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ABSTRACT 

This report describes the work performed under Phase I of Contract NAS1-5042 
for the Design, Development, Fabrication, and Testing of High Shock FM 
Transmitters. 
of electronic components for use in  the traosnitters and the developmerit 

Phase I of the Contract was concerned with the qualification 

E 
of a transmitter meeting the electrical and physical requirements of the i 
specification. 
component test program, the evaluation of the electrical and physical 

Included in the report are the results of the electronic 
i 

properties of canadate epoxy encapsulants, and a description, schematic 
diagram, and electrical test results for the transmitter developed under 
this phase of the contract. I 

Felix Pitts 
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The following correct ions a r e  to be incorporated in this  publication: 

CONTENTS 

Page  i, Figure 2-7 
Change 
to r e a d  

"American Technical Ceramic" 
"CTS of Berne Inc." 

SECTION 1 

Page 2, Paragraph  6 ,  Line 4 
Change "is being compared" 
to r e a d  "is long compared" 

SECTION 2 

Page 5, Paragraph  2 
Change 
to r ead  

"Figure 1-5 shows a typical t e s t  package." 
"Figure 1-6 shows a typical tes t  package. " 

Page 8, Paragraph  14, Line 3 
Add the following sentence af ter  '%efore/af ter  measu remen t s .  I t  

"As an essentially constant current  source is 
used  to drive the r e s i s to r ,  the variation in voltage 
drop is  proportional to  the resis tance change. I t  

Page 8, Paragraph  15, Line 5 
Delete sentence 

"As an  essentially constant current  source is 
used  to  drive the r e s i s to r ,  the variation in  
voltage drop i s  proportional to the resis tance 
change . 
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Page  9,  Pa rag raph  18, Line 1 
Change 
to r e a d  

" h e  r ican Te c hni cal Ce r ami c s I '  

'CTS of Berne hc." 

Page  12, Line 9 
Change ' I  6, = p€&3 I t  

to read ! I C r  = p e t "  

SECTION 4 

Page 34, Line 10 
Change = 1.3 x seconds" 
to r e a d  = 1.03 x seconds" 

Page  35, Pa rag raph  8, Line 4 
Change 'I = 0.872 lbs .  " 
to  r e a d  = 0.0872 lbs. 

SECTION 5 

Page  40, Pa rag raph  3, Line 7 
Change 
to read 

"The ratio of C1 to CZ determines etc.  
"The ratio of C3 to  C+ determines etc." 

Page  40, Pa rag raph  4, Line 5 
Change 1 1  n = CJC4 
to r e a d  'In = c J C ~  I* 

SECTION 6 

Page 47, Pa rag raph  5, Line 4 
Change 
to read 

"Figure 6 - 1) time I' 

"Figure 6-1) warm-up time" 

Page  51, Pa rag raph  3, Line 3 
Change 
to r e a d  

"incomplete wiring of the f iberglass"  
"incomplete wetting of the fiberglass" 
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REFERENCES 

Page 52, Table 7-1 Under "Manufacturer" 
Change 
to r e a d  

Page 59, Line 2 
Change 
to  r e a d  

"American Technical Ceramics"  
"CTS of Berne Xnc. 

ILLUSTRATIONS 

Wood s t r a in  output" 
"Load s t ra in  output" 

Add 
"Lower t r a c e ,  Strain 7,200 mic ros t r a in /  cm" 

Page 65, Figure 2-1 
Photograph printed upside down 

Page 70, Figure 2-7 
Change 
to  r e a d  

Page 76, Figure 2-13 
Change 
to r e a d  

Page 77, Figure 2-14 
Change 
to r ead  

Page 91, Figure 3-1 
Change 
to r e a d  

Page 99, Figure 3-9 
Change 
to read 

"Impact T e s t s  on American Technical Ce ramics"  
"Impact Tes t s  on CTS of Berne Inc. 

Coordinates 'I% ERROR" in three place s 
"% COMPONENT CHANGE" 

Coordinates "70 ERROR" in three places  
"70 COMPONENT CHANGE" 

"Stress Level See Figure 5" 
"Stress Level See Figure 3-3" 

"Plastic Modulus E = 5.1 x lo5"  
"Mastic Modulus E = 5.1 x 10'" 

Page 117, Component List Under "Manufacturer" 
Change "ATC" 
to r e a d  "CTS of Berne Inc. 

Page 134, Figure 6-2 Under "Frequency Change (Kc/ s)" coordinate 
Change scale "100, 80, 60, 40, 30, 20, 10, 0" 
to r ead  "100, 80,  60, 40, 20, 0 ,  -20, -40" 
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SECTION 1 

TEST FACILITIES 

INTROD UCTION 

1 The high shock t r ansmi t t e r  being developed in this P r o g r a m  must  
operate properly as well as survive during seve ra l  high level  shocks.  An 
i n p e r t a t  phase cf the devclopnien: program is the qualification of com- 
ponents for  this  application. In-house tes t  equipment was used for  these 
tes t s .  

2 
factorily when encapsulated in a hard epoxy ball impacting concrete a t  150 
f t /  s e c .  
t rans i t  t ime of a s t r e s s  wave t o  propagate throughout the ball, a quasista- 
t i c  s t r e s s  distribution is produced. 

The qualifying t e s t  for the t ransmit ter  r equ i r e s  that i t  operate satis-  

Because the t ime of impact of the ball is long compared with the 

3 
l a rge  acceleration fo rces .  
in  the laboratory since only complicated procedures  approaching the com- 
plexity of the actual  application can be used.  Careful consideration of the 
acceleration fo rces  acting on the component r evea l s  that these fo rces  can 
be considered t o  have two components: the force on the component because 
of i t s  own weight and the force on the component because of the surround- 
ing medium.  The f i r s t  i s  the result  of the acceleration fo rces  on the com- 
ponent. The second is a s t r e s s  caused by the loading effects of the plastic 
encapsulant used and can be produced without accelerating the component 
package since it is external to the component. The second s t r e s s  is ,  in 
general ,  much higher then the first  and hence a tes t  p rog ram simulating 
this  s t r e s s  can yield valid r e su l t s  concerning component qualification. 

Under high shock conditions circui t  components a r e  subjected t o  
Shock accelerations a r e  difficult to  duplicate 

PENDULUM IMPACT TESTER 

4 
portion of the program and although they were  developed as  pa r t  of a Com- 
puting Devices in-house project,  a brief description is included he re  to  
provide an  understanding of the tests and the problems associated withthem. 

Two facil i t ies were made available for Component t e s t s  during this 

5 
T e s t e r .  
with interchangeable heads, a high-mass anvil block, a piezo-electric load 
cel l  and a sample holder attached to the anvil .  

The most  important of the two t e s t  facil i t ies is the Pendulum Impact 
This tes te r  is shown in Figure 1- 1 and consis ts  of a pendulum 

The pendulum head can be 

7060/FR1 
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re leased at various heights by an electro-mechanical device which a l s o  
operates  the camera  shutter on the oscilloscope used to  record the load 
and component change during the t e s t .  

6 
chosen s o  that a s t r e s s / t ime  history,  which closely approximates the con- 
ditions in a tes t  sphere,  can be produced. AS the impact duration of the 
pendulum on the sample is being compared to  the s t r e s s  wave reflection 
t ime,  a quasistatic system is produced which can be described by the equa- 
tions of simple harmonic motion. 
which has a uniform s t r e s s  along i t s  length, that v a r i e s  sinusoidally with 
t ime .  
and the effective m a s s  of the impacting pendulum head. The magnitude of 
the s t r e s s  pulse is  determined by the mass of the pendulum, the d rop  
height and the sample spring-constant . 
re t ica l  operating curves for the Pendulum Tes te r  based on the equation of 
simple harmonic motion. 
r e su l t s  using a 1 inchOD X 2 inch sample a r e  plotted for comparison.  
pulse times agree very closely.  
and practical  resul ts  for the maximum s t r e s s  a r e  attributed to the heat 
generated a t  impact,  the vibrations set  up in the equipment, and the pro- 
portion of the load ca r r i ed  by the load cel l  mounting stud. 

The m a s s  of the pendulum head and the sample dimensions have been 

The tes t  sample ac ts  a s  a l inear spr ing,  

The load pulse duration is determined by the sample spring-constant 

F igu res  1-2 and 1-3 show the theo- 

The average of a s e r i e s  of six experimental  
The 

The discrepancies  between the theoret ical  

7 
of determining the s t r e s s  applied to the sample .  The accelerometer ,  how- 
eve r ,  records the multiple reflections of shock waves in the pendulum head 
and i t s  output must be fi l tered to provide a scaleable r e c o r d .  The fi l tering 
then produces a loss  in accuracy.  
the t e s t  sample because of the mechanical impedance mismatch  between 
the pendulum head and the sample,and therefore  affect the sample under 
tes t  to a very small  deg ree .  -It has been estimated that only 8 per cent i s  
t ransferred t o  the sample.  This es t imate  is based on the diameter  of the 
head compared to  the diameter of the sample during impact and the dis-  
s imilar  elastic propert ies  of the head and sample.  
systems appear to  be approximately the same  and for this reason the load 
cell  has been used for all component t e s t s .  
1-5 compare the load cell  output to the composite output of two s t ra in  
gauges mounted on the side of a tes t  specimen. 
cell  and it is seen that it corresponds in t ime  with the s t ra in  gauge r e c o r d .  

An accelerometer  attached to the pendulum head is another method 

The reflections a r e  not t r a n s f e r r e d  to 

The e r r o r s  in both 

The curves shown in Figure 

The top t r ace  is the load 

8 
pends on the calibration certif icate supplied by the load cel l  manufacturer 
(Kist ler  Instrument Company). 
valid, a check is performed f rom t ime to t ime using a standard aluminum 
sample and  a standard drop height. To date,  no change in load cell  output 
has been detected. 

The absolute accuracy of the Computing Devices' impact tes te r  de- 

To ensure that this calibration is always 

7 06 0 / F R  1 
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9 
effective mass of the pendulum a r m .  
distributed along i t s  length and, t he re fo re ,  cannot be added directly t o  the 
m a s s  of the head. 
and the r e su l t s  a g r e e  to within 0 .1  per cent.  

The effective m a s s  of the pendulum is the mass of the head plus the 
The m a s s  of the pendulum a r m  is 

Two methods were  used t o  determine the effective mass 

0 
b 
1 
I 
e 

10 
mentally for  var ious effective pendulum weights. 

Table 1- 1 gives the pulse time and maximum s t r e s s  determined experi-  

EFFECTIVE 
WEIGHT 
O F  HEAD 

(1bs) 

3.17 
8.62 

15.4 

3.17 
8.62 

15.4 

PULSE TIME 

1" diameter  x 2" long RDD5 Sample 
0 .71  
1.14 
1.64 

1" OD x 3/4" long RDD5 Sample 
0.53 
0.77 - 

MAXIMUM 
MEASURED 
STRESS (psi)  

(d rop  height - 8 ft) 

11,000 
17,900 
17,900 

12,000 
17,900 - 

~ ~~ ~ 

Table 1-1. Pendulum T e s t e r  

11 
1-4.  
dulum head makes  contact with the front surface of the tes t  sample which 
was coated with conductive s i lver  paint (Figure 1-6). The s i lver  paint on 
the remaining portion of the sample was  to  eliminate the surface charge 
redistribution effects .  
tion. 

The block circuit  diagram of the pendulum t e s t e r  is shown in Figure 
The t r igger  circuit  for  the oscilloscope was  completed when the pen- 

The latter problem is discussed in a following sec- 

12 
means  of providing the required temperature  environment during the t e s t s  
was investigated. 
until they have reached the desired t empera tu re .  They were  then rapidly 
removed f r o m  the oven and placed on the sample holder,  all the required 
e l ec t r i ca l  connections being made with a multipin connector.  
method overcomes the need for a complex t empera tu re  tes t  chamber to 

Since the impact tes t  was required at various t empera tu res ,  a simple 

The tes t  samples were  places in  a temperature  oven 

This  simple 
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contain the sample during the t e s t .  T o  check the feasibility of this method, 
a plastic sample was potted with two t h e r m i s t o r s ,  one a t  the center  of the 
sample and the other a t  the surface.  After a uniform temperature  of 140 
degrees  F had been reached, the sample was  removed f r o m  the oven and 
placed on the pendulum t e s t e r .  
center was  monitored. 
corded by the two t h e r m i s t o r s .  
t ime to remove the sample f rom the oven and make the required t e s t s  be- 
fore appreciable cooling o c c u r s .  

The t empera tu re  on the surface and a t  the 
Figure 1-7 shows the variation of t empera tu re  r e -  

It was apparent that there  was sufficient 

COMPRESSION TESTER 

13 
simple compression tes te r  shown in Figure 1-8. 
between the hydraulic r a m  and the load ce l l .  The load ce l l  is a multi-strain 
gauge device which has been calibrated in an accurately calibrated commer -  

The second tes t  facility made available for this contract  was the 
The t e s t  package is held 

cial  compression machine.  
of a hand pump. 

The load is applied to the tes t  package by means  

14 
control over the load applied to the sample is possible.  
i s  the difficulty in comparing the compression tes te r  r e su l t s  with those 
f rom the pendulum since the plastic shows s t r a i n  ra te  effects.  

The advantages of the compression tes te r  a r e  that somewhat g rea t e r  
The disadvantage 

15 Since the plastic yields and the s t r e s s  on the sample then va r i e s  with 
t imz ,  point-by-point data plots a r e  difficult to make .  The process  maybe 
automated by applying the load cel l  output directly to the X-amplifier of a 
c a m e r a  equipped oscilloscope while the compared variation data is applied 
to the Y-amplifier . The resultant photograph is a continuous plot of com- 
ponent value v e r s u s  load. 

COMPRESSED AIR GUN LAUNCHER 

16 
similar to a l a rge r  unit developed by Computing Devices several  yea r s  ago, 
which was used extensively to launch l a rge  rocket body models .  The smal- 
l e r  unit is complete and all instrumentation required is available to  launch 
8 l b  penetrometer spheres  and sabots at  velocities of up to  200 f t / s e c .  
Higher velocities a r e  possible using high-pressure bottled g a s .  This tes t  
facility is available for the second phase of this p rogram.  

