin-
ating the effec ts of operator ’s moods and deficiencies.

t
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Appendix A: Test Set Design

A basic description of the test set and its operation were pre-
sented in Paragraph 3 1.3. A photograph of the test set

was presented in Figure 3-4 in Section 3.

Actual c ircui try used in the test set is presented in the
schematic diagram of Figure A-i. When the set is connected to

a DC power source and the Power On switch turned on, voltage is
applied to the Burst Select timing circuit comprised of the

integrated circuit timer, Ul, and associated capacitor C21, and
resistors Rl3 through R28, and Burst Select switch, S2l.
Voltage is also applied to the 19 squib simulation circuits.

- ~
- Closure of the trigger switch initiates the timing cycle and the

output of Ui turns on Q20 and Q2l applying power to the solid

state switch through the 5 Ohm resistor R32 and pin A of the
connector. This power remains on until Ui times out (30 ms, 720

ms or 885 ms depending on the position of S2l).

Squib fire outputs from the switch then arrive at the 19 pins
as shown. A typical squib simulation circuit is Shown for the

squib 1 output.

With the squib select switch for squib number 1 set on “OK” the

fire signal is app-lied through a set of normally-closed relay

contacts , K1A , to the gate firing circuitry shown for Qi, a
thyristor. This circuitry is chosen to fire the thyristor only

if the fire signal is of sufficient amplitude and remains on the

line for the minimum time specified to fire any squib which is

within its prescribed tolerance.

When Q1 fires , relay 1<1 is energ ized opening contacts K1A to
present a “ squib f i red”  condition to the solid state switch and

C
A-i 
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cLosing contacts RiB to light the indicator lamp, CRiB, showing
the operator that squib number 1 has been “fired” .

Pressing the Reset switch, S24, interrupts power to Qi allowing

it to regain its off state and Xl to de-energize. Thus the

circuit is ready to be “fired” again.

Switch Si can also be set in either the “Open” or “Short” posi-
tion to simulate either a previously fired squib or one which

has malfunctioned and is in either the open-circuited or short-

circuited condition. In this way the solid state switch’ s

capability of stepping over opens or shorts can be verified.

The Single/Ripple switch provides the same logic input to the

solid state switch as the Single/Ripple switch on the actual
rocket launcher.

Figures A-2 and A-3 show the interior construction of the test

set with a panel for relay mounting and a circuit card for

mounting of all the electronic components. The entire unit is

housed in a rugged steel box with hinged , gasketed cover for

environmental protection when used in the field . The two cables

roll up and store within the closed box.

A-3
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APPENDIX B

HYBRID CIRCUIT INVESTIGATION

Submitted separate from this
report are two sets of draw-
ings (one reproducible) in-
cluding:

Parts List, PL32—039453—Ol , 3 sheets
Assembly Dwg., ~32—O39453, 2 sheets10:1 Artwork, 9 sheets
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PRODUCTION COS T ESTIMATES FOR QUANTITY 10,000 STATIC SWITC H

THE ATTACHED FLOW CHART SHOWS THE SEQUENCE IN W HICH THE FMC STATIC
SWITCH HYBRIDS SHALL BE FABRIC ATED , ASSEMBLED AND TEST ED .

BASIC ASSUMPT1ONS MADE IN EST1MATINC~ THE DIRECT LABOR COSTS ARE

A. ACTIVE AND PASSIVE COMPONENTS SHALL LIE AT 1.-\C HED
USING SPECIFIED CONDUCTIVE EPOXY .

B. SUBSTRATES SHALL BE EPOXY MOUNTED IN META L FLATPAC K
PACKAGES

C. ALL BONDS FROM SEMICONDUCTOR CHIPS TO THE SUBSTRATE SHALL
-
• BE MADE USING ALUMINUM WIRE , AND BONDS FROM PAC KAG E TO

SUBSTRAT E SHALL BE MADE WITH GOLD WIRE .

D. ELECTRICAL TESTI NG SHALL BE PERFORMED USING AN AUTOMATIC
TEST SYSTEM , WHICH WILL HAVE SOME DIAGNOST IC TESTING
CAPABILITY .

THE DIRECT LA BOR ESTIMATES GIVEN BE LOW ARE OBTAINED BY DETERMINING THE
YIELDED RATES FOR EACH OPERATION SHOW N IN THE FLOW CHART AND ADJUSTING
BY A 95~ LEARNING CURVE FOR QUANTITY OF 10,000. THE OPERATIONAL YIELDS
HAVE BEEN ESTIMATED BASED ON PREVIOUS EXPERIENCE IN BUILDING SIMILAR CHIP
AND WIRE TYPE l-IYBRID CIRCUITS .

DIREC T LABOR ESTIMATES (QUANTITY 10 ,000)

VIEWED ASSEMBLY TIME 1.05 HOURS EACH
YI E WED TEST , TROUBLESHOOTING TIME . 10 HOURS EAC H
QUALITY ASSURANCE INSPECTION .10 HOURS EACH
ENGINEERING SUSTAINING .05 HOURS EACH

TOTA L 1.30 HOURS EAC H

THE MATERIALS PRICES HAVE BEEN OBTAINED BY VERBAL AND WRITTEN QUOTES
FROM SUPPLIERS AND FROM PREVIOUS PURCHASE ORDER HISTORY . SUFFICiENT
MATERIA LS HAVE BEEN PRICEI) TO ACCOUNT FOR OPERATIONA L YIELD LOSSES
AND ALS O FOR ATTRITION AND REWORK OF THE HY BRIDS .

DIRECT YIELDED MATER IALS COST ~ QUANTITY 10,000 549.27 EACH
(DETAILED MATERIALS C OST BREAKDOW N IS ATTAC HED .~ 

H
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MATERIALS EST IMATE SHEET

FMC STATIC SWITCH

PART NUMBER Qty/Ckt Quantity~ Each Tota lS

Cum Yield Assembly 79%

Cum Yie ld, Print & Trim 67%

Attrition for Active Parts 15%
Attrition for Passive Ports 10%

Cap., 1.5 .4FTant. 20V 1 13,924 .50 6,962
Cap., .01 A F K1200 200V 2 27,848 .11 3,063
Cap., 100 PF NPO 500V 1 13,924 .13 1,810
Cap., 100 PF NPO 200V 1 13,924 .13 1,810
Cap., 15pFNPO 20V 1 13,924 .13 1,810

Diode 1N4001 Motorola 1 14,557 .12 1,747
2N2907 T.I. 4 58,227 .10 5,823
2N2222 1.1. 2 29,113 .09 2,620
2N4918 Motorola 1 14,557 .76 11,063
SE555V Signeflcs 1 14,557 .66 9,608
DM5474. National 1 14,557 .40 5,823

• CD4O4OA SSI 1 14,557 1.86 27,076
CD4068B 551 1 14,557 .17 2,475
CD4078B SSI 1 14,557 .17 2,475
DM54163 National 1 14,557 .93 13,538
CD4O11A SSI 1 14,557 .28 4,076
CD4009A RCA 1 14,557 1.75 25,475
DM5445 National 2 29,113 5.00 145,565

Package Isotronics 1 13,924 12.50 174,050
Cover S.S.E.C. 1 13,924 1.00 13,924
Substrate American Lava 1 15,000 .20 2,785

4 Resistor Chips M.S.I. 4 13,924 .25 3,481
Thermistor Chip Fenwal 1 14,557 .11 1,645

TOTAL COST $ 482,242

B-5
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CONC LUSION • 
-

THE DIREC T LABOR HOURS AND THE DIREC T MATERIALS COST GIVEN
ABOV E CAN BE CONSIDER ED AS THE COSTS THAT ANY TYPICAL H
CUSTOM HYBRID MANUFACTURER SHALL HAVE TO INCUR IN BUILDING
THE 10,000 STATIC SWITC H HYBRID CIRCUITS . TO FURTHER REDUCE THE
DIRECT COST ELEMENTS , TWO ADDITIONA L FACTORS CAN BE ASSUM ED
APPRO PRIATE TO A VOLUME PROCUREMENT.

1) SELECTION OF A LOWER COST PACKAG E (PLASTIC/
CERAMIC) WOUW REDUCE THE DIREC T MATERIAL
C OST BY APPROX IMATELY 20%.

2) USE OF AUTOMATIC VS MANUAL WIRE BOND ERS
WOULD REDUC E THE ASSEMBLY LABOR TIME BY 25%.

WHILE THE ACTUAL SELLING OR PURCHASE PRIC E OF THE STATIC SW I TC H
HYBRIDS W ILL BE DETERMINED BY SUCH FACTORS AS THE SPECIFIC LABOR
RATES AND OVERHEAD LOADINGS OF THE HYBRID MANUFACTURE
SELECTED , IT IS ESTIMATED (CONSISTENT WITH THE ABOVE CONSIDERATIONS)
THAT THE UNIT PRICE FOR PURCHASE QUANTITIES OF 10,000 CIRCUITS ,
WOULD BE $55.00 TO $60 .00 EACH.
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1.0 INTRODUCTION

This report presents the uflmat.d Reliability Prediction predicated on a

prototype microcircuit hybrid design, ATD P,41 32-039453. The predicflon utilizes the
latest math model computation to assess the reliabil ity of the microcircuit under spec ified

• environmenta l conditions . The estimate is based upon only a sing le point estimate for
mkroc ircu lts (fai lur./I06 hours) and contains no acce leration factors for tsmperaturs or
other environmenta l cons iderations. The failure rate values used for the semiconductor
components were as of 1974.

2.0 MATH MODEL

A math mode l was derived utilizing the microcircuit design and selected

( components and their predictable performance from known parameters . The der ivation of
the mkrochcuit failure rate was based on the following equations and math model factors.

where:

Q = Quality Factor ( 1  used in the predktian), accounts for affects of
different quofl ty leve ls .

T Temperature Factor accoun ts for package mounting base temp erature,
= eX .

E = Env ironmenta l Factor is the app lication environment multi plier and
accounts for the influ ence of environmenta l factors other than
temperature.

C
B- 9
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= Circuit Function Factor - adjusts the mode l to accoun t for the
inf luence of the famil y type , 0.8 for dIgital, 1.0 for lineor , I. 1 for
linear-digital combination hybrids.

s = Failure rat o due to substrate and film type processing (thick or thin).

As
)
~c Is fa ilure rate contribution due to network comp lexity and substrate

area , As~
• 

~~~T >RT = Is the sum of the failure rate , 
~ RT’ for each resistor as a function of

the requ ired resistance tolerance .

~
)DCNDC = is the sum of the attach.d device failur , rates , 

~ ~~ 
for semiconductors ,

integrated ckcWts , capacitors , resistors, etc . both packaged and
unpa ckoged .

Is the hybrid packag e fai lure rate , a function of the package sty le or

configuration and materia ls used in Its construction.

~~pF = Is a normalized va lue of base fof lure rate for al l hybrid packages .

PF Is the adjustment factor which mocilfie s~ PF as a function of package sty le.

)

8-10

- - - - - -
- • ~~~ -~~- ~~.- - •~~~~~~~ ~~~~~ •~~~~~~~~~~ - ~~~~~~~~~~~~ ---~~~~~~~~~~~~~~~~~~~~~~ - - • ~~-- • -



pr, ------ _ _

r

EQUATI ONS

E Q  f ). failures/tO hours

+ ‘S ~C ~~ ~
‘ RTNRT .  Substrate Contribution

+ ~~~~~~~~ Attac hed Components

+ )IpF~
?TPF Packo~e

= ‘
~ L~~Q (C lAB~~ ~ ~~~ 

1T [) CMOS & IC Contr butlon

4.429
= 2.4(I0) ’

~(~~~~)