A six-inch compressed-air-gun is shown in Figure 1-9 .  The unit is 
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SECTION 2 

SHOCK TESTING OF ELECTRONIC COMPONENTS 

INTRODUCTION 

1 
stability for  components while subjected to  a la rge ,  short-duration mecha- 
nical  s t r e s s  pulse. As mentioned in the previous section only external 
s t r e s s e s  a r e  applied t o  the component because of the difficulty and expense 
i n  obtaining acceleration pulses of long duration while in fact for ordinary 
components the external effect is much l a r g e r .  Calculations show that the 
spherical  t es t  package to be used in the second phase of the contract  will 
be subjected to an acceleration pulse of 1.03 mill iseconds when impacted 
into concrete at 150 ft /  s ec .  
approximately 1.2 mill iseconds long. 
the component t o  a m o r e  r igorous t e s t .  
encapsultant is not affected by the variation in  pulse length f r o m  0.71 t o  
1.64 mill iseconds.  
in  Section 3 of this r epor t .  

The component t e s t s  have been undertaken t o  determine the electronic 

The pendulum t e s t e r  produces a s t r e s s  pulse 
The increased pulse length subjects 

The cha rac t e r i s t i c s  of the plastic 

The validity of this statement is discussed more  fully 

2 Encapsulation of electronic c i rcui t ry  in hard plastic is the best method 
available t o  obtain h i g h  e lectr ical  and mechanical stability i n  a high frequen- 
cy  circuit  such as the t r ansmi t t e r  required for  this  p rogram.  
reason,  a standard tes t  package one inch diameter  and two inches long was 
chosen and RDD 5 plastic (a Computing Devices' nomenclature) which has 
good high impact cha rac t e r i s t i c s ,  was chosen for the encapsulation of the 
component. 
placed approximately 1 / 2  inch from the bottom of the package. After travel-  
ling 1- 1 / 2  inches the initially spherical  shock front has become sufficiently 
flat before i t  reaches the component. 
since the pulse duration i s  much longer than the t ime required for  the shock 
wave to  t r a v e r s e  the length of the package and many reflections actually 
occur before the maximum s t r e s s  is reached.  In fact, the s t r e s s  build-up 
is sufficiently slow that it m a y  be considered a s ta t ic  load except that the 
plastic does not have sufficient time t o  yield. The components to  be tes ted 
a r e  mounted, i n  general ,  i n  t h ree  mutually orthogonal positions. Compon- 
ents ,  such as r e s i s t o r s ,  which a r e  symmet r i ca l  along one axis, a r e  mounted 
in  only two positions. 

F o r  this  

Figure 1 - 5  shows a typical tes t  package. The component is 

This is not too important,  however, 

3 
c a s e s  a r e  not suitable for testing in the pendulum impact tester. In the 
t r a n s i s t o r ,  the metal  ca se  protects the semiconductor element f rom the 
external  s t r e s s e s  t o  a large degree.  

Some types of components, such as unpotted t r a n s i s t o r s ,  with me ta l  

Only acceleration t e s t s  a r e  applicable 
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to this  type of component. Potting of the t r ans i s to r  overcomes  this  prob- 
l em,  but this i s  not always possible with other types of components which 
fall into the category, such as quartz c r y s t a l  r e sona to r s .  

4 
subjected to a high-g environment and must be considered when testing 
components. These include, for any given class of component: 

Many var iables  exist  which affect the component change when it is  

(a) Inherent mechanical var iables  in  the component 

(b) Component orientation 

(c )  S t r e s s  level 

( d )  Orde r  of s t r e s s  application i f  m o r e  than one tes t  is 
performed on a given sample 

(e )  Type of plastic 

( f )  Tempera ture  of plastic and sample 

( g )  P l a s t i c  batch 

(h) Variables associated with the pendulum tes t  
- Pulse duration 
- Pulse shape 

5 A number of these var iables  were not of immediate interest  and steps 
were  taken to exclude them f rom the experiments .  The same  type of plastic 
was used f o r  all the t e s t s  (except for high temperature  t e s t s  on capac i to r s ) .  
The mixing procedure and general  control over the plastic was standardized. 
Plast ic  batch was a variable which was eventually eliminated when it was 
found that sufficient plastic to  pot 12 samples  could be mixed all a t  once 
r a the r  than in a s e r i e s  of small  batches.  Since some testing of RDD 5 
plastic had been c a r r i e d  out before the s ta r t  of this  p rogram and since 
detailed mechanical t e s t s  were  ca r r i ed  out a t  the initiation of this  work 
( s e e  Section 3 ) ,  this  plastic was  used for  all components t e s t s .  

6 
ated with pendulum tes te r  a r e  eliminated as  much as possible by using 
standard test conditions. 

S t r e s s  pulse length, s t r e s s  pulse shape, and other var iables  associ-  

7 
ables,  statist ical  methods have been applied t o  the information obtained f rom 
the t e s t s .  The variables considered in these tes t s  a r e :  

To determine the amount of interaction between the remaining va r i -  
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(a) Component orientation 

(b)  S t r e s s  level (between 2,000 and 12,000 psi) 

( c )  Order  of applied s t r e s s  pulses  ( increasing s t r e s s  
level or decreasing s t r e s s  levels) 

(d) P l a s t i c  batch 

8 Plas t ic  batch was eiiminated during the tcst  program- 2s stated above 
by potting all components for a test s e r i e s  f rom one batch of plastic.  The 
o rde r  of stress w a s  eliminated from capacitor t e s t s  when it was found that 
breakage occurred at an unpredictable level between 6 ,000  t o  8 ,000 psi .  

9 
was found that the components which showed the highest degree of stability 
during the tes t  generally had ze ro  permanent s e t .  A mathematical  analysis  
of var iance of the component tes t  r e su l t s  r equ i r e s  extensive data t o  produce 
meaningful r e s u l t s .  A minimum of t h ree  points for a given set  of conditions 
was taken but it was found that experimental  e r r o r  and component variabil i-  
t y  limited the usefulness of the statistical ana lys i s .  Insufficient t ime was 
available to  per form sufficient tests t o  exploit the analysis  t o  its fullest .  

The component value before and after testing was a l so  recorded .  It 

10 
tween var ious types of components i n  any one c l a s s  can be resolved with 
the limited r e su l t s  available. 
will be most suitable for the high shock t r a n s m i t t e r .  Exact relationships 
of component value ve r sus  pressure  a r e  not of utmost importance since 
the exact magnitude of the pressure  acting on any given component within 
the t ransmi t te r  case i s  impossible t o  es t imate  and the exact effect any 
component change will have in the rf c i rcu i t ry  is also,  in general ,  difficult 
to  a s s e s s .  

An examination of the results obtained indicates that differences be- 

It becomes apparent then which components 

11 
a r e  obviously better for this application, and provide a reasonably degree  
of confidence in these conclusions. 
the analysis p e r f c r a e d  on these  r e su l t s  does fulfill these requi rements .  

The final r e su l t s  must be a c l e a r  indication of which component types 

The r e su l t s  obtained f rom the t e s t s  and 

PREPARATION OF TEST SAMPLES 

12 The preparation of the tes t  samples  containing the components was 
s imple.  A si las t ic  mold was used t o  pot the components into a 1 inch by 
2-1 /2  inch long tes t  package. After the necessa ry  cure  cycle, the tes t  
packages were mounted in  a special adapter in a lathe so that the package 
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could be shortened t o  two inches while squaring the cylinder 's  ends.  
end and walls were painted with conductive s i lver  paint. 
a photo of a typical t es t  package ready for tes t ing.  

The 
Figure 1-6 shows 

13 
t o  prevent spurious signals f r o m  appearing in the t e s t  r e c o r d .  The effect 
is s imilar  in nature t o  a piezo-electric voltage appearing a c r o s s  the com- 
ponent but is, in fact, a redistribution of surface charge on the tes t  samTle.  
Figure 2-1 is a typical record obtained f r o m  a capacitor tes t  sample which 
was not treated with the si lver paint. The small negative pulse a t  the be- 
ginning of the s t r e s s  pulse and the l a rge  positive one a t  the end a r e  due to  
the surface charge effects.  
g rea t e r  than that used for normal  capacitance measu remen t s .  

The silver paint applied t o  the bottom portion of the sample was  needed 

The ve r t i ca l  scale  is a n  o r d e r  of magnitude 

COMPONENT TEST RESULTS 

RESISTORS 

14 The circuit diagram used for the r e s i s t o r  t e s t s  is shown in Figure 
2-2. A general Radio Type 1608A im2edance bridge was used to  make 
before/after measu remen t s .  
t e rmina l s  of the tes t  c i rcui t  and monitored the variation i n  voltage drop 
a c r o s s  the tes t  sample.  
included in the monthly p rogres s  r epor t s  have been omitted f r o m  this  r e -  
por t .  
analysis and the conclusions which could be drawn did not add greatly to  
the curves showing the raw data.  The types of r e s i s t o r s  tested included 
carbon, tin oxide, me ta l  film, and c e r m e t .  They a r e  discussed under in- 
dividual headings below: 

The oscilloscope was  a c  coupled to the output 

The r e su l t s  f rom the s ta t is t ical  analysis  although 

The number of t es t  samples  tes ted was not sufficient for a complete 

15 IRC CARBON 5.6K, 1 / 4  WATT RESISTORS. F igu res  2-3 and 2-4 
show the resul ts  of two se ts  of carbon r e s i s t o r s ;  one set  was covered with 
a woven fiberglass tube which it was hoped would improve the cha rac t e r i s -  
t i cs  of the carbon r e s i s t o r .  
the horizontally mounted unit appears  to have occur red .  As an  essentially 
constant current  source i s  used to  drive the r e s i s t o r ,  the variation in volt- 
age d rop  is proportional to the resis tance change. 

However, an  inc rease  in dynamic change in 

16 WELWYN 9 .  lK,  1/4 WATT TIN OXIDE RESISTORS. The plotted 
resu l t s  a r e  shown in Figure 2-5. 
ve ry  susceptible f r s h o c k  when mounted perpenducnlar to  the direction of 
applied force.  
film components in that they have metal  caps over the end of the ce ramic  

It was found that these r e s i s t o r s  were 

These r e s i s t o r s  a r e  typical of many t in  oxide and me ta l  
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c o r e  which b e a r s  the r e s i s to r  film. In this  instance the cap t o  which the 
lead wi re s  a r e  attached is actually formed on the end of the ce ramic  co re  
r a the r  than being preformed and then p res sed  on. This  r e su l t s  in  a con- 
tinuous contact around the co re  r a the r  than only at seve ra l  points as is the 
usual ca se .  The reason for  the open circuit  occurring at low stress levels  
is not known. It is probable that the ce ramic  co re  failed, which would bias 
the selection of other r e s i s t o r s  the same basic construction. 
failure may however be peculiar t o  the ceramic material used by this manu- 
fac tu re r .  
mi t t e r ,  a r e  considerably better than carbon r e s i s t o r s  when used in a uni- 
directional s t r e s s  field, and their  cost  i s  ve ry  low. 

The type of 

These r e s i s t o r s ,  although not suitable for  the high shock t r ans -  

17 
RESISTORS. These r e s i s t o r s  make use  of conducting epoxy to f o r m  the con- 
nection between the lead wire and the resis t ive element.  The r e su l t s  i n  Fi- 
gure 2-6 indicate that although the change in res is tance is low the re  appea r s  
t o  be deter iorat ion as the component is subjected t o  further s t r e s s  pulses.  

AMERICAN COMPONENTS INC. MCF 11 10 WATT METAL FILM 

18 AMERICAN TECHNICAL CERAMICS CERADOT 11 10 WATT RESIS- 
TORS. 
s i s tor  tes ted.  
ends of the c e r m e t  res is t ive element.  
means  of attaching the wire to the r e s i s t o r  of any of the types of r e s i s t o r s  
tested and repeated low stress pulse produced no change in r e s i s t ance .  
Figure 2-7 gives the results of the t e s t s .  The beforelaf ter  r e su l t s  are 
essentially z e r o  and the dynamic change is l e s s  than 0.15 pe r  cent in the 
2,000 to  3,000 ps i  stress range.  

These r e s i s t o r s  appear  to have the best  cha rac t e r i s t i c  of any r e -  

This is probably the mos t  reliable 
The lead wi re s  a r e  attached by soldering t o  the s i lvered 

CAPACITORS 

19 
shown in Figure 2-8. 
mining element in a n  osci l la tor .  Therefore,  the frequency of the oscil lator 
is a measu re  of the component value. Frequency variations during the tes t  
were  discriminated with an  Electro Mechanical R e s e a r c h  Inc. Tunable Dis- 
cr iminator  , Model 97G and Variable Lowpass Output Filter, Model 95D. 
The frequency of the oscil lator was adjusted t o  a predetermined value p r io r  
t o  the tes t  by adjusting the power supply voltage. A frequency of 95 Kc/s 
was chosen for all t e s t s .  
a t  8 Kc l  s . 

The circuit  d i ag ram used for the shock t e s t s  on the capacitors is 
The tes t  capacitor was  used as a frequency deter-  

The discriminator output fi l ter  cut-off was  set 

20 
c i tors  a c r o s s  the tes t  capacitor and adjusting the f i l ter  amplitude output to 
produce a specific deflection per  p F .  Although a number of calibration 

Calibration of the system was accomplished by switching known capa- 
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capacitors were included in the circui t ,  only a one pF capacitor was needed 
and the fi l ter  output w a s  adjusted to give 1 volt deviation pe r  p F  capacity 
variation. T h e  output was assumed t o  be l inear with capacitance change 
over this range. 
in the resul ts  were  sufficiently large to make any interpolation e r r o r s  in- 
significant . 

The assumption is acceptable since the random variations 

21 Four  types of capacitors have been t e s t e r  - these were  Amer ican  
Technical Ceramics  Model N o .  ATC 100, Vitramon Model V Y ,  Corning 
G l a s s  Works  Models TYD6 and CY 1OC and Centralab DD- 101. 
type has a negative temperature  coefficient. 

The la t te r  

2 2  
large hence they do not appear suitable for  the high shock t r ansmi t t e r ,  even 
though they a r e  ve ry  small. 
taken since it was found that their  performance was infer ior  to  the Vitra- 
mon and Corning capac i to r s .  