3.0 C IR CUIT PARAME TERS

Hybrid Microc ircu it - thick—f i lm
Ceramic A1203 Substrate — 1 inch x 2 inches
Substrate Thickn ess - 0.025 inch
Kovar Metal Flat Pack - sods
Temperature Factor - 60°C
Specification Control Level - Class B
No. of Lead Terminat ion s - 336
No. of Thick—Film Resistors - 21
No. of Chip Devices - 24

Chip Resistors - 4
Chip Capacitors - 6
DIodes - 1
Transistors — 4

CMOS Integrated Circuits - 9

B—li
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4.0 PkLDICTION CALCULATION

A5 
- 21n 2 

N/A 5 — 191

- 1  ‘
~ C - 0.010

T 
- 2.4 As

)
~c - 0.020

- 4 0  
~~T 

- 5 x 1 0 ~~

F 
- 1. 1 

~~~ 
N~~

7’
~. 

- 1.05 X 10

NRT - 21 
~~‘ PF

1rPF 
- i.0x io 2

N~~ 
- 25 & N~~~

)
~~~ - 5.98x 10 1

NLT 
- 

— 1.-I

NE 
- 382(N E NRT +N LT +Nx ) J

Failure Rate
Device Descr iption 10 hours

Capacitors K 1200& NPO 4 x  10~~
Diode SwItc hing 4.8 x 10
Transistor , PNP 5.3 x
Transistor , NPN 7.7 x 10~~
CMOS & IC’s 5.8 x 10

_ i

= >S +A S~
%
C +

~~N l% RT = 5 x 1 0 2

+ ~~~~~ = 5.98 x 10
_ i

+ 7’PF ~~i’i ~
- 1 x

‘> P = (‘
b (Tt E x 7 I Q x7 ’

~T
x 

~~~~ 
- p

= 5.98x10~~+5x 1 0 2 + i x1 0 2
(4x1x 2 .4xi.I )

= 6 .7 f / i06 Hours
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5.0 TIME TO FAI LURE (U.~
7’ 6.7 f / io6 hours

or: 1 failure / 142,000 hours

or: 1 failure / 16 years

6.0 CONC LUSIONS

The results of the Reliobflity Predict;on indicates a life expectancy of
142,000 hours before circuit failure. Techniques for improving the life expectancy
estimate inc ludes reduction in operation temperature, use of Hi-Ret C lass A semiconductor ,
and circuit redundancy. A detai led trade—off would be required to determine what com-

bination of techniques and components would produce the most upgrading.

4
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MANUFACTURING PROCESS ~~~ iooe ‘~ I

CONTROL STANDARD ~ OF 6

S TITLE

MANUFACTURING AREA ENVIRONMENTS

1,0 SCOPE

1.1 Purpose: This standard establishes grades of cleanness for
manufac turing , operating, testing , and storage environments , and
reqnirements for controlling such grades.

1.2 Intended Use: Grades of cleanness are established for parts
in process when non-contamination of the fina l produc t is mandatory .

1.3 Classifica tion: Table I shows the six cleanness grades of area
•envjronments and the basic requirements for each.

2.0 APPLICA BLE DOCUMENTS: The latest issue of the following documents ,
forms a part of this standard to the extent specified herein.

STANDARDS
Federa l

FED-STD- 209 Clean Room and Work Station Requirements ,
Controlled Environment

Military

MIL-STD-282 Filter Units , Protec t ive Clothing , Gas
Mask Co~~onents and Related Products ,
Performance Test Methods

FMC-DTL Manufacturing Process Control

MPC- 2001 Solvent Cleaning

MPC-700l Packaging and Ma terial Handling

OTHER PUBLICATIONS
American Standards and Test Methods

Volume 8 Atmospheric Particle Counting Methods -

F24 , P25, P50
Society of Automotive Engineers

ARP-743 Procedure for Determination of Particulate
Contamination of Air in Dust Controlled
Spaces by Particle Count Method

Irving N. Sax Reinhold Publishing Company

Dangerous Proper ties of Industria l Materials

0
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T4. BLE I ________________________ •
MANUFACTURING ENVIRONMENTS, MINIMni RI~- ’ U IREMENTS

T~ c ~equtrcnwnts ~ t t he Hi~ h c st— Grade Connec t ed Atmos pher e Shal l  l’rev~iiI( when
— 

sep~ cn tjon is not complet4 
______________________________

Clean Are as 
(Clean-Room or Clean-Bench) Storage 6 Manufacturing

— 
Gt.a~LC: 1

21I [Hi~h) 2B (~ted iurn)  2C (Low ) t .\ (High) LB (Med .~ IC (Low)
Co~ respon: i ng to:

Ty pe & Class - II ,  ~ II , B II , C I . A 1 , 8 1 , C
F~ D-STD-’O9 Class- Class 101 class 10 ,000 C lass 100,000 None None None

P4sximj m Particle t00/ft 3
, 65/ft 3

. S 700/ ft 3 , S 100 / cm 2 , NR NR
Count (Airborne), 0.5 mic- microns and microns and 10 mic-
refer to Para. 4. 3 rons and larger larger rons and

larger 
_____________ ______________ 

larger ,
in 1 hr.
period

Filter Effici- 99•977, for 0.3 micron particles 857. *507, MR
enc y

Temperature
Setting 67-77 F , held within ± 0.5’F of *72±3 F *72*5’F MR

set value

Relat ive  Huuii d ity 45 , -107,, 407. *60*107. *40± 107. • NR

Air Press. Posi t ive
Differentia l 0.05 inches-of-water above any NR NR MR

adjacent area 
)

Air Velocity 90 ft per minute (up to 1 inch from MR HR HR
containing surfaces ) +20 ft per $minute in all unobstructed areas

Ante-Room with Required for c lothing storage and HR HR HR
• Air-sh ower changing , personne l cleanup, and

particle-generating cleaning pro-
C esi em

Personnel Entering Keep to miniwim required for opera- MR HR MR
tion . Instruc t thoroughly in

• • clean-room requirements.

Doors , Room Double air-lock with air seals . Air- Ordinary Ord .
Open door only when adjacent door Seal
is closed . -

Doors , Bench , Air-seated. Close as air pressure Same as MR MR
Pressurized decays . Open after air pressure Grade -‘c

starts •
Surfaces of Room Easily-cleaned and non-shedding, Same as Clean MR
and Furnishings furniture shall not obstruct air- Grade 2C & non -

flow any more than necessary shed.

Smok ing , Food and Forbidden. Leave food and drink Forbid- Forbid- Allwd .
Drink in outer area or ante-roost. den deu

Clothing L i n t — i r e t  SaIOCI~S o,: coveralls . j .ow— S~- i e  .:s ..~~~~ ..s
li nt cl o th ing  Gr, 1d~? ~C ~ r~-dt - ~C

Head Covering Lint- [~ee ~.ead cove ring Sa ne .~s -~

Gr~’de .~C

E— 2
1 1 1 5 . 2  
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S 
TABLE I (Cont ’d)

GRADE: 2 (H igh )  ‘
~~~ (Me~u um )  2C (L~v..) lt\ ( j U gi )  l~ (Med.) IC (L.’~.)

Corresponding to:
Type & Class - II, A II , B II , C I. A I, B I , C

, F~~-STD-2O9 Class- Class 100 Class 10 000 Class 100.000 None None None

Lanotin-containing Required (to prevent contaminat ion Required Req. NR
Soaps , Lot ions, with skin flakes)
and Creams

Blowers Start at least 15 minutes before Same as Nil MR
area use. Grade

2C

Nil No Requirement. * - Unless authorized otherwise in work-control doc uments .

3.0 GENERAL

3,1 Safety: Minimum safety practices shal l  conform to the industria l
safety regulations of the contractor ’s local , State , and Federa l
governments and to the contractor ’s safety code.

3,2 Handling and Packaging: Processed items shall be clean , or cleaned ,
and packaged before leaving the area . Cleaning shall conform to
Standard MPC-200l. Packaging shall conform to Standard MrC-700l.

3.3 Grades of Area Environments: Al t storage and manufacturing areas
shall conform to this paragraph and the work-control standard(s) shall
designate the grade. Basic requirements of grades are listed in Table
1. Additiona l cleanness requirements are given in Section 4. A sign
or label designating the area grade shall be placed on or beside the
entrance in a conspicuous place, and shall state the basic requirements
affecting personnel. Areas shall be designa ted as follows:

a) Grade 1C designates a general storage or manufacturing area of
minimal requirements for machining , fusion welding, raw stock
cutting , and rough assembly.

b) Grade lB designates a genetal clean area t~ r electrenic:. a’sembttn6,
manufacturing , and testing. It also designates a medium-grade
storage area for parts and materials.

c) Grade IA designates a high-grade clean area for special manufacturing
processes and specia l testing of critical electronic parts or
assemblies . It also designates a high-grade storage area for parts
and materials.

d) Grades 2C, 28, and 2A designate successively higher grades of super-
clean areas for performing very critical manufacturing operations .

I
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3,4 Equipment: The equipment used to control a manu lactu ring environment
shall be capable of produc ing and maintaining the applicable environment
grade. Equipment used to control , monitor , and record manufacturing area
conditions shall be calibrated initially and as required by Quality
Assurance.

3.5 Materials: The materials aod processes , especiall y particle-generating
operations , used in any manufacturing area shall n~-’t degrade the
environment be low the specified grade .

3.6 Definitions: Standard definitions apply except as noted otherwise.

3.6.1 Environments:

a) Manufacturing and Storage Area: A manufacturing .jnd storage area
environment is any continuous separatel;-cont.’incd atmosphere
where products or raw materials are processed or stored . Separation
may be by doors and/or differential air pressures.

b) Clean-Area: A c lean-area environment is on e ii hich
pressure , humidity,  air-borne particles , and temperatures arc
c losely controlled to avoid degrading the produ~ t by ci n t a m i n a t i o n ,
corrosion , or temperature  conditions .

c) Work-Control Documents: Work contro l documents are officia l 
)documents that designate the work to be done (e.g., standards ,

engineering drawings , work orders, etc.).

3.6.2 Particle Size: The particle size is the maximum linear measurement.
of the particle expressed in microns (one millionth ~~i a meter ,
0.00003937”; about 25 microns equa l 0.001”). Tht longest d imension of
any fiber shall be taken as its particle size .

4.0 REQUIRE)~ NTS

4.1 Additiona l Cleanness Requirements:

6.1.1 Personnel: Personnel allowed in Grade IA or higher areas sh a l l :

a) Pcior to a r r i va l a t  work , be wearing cte.~n .~n.l aN’roJed c lotMng
(no wool) . Hair , face , hands and na i l s  s h a l l  bi~ c ompletel y f ree
of spray , cosmetics , powder , pol ish , and creams ~r lotions
containing si l icones  or other  m at e r i a l s  ~:hich cou ld  cause
contamination.

b) After a r r iva l  at work, j sh  hands and f a c e  ith  ~ ‘ap and wa te r
before  e nt e r i n c  an te room .

c) In the anteroom c lean  and vacuum c l o t h i n g , iir-shower , and put
on clean l int  f ree  smocks , or covera l l s , and head covering .
(Ref . MIL- STD 282) .

E- 4
I I 1 5.2
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NOTE: Grade lA areas do not require air-shower or head
cover ing .

4 .1 , 2 Tools and Par t s :  In Grade IA , c’r higher areas:

a) Wr i t i~ g M a t e r i a l s  sha l l  consist ~‘t b a l l p o i n t  pens and non-shedding
paper.  The use of lead penc i l s  and e rasers  is forb idden .

b) C r i t i c a l  p a r t s  sha l l  be nand l ed  w i t h  c l ean  tweezers , gloves , or
f inger  co t s .

c) Tools and parts shall be covered w i t h  c l ean  me ta l  and/or  p l a s t i c
covers when not in use.

4.1,3 - Benches. Equipment, Room Surtaces : In Grade’ IB , or higher areas:

a) Clean work surfaces and tables dail y. (se a clean cellulose sponge
and detergents such as Wisk, Joy , or Ivory Liquid , then rinse
surface with water .

b) Clean new ly-acquired equipment by dus t ing , vacuuming , washing , or
other suitable means before moving it in to  the m a n u f a c t u r i n g  area
or any anteroom.

c) C lean f loors ,  wa l l s~ cei 1ing~s. and f i x tures  as necessary to
conform to this standard . Floors shall be kept free of debris
and shall be cleaned at least dail y . Wall surfaces in all Grade
2 areas shall be cleaned at least weekly . All cri tical parts
shall be covered , and facilities cleaned after work operations
are ended .

d) Clean anteroolns for changing clothes and eating according to
standard good-housekeeping practices . Tables shall be cleaned
daily. Floors shall be vacuumed dail y and washed free of loose
particles week ly.

4.1,4 Chemical Fumes: Concentration of fumes , such as those from acids ,
solvents, fluxes , potting compounds, and resin hardeners shall not exceed
the Maximum Allowabl e Concentration (MAC) for any chemical , as specified
in Dangerous ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

4.2 Work Positions: The more critical the operation , the c lo se r
i t  should be to the  air filter outlet.

4.3 Air Analysis: The a i r  in Grade IA and h i g her areas  s h a l l  be
ana lyzed at least every two months , or as  required by Quality Assuranc e,
to insure comp lianc e’ with this standard . A ir-borne’ par ticles shall be
monitored at each different r~’prest’ntat1vc location .

4,3,1 Grade lA Areas: Monitor particl es by the following dry-slide
settling method (refer to ASTM F24):

a) Place clean dry glass slides in the selected locations for one
hour.

lII~~ .2 
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b) Cover th e ’ s l i d e s , then use a microscope t~~’ coun t  t h t  number
of p a r t i c l e s  larger  than  10 m i c r o n s .

c) If  p a r t i c l e ’ count  is ~ve -r 100 per square  Ct ’nt Lrw t er , tak.- the’
n e c e s s a ry  c or r e c t i v e  a c t i o n .

4.3.2 Grade 2 Areas:  Moni to r  p a r t i c i c s  by ~ne ~‘t tr ~ I oIl~’~. iii ~ ~etheds ,
or other  methods approved by Q u a l i t y  A s su r an - u .