The capacity variations of the ATC capacitor were  generally quite 

Only a l imited number of data points were  

23 
Smooth curves were drawn f r o m  point to  point with no weighting on the 
various points. 
random effects present (point s c a t t e r ) .  Part of the variation is  due to  
noise in the discr iminator  o r  tes t  system which appea r s  on the t r a c e .  A 
possible source of the noise is the physical movement of the tes t  sample 
during and after the impact .  
t e s t .  

The Vitramon V Y  capacitor tes t  r e su l t s  a r e  shown in Figure 2-9.  

The data is presented in this  manner t o  show the l a rge  

Figure 2-10  is a typical record of a capacitor 

24 
and 2-12 respectively.  
2-9  for the Vitramon VY Condensers .  
s t r e s s  levels than the CYlO. 
the statist ical  analysis .  
analysis does not consider the effect of potting batch and the o rde r  of applied 
stress.  All the tests were  performed with increasing s t r e s s  levels since 
a catastrophic failure,  possibly due to  an open circui t ,  generally appeared 
at  8 , 0 0 0  psi, although the Corning condensers were  somewhat better than 
the Vitramon in th i s  r e s p e c t .  

The Corning Glass TY06 and CYlO resu l t s  a r e  shown in F igu res  2-11 
The resu l t s  a r e  similar to those shown in Figure 

The TY06 is a little better a t  low 
F igures  2-13 and 2-14 show the r e su l t s  of 

The 90 per cent confidence l imits  a r e  shown. The 

2 5  Centralab c e r a m i c  disk capaci tors  have been considered because of 
their  negative temperature  coefficient and the potential need for tempera-  
t u re  compensation in the t r a n s m i t t e r .  
2- 15. The capacitance change is  orientation dependant,going positive and 
then negative when the plane of the disk is perpendicular to the applied 
force as the s t r e s s  is increased and negative only, when disk is  standing on 
edge. 

The r e su l t s  a r e  shown in Figure 
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26 
lack of time and data .  

A stat is t ical  analysis of these units was not conducted because of the 

R . F .  COILS 

27 The r f  coils a r e  the only components manufactured specifically 
for this application. 
a conducting film on a g la s s  o r  high-alumina ceramic c o r e .  

High shock stability has been obtained by depositing 

28 
of i t s  highmodulus of elasticity and result ing low deformation under s t r e s s .  
Py rex  was  considered originally. Under repeated s t r e s s  pulses of 3,000 
to  4,000 psi,  3 /  16 inch diameter  by 91 16 inches long rods  shattered if 
mounted with their  axis perpendicular t o  the applied fo rce .  
tically they could withstand repeated s t r e s s  of a high magnitude. 
reinforcing jackets around the coil did not i nc rease  the strength of the co re  
in  the horizontal position. 

High-alumina ce ramic  has been chosen as the c o r e  ma te r i a l  because 

Mounted ver- 
Fiberglass  

29 
manufactured by Du-Co Ceramics  Go., Saxonburg, Pennsylvania. A General 
E lec t r i c  product, "Lucalox", is presently on o rde r  and wil l  be used i n  the 
second phase of the p rogram.  
and has a modulus of elasticity of 57 X 106psi. An estimate of the change 
of inductance of a helix for simple changes in  length was  made. An equa- 
tion for  the inductance of a single layer  solenoid is 

The ce ramic  ma te r i a l  presently being used is a 96.6 per  cent alumina 

The la t te r  material is 99.9 per cent alumina 

N' ra 
9 r  t 10e L =  

where  
N is number of turns  
r is the radius of coil 
L is coil  length. 

for N = 3  4 = 0.5 r = 0.1" 

and 
a r 

r t &  
L w -  

To determine the effect of r and G on the inductance we take partial  deriv- 
atives of L 

aL r ( r  t 2&) 
a r  ( r  t -1.1~ 

- =  where 
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substituting we get 

or  
AL = 1.8 A r  - 0 . 8 3  A t  

where AL, A r  and A& r ep resen t  per cent change. 
f rom a s t r e s s  directed along the axis  of the coil a r e  approximately 

The s t ra ins  result ing 

Let 

Therefor e 

and 

S t r e s s  = S = 3,000 psi 
Elast ic  Modulus = E = 57 X l o6  for Lucalox 
Poisson 's  Ratio = I-I = 0.23 
Strain = €  

E& = 5 . 3  x 1 0 - ~  
E, = -1 .2  x 1 0 - ~  
A& = 0.0053 per cent 
O r  = -0.0012 per cent 

AL = -0.0066 per cent 

A change of L of to. 0062 per cent should change the frequency by approxi- 
mately -0.0033 per  cent which is below the required specification of 0.004 
per cent.  In the same  manner ,  a s t r e s s  perpendicular to  the axis  of the 
coil will cause the inductance to  vary about -0 .01 per cent and the frequency 
to  va ry  0.005 per cent .  
Three thousand p s i  is the expected maximum s t r e s s  in the t r ansmi t t e r  
package. 
section. Est imates  on the capacitance change which might accompany a 
change in physical dimensions of the coil have been made assuming that 
capacitance is inversely proportional to  length and proportional to  c i rcum- 
ference or d i ame te r .  An axial  force would produce a n  inc rease  in capaci- 
tance and a force perpendicular to  the axis would cause a dec rease .  
effect would,when added to the change in  inductances calculated above, add 
to the frequency shift in one case and subtract  i n  the other.  

A dec rease  in s t r e s s  would reduce this f igure.  

The s t r e s s e s  within the t r ansmi t t e r  a r e  discussed in  a following 

The 

30 Impact t e s t s  conducted on the coils have given r e su l t s  which a r e  an  
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E 
order  of magnitude g rea t e r  than those indicated by the above calculations. 
F igure  2- 16 shows the resul ts  of the impact t e s t s .  
a t rend  toward higher frequency change for increasing s t r e s s  level is evi- 
dent there  a r e  la rge  variations at a l l  s t r e s s  levels .  

It is seen that although 

31 
to  prevent the coil f rom changing position (and hence changing s t ray  capa- 
city) during the impact, the r f  coils were  tested in the compress ion  t e s t e r .  
The t e s t  circuit  and block diagrams of tes t  equipment a r e  shown in  F igure  

In an  at tempt  t o  improve the experimental  procedure and in particular 

2- 17. 

32 
change ve r sus  load a r e  shown in F igures  2-18 and 2-19) indicated no co r -  
relation between the var ious types of co re  ma te r i a l  ( ce ramic  and pyrex 
glass)  nor between the different coil orientations.  The percentage i s  seen 
t o  be approximately the same as that obtained in the dynamic t e s t s .  
difference is even l e s s ,  considering the plastic is 1 / 2  as strong when 
measured  statically as dunamically ( s e e  plastics section).  The hys t e re s i s  
effect is probably due t o  plastic flow occurr ing during the period in which 
the load is applied. F igure  2-20 shows the r e su l t s  of a ce ramic  coi l  being 
subjected t o  a s e r i e s  of increasing and decreasing loads .  The hys t e re s i s  
effect i nc reases  as the peak load inc reases .  

The measured s lopes of the curves  (typical curves  of frequency 

The 

3 3  
ly  the same re su l t s ,  namely a n  order  of magnitude g rea t e r  than those cal- 
culated for the ce ramic  coils;  coil ma te r i a l  and orientation have had no 
apparent effect. 
modulus of elasticity is almost  half that of pure alumina. 

The genera l  conclusion, therefore,  is that both t e s t s  produced rough- 

The g lass  coils should be considerably l e s s  because its 

34 
ferent ma te r i a l s  and orientation i s  not known exactly, but the dielectr ic  
constant of the plastic appears  to  be a function of p r e s s u r e .  
s e a r c h  has  failed t o  produce da ta  on p r e s s u r e  effect, but consultation with 
var ious authorit ies confirm that such effects a r e  likely. For example,  the 
optical refractive index of a mater ia l  i s  related to  its dielectr ic  constant, 
and changes in re f rac t ive  index were easily observed i n  the s t r e s s  analysis 
work discussed in another section of this r epor t .  

The reason  for the l a rge  changes and the lack of correlat ion for dif- 

A l i t e r a tu re  

3 5  The problem is difficult t o  overcome because some form of potting ma- 
t e r i a l  is needed t o  support the t ransmi t te r  components during the high shock 
application. F i l l e r s  appear  to be the best solution. l 'Eccospheres"  a r e  a good 
choice for a fi l ler  when mixed with the  plastic since mechanical  charac te r -  
i s t ics  a r e  preserved ,  the density i s  reduced, the dielectr ic  constant is r e -  
duced since the "Eccospheres" a r e  air-filled and the the rma l  insulation pro- 
per t ies  a r e  improved. All these effects a r e  desirable  for  this application. 
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36 A comparison of oscil lator stabil i ty under a s ta t ic  s t r e s s  was  made  
on two identical osc i l la tors ,  one potted with a mixture  of M30 and IIEcco- 

spheres"  ( see  Section 3) and the other  with M30 alone.  
ately were  inconclusive and t ime did not permit  t hem to be repea ted .  A poor 
connection developed in  the t r ansmi t t e r  potted with "Eccospheres"  and no 
useful information was obtained. The osci l la tor  potted in solid plastic changed 
frequency by approximately 170 Kc/  s when subjected to a load of 3, 100 ps i .  

The t e s t s  unfortun- 

37 The coil  design used was quite s imple .  
t e r i a l  was  cut to the co r rec t  d iameter  and length.  The substrate  was f i r s t  
cleaned with aqua-regia  and then thick l aye r s  of s i lver  were  built up using 
Hanovia liquid s i lver  solution and a suitable bake cyc le .  
necessary  helical  coil  of s i lver  on the substrate  can be removed in  e i ther  
of two ways.  

The alumina subs t ra te  ma- 

To obtain the 

(1) Grind the s i lver  coating away with a suitable diamond 
wheel, o r  

( 2 )  Etch  the s i lver  away with ac id .  The s p i r a l  of s i lver  
t o  be removed was f i r s t  covered with a thin l aye r  of 
tape .  The complete coil  was then given seve ra l  thin 
coatings of parafin wax af te r  which the tape was  
gently pulled away leaving an exposed helix of s i l ve r .  
Ni t r ic  acid was  used as an  etchant.  The coils was  
washed in disti l led water  and the wax removed.  

Method ( 2 )  was  used in  this instance.  
to 0 . 0 0 1  inches by s i lver  plating. 
commended for  this  application a r e  

The thickness  of s i lver  was  increased  
The Hanovia liquid s i lver  solutions r e -  

(1) Liquid s i lver  #467 - the manufacturer  s ta tes  that 
th ree  applications of this ,  f ir ing each  at 1, 200 de- 
g r e e s  F, will produce a s i lver  thickness  of approxi- 
mately 0 . 0 0 1  inch. 
by the manufacturer  for this application; or  

This  ma te r i a l  was recommended 

( 2 )  Liquid Si lver  #9375. 

38 
p rogram was Squeegees Silver 9091. 
diately available. 
available f o r  Phase  I1 of this  high shock t r ansmi t t e r  program.  
tempts  a t  coil making were  made using a res i s t ive  platinum solution which 
was  then s i lver  plated.  
ra i sed  the finished coil  Q f r o m  90 to  150. 

The silver ma te r i a l  actually used for  the coi ls  produced during this  

Both of the Hanovia ma te r i a l s  a r e  on o r d e r  and will be 
Init ial  at-  

This was  used because it was imme-  

Using the Squeegee s i lver  ma te r i a l  as a base,  
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39 
have been solved by cleaning procedures .  
performed simply but s i lver  bearing solder is recommended. 

Initial problems involving adhesion of the s i lver  to the substrate  
Soldering t o  the helix can be 

R.F. CHOKES 

40 
c o r e s  were  conducted because high stability is not required for their  appli- 
cation. The first was to show that no 
spurious voltages were  produced when the inductor w a s  subjected to  a high 
s t r e s s  pulse,and the second measured  the change in  res is tance under the 
same conditions - Absolutely n o  spurious voltage was detected and no re- 
sistance change occurred.  The units tested were  made by J . W .  Miller Co. 

Only l imited tests on micro-miniature molded r f  chokes with phenolic 

Tws simple t e s t s  wcre conchicted. 

DIODES AND ZENER DIODES 

41  
tion in the t r ansmi t t e r .  Initial t es t s  were  made on TRW m i c r o  diodes 
because i t  was felt that their  small s ize  would be desirable  not only f r o m  
the point of view of available space in  the t ransmit ter ,  but a lso because 
they would probably not be as susceptible t o  the applied stress because of 
the i r  small c r o s s  section and apparent ruggedness.  

Diodes a r e  needed for  temperature  compensation and voltage regula- 

42 The la t te r ,  however, was not so. Only a l imited number of samples  
were  tested and the r e su l t s  are shown in Figure 2-21. The breakdown 
voltage of the PDlOl is given as 50 volts in the data sheet.  The average 
value of 10 samples  was measured t o  be 123 volts.  After a single impact 
of 12,000 psi ,  the average value w a s  reduced t o  66 volts,with 7 samples  
below 50 volts and one as low as 6 volts.  Cracks appeared in the coating 
covering the active element.  

43 
given a thin coating of s i las t ic  plastic. 
forward voltage change was  only several  millivolts and no change occurred 
in the breakdown voltage before and af te r  the shock t e s t .  

To improve the impact character is t ics ,  the P D  101 diodes were 
Under similar tes t  conditions, the 

44 
s i las t ic  ma te r i a l  were used to coat t hem.  
between diodes potted in the various silastic ma te r i a l .  
was that which gave the mos t  uniform coating. 

Micro Zener diodes of the same type were  tes ted.  Three types of 

The best material 
A large variation occurred 

45 
both having Type DD-7 g la s s  cases .  

Other diodes tested include the TI 1N457 and the Hughes 1N903A 
The majori ty  of the samples  became 
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open circuit  during the impact  t e s t .  
shock exhibited no significant change in  breakdown voltage before and af te r  
tes t ing.  The g lass  cases  showed considerable cracking.  It would appear  
that the more common types of diodes r equ i r e  some f o r m  of s t r e s s  re l ief  
before they are suitable for high-g applications.  

Those samples  which withstood the 

46 An exception was the Hoffman 1N1313A Zener  diode which is encap- 
sulated in  hard plast ic .  
increase  in noise,  as shown in F igure  2-22, t he re  was  no change in  Zene r  
voltage a t  low and medium s t r e s s  leve ls .  Two diodes became momentar i ly  
open circuit  when tes ted at  12, 000 ps i .  It is thought that  the ohmic contact 
to  the diode c rys t a l s  momentar i ly  pulled away during the high s t r e s s  leve l .  
The circuit  used for  these t e s t s  is given in  F igure  2-22. 

Six samples  were  tes ted and apar t  f r o m  a slight 

TRANSISTORS 

47 
t e s t e r  using the tes t  c i rcui t  shown in Figure 2-23. Also shown on the Fi- 
gure i s  a typical t e s t  r eco rd .  
2-25 and 2-26. 
t rans is tor  is  mounted in  one of the two horizontal  posit ions.  
was cut open and i t  was found that in this orientation the impact force  was  
applied along a n  ax is  perpendicular t o  the semi-conductor chip.  A fur ther  
reduction in  var ia t ion of collector voltage was  found to  be possible by de- 
coupling the t e s t  r e s i s to r  in the emi t te r  c i rcu i t .  

Plast ic  encapsulated 2N2923 Trans i s to r s  were  tested on the pendulum 

The actual  r e su l t s  a r e  shown in F igure  2-24, 

The t r ans i s to r  
The change in  collector voltage r e v e r s e s  polarity when the 

48 
factory,and no fai lures  occurred  in  any of the units tes ted,  the unit t o  be 
used in the t ransmi t te r  oscil lator will be a me ta l  cased 2N918. 
s i s tor  case  will  be opened and the void filled with a hard plast ic .  
of the t rans is tor  provides some s t r e s s  re l ie f .  

Although the plastic-encapsulated t r ans i s to r s  appear  t o  be quite sat is-  

The t ran-  
The case 
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I . 

SECTION 3 

MATERIAL REVIEW 

INTRODUCTION 

1 
a ma te r i a l  for encapsulating the high shock t r ansmi t t e r  and component t e s t  
packages. A prelir,iiiary selection of iliateriai for use in  making reinforced 
tes t  sphe res  has  a l s o  been made .  

A review of potentially suitable potting material was made t o  select  

POTTING MATERIAL REQUIREMENTS 

2 As  the t r ansmi t t e r  is to have the maximum possible stability, the 
physical deformation of the components and interconnections mus t  be kept 
t o  a minimum under shock loads.  
must have a high modulus of elasticity, high shock resis tance and low den- 
si ty.  As s t r ay  capacit ies i n  the circui ts  have significant effects on the c i r -  
cuits,  the dielectr ic  constant and the dissipation factor mus t  be small and 
their  s t r e s s  dependence a minimum. The mechanical and electr ical  pro- 
per t ies  must  r ema in  essentially constant over the temperature  range 
32 degrees  F t o  140 degrees  F. The ma te r i a l  must a l so  have a low coeffi- 
cient of t he rma l  expansion, a low exotherm during potting, a n  adequate pot 
l ife,  a low viscosity,  a low shrinkage and a moderate curing t empera tu re .  

Therefore,  the encapsulating material 

3 A knowledge of the potting and curing var iables  of the ma te r i a l  which 
is used for component tes t  packages is required,to ensure minimum encap- 
sulant effect on component t e s t s .  The testing of ma te r i a l s  was  divided into 
the following phases: 

(a) Evaluation of the mixing and curing var iables  of 
the ma te r i a l  t o  be used for  component tes t  pack- 
a g e s .  

(b)  P re l imina ry  evaluation of a number of commercial ly  
available r e s i n  systems which might satisfy the t r ans -  
mit ter  requirements .  

(c)  F ina l  evaluation of the ma te r i a l  chosen f r o m  (b) .  

4 
good adhesion, and good shock resis tance when in  a rigid f o r m  appeared 
best suited to  the t r ansmi t t e r  requirements .  The selection of ma te r i a l s  

The material survey was limited t o  epoxies, as their  low shrinkage, 
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for  testing, was based on data f rom:  

( a )  
(b) Res in  suppl iers  
( c )  Available l i t e ra ture  (References  1, 2 ,  3 ,  4,  5) 
( d )  

U s e r s  of high impact mater ia l s  

P a s t  experience in  encapsulating high-g e lec t ronics .  

MATERIAL FOR COMPONENT TEST PACKAGES 

5 
initiated a s  soon as the contract  was awarded.  It was decided that the 
plastic designated as RDD5,which had previously been developed a t  Com- 
puting Devices, be used for producing component t e s t  packages.  
plastic had been evaluated using only room tempera tu re  qualitative tests 
and no quantitative data  was  known regarding the dynamic mechanical  
proper t ies .  As  it was  desirable  to r e m m e  the encapsulant var iables  f r o m  
the component tes t  resu l t s ,  information regarding the mechanical  proper t ies  
ve r sus  loading t ime,  curing and t e s t  t empera ture  was  required for  the RDD5 
ma te r i a l .  

The schedule of work required that the component t e s t  p rog ram be 

The RDD5 

ELASTIC PROPERTIES OF RDD5 

6 DYNAMIC PROPERTIES. An experiment has been performed to  de- 
te rmine  the effect of: individual batches,  curing tempera ture ,  curing t ime ,  
s t r e s s  pulse duration and sample tempera ture  on the dynamic elast ic  pro- 
per t ies  of RDD5. 

(a) Three batches of plastic were  mixed and four samples  (1-1/ 8 inch 
OD x 3 inches long) poured f rom each  batch. 
different cure cycles and machined to a 1 inch OD X 2 inches standard s i ze .  
Strain gauges were  applied, and the samples  tes ted on the pendulum t e s t e r .  
One-eighth inch gauge length foil s t ra in  gauges were  mounted on both s ides  
of the sample using Eas tman  910 cement .  
s e r i e s  so  that any bending effects due t o  unsymmetr ica l  impact of the pen- 
dulum hammer on the sample would be eliminated. 

These samples  were  given 

These  gauges were  wired in 

( b) 
a photograph of an oscilloscope t r a c e .  
oscilloscope t r a c e  of s t ra in  gauge and load ce l l  outputs.  
ples were  tested using different pendulum heads,  giving s t r e s s  pulse lengths 
of 0 . 7  1, 1.14 and 1.64 mil l iseconds.  
s t ra in  r a t e  effects were  significant over this  range .  
outline of the experiment  i n  schematic  f o r m .  

The s t r a in  gauge output and the load ce l l  output were  recorded on 
Figure  1 - 5  shows an  example of a n  

Some of the sam- 

This  was  done to  determine whether 
Figure 3-  1 shows an 

The r e su l t s  of these experiments  
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a r e  plotted in Figure 3-2.  Figures 3-3, 3-4, 3-5, 3-6 and 3-7 show the 
individual plots of the curves in Figure 3-2. 

( c )  After  testing at  room temperature, the 14-day cu re  samples  were  
tes ted a t  150 degrees  F, 128 degrees F, 100 degrees  F and 26 degrees  F. 
The testing at other than r o o m  temperature was accomplished by removing 
the sample f r o m  the temperature  chamber ,  quickly attaching the sample t o  
the pendulum tester anvil and completing the tes t  within 2 minutes.  
check the feasibility of this  approach,2 t h e r m i s t o r s  were  potted i n  a sample: 
one just  under the szrface aid one in the center .  
v e r s u s  t ime was monitored. 
1-7. 
f r o m  63 degrees  C to  51 degrees  C but the internal  temperature  dropped 
only 0.5 degrees  C .  
a r e  shown in Figure 3-8. 

To 

The sample t empera tu re  

During the init ial  two minute period the surface temperature  dropped 
The r e s u l t s  of this tes t  a r e  shown i n  F igu re  

The resul ts  of the testing a t  various t empera tu res  

( dl 
longitudinal s t ra in  gauges and two circumferent ia l  s t ra in  gauges. 
relative s t ra in  during impact of the pendulum head was  measured;  the 
r e su l t s  of this tes t  are shown i n  Figure 3-9 .  

The dynamic Poisson's ra t io  of RDD5 was  measu red  using two 
The 

7 STATIC PROPERTIES. The static s t r e s s /  s t r a i n  curve and Poisson's 
ra t io  was  obtained f r o m  s t ra in  gauge readings similar to  the dynamic Pois-  
son's ra t io  t e s t s .  Results of the static s t r e s s / s t r a i n  curve and Poisson's 
ra t io  t e s t s  are shown in F igu re  3- 10. 

8 DISCUSSION OF RESULTS. 

(a) F igure  3-2 shows that the ma te r i a l  continued curing at  room tem- 
perature  during the two week tes t  period and also that elevated curing 
t empera tu res  provide a small improvement in cu re  t ime ( cu rves  B and D).  
The r e su l t s  indicate that if the curing t ime is kept constant, the no rma l  
room temperature  variations will not significantly a l t e r  the curing of the 
final product. 

t b) The load pulse variation of 0 .7  milliseconds t o  1.6 milliseconds 
does not alter the mechanical properties significantly (see scatter of points 
on Figure 3-3). As the variation in s t r e s s  pulse duration did not produce 
a significant change in  mechanical propert ies  , further testing of ma te r i a l  
s amples  was performed using the 1.2 millisecond pulse (the 8.62 lb head).  

(c)  F igu re  3-8 shows that RDD5 has excellent mechanical propert ies  
f r o m  25 degrees  F t o  75 degrees  F but a significant reduction i n  s t rength 
is observed above 100 degrees F.  
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(d)  The tes t ing on the RDD5 ma te r i a l  indicated that i t  should have 
consistent mechanical proper t ies  for different batches cured a t  normal  
room temperature  if the curing t ime i s  held constant .  

( e )  
increase  from 4.2 x l o5  to  5 .1  x l o 5  and a dec rease  in  Poisson 's  r a t io  f r o m  
0 .47  to 0.42 respect ively.  
plastic pa rame te r s .  

A comparison of the s ta t ic  and dynamic proper t ies  shows a modulus 

The loading ra te  has a pronounced effect on the 

PRELIMINARY MATERIAL SURVEY 

9 
the curing schedule used for  the r e s i n s  and ha rdne r s  obtained for  evaluation. 

Table 3 -  1 l i s t s  the ma te r i a l s  obtained, the mixing proportions and 

10  A ser ies  of t e s t s  have been performed t o  evaluate the strength,  e las t ic  
modulus, dielectric strength,  and dissipation factor over the tempera ture  
range of 32 degrees  F t o  200 degrees  F.  

11 
were poured. 
general  observations as  t o  the handling proper t ies ,  handling t ime and exo- 
thermic  reaction were  noted. After curing,the samples  were  machined t o  
1 inch OD x 2 inches long standard s i z e .  

Three individual samples  (1 -1 /8  inch OD x 3 inches)  of each  ma te r i a l  
Ca re  was taken not to  introduce air into the mixture  and 

12 
Table 3-2 shows the r e su l t s  of these t e s t s .  

A l l  samples were tes ted on the pendulum t e s t e r  using the 8.62 lb  head.  

13 
the pulse length is determined by the e las t ic  propert ies  of the sample .  A s  
indicated in Section 1, the s t r e s s  pulse produced by the pendulum t e s t e r  is 
given by 

The elastic modulus was calculated f r o m  the s t r e s s  pulse duration; 

t = TTJKm 

where t = pulse t ime  in seconds 
k = spring constant of sample 
m = mass of pendulum 

The spring constant k i s  determined by the elast ic  modulus of the ma te r i a l  
and the sample dimensions.  Thus,  the e las t ic  modulus is given by: 

E = 0.56/ ta  for a 1 inch OD X 2 inch long sample 

Figure 3- 11 shows two examples  of t r a c e s  showing load pulse r e c o r d s .  
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M 1 7  M 1 8  M22 

Hysol & Cunsnings Shell 

I 

mer son 

1 

4362-100 1090-100 I 828-100 
I 

--- +- --- 
3404-7 f l l -12  I m &onox-23 ' 

I I 
0.051 I 0.032 1 0.040 

I 1 Clear 
Black 1 yellow Grey 

I 

5 
3.2x10 I 4 . 6 ~ 1 0 ~  1 4 . 9 ~ 1 0  

5 l  6 . 2 ~ 1 0  1 6 . 2 ~ 1 0  10 .5~10 5 

i 
I 

8,920 10,200 14,700 
I 

21,030 12,100 1 17,200 
j I 

I 

23,600 1 14,000 i t 16,800 
I 

Unchanged j Shattered f Unchanged, 

1 
I t  I ! II I 



~ M23 M2 4 M2 5 
I I 

-_ -. _- 
' 4 . 6 ~ 1 0 ~  i 6 . 2 ~ 1 0  4 .6~10 4 . 7 ~ 1 0  5 5 . 1 ~ 1 0 ~  I 6 .5~10  I 

j 331-100 1 331-100 I 331-100 
I I 

5 5.1~10 

z: ~ M27 I M28 z: 
331-100 828-100 828-190 33i-100 

She1 1 Shell 

I 

Tonox-28 / AEP-20 ! AEP-18 ] AEP-20 
I 
1 

r- _- - .-____. 

j I ! 

I I 
I 

0.039 0.040 , 0.039 i 0.039 
' c lear  

0.040 /, 0.040 I --- 1 -+- 
l Clear C1 ear porous C 1  ear C 1  ear 
l i g h t  ye l lo  l i gh t  ye l lo  bubbles yellow ye l low yellow 

I 

I 

I I \ j 15,300 i 15,300 
I 

- I 12,200 17,200 I 17,200 1 16,500 14,000 

I 17,600 1 17,300 I 12,500 
1 

i I 

Unchanged 1 Unchanged I Shattered 
I 

I 
11 I 1  I I  1 

I 
I t  I t  I 

good 1 good 

16,800 i 16,600 j 15,800 ' 16,300 
I I 

! I I 
I 

Unchanged 1 Unchanged 1 Unchanged Unchangec - 
I 

I 

f 

I t  I I  I I  I t  

__t_ 
I 

11 f i 
I 

good 

Table 3-2. Resul ts  of Pre l iminary  Material  Survey (Sheet 2 of 2 )  
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7 06 0 / FR 1 
Section 3 26 



The pulse is  slightly unsymm?trical due to  the s t ra in  lag or  " m e m s r y  ef- 
fect ' '  in  the plastic sample.  Because of this  effect ,  the pulse t ime used for 
m3dulus determination was measured f r o m  the s t a r t  of the pulse t o  i t s  peak 
value,and then multiplied by two. 