a ’) L igh t -Sca t te r ing  Method: Draw the .~i r sample i r t e  the op t i c a l
test chamber of a scattered-light photometer. Each parti c le ~nthe air scatt ers l ight into a p h o t o m et er  tube  p rodu c i i ’g  an
electric curre nt which is ~.mplified and rec rded . This method
gives an arbitrar y indicatien of the number and concentr ation
of particl es (rete r to ASTM F50).

b) Filtration Method: Draw a measured air sample throug h a f ilter
such as the Mil lipore Type AA Bla ck M it lip ere (Milliporo Filter
Corporat ion , Bedford , Massachusetts). The’ collecte’d part icl~.-
are analyzed under a microscope for concentration and size
distribution (refer to ASTM F25 or SAE ARP 743).

4.4 Relative Humidity : The relative humid ity et an are a shall h
meas ured by use of a sling psychrometer (Taylor Instrument Co.,
Rochester , N . Y.), or a recording humidigrap h Modc ( IHCSOO-40, or
4044 (Bristol Company, Waterbury , Conneticut) at intervals spec i fied .

5,0 QUALITY ASSURANCE PROVISIONS

5.1 Approval: All Grade lB or higher manufacturing areas shall be
certified initiall y and as required by Qua lity Assurance to insure
conformance to this standard. Certification tests shall consist of
all of the tests in this standard , subject to fina l approval by
Quality Assuranc e and any authorized customer rerresentatives.

5.2 Calibration: Test instruments used for clean-room analysis sha ll
be calibrated initiall y and as required by the Standards and Calibration
Laboratory .

5.3 Survei!lan~-c : Sc~ v f l anc i- ~h.’ I l  bc n a i r t a ~ n ~ by Q~~~l i t v  ~
to insure  complianc c w i t h  this standard .

j
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EtIGItIEERING TEST SECTION . N0 1000 Rev. B

OPERATING PROCEDURE DATE: llDsc;mber 1973
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SUBJECT: SU PERSEDES:
CALIBRATION STANI~ RDS LABORATORY AND TEST 31 Oct be 1973EQUIPMENT STORAGE AND ISSUE CRIB ~ r

A. PURPOSE:

To establish a uni form method for the calibration 0 maintenance and issue of

measuring and test equipment owned by the Ordnance Engineering Division, sad to

establish requirements for records pertaining to such equipment .

B. GENERAL

I. The Calibration Standards Laboratory , under the direction of the Engineering

Test Section, is responsible for calibration , maintenance and recording of

all measuring and test equipment owned by OED. The calibration program is
coordinated with , and responsive to the quali ty program in all areas of
calibration control :

a. Direct feedback from the Inspection Department provides prompt
notification of damaged , uncalibrated , or ma lfunctioning test

- 
equipment utilized in acceptance testing.

b. Audit reports from the Quality Assurance Department provide

feedback on procurement, inspection, calibra tion, handling ,
usage, repair and storage of test equipment.

c. All test work requests and test plans are reviewed for adequacy

and utilization of proper test equipment; test results are

evaluated and fed back to designers , vendors , customers, etc .

as applicable.

d. FMC Engineering Observer Reports, Equipment Performance Reports
(EPR), Unsatisfactory Equipment Reports (UER) , and other
customer complaints are reviewed to determine adequacy of testing,

equipment , etc.

The above listed functions are performed by qualified test engineer, and/or
technicians as applicable to the task. The laboratory shall provide cali-

bration service for other FMC divisions upon request on the basis of non-

interference with OED requirements and reimbursement for time and material.
2. The Calibration Standards Laboratory shall maintain reference and trans fer

standards for calibration purpose., and shall ensure that reference stand-

aids are clearly traceable to recognized Nationa l Standard . maintained at 

- 
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- SUBJECT: SU PERSEDE S~CALIBRATIOI; STANDAP.DS LABOR.~TOR: AND TEST
EQUIPMENT STORAGE AND ISSUE CRIB 31 Octobe r 1973

the Nationa l Burtau of Standards or to accepted values of natural physical

constants. Reference standards shall be maintained at 4 to 10 times better

accuracy than transfer standard.. Trans fer standards used to calibrate

measuring and test equipment shall be 4 to 10 times more accurate than the

equipment be ing calibrated.

3. The Test Equipment Storage and Issue Crib , under the direction of the Engine-

ering Test Section , shall be responsible for custody and checkout of instru-

ments and equ ipment (except for calibration standards , ins t ruments assigned
to permanent locations , and those instruments requiring user qualification

or instruction) .

C. DEFINITIONS:

1. Measuring and test equipment - those instruments , meters , gages and other

test devices used by qualified personnel for experimental measurements and )
product acceptance.

2. Reference Standards - highest order of accuracy standards retained in the

Calibration Standards Laboratory to establish basic absolute values .

3. Transfer Standards - secondary measurement standards used to calibrate

working equipment and other standards of lower accuracy.

D. FORMS:

1. Instrument Calibration and Issue Record - Form OED-409

2. Calibration Reports - Forms OED-360 and OED-487

3. Calibration Due Record - Form OED-515

4. Calibration Standards Laboratory Report of Calibration - Form OED-565

5. Pressure Gage Issue and Recall Record - Form OED-7l7.

E. PERSONNEL:

Personnel permanently assi gned to the subject activities shall be evaluated by

the Engineering Test Section Supervisor for ability to consistently produce

results which comply with Government verification inspection . Permanent pit-

sonnel shall incl ude :
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CALIBR ATION STANDA R DS LABORATORY AND TEST
EQUIPME NT STORAGE AND ISSUE CRIB 31 October 1973

I. Supervising Test Engineer - A Test Engineer qualified by background and

experience in electrical and electronic instrumentation shall supervise and

be responsible for operation of the Calibration Standards Laboratory at all

times. His functions shall inc lude da i ly supervision of Laboratory person-

nel , engineering guidance as required , confirmation of accuracy , stability,

and range of standards for intended use, and preparation and maintenance of

current , written procedures for calibration and maintenance of all equipment

serviced by the Calibration Standards Laboratory.

2. Technician - A qualified technician shall be permanently assigned to work

in the Calibration Standards Laboratory under the direction of the Super-

vising Test Engineer.

3. Crib Attendant - The Test Equipment Storage and Issue Crib shall be manned
by a Storekeeper or Crib Attendant under the guidance of an Engineer from

the Engineering Test Section.

F. PROCEDURE:

I. Calibration Standards Laboratory shall:

a. On receipt of new equipment items :

(1) Calibrate each item in accordance with Pare. b. below and

establish a calibration interval for the item.

(2) Prepare an Instrument Calibration and Issue Record (Form 409)

for each item.

NOTE: Form 409 will  not be used for items to be issued permanently
to .pecified areas of the plant .

(3) Ensure that equipment bears a numerical identification , to be

entered on all related records . In order of preference , this

identification shall be the manufacturer ’s ser ial nu~~er , the
FMC Property Accounting I.D. number or a number assigned by
the supervising Test Engineer.

(4) Forward the item and its instrument calibration and issue

1 ~ record card to th. Test Equipment Storage and Issue Crib or to

the permanent user .
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ENGINEERING TEST SECTION NO: 1000 Rev. $
OPERATING PROCEDURE Il December 1973