14 
average of at least  t h ree  s t r e s s  levels which occur on the l inear  portion of 
the s t r e s s - s t r a in  curve.  
ed f r o m  the total pulse length. As the sample yields,the total  pulse length 
i n c r e a s e s .  As a n  indication of the accuracy of this  method, the modulus of 
elasticity for  the RDD5 samples  w a s  measured  f r o m  F igures  3-5  and 3-6, 
and a l so  f r o m  the pulse duration. The modulus,as measured  direct  f r o m  
F igures  3-5 and 3-6,are 5.32 X l o 5  p s i  and 5.75 x 10" psi  respectively.  
modulus calculated f r o m  the average of the nine s t r e s s  pulse durations in- 
dicated a modulus of 5.2 x lo5 psi and 5.6 X lo5 psi  o r  a difference f r o m  
the previous method of 2.3 per cent and 2.6 per  cent respectively.  

The modulus of elasticity for the m a t e r i a l  is calculated f r o m  the 

The s t r e s s  a t  which yielding occur s  can be detect- 

The 

15 The maximum s t r e s s  tabulated in Table 3-2 does not necessa r i ly  in- 
dicate the yield s t r e s s  of the ma te r i a l .  It gives either the stress at which 
the sample broke o r  the maximum s t r e s s  obtained when the pendulum head 
was dropped f r o m  8 feet .  As the area under the fo rce / t ime  curve is equal 
t o  the kinetic energy of the pendulum, material with a lower modulus will 
have a longer pulse t ime but lower s t r e s s  for any given d rop  height. How- 
eve r ,  the s t r e s s  indicated shows a minimum ultimate s t rength of the ma- 
terials at the various temperatures .  

DETERMINATION OF THE ELECTRICAL PROPERTIES OF PLASTICS 

16 
sulate the t r ansmi t t e r  a re :  

The two important e lectr ical  propert ies  of the plastic used t o  encap- 

(a) THE DIELECTRIC CONSTANT (K).  Because of the high frequency 
and close spacing of components, s t r a y  capacitance will have a significant 
effect upon the resonant frequencies of tuned circui ts  in the t r ansmi t t e r .  
When the circui t  is encapsulated the effective s t r a y  capacitances will change. 
To minimize the retuning necessary after encapsulation,the dielectr ic  con- 
stant of the plastic chosen should be as small as possible.  

( b) 
of the tuned circui ts  the l o s s e s  should be kept as  small as possible in o r d e r  
t o  keep the Q ' s  of the tuned circuits c lose to  their  original value i n  air. 
The dissipation factor of the encapsulating plastic should therefore  be as 
small as possible.  

DISSIPATION FACTOR (D). As the s t r a y  capacitances f o r m  pa r t  
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17 
with the j i g  shown in Figure 3-12 and r emeasured  on a Marconi dielectr ic  
loss  jig, Type T J  155b/ 1 .  

The dielectric constant and dissipation factor were  measured  initially 

18 
taken f r o m  the 1 inch diameter samples used in the pendulum impact t e s t e r .  
A small thickness i s  necessa ry  to produce a measureable  capacity.  
eve r ,  e r r o r s  a r e  introduced because of thickness variations in  each sample 
and the pressure exerted by the j ig .  
plastic were used and the r e su l t s  averaged. 

Disks of ma te r i a l  1 inch diameter by 0.02 to 0.03 inch thick were  

How- 

In mos t  c a s e s  th ree  samples  of each 

19 
were  taken with a General Radio 1608A bridge and a t  high frequencies ( 9 0  
M c / s  to  180 M c / s ) ,  a Marconi Type TF1245 Q-meter  was used .  

F o r  tes t s  a t  low frequencies (1  Kc/ s to  100 Kc/ s) ,  the measurements  

2 0  The test  jig was calibrated a t  low frequency using polyethylene sheets  
of known thickness as the dielectr ic .  
w a s  taken to be 2.26, (Reference data for E lec t r i ca l  Engineers ,  4th edition 
I T T ) .  
tained for  various thicknesses of polyethylene. 

The dielectr ic  constant of polyethylene 

Figure 3- 13 compares  the theoretical  with actual capacitances ob- 
The resu l t s  compare closely.  

21 
dependent on temperature  some of the t e s t s  were  c a r r i e d  out a t  different 
temperatures .  

A s  the electr ical  propert ies  of the plastics were  a l s o  expected to be 

22 
degrees  F and 140 degrees  F and although l a rge  variations in tes t  data were  
obtained the trend indicated an increase in dielectr ic  constant with t emper -  
a t u r e .  

Samples M4, M7 and M16 were  tested a t  t em2era tu res  between 40 

2 3  Values of dielectr ic  constant varied between 3.8 and 6 .4  and dissipa- 
tion factor varied between 0.005 and 0.04 for  the ma te r i a l s  l isted in Table 
3-2. The results of these t e s t s  showed large variation between samples  of 
the same  material ,  and between individual t e s t s  on the same  sample,  e s -  
pecially at  the higher frequencies.  

24 
with s t r e s s  would adversely affect the t r ansmi t t e r  operation during impact,  
the s t r e s s  dependency of dielectr ic  constant should be investigated. 
refractive index ltntl of a ma te r i a l  is re la ted to  the dielectr ic  constant "K" 
by the relation 

A s  changes in  the dielectric constant of the encapsulating ma te r i a l  

The 

n = X  

25 At visible optical frequencies all t ransparent  epoxy mnter ia ls  exhibit 

706O/FR1 
Section 3 28 



a bi-refringent o r  photoelastic effect which is direct ly  re la ted to  stress, 
and it is likely that the dielectric constant is dependant on s t r e s s  a t  the 
lower uhf frequencies.  

26 The s t r e s s  dependency of the dielectric constant w a s  investigated 
using the ac bridge, and a sample compressed  between a paral le l  plate 
capacitor in  the compression tes te r .  N o  g rea t  effect was detected and the 
random nature of the data obtained indicated that m o r e  sophisticated equip- 
ment would be required to measure this effect. 

RESULTS OF THE PRELIMINARY SURVEY 

27 Of the ma te r i a l  tested in the prel iminary survey, samples  M7, M16 
and M18 were  considered as possible encapsulants for  the t r ansmi t t e r .  
M16 and M7 a r e  both systems which cu re  a t  room t empera tu re .  M16 has 
a v e r y  short  working life and a higher exotherm than M7 and M18. M l 6  
a l s o  has  the lowest viscosity at room temperature ,  and c u r e s  t o  a t r ans -  
parent material. The M18 mater ia l  has the advantage of a long working 
time, but i t  must be poured at  approximately 140 degrees  F to  lower the 
viscosi ty  to  a n  acceptable level .  A react ive diluent ''Mod-Epoxy" manu- 
factured by Monsanto Corporation w a s  t r ied ,  to reduce the viscosity of 
M18 system, but the filler separated and the high temperature  propert ies  
w e r e  destroyed. A summary  of the r e su l t s  is shown in Table 3-3.  

~ ~ 

SYSTEM 
~~ 

Pour  T e m l e r a t u r e  

Viscosity 

Working Life 

Exotherm 

Curing Tempera ture  

M7 

75 degrees  F 

Fair 

30 minutes 

Low 

75 degrees  F 

M16 

75 degrees  F 

Fair 

15 minutes 

High 

75 degrees  F 

M18 

140 degrees  F 

Good 

120 minutes 

Low 

200 degrees  F 

Table 3-3 .  Possible  Encapsulants for  T ransmi t t e r  

28 
and could not be used to  differentiate between the plast ics .  
manufacturers '  specifications for  M i 6  and M18 indicate that the la t ter  sys t em 
has slightly better propert ies .  
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29 A modified M16 sys tem was chosen for  fur ther  evaluation using s t r a in  
gauges t o  confirm the resu l t s  of the pre l iminary  survey .  
hardener  w a s  reduced to 20 phr (pa r t s  per hundred) f r o m  25 phr t o  inc rease  
the working l ife,  and the material was  designated M30. 
chosen because of i t s  good mechanical proper t ies ,  t ransparency,  and reason-  
able viscosity at room t empera tu re .  

Tne amount of 

The m a t e r i a l  was  

ELAS TIC 
MODULUS 

30 
at 28 degrees  F,  75 degrees  F, 149 degrees  F and 200 degrees  F using 
strain-gauged samples  and the pendulum t e s t e r .  The s ta t ic  proper t ies  
were  a l so  measured at room t empera tu re .  

The dynamic mechanical proper t ies  of M30 ma te r i a l  were  evaluated 

PCIISSON'S 
RATIO 

31 
dividual tes ts  a r e  shown in F igures  3-15, 3-16, 3-17, 3-18 and 3-19. The 
propert ies  of RDD5 a r e  included for  comparison.  

A summary of the t e s t  r e su l t s  a r e  plotted in  F igure  3-14 and the in- 

5 . 8  x l o5  
5 . 8  x l o5  
5 .2  x i o5  
4 . 4  x i o5  
5 .5  x i o5  

5 . 8  x lo5  
4 .2  x i o5  

SAMPLE 

M30 

RDD5 

0.42 
0.41 
0.44 
0.45 

- 

0.42 
0.47 

T Y P E  OF 
TEST 

Dynamic 
Dynamic 
Dynamic 
Dynamic 
Static 

Dynamic 
Static 

TEST 
TEMPERATURE 

28 degrees  F 
75 deg rees  F 

149 degrees  F 
202 degrees  F 

75 degrees  F 

75 degrees  F 
75 degrees  F 

Table 3-4. Mechanical P rope r t i e s  of M30 and RDD5 

32 Table 3-4 indicates that the M30 material has  good mechanical proper-  
t i e s  over  the tempera ture  range of 28 degrees  F to  202 degrees  F and there-  
fore  would sat isfy the mechanical  proper t ies  required for the t r ansmi t t e r .  
After these t e s t s  had been made on the M30 mater ia l ,  the problem of the 
s t r e s s  dependence of the dielectr ic  constant of encapsulants was investigated.  
Although the magnitude of this  effect i s  not known, the ma te r i a l  which had 
the lowest dielectr ic  constant should have a minimum effect on the circui t  
under s t r e s s .  Manufacturers data indicated that the M18 ma te r i a l  had 
slightly better e lec t r ica l  p roper t ies  than the M30 plastic and i t  was  felt 
that the hollow g lass  sphere used as a f i l ler  would reduce the s t r e s s  de- 
pendency of the dielectr ic  constant in  the M18 ma te r i a l .  The viscosi ty  of 
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the M18 plastic was  reduced t o  a useable value by heating the ma te r i a l  t o  
140 degrees  F before pouring. 
material were  a l s o  advantageous for this application. 

Low density and long working life of this  

3 3  
has chosen the M18 plastic for encapsulating the prototype t r a n s m i t t e r .  

Because of the tes t  results and the above reasons,  Computing Devices 

MATERIAL FOR TEST SPHERES 

34 
sphe res .  
perature  propert ies  and has a low viscosity.  
was  produced by packing a spherical  mould with milled f iberglass  and 
drawing the RDD5 material into the mould with a vacuum sys t em.  A sphere 
with a density of 0.047 lbs/in3 was produced with a 26 per  cent f iberglass  
content. No problems were  encountered with the potting or  curing of this 
t e s t  ball. 

The RDD5 plastic was  chosen for  the production of reinforced t e s t  
The material exhibits excellent room temperature  and low tem- 

One 3-1/2 inch t e s t  sphere 
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SECTION 4 

STRESS ANALYSIS 

I NTRODUCTlON 

1 
ation when the t ransmi t te r  i s  potted in a 3-1/2 inch tes t  sphere impacting 
concrete at velocities up t o  150 €t/ sec .  In o rde r  that components m a y  be 
qualified for use in  the t ransmit ter ,  an est imate  of the s t r e s s e s  expected 
i n  the t ransmit ter  package during impact of the t e s t  sphere was required.  

Components for  the t ransmit ter  mus t  be capable of satisfactory oper- 

2 
e las t ic  bodies may be calculated from the Hertz  laws of contact. 
of McCarty and Carden (Reference 6) indicates that the impact of s teel  on 
concrete approximates  an elast ic  impact.  However, the maximum acceler-  
ation measured  on impact was found to  be approximately 30 per cent l e s s  
than that predicted by the Hertz  laws. The explanation given at t r ibutes  the 
difference t o  local pulverization at the contact point and non-perfect e las t ic  
collision. NASA photographs L-65-3978to L-65-3985 inclusive, i l lustrate  
epoxy balls which have impacted concrete at up to  218 f t / s ec  and there  ap- 
p e a r s  to  be no pulverization o r  permanent deformation at the contact point. 
F r o m  the above it was concluded that the impact of epoxy on concrete should 
approximate an  elast ic  collision. 

The impact force and duration result ing f rom the impact of two hard 
The work 

3 
not known, it will be assumed t o  be one. 
servative est imate  of the maximum acceleration loads acting on the ball, 
and the actual acceleration value m i y  be in the order  of 30 per  cent l e s s  
than the value calculated f rom the Hertz  law. 

The coefficient of restitution of the epoxy ball - concrete collision is 
The assumption wil l  give a con- 

THE ACCELERATION OF SPHERE ON IMPACT 

4 
ties of Ea11 and Targe t  a r e :  

Assume the ball impacts concrete at 150 f t /  s ec .  The Elastic P rope r -  

EPOXY CONCRETE 

p = Poisson 's  Ratio 0 .41  0.2 

E = Modulus of Elasticity 5 . 8  x lo5 psi  3.5 x 10' psi 

1 - u2 6 =- 
E 
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NOTE: The epoxy to  be used for  producing tes t  sphe res  is ma- 
te r ia l  RDD5, and i t s  propert ies  a r e  outlined in the ma- 
te r ia l  selection section of this r epor t .  

Maximum cacceleration 

a, = 
1 0.173 DV; +*a 

= 41,400 g - 
386 ma ( b P  t b t ) a j  

where D =  
v, = 
m =  

diameter  of sphere 
impact velocity 
m a s s  of ball 

= 3.5 inches 
= 1, 800 in/ s e c  
= 2.92 x lb  seca/in 

Impact duration 

t =  
(bP t 6,) m 0.4 

5.208 r ] = 1 . 3  x seconds.  L m  

S T R E S S  DISTRIBUTION IN A N  IMPACTING S P H E R E  

5 A li terature survey was made to obtain the s t r e s s  distribution in a n  
impacting elastic s p h e r e .  A report  entitled "The Distribution of S t r e s s  in 
a Decelerating Elastic Sphere" by DEan, Sneddon and P a r s o n s  (Reference 
7) was obtained. This work gives a solution for the problem of an elast ic  
sphere impacting on a soft surface where the a r e a  of contact is assumed 
to  be quite large.  
a t  hand it is  interesting to note that the authors  found no major  tensile hoop 
s t r e s s e s  in the impacting sphe re .  

Although the report  has  l imited application to the problem 

6 
elast ic  sphere,  a computer p rogram was  writ ten to  evaluate the basic  equi- 
l ibr ium and compatibility equations. 
the diameter of the sphere,  the elast ic  modulus, density and Poisson's 
ra t io  of any number of concentric spheres ,  and the velocity of impact .  
output gives a c r o s s  section of the s t r e s s e s  and displacements throughout 
the sphe re .  Some difficulty has been encountered with the stability of the 
finite difference portion of the program used to  solve this problem and 
computation results w i l l  not be available by the completion date for P h a s e  I. 

To obtain a m o r e  precise  es t imate  of the s t r e s s  distribution in an  

The inputs to  the p rogram include 

The 

7 
lating the impact acceleration loads using the Hertz laws and assuming a 
cylinder equal i n  length to the diameter of the sphe re .  Figure 4-1 i l lus- 
t ra te  the epoxy cylinder and t r ansmi t t e r  ca se  for the two orientations con- 
s ide red .  The density of the reinforced epoxy is p = 0.047 Ib/in3. 
weight of the t r ansmi t t e r  is 2 oz = 0.125 l b s .  
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8 
CYLINDRICAL AXIS . 

FORCES O N  THE TRANSMlTTER PACKAGE LOADED ALONG ITS 

Weight of epoxy A o r  C - - (1*375)a x 1.25 x 0.047 
4 

= 0.872 lbs  

Weight of t r ansmi t t e r  = 0.125 lbs 

F o r c e  required t o  accelerate  A = 41,400 X 0.0869 = 3,600 lbs  

F o r c e  required to accelerate  A and B = 41,400 X 0.212 = 8,780 l b s  

The maximum compressive load on the t r ansmi t t e r  in  this orientation is 
8,780 lbs and the average compressive load is 6, 190 l b s .  

9 FORCES ON THE TRANSMITTER PACKAGE LOADED PERPENDIC- 
ULAR TO ITS CYLINDRICAL AXIS. 

Weight of epoxy D '3r F = 0.0785 lbs 

Weight of t r ansmi t t e r  = 0.125 lbs  

F o r c e  required to  accelerate  D = 41,400 x 0.0785 = 3,250 psi  

F o r c e  required to  accelerate  D and E = 41,400 x 0.203 = 8,400 l b s  

The maximum compressive load on the t r ansmi t t e r  in  this orientation is 
8,400 lbs  and the average compressive load on the t r ansmi t t e r  is 5,825 Ibs .  

T H E  TRANSMITTER CASE 

10 
on the following considerations: 

The design of the t ransmit ter  case i l lustrated i n  Figure 4-2 was  based 

(a) Work statement limitations on dimensions and weight. 

(b)  Structural  rigidity required t o  keep the external  t e s t  
sphere s t r e s s e s  from loading the electronic compon- 
en ts .  

(c)  E lec t r i ca l  isolation of the various t r ansmi t t e r  s t ages .  
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(d) Good the rma l  conductivity of the parti t ions to  reduce 
internal hot spots .  

( e )  Good rf conductivity. 

( f )  E a s e  of assembly of components.  

11 
(75ST6) with a 0.0005 to  0.00075 inch thick s i lver  plate.  Aluminum was 
chosen because of i t s  high strength-to-weight ra t io  and i t s  good the rma l  
conductivity. 
ty and to facilitate soldering. 

The mater ia l  chosen for the t r ansmi t t e r  ca se  is high strength aluminum 

The case  was silver plated to  increase the surface conductivi- 

STRESSES IN TRANSMITTER CASE AND POTTED COMPONENTS 

12 
differently for the axial  and perpendicular loadings of the t r ansmi t t e r  c a s e .  
The s t r e s s e s  produced when the t r ansmi t t e r  is loaded paral le l  to  i ts  cylin- 
d r i ca l  axis  can be calculated theoretically.  
t ransmit ter  perpendicular to  i t s  cylindrical  axis  i s  a v e r y  complicated cal- 
culation. 
gauges potted inside a dummy t r ansmi t t e r  case,and loads applied using the 
Compression T e s t e r .  

The s t r e s ses  in the case  and in the components mus t  be determined 

However, the loading of the 

In the la t ter  ca se  an experiment was  performed using s t ra in  

13 LOADING O F  TRANSMITTER CASE ALONG THE CYLINDRICAL 
AXIS. 
was 8, 780 lbs .  
the trafismitter c a s e .  

The maximum load on the t r ansmi t t e r  ca se  calculated previously 
This is equivalent to  a s t r e s s  of 5, 950 psi  on the ends of 

See Figure 4-1. 

Density of Potted electronics  = 0.04  lb/in3 

A r e a  of aluminum in compressionAAl = 0.632 ina 

A r e a  of plastic in compression .Ap1 = 0.853 ina 

Elast ic  modules of aluminum EA1 - - 10 x 10" psi 

Elast ic  mndules of plastic E p l  - - 5 x io5  psi  

SA1 and spl  represent  the s t r e s s  in the aluminum and plastic respectively.  
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I 8  - 

1 

10 x 10“ 
5 x io5  SA^ = (5, 950 - SA,) 

SAL = 5,670 psi 

SP 1 = 280 psi  

The s t r e s s  in the plastic due to  the acceleration loading on its own weight 

= 0.04 x 41,400 X 0.75 
= 1,240 ps i  

Therefore the total  loading on the encapsulated components equals 1, 520 psi .  

14 
CYLINDRICAL AXIS. It is assumed that the internal parti t ions of the t r a n s -  
mi t t e r  case add no s t rength to the a s sembly .  A t r ansmi t t e r  c a s e  was pro- 
duced as shown in Figure 4-2 except that the partitions were  not included. 
Three  s t ra in  gauges designated A,  B and C, were  potted i n  the case  in  
mutually perpendicular planes as shown in F igu re  4-3. A load P was ap- 
plied through the curved blocks which distributed the load along the length 
of the cylinder.  F igu re  4-4 gives the strain readings of gauges A, B and 
C ve r sus  load. Strain A is negative and s t ra ins  B and C are positive. 
com2ressive s t r e s s e s  due t o  the load P was  calculated from 

LOADING O F  TRANSMITTER CASE PERPENDICULAR TO ITS 

The 

where E = 5 . 8 ~  lo5  
p = 0.41 

and the maximum compressive s t r e s s  v e r s u s  load, in  the t r ansmi t t e r  ca se  
is shown i n  Figure 4-5. Under the action of the compressive load of 8,400 
lbs ,  as calculated previously, the maximum compressive s t r e s s  inside the 
t r ansmi t t e r  ca se  will be 1,500 psi ( s e e  F igu re  4-5).  Added to  this will be 
the s t r e s s  produced by the “gT1 loading on the plastic itself. 

S = 0.75 inches X 0.04 inches X 41,400 = 1,240 psi 

The maximum s t r e s s  i n  the t ransmit ter  will be 2,740 ps i  when loaded per- 
pendicular to its cylindrical  axis. It is expected that loading of the package 
on an axis  other than paral le l  or  perpendicular t o  the cylindrical  axis will 
produce s t r e s s e s  intermediate t o  the previously calculated s t r e s s .  The 
maximum s t r e s s  calculated for loading paral le l  to,  or perpendicular to,  
the axis of the t r ansmi t t e r  ca se  will be 1, 520 and 2,740 psi  respectively.  
Thus, the absolute maximum s t r e s s  t o  which any component could possibly 
be subjected, will never exceed 2,740 ps i .  
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SECTION 5 

TRANSMITTER CIRCUIT DESIGN 

INTRODUCTION 

1 
These included: 

Various sys t ems  were  considered for  the high-shockFM t r ansmi t t e r .  

(a) 
output ( 100 m W )  with an efficiency g r e a t e r  than the m l n i m i m  (15 pe r  cent) 
specified could easi ly  have been obtained. 
of such a circuit  is great ly  dependent upon the load, and would not meet  
stability requirements  (*0.03 per cent) for  open or short  c i rcui t  load. 

A single t r ans i s to r  operating as a n  LC osci l la tor .  The required 

However, the frequency stability 

( b) 
and amplifying s tages .  
with such  a system, but the efficiency requirements  might not be.  
sys t em would be ve ry  complex, little experience is available with regard 
to  c r y s t a l  packaging at the environmental levels dictated by the work state- 
ment and there  is some doubt as to the frequency stability of an oscil lator 
controlled by a piezoelectric device under varying strain. 

( c) 
plying and amplifying s tages .  Although a c rys t a l  is not used, the buffering 
action of the multiplying and amplifying s tages  would reduce the effect of 
load changes on the oscil lator frequency. The circuit would be complex, 
however, and would r equ i r e  careful tuning. Efficiency could a l s o  be a 
problem. 

A c r y s t a l  controlled low power oscil lator followed by multiplying 

Such a 
The stability requirements  would be easi ly  me t  

An oscil lator operating at a lower frequency and followed by multi- 

(d)  
and buffering s tages .  Attentuator pads or  mismatching may  be used t o  pro- 
vide buffering but would r equ i r e  a corresponding inc rease  in amplifier gain. 
The number of amplifying and buffering s tages  used would be a compromise  
between frequency stability and efficiency requirements .  The circui t  would 
probably need fewer components than s y s t e m s  (b) and ( c )  and would there-  
fore require  the smallest volume. 

A single t r ans i s to r  oscillating at 250 Mc/ s followed by amplifying 

2 
Initial designs used a single t ransis tor  oscil lator coupled through an attentu- 
a tor  pad to  a single-transistor amplifier.  Tes t s  showed (Reference 8) that this 
circui t  was not sufficiently stable and therefore  an ex t r a  r f  amplifying and buf- 
fering stage was  added. The final circuit  is now shown in Figure 5- 1. The four 
s tages  are a modulator, an oscillator, a buffer amplifier and power amplifier.  

Sys tem (d)  was  considered t o  be mos t  promising for  this application. 
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THE OSCILLATOR CIRCUITS 

3 
osci l la tor .  A Colpitts configuration is used to  obviate the use of tapped in- 
duc tors .  

The frequency stability of the sys tem is  p r imar i ly  determined by the 

The frequency of oscillation ( f )  i s  determined t o  a first o rde r  by 

1 f =  
2TT J -LZ  

where L i s  the  inductance of L1 plus s t r ay  inductances,  and the associated 
s t r ay  capacit ies C i s  the paral le l  capacitance compris ing the s e r i e s  com-  
bination of C3 and C4. The rat io  of C l  t o  C a  determines  the feedback ap- 
plied t o  the t r ans i s to r .  A r igorous analysis  of the circui t  i s  v e r y  difficult 
at these frequencies;  par t ly  because the c i rcu i t  e lements  a r e  not t ru ly  
lumped elements and the importance of s t r a y  capacity,but principally be- 
cause the t rans is tor  pa rame te r s  a r e  var iable  f r o m  device to  device and 
most  a r e  dependent on frequency and operating conditions. However, con- 
sideration of the low-frequency, small-s ignal  analyses  that have been ap-  
plied to the circui t  can provide a good insight into the modes of operation 
and the effects of component var ia t ions.  

4 
the configuration used i s  given by 

Cote (Reference 9)  has  shown that the frequency of an oscil lator having 

1 t n ( 1  t L / C  Dy) 
(2nf)a = 

LC 

and n = C3IC4 

and yi, yo, yr and yr  a r e  the two-part  pa ram, i t e r s  of the t r ans i s to r .  
analysis  assumes  that the imaginary components of O y  are negligible. 

The 

5 
effects of variations in  the t rans is tor  pa rame te r s  upon the frequency will 
be minimized. 

The equation indicates that the ra t io  L / C  should be low s o  that the 

b 

and 11) suggests that a high circui t  Q (where Q = 2nfL/R) i s  the pr ime r e -  
quirement  for stabil i ty.  
ances  t o  get a la rge  Q i s  normally dictated.  The net resu l t  is a t  var iance 
with Cote 's  ana lys i s .  

The qualitative analysis  of la rge  signal osci l la tors  (References 10 

In view of the nature  of Q, the use  of la rge  induct- 

7 A high-Q circui t  infers  that the frequency shift required t o  compensate 
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for  a phase change in  the feedback loop is small. 
have limiting action t o  constrain the oscillation to  some final amplitude, 
harmonic  generation occur s .  
intermodulation products is a phase shift in  the fundamental frequency,which 

e rence  10). It can thus be seen that no hard and fast  rule  can  be applied t o  
the determination of a n  optimum L/C  ra t io  where t r ans i s to r  pa rame te r  va- 
r ia t ions are concerned. 

Since the t r ans i s to r  must  

The net resul t  of these harmonics and the i r  

.I_... vaz;es since the limiting pa rame te r s  are a function of operating point (Ref- 

8 
changes i n  the L and C portions of the circui t  under conditions of shock. 
Calculations in  a previous section indicate that the alumina cored inductors 
should be ve ry  stable under shock; s imilar ly ,  the capacitors a r e  stable 
components. A s  the changes under shock to be expected f r o m  the s t r a y  
capacitances and inductances are at present  unkonwn, it was  decided as an 
init ial  compromise to  keep the ratios of s t r a y  to fixed capacitance, and 
s t r a y  to  fixed inductance approximately equal. 