~~~~~1 D*4I~~~~CU G*U*~~3U?1Q Dzyzu0~~ ~sa ~c*u a~*~tr i
SUBJECT: SU PERSEDES:

CALIBRATION STANDARDS LABORATORY AND TEST
EQUiPMENT STORAGE AND ISSUE CRIB 31 October 1973

b. Before placing new, rented or borrowed equipment in service , when

required by calibration schedules , or whenever the need is apparent ,
calibrate equipment as follows :

(1) Calibrate aga inst reference standards in accordance with appli-

cable procedures and MIL-C-45662A . If equipment has been cali-

brated by an outside agency, Test Engineer shall determine

adequacy of calibration and related documentation and , if
adequate , may release equipment for use in accordance with this
procedure.

NOTE: If it is impractical to move test instruments to the Labora-

tory for calibration , trans fer standards may be used for cali-
bration at the equipment site . Reference standards may not be

removed from the laboratory except for recertificat ion .
(2) Record each calibration on a Calibration Report form and main-

tain a file of all reports. Enter the calibration date in the
appropriate section of the Instrument CaI J bration and Issue
Record for each item. If calibration by another agency has been
accepted , note Ins t rume nt Calibration and Issue Record accord-
ingly.

(3) After calibration , affix a label to each test instrument identi-
fying the calibrator and stating the date of calibration.

(4) Except as noted in (5) below , the next calibration due date shall
be entered on the calibration label and Calibration Due Card by
the Calibration Technician prior to return of the instrument to
the Issue Crib.

(5) On most transducers and pressure gages (norma l recall interval
2 months) the next calibration due date will be assigned at the
time of issue by the Issue Crib Attendant or the Dynamometer
Laboratory L.adman if gage. are issued from th. Dynamometer Lab-
oratory. Recall intervals will be established by the Test
Engineer and entered on the Pre.sure Gage Issue and Recall *acord , j
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ENGINEERING TEST SECTION NO: 1000 Rev. 8

OPERATING PROCEDURE DATE: 11 December 1973

F: ~~~~~~~~
SUBJECT: SU PERSEDES :

CALIBRATION STANDARDS LABORATORY AND TEST
EQUI PMENT STORAc,F AND ISSUE CRIB 31 October 1973

c. If , on calibration , a te st  instrument fails to meet assigned specifi-
cation requireuient s after repair or adjustmenL , the rest Engineer shalt:

( I) Assign revised speci f icat ions , indf cat in h  the revision by a
label of t .e  test instrument and an entry in the instruction
manual , “r appl y a “Limited Use” stamp to the catibrat iou label

and clearly ident i f y the l im i t a t i o ns.
d. Whenever an item of equipment is out of service tot any reason , it

shall be conspicuously identified v itha  label reading “NOT IN SF.RVICE-

CALIBRATE BEFORE USING”. So far as is practicable , out-of-service

items shall be physicall y segregated from other equipment .

e. Whenever an indicating instrument is used in a manner white quantita-

tive data or results are not required , the Test Engineer or the Cali-

bration Technician shill conspicuously identif y it with a label read-

ing “INDICATION ONLY”.
f. Maintain all measurement standards (reference and trans fer) in a con-

trolled environment. Temperature range shall be 680 to 76°F with no

more than 1°F variation in any one hour period , and relative humidity

shall be 307. to 607... Cleanliness , vibration , and other controllable

factors shall not adversely affect measurements. Re ference standards

shall be removed from this environment only for recertification in
accordance with applicable procedures and the table of Appendix A.

Transfer standards may be removed for use at equipment site in ac-
cordance with Para . b , above. Refer to Appendix B for a listing and

calibration intervals of trans fer standards.

g. Mainta in certificates , reports and data sheets recording the dates ,

• accuracy, and conditions under which reference standards have been

calibrated . Documents shall identify higher echelon standards used

and shall indicate traceability to recognised physical constants or
National Standirds. These records shall be available for inspection
at any time.

t i ,
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ENGINEERING TEST SECTION NO:. 1000 Rsv . 8

OPERATING PROCEDURE DA TE: Il Dec;~~er 1973

F~~~~. D$1A*(C* a*az~~$Uh1*fla øtt;uDX~ ~~~~~~~~~~~~.
SUBJECT: 

CALIBRATION STANDA RDS LABORATORY AND TEST SU PERSEDE S:

EQUIPMENT STORAGE AND ISSUE CRIB 31 October 1973

h. Revise the calibration periods of test instruments in accordance with

usage and demonstrated stability as determined from the records by

the Test Engineer.

i. Extend calibration due dates for limited periods when test instruments

are employed in urgent service. Users requesting such extensions

shall later be notified of any out-of-specification conditions found

when calibration is performed.

j . Issue special test equipment which is in the custody of the Calibra-

tion Lsbo ratory . Make entry on Instrument Calibration and Issue
Record (Form OED-409) each time equipment is issued or returned.

Prepare Form OED -5l5 to cover equip ment due for calibration. This
applies both to items stored in the Instrument Crib and items stored

in the Calibration Laboratory.
Recall items which are due for calibration. Items which are not s )

readily moved or which require disassembly may be tagged with a “Not
In Service-Calibrate Before Using” label. 

-

2. Test Equip ment Storage and Issue Crib shall:
a. Assi gn suitable shelf locations (Crib Item No.) for all equipment

assigne d for storage in the Instrument Crib. Issue measuring and
test equipment to using personnel as reque sted. Perfo rm a visual
inspection for evidence of damage each time equipment is returned.

b. Make entry on Instrument Calibration and Issue Record (Form OED-409)

each time equipment is issued or returned .

c. Enter next calibration due date on the label of pressure gages and

transducers not used since last calibration. Due date shall be

deter mined in accordance with the calibration interval assigned to
the instrument by the Test Engineer and calculated from the date of
first issue of the instrument following calibration. ‘take the
appropriate entry on Form OED-717 and Form OED-409 for each pressure
gage and transducer issued .

~ ;,.
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ENGINEERING TEST SECTION NO: 1000 Rev . 8

OPERATING PROCEDURE DATE Il December 1973

• 
F~ Oava~A c *  *ZIQZ$****1NG D*V*1IO~~~ 

- SAN JØSLcaUmut*4 I

SUBJECT: CALIBRATION STANDARDS LABORATORY AND TEST SU PERSEDES.
EQUIPMENT STORAGE AND ISSUE CRIB 31 October 1973

If a stock of calibrated but unassigned pressure gages is maintained
in other locations , responsible personnel will enter the due date on

the cilibration label of each gage placed into service and make an

appropriate entry on Form OED-7l7.

E. H. Suhr
Supervisor
Engineering Test

vm
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ENGINEERING TEST SECTION NO: 1000 APP. A

OPERATING PROCEDURE 
~~ 

1973

r~~~ 
ga~ w*ica anl*nflL*a DzvzssOjq

SUBJECT: CALIBRATION STANDARDS LABORATORY AND TEST I SUPE R SEDE S:
EQUIPMENT STORAGE AND ISSUE CRIB 27 February 1973

Aun endix_A ________________________
REFERENCE STANDARnS

Para meter Type Instrument Serial Calibration Calibration

~6.! and Mo~ie~ ______ I nt erv al Source
T ime and ~r~ nsuu ssi~’ns o~ ~~V , I~u rt  ..oilins , Colorado c •I ~t imtJ us 1y availab le.
Frequency

Electrical Stanuard Ce~is 686595 ~ yea r ~imco Electronics
Voltage 724619

Epp ley Type 100 783712

Electrical General Radio Co. ~~~~~ 9741 3 years Ceneral Radio
(Resistance) Type 1440-9631