Consideration must  a l so  be given to  the effect on the frequency of 

9 
indicated that the s t r a y  capacity was about 1 t o  2 pF.  
lead inductance show that it will probably be about 0.005 VH. A reasonable 
choice then appea r s  t o  be C = 10 pF and L = 0.05 p H  approximately. 
inductance value quoted r ep resen t s  about t h r e e  tu rns  on the alumina c o r e s  
used .  

A comparison of the frequency before and af ter  potting of the oscil lator 
Calculations of the 

The 

10 Cote (Reference 9) a l s o  gives a n  equation for the ra t io  n; where 

where Yr = Y r  -t Yr 

Substitution of the r e a l  pa r t s  of the y pa rame te r s  taken f rom the data sheets  
for the t r ans i s to r  used (2N3663) gives a value of n = 1 . 3 ,  however th i s  is 
only an approximate value. 

11 In practice,  it was  found that the values shown in the circui t  d i ag ram 
(F igure  5- 1) produced the mos t  satisfactory results. The ra t io  of capacity 
however, was not critical as oscillations were  provided using a wide varia- 
t ion in  ra t ios .  The capacitance of CJ and CI, together with the output capa- 
citance of the t r ans i s to r ,  the tuning capacitance and the s t r a y  capacitance 
bring C up t o  12 pF (approximately) which is close to the stated des i r ed  
value.  

12 
m W  of power would be delivered into a 50 ohm load. 

The output is loosely coupled to  the next stage v i a  C5 such that 2 .5  
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MODULATOR 

13 In order  to  frequency modulate the t r ansmi t t e r ,  a variable reactance 
element is required.  A varac to r  was considered for this application but it 
was decided that the associated c i r cu i t ry  would be too complex and bulky 
for  this  application. A simpler method is t o  utilize the dependence of the 
t r ans i s to r  output capacity upon i t s  collector-to-base voltage.  A curve of 
the obtainable variation is shown in Figure 5-2. 
tion, a square-law relationship of capacity to  voltage i s  required if 

To provide l inear modula- 

1 vm f a - a  

E 

where V, = modulation voltage 

then 

where K is a constant. 
close to this relationship to give negligible e r r o r s  under small-signal con- 
dit ions.  

The collector-base capacity variation is sufficiently 

14 
used to  check the l inearity of modulation. The use of the generator is des-  
cribed in the f i r s t  p rog res s  report ,  and although the circuit  is straight for-  
ward,  a brief description will be included he re  for the sake of completeness.  
One h a l f  of the r a m p  generator (F igu re  5-3) u ses  a bootstrapped unijunction 
t ransis tor  t o  provide a l inear  sawtooth waveform which is available a t  out- 
put 1 .  The other half provides a constant voltage source for use as  a bias 
supply for experimental  osci l la tors .  The voltage am2litude may  be var ied 
by VR2. A sma l l  portion of the r a m p  voltage is superimposed on the bias 
voltage in o rde r  to  check modulation sensit ivit ies and l inear i t ies .  
waveform is  shown in Figure 5-4. 

During the bread-board stages of the design, a ram? generator  was 

The r a m p  

15 The specifications cal l  for the frequency response to  be 3 dB down a t  
5 c / s  and 10 K c / s .  If the modulator were  ac-coupled, high-value capaci- 
t o r s  would be required t o  provide sufficient low-frequency response (for  an 
input impedance of 100 K the s e r i e s  capacitor would need a value g rea t e r  
than 0 . 3 2 P F ) .  Since large-value ce ramic  o r  g l a s s  capacitors a r e  not avail- 
able,  some other type of capacitor would be required.  Such types have not 
yet been fully environmentally tested but it is suspected that they might show 
considerable parameter  changes under s t r e s s .  However , stable r e s i s t o r s  
have been found and i t  was decided to dc-couple the modulator to  the oscil- 
l a t o r .  
16 and 17 with references made to  F igu re  5-1. 

The operation of the modulator c i rcui t  i s  described in Pa rag raphs  
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16 MODULATOR CIRCUIT. Transis tor  Q1 provides a nominally constant 
cu r ren t  through Re and thus defines the base voltage of the oscil lator t ran-  
s i s tor  Q,. Any modulation voltage applied t o  the input r e s i s t o r s  R1 and RZ 
will va ry  the cu r ren t  through Re and thus will va ry  the base voltage of Qz . 
As only a few hundred millivolts of signal a r e  required at the base of a, 
the overal l  gain of the modulator is much l e s s  than one. High-value input 
r e s i s t o r s  can  thus be used together with some negative feedback {via R4 
and h) which tends to make the amplifier independent of t r ans i s to r  para- 
m e t e r s .  Since the bias voltage must be stable and independent of power 
supply vo l tages ,  bath the modulator and oscil lator require  a regulated sup- 
ply. The Zener is sup- 
plied via the voltage dropping r e s i s t o r s  Rlo, Rll and RE.  In e a r l i e r  designs,  
the buffer amplifier was  used t o  provide the voltage drop, but problems 
were  encountered in decoupling the amplifier and oscil lator since the r e -  
gulated rail was then a virtual ground. 
the decoupling problem. The efficiency of the overall  t r ansmi t t e r  is rela- 
t ively unchanged since the current  t o  the buffer amplifier has  been reduced 
and the principal power dissipation takes  place in  the power amplifier.  
diodes D1 and Dz provide temperature  compensation for changes in  the base- 
emi t t e r  voltages of Q1 and &. 

The Zener  diode CR1 provides a regulated 8.2 v .  

The present configuration alleviates 

The 

17 BUFFER AND POWER AMPLIFIER CIRCUITS. The r f  amplifier 
s tages  are connected in  common-emitter configurations. 
tion was chosen because of the greater  stability obtainable a t  this  frequency 
compared t o  that of common-base s t ages .  L a r g e r  amplifier gains than are 
obtained in the present  circuit,have been obtained on breadboards using 
commDn-base stages,but these prototype s tages  were  c r i t i ca l  with r ega rd  
t o  tuning and layout and were  not satisfactory for this application. The r e -  
quired gain was obtained f rom the amplif iers  by tuning the emi t t e r  lead 
inductances with the bypass capacitors (Ca and C12) so  that the combination 
form2d a s e r i e s  resonant circuit  at the operating frequency. 
values  were chosen to  produce the maximum gain. A 2N3663 t r ans i s to r  is 
used for  the f i r  s t  am2lifying stage, since the power levels involved are low. 
About 15 m W  of r f  is available when connected to  a 50 ohms load. A 2N3866 
t r ans i s to r  is used in  the l a s t  stage. 
run  well within i t s  specified r a t i n g s .  The diodes (D3, D, and DS) in  its base 
circui t  a r e  used t o  provide a constant base-potential s o  that the emit ter  
cu r ren t  is stabilized against  temperature  variations.  Approximately 20 
-4 (at 16 volts)  a r e  drawn by this stage.At 24 volts about 35 mA are drawn. 
The inc rease  is chiefly due to  extra biasing a r i s ing  f r o m  the increased 
power f r o m  the buffer amplifier.  
buffer amplifier via  the capacitive divider Cs and C,, . 
to  the power amplifier via C13 and C14. 
t o  provide optimum power output and optimum buffering. 

This  configura- 

The capacitor 

It is a high-gain overlay type and is 

The power amplifier is coupled to  the 
The load is coupled 

These capacitors were  all chosen 
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TEMPERATURE RISE IN TRANSMITTER CASE 

18 T o  determine whether the t r ansmi t t e r  could be operated in a vacuum 
of mm of m e r c u r y  without exceeding the maximum case  t empera tu re  
of 140 degrees I?, two hollow aluminum c a s e s  having the specified t r ansmi t -  
t e r  dimensions of 1-3/8 inch diameter  by 1 inch long were  manufactured. 
The outside surface of one unit was black anodized while the other was  
polished. Two-watt r e s i s t o r s  were potted in RDD5 into each  case  along 
with the rmis to r s  to  measu re  the t empera tu re  on the inside surface of the 
r e s i s t o r .  

19 The two c a s e s  were  mounted, in  tu rn ,  in a vacuum chamber and the 
internal  and case t empera tu res  were  monitored when 1.5 watts of power 
dissipated in  each c a s e .  The r e su l t s  a r e  shown in Figure 5-5 and 5-6. A 
vacuum of 1 / 2  m-n was the capability of the available sys t em but i t  was 
found that the p re s su re  could be increased t o  40 mm before there  was any 
noticeable change in the case  t empera tu re .  This resul t  showed that the 
effect of convection cooling was negligible a t  0 .5  mm p r e s s u r e s  and thus 
that the test data is valid and r ep resen t s  the performance of the sys t em.  

2 0  
inside surface of the bell jar was blackened. 
temperature was not great  and it is shown in F igu res  5-5 and 5-6. 

T o  provide a c lose r  approximation t o  an  isothermal  enclosure the 
The reduction in the case  

21 
center and/or  the surface when the above c a s e s  were potted with RDD5 
plast ic .  

Figure 5-7 shows the t empera tu re  r i s e  due t o  plastic exotherm a t  the 

CONSTRUCTION OF THE TRANSMITTER 

2 2  
to  5- 13 inclusive. 

The physical layout of the t r ansmi t t e r  can be seen in the F igu res  5-8 

23 Each section (m,2dulator, osci l la tor ,  buffer amplifier and power 
amplif ier)  w a s  constructed in a separate  compartment .  
desirable  interactions between sect ions.  The diodes were thinly coated 
with RTV silastic rubber before potting. The 2N3663 t r ans i s to r  c a s e s  were  
filed down to half their  original s i z e .  Filing the c a s e s  does not affect their  
e lec t r ica l  properties and considerably eased the problem of mounting them 
in the available space .  The other t r a n s i s t o r s  were  pre-potted with M16 
plastic and their  size was then reduced.  In par t icular ,  the 2N3866 t r ans i s -  
tor  was converted to  a disk approximately 1 / 8  inch thick.  It would have 
been desirable to mount this t r ans i s to r  in one of the partitions or  in the 
base of the t r ansmi t t e r  ca se  in o rde r  to  improve heat dissipation, however, 

This reduces un- 
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18 
'I the collector is electrically connected to the case  and electr ical  insulation 

would have had to be provided. 
t o  the case  walls has been provided by positioning the t ransis tor  close t o  a 
parti t ion.  
the t r ans i s to r  case. 

Sufficient heat conduction through the plastic 

Cooling is also assis ted by the relatively large surface a r e a  of 

24 
are used in  the amplifying s t ages .  The coi ls  are mounted as far f r o m  the 
compartment walls as possible t o  reduce s t r a y  capacity and to  minimize 
rr-agnetic interaction with the walls.  

An alumina-cored coil  is used in  the oscil lator and wire-wound coils 

25  
in  and soldered to  the silver-plated parti t ions and base.  
between compartments a r e  ca r r i ed  via rf chokes.  
a r e  brought in through holes in the base .  

Ground connections a r e  made t o  b r a s s  t e rmina l s  which a r e  mounted 

Output and input cables 
DC supply l ines 

26 
capaci tors  in place of C1, CS, C7, Clo and C1land with the case  removed. 
The variable capaci tors  were then replaced by the equivalent fixed capaci- 
t o r s .  During potting, which was performed on one section a t  a t ime,  the 
tuning capacitor was  replaced with a s i las t ic  rubber plug. 
had cured,  the silastic plug was replaced with a fixed capacitor of the co r -  
r e c t  value.  A guide t o  this value w a s  given by the final setting of the var i -  
able capacitor,  but did not correspond exactly as the tuning was  affected by 
the potting. 

The initial tuning of the t r ansmi t t e r  was perform2d with variable 

When the plastic 

27 
the c o r r e c t  value of modulation sensitivity. When that r e s i s to r  had been 
chosen and mounted, the modulator section was potted, together with the 
small spaces  around the tuning capacitors in the other compartments .  
final operation was to  place the t ransmit ter  into i t s  ca se  and tighten the 
fixing sc rews .  

The last adjustment that was made  was t o  the value of R1 to  produce 

The 
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SECTION 6 

TRANSMITTER ELECTRICAL TESTS 

TEST EQUIPMENT 

1 The equipment used for  the tes ts ,  was  as follows: 

Polarad 
Hewlett Packard 
He wlett Pa cka r d  
Hewlett Pa ckard 
Hewlett Packard 
Hewlett Packard 
Hewlett Packard 
General  Radio 
Communication E lec t  - Inc. 
General  Radio 
F i s h e r  

I-. .- Instrurr,cnt .L y p c ;  No. 

Signal Analyzer SA - 84 
Frequency Counter 524 5L 
Frequency C onve r te  r 52538 
Digital Voltmeter 344 OA 
Vacuum Tube Voltmeter 400D 
Vacuum Tube Voltmeter 410C 
Bolometer 430C 
Attenuators 8 74 
Receiver 50 1 
Impedance Bridge 1608A 
Thermometer (0  to 200 deg rees  F) 

TESTING 

2 
a t u r e s ,  a t  atmospheric p r e s s u r e .  Each  tes t  was a l so  performed at 140 
degrees  F in a vacuum of better than 

Each  of the following t e s t s  w a s  performed a t  t h ree  different temper-  

mm of m e r c u r y .  

3 
t o  the case.  During the tes t s  the thermistor  res is tance was measured  with 
the impedance bridge. The thermistor  was calibrated against  the the rmis to r  
by placing both in  a thermostatically controlled oven. 

4 
dissipation f r o m  the t r ansmi t t e r  - This was  obviated by reducing the oven 
t empera tu re  sufficiently to  maintain the c a s e  t empera tu re  t o  within *Z de- 
g r e e s  F of the required value. In the vacuum tests the case  t empera tu re  was  
maintained at the c o r r e c t  value by using radiant heat f r o m  two heat-lamps. 

The case temperature  w a s  measured by a thermistor  which was glued 

During the t e s t s  the case temperature  tended to inc rease  due t o  the heat 

5 
was switched on. A power supply voltage of 2 0 . 0 0  volts was used for all 
tes t s .  The r e su l t s  showed a maximum warm-up t ime of 1 . 5  minutes ( s e e  
Figure 6-1 )  t ime was defined as the t ime between switch on and that t ime 

WARM-UP TESTS. After the temperature  had stabilized, the t r ansmi t t e r  
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when the frequency dr i f t  was l e s s  than 10 Kc/  s per  5 minutes .  