Standard Resistor
~~~~~~ 1OKA

Leeds & Northrup 1795443 3 years Leeds & t~orthrup- 
4 020-3  1 .0  ohm

(Capacitance) General Radio Co. 5 years General Radio
Type l409-91l2,.OIMF 15715
Type 1409-9720,O.IMF 15371
Standard Capacitors

Pressure Deadweight Tester 1 BA 03925 As required* Ashcroft Corp.
Ashcr oft 1305-B

5 years Weights : SC County
Dept . of Weights
& Measures

Sound Level Bruel & Kjaer 227216 As required* Bruel & Kjaer
Model 4220 Cleveland , Ohio
Pistonphone

Tempe rature Platinum Resistance 62103 2 years Rosemount
Thermometer
Rosemount 1O4MB48ACCA

Linear Bridge 27 96 2 years Roseaount
Rosemount 414L

Illuminance Tektronix 316 Digi- 3020303 6 months CED Calibration
tal Photometer Lab.
36301 Probe 3010238 1 year Tektronix Corp.

I

-,’

*Cslibration is based on physical dimensions. Recalibration is only required when visual
inspection indicates wear.

a
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OPERATING PROCEDURE 
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~~~~~~~~~~~~ 

1973

I O*DWAB(C* aNOZIq~~~~*ZNQ DZV*aZOI~ MM IOU. CAUIOSNIA J
SUBJECT: CALIBRATION STAN DA RDS LA BORATORY AND TEST SU PERSEDES:

EQUIPMENT STORAGE AND ISSUE CRIB 27 Februa ry 1973
Appendix_B ________________________

TRA NS FER STANDARDS

Parameter Type Instrument Serial Calibrat ion
Mf g. and Model 

__________ Interva l

Time Electronic Counter 1212A00933 6 months
Frequency Hewlett -Packard 5300A/5304A ~~~~~~

Electrical Universal Potentiometer 1309288 18 months
DC Voltage Leeds & Northrup 1(3

Model 7553
Volt Box L & N 7582 1560894 18 months

AC and DC Meter Calibrator
Voltage and Hewlet t-Packard 6920B 7DlO9 l 6 months
Current 

-

• Digital Voltmeter
- 

Non-Linear Systems 1OC- l .532 6 month s

DC Current L & N 1(3 and 1598013 1 year
Shunt Box L & N 4385

AC Freque ncy Hewlett-Packard Thermal 416-00442 Note 1
Response Converter llO5OA

AC and DC Decade Attenuator
• Attenua tion General Rad io 145OTBR 1984 1 year

AC and DC Voltag e Divider
Voltage Ratio General Radio 1454A 3343 1 year

Resistance General Electric Portable CDBI 1 year
Double Bridge 9069l99G l

General Radio Co. 28126 1 year
Type 1432-P
Decade Resistor

Temperatur e Jos . Kaye Co. Model 2110 7335 1 year
Ice Point Refer ence Standard

NOrES:
1. Calibration not required . Certified by type and construction.

• F—9 •
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CALIBRATION DUE
MONTH CRIB ITEM NO.

~
i

~
iiJ

~~ 
3 4 J  5 1 6 1 7 1 8 1 9 1  10

~~ 

H J 1 2
J

MONDAY

EE ~i ±iI 

INTERVAL _______________

DESCRIPT ION —

MODEL OR P N __________________________________________

LOCATION ____________________________________________

- - -, ~~~~ -

TYPE MFG & MODEL S ~N
__________

RANGE CALIB PROCEDURE_____________ INTERVAL________________________

CAl. DATE DUE DATE ISSUED TO DATE OUT DATE IN - ISSUED TO DATE OUT DATE IN

OED-409 (9-6~) IN5TRL~ iENT CALIBRATION AND ISSUE~ RICO D

L 
_ _ _
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OIIONA NCZ

~~NOINIEflINO CALIBRATION REPORT
DIVI M ION

I. STANDARDS LABORATORY I 1 7. REASON FOR SUBMISSION fl
2. SUBMITTING ACTIVITY I 1 CERTIFICATION fl 1

CALIBRATION 2
3. TEST INSTRUMENT CROSSCHECK 3

(u rn. Cd~brss.d) OPERATIONAL FAILUR E 4

4. MANUFACTURER I 
S. DATE OF LAST SERVICING I

S. MODEL NUMBER I CERTIFICATION 1
CALIBRATION 2

6. SERIAL NUMBER I I CROSSCHECK

1. CALIBRATION PROCEDUR E I I 4. TEMPERATURE —°F I
2. CALIBRATION TECHNICIAN I 1 5. RELATIVE HUMIDITY I
3. TEST DATE 1

1. T EST INSTRUMENT EVIDENCED 3. TEST INSTRUMENT RETURNED

GOOD CONDITION I OUTSIDE ADJUSTMENT TOLERANCE 1
SEVERE ENVIRONMENT 2 WITHIN ACCEPTANCE TOLERANCE 2
PHYSICAL MISHANDLING 3 OUTSIDE ACCEPTANCE TOLERANCE S
AGE AND LONG SERVICE 4
OVERLOAD 5 

~ CERTIFICATED OR REPORTED
VALUE , IF FIX ED STANDARD L I

2. TEST INSTRUMENT FOUND _____________

5. MAN.HOURS TO CALIBRATE I I
OUTSIDE ADJUSTMENT TOLERANCE 1
WITHIN ACCEPTANCE TOL ERANCE 2 _____________

OUTSIDE ACCEPTANCE TOLERANCE 3 ~ MAN-HOURS TO ADJUST OR

C A L I B R A T I O N  
- 

EQUIPMENT
_________ 

(LIST ALL EQUIPMENT USED IN THIS CALIBRATION ) 
_________ __________

MANUFACTURER MODEL NO. SERIAL NO. RECALL DATE MANUFACTURER MODEL NO. SERIAL NO. RECALL DATE

REMARKS

F-12
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APPENDIX G

I
MOLD INSERT PULL TEST
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1
Central Engineering Laboratories Lab No:

tr ~sj u’~ Santa Clara TEST REPORT

756-342-828 CEL ______________________

No: 015-400-000 Part Name: Solid State Switch Part No:

2-U—76 Lol Sizo:

- Req By: Dean Andrus Heat No: P.O. No:

Phone: 3342 Size : Rec. No:

Div/PIt: OED Mfgr: No. Test Pcs:

Specification:

Information Desired:
1 Conformance of Material to Specification [] Process Analysis , Bath/Panel Conformance

Conformance of Certification to Specification XX Other — Explain

Force required to pu ll out three mounting screw inserts. Please identify the

three,

_______________________________________________________

P -“ Its: 2—18—76
‘S

Insert* Force

#1 635 lbs .
#2 390

#3 592

* See Figure 1 for position of Insert.

~ ~ ..:.. r~~

Rick Brown
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Figure 1. Solid State Swi tch I4AG=2X

Note : The numbers refer to the results given above.
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