6 FREQUENCY CHANGE WITH TEMPERATURE. Figure 6-2 (upper 
curve)  shows the variation of t ransmi t te r  frequency with var ia t ion i n  temper-  
a ture .  This t e s t  was  not required in the work s ta tement  but was added for  
completeness. 

7 FREQUENCY CHANGE WITH VOLTAGE. Figure 6 - 2  ( lower curve)  
shows the variation of t ransmi t te r  frequency with variation of power supply 
voltage at three different ambient tempera tures  and at the highest t emper-  
a ture  in avacuum. These resu l t s  a r e  much better than those called for  in 
the work statement.  

8 POWER OUTPUT VS POWER SUPPLY VOLTA.GE. Figure 6-3  (upper  
curve)  shows the variations in  output power with variation of power supply 
voltage. The power output was  lower than would normally be the case  as 
the t ransmit ter  became slightly detuned during the final potting process  
and no time was available in which to make the necessary  correct ions.  
The values in  the vacuum were  lower than those in air at 140 degrees  F.  
The cause of this was a mismatch  in the cable connector in the wall  of the 
vacuum chamber;  a pressure- t ight  coaxial connector was not available.  

9 EFFICIENCY V s  POWER SUPPLY VOLTAGE. Curves showing the 
variations in efficiency with power supply voltage a r e  shown in  Figure 6 - 3  
(lower curve).  The efficiency was lower than normal  for  the same reasons  
that the power output was low. 

10 EFFECT O F  LOAD VARIATIONS. Table 6-1 shows the effect of 
open-circuit and short-circui t  loads at th ree  power supply voltages under 
the four environmental conditions. The detuning of the t ransmi t te r  mentioned 
e a r l i e r  (Paragraph  8 )  had an  adverse  effect upon these resu l t s .  The mis- 
match in the connector aLso affected the charac te r i s t ics  under vacuum con- 
ditions. 

11 MODULATION SENSITIVITY. The modulation sensitivity was de te r -  
mined by applying a sinosoidal voltage t o  the modulation input and measu r -  
ing the output voltage of the rece iver .  The two voltages were  both measured  
with the same VTVM. An incor rec t  figure was  used for the rece iver  dis-  
criminator voltage /frequency charac te r i s t ic  and there  was a l s o  a slight 
shift in modulation sensitivity during the final potting process .  F o r  these 
reasons  the modulation sensitivity of this t ransmi t te r  was higher than i s  
required by the work study. However, deviations f rom this  value will have 
the same  significance as if  the exact sensitivity required had been obtained. 
The resul ts  a r e  given in Figure 6-4.  The change in modulation sensitivity 
at lower supply voltages i s  due to a n  increase  in the Zener  diode impedance 
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Tempera ture  
(OF) Short Circuit  

+280 
$270 
+270 

Open Circuit  

- 180 
- 60 
-60 

69 I :: 
32 

140 
i n  vacuum 

16 
20 
24 

16 
20 
24 

t250 
+200 
+430 

i 2 1 0  
t140 
t120 

- 100 
-80 

0 

-70 
-40 

- 120 
- 30 
0 

+ 10 

+290 
+350 
+230 

Table 6-1. Frequency Shift with Change in  Load 

thereby causing a reduction i n  gain of the modulation circuit .  On later 
models  the zener impedance can be held t o  a sufficiently low value mere ly  
by increasing the bias by one milliamp. The efficiency of the t r ansmi t t e r  
will be only slightly degraded. During f i n a l  construction of the t r ansmi t t e r  
a problem was  encountered with feedback f r o m  the amplif iers  into the 
modulator section. The problem is one of decoupling and ground cu r ren t s ,  
and can be solved by modifying the layout. The feedback caused large 
variations in modulation sensitivity with voltage and temperature .  It was 
confirmed that feedback was  the cause by disconnecting the amplif iers .  
When tested alone and together,the modulator and oscil lator showed no 
noticeable change in modulation sensitivity with ei ther  voltage o r  temper  - 
a t u r e  - 
12 MODULATION LINEARITY. Figure 6-5 shows the excellent l inearity 
of the modulation mechanism. The l inear i ty  was  measured  with the same 
equipment that was used t o  measure  the modulation sensitivity. 

13 MODULATION BANDWIDTH. The bandwidth was  determined by 
applying a constant-amplitude, variable-frequency signal to  the input of the 
t r ansmi t t e r ,  and comparing the rat io  of the output voltage f rom the receiver  
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discr iminator  with the input voltage t o  the modulator .  The r e su l t s  are  
shown in Figure 6-6.  The low frequency roll-off is due to  the vol tmeter  
since the modulator possessed a flat response to dc .  

14 SPURIOUS RADIATIONS. The r e su l t s  of t e s t s  on the t ransmi t te r  using 
the spectrum analyzer a r e  shown in Table 6-2.  The t r ansmi t t e r  was  t e rmi -  
nated in  a l o s s  pad which served to  present  the spec t rum analyzer  with a 
signal at  a level below its saturation point. 

Fundamental Power  = 0 dB 

POWER S U P P L Y  VOLTAGE 
16 v I 24 v I SPURIOUS RADIATIONS 

Spurious F M  of fundamental 
Second Harmonic 
Third Harmonic 

-50 dB 
-53 dB 
-63 dB 

-50  dB  
-50  dB 
-60 dB 

Table 6- 2. Fundamental Radiations 

15 INPUT IMPEDANCE. The input impedance was  measured  by increas-  
ing the source impedance of the signal generator  feeding the modulator,  
until the measured output f r o m  the rece iver  dropped to  half value. At 1 k c / s  
the input impedance was  found to  be 140 kilohms. 

S U M M A R Y  OF RESULTS 

16 
one completed engineering model .  A s  descr ibed above,i ts  performance 
differed from that predicted f r o m  breadboard t e s t  r e su l t s .  The causes  of 
the differences have been determined and, with the experience gained in  
the  construction of this t r ansmi t t e r ,  future t r ansmi t t e r s  shall  mee t  all 
specifications. The t r ansmi t t e r  i s  well within specification in mos t  r e spec t s ,  
and breadboard models have proved capable of meet ing all specifications.  
F o r  example, with minimum power outputs of 120 m W  and minimum effi- 
ciencies of 18 per  cent.  

The results descr ibed in the preceeding sections were  obtained f r o m  

7 060/ F R  1 
Section 6 5 0  



SECTION 7 

CONCLUSIONS 

1 
resis tance of a l a rge  number of components over a wide range of dynamic 
shock conditions. F r o m  this  work a number of components have been selected 
as having maximum stability, and are therefore considered suitable for  the 
final evallration p rogram of the t ransmit ter  under shock cenditions. A brief 
summary  of the t e s t  r e su l t s  is given in Table 7- 1 .  Although stable com- 
ponents are now available the actual stability of the t r ansmi t t e r  can only be 
a s s e s s e d  under the shock condition specified in Phase I1 of the program 
since an  analysis of the t ransmit ter  c i rcui t  with small variations in com- 
ponent value i s  difficult, and the s t r e s s  distribution within the t r ansmi t t e r  
package is unpredictable. 

The Phase I component-qualification program has evaluated the shock- 

2 
scope and two plastics emerged:  one suitable a s  an encapsulant for the 
t r ansmi t t e r  and the other f o r  manufacturing Phase I1 t es t  sphe res .  Emerson  
and Cummings 1090 plastic with its high "Eccosphere" content has good 
mechanical propert ies  a t  all temperatures ,  low density, good electr ical  
propert ies  and, because of i t s  low plastic content, is thought to  posses s  
m o r e  stable e lectr ical  character is t ics  in  a high s t r e s s  environment. 

The plastic survey and testing p rogram was conducted with a broad 

3 
facture of the reinforced sphe res  required for Phase I1 testing. One sphere 
has  been constructed and, although incomplete wiring of the f iberglass  re- 
infor cement occurred,  the problems associated with sphere manufacture 
a r e  understood. The six-inch compressed-air-gun is available, with suitable 
instrumentation, t o  launch the Phase XI t e s t  spheres .  

RDD5 plastic with a viscosity improver  has been chosen for the manu- 

4 The t ransmit ter  in  its breadboard f o r m  has m e t  all the specifications 
for  Phase I; in the final prototype t r ansmi t t e r ,  only character is t ics  associ-  
ated with rf decoupling between stages and final tuning techniques are 
slightly below these specifications. The necessa ry  modifications would 
have been included in the final potted prototype had t ime permitted.  The 
experience gained by Computing Devices' personnel in  rf technology and 
ma te r i a l s ,  during the assembly of the final prototype, will ensu re  the 
success  of the t r ansmi t t e r  needed for the Phase I1 testing program.  

5 
excellent chances of success  in the shock and vibration testing required in 
P h a s e  II. Components, plastics,  t r ansmi t t e r  design, impact t e s t  facil i t ies and 
instrumentation, and Company experience a r e  presently available for Phase  11. 

In conclusion, all aspects  of the work c a r r i e d  out i nPhase I ind ica t e  the 
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8.621bs PENDULUM HEAD 

SAMPLE DIMENSIONS 
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-THEORETICAL CURVES 

+ EXPERIMENTAL RESULTS 

MAX I MUM STRESS p s i  x lo3 
Figure 1 - 3 .  Peak  Dynamic S t r e s s  Curves for 

Pendulum Impact T e s t e r  
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Figure 1-4.  Block Diagram of Pendulum Impact Tes t e r  
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S t r e s s  12,400 psi ,  Component change 1 .3  p F  

Figure  2- 10. Typical Vitramon VY Capacitor Tes t  Record 
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Figure 2- 16. Impact Tests  of R F  Coils measured  a t  180 Mc/ s 
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Ceramic  rf coil 

Figure  2 - 2 0 .  Variation of Frequency Hys te re s i s  with Peak  Load 
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Upper T r a c e  Stress 1 ,000  psi  per cm 
Lower T r a c e  Zene r  voltage change 10 m V  per  

+24 V 

1 

cm 

TO OSCILLOSCOPE t- 

Figure  2 - 2 2 .  Zener  Diode Tes t  Circuit  and Typical Record 

7 060/  FR 1 
Section 2 85 



Upper t r a c e  s t r e s s  1,000 psi  per  cm 
Lower t r a c e  change in collector voltage 10 m V  pe r  c m  

4.7 K 

*TO OSCILLOSCOPE 

5 K  TEST TRANSISTOR 

Figure 2 - 2 3 .  Transis tor  Test  Circuit  and Typical Record  
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Batch No. M1 M2 M 3  
* 

Pul  s e 
Length 

C D E  Cure No. A 

12 Samples required 
9 Tests  p e r  sample 

108 Individual T e s t s  

A B C D  A B C D  

S t r e s s  Level 
See Figure 5 

Batch Numbers - M1, M2, M3. 

Cure 
NO. 

A 
B 
C 
D 
E 

- 

Cure Cycle 

7 !j°F ( in  mold) 105OF 7 5OF 

1 2 - 
1 2 5 
1 - 14 
1 7 
1 - 120 

- 

Head Number Stress Pulse T ime  Effective Head Weight 

H3 0.7 1 milliseconds 3.17 lbs .  

H4 1 .14  milliseconds 8.62 l b s .  

H5 1 . 6 4  15.4 l b s .  

Stress Levels - These a re  shown in Figure 3-2 

P rope r t i e s  Experiment (Araldite RDD5) 
F igu re  3- 1. Schematic Diagram of Dynamic Mechanical 

7 060/ F R  1 
Section 3 91 



t 1 I I I I I I I 
(D rD P N OD !!? 5 'u 0 

(EoI x ! S d )  SS3tllS 

Figure 3 - 2 .  

7060/  F R  1 
Section 3 9 2  

c 
rn 
a, 
4 
V 
h u 
a, 
k 
3 u 
w 
0 
E: 
0 rn 
.,-I 
k 
Id a 
0 
E 
u - 
a" 
!2 
d 
w 
0 
m 
a, .d 
c., 
k 
a, a 
0 

ct: 
': 
a" 

V 

d 
E: 

N 
I 

m 
a, 
k 

27 
.,-I crc 



, I  
'I 
t 
I 

~8 
I 
8 
8 
I 
I 
1 
I 
I 
8 
I 
8 
8 
8 

7 060/ F R  I 
Section 3 

F i g u r e  3 - 3 .  

9 3  

a" 
r3 
d 
w 
0 

cd 
E: 

a" 
m 
I 

m 
al 

od) 
2 
iz 



sc 
\ Y t  \ x 

m - 
Lc 

In r- 
0 

5I 
cn > 

In 

u. 
0 * 

a 
n 

+ 
0 
5I 
cn 
3 
0 
I 
Q) 
t 
I 

W 

3 
V 

a 

a 

7 0601 F R  1 
Section 3 94 



n LL 
0 5 ,  

\ 
7060/FR1 
S e c t i o n  3 

F igure  3 - 5 .  

9 5  



V 
Y 

- 
I- w 
v) 
LL 
LL 
0 
8 
v 
0 
Y 

I 1  

Figure 3-6.  

7 0601 F R  1 
Section 3 96 



n 
' I 
I 
1 
t W 

Y 
0 
Lz 

W 
(3 
3 
U 
(3 

rn 

f 
a U 
I- 
m 

1 k 
p! 0 Q) W d 

601 x !Sd 1 SS3UlS 2. 

Figure 3-7. 

7060/FR1 
Section 3 97 



LLLL 
0 0  
l o O D  + -  

LL 
lo 
b 

0 

#- 

\ a 

b 
0 m 2 'u OD (D 

7 060/ F R  1 
Section 3 

(0 t N I 

(€01 X ISd) SS3UlS 

Figure  3 - 8 .  

9 8  

c cr 
(I] 

a, 
a, 
k 
M 
0) a 
0 
m 

0 

A 

+I 

cr 
(I] 

Q) 
a, 
k 
M 
a, 
'0 
co 

a, 
M 
d 

4 

2 
a, 
k 
5 
Id 
k 

c) 

E a, 

b 

Q 
Q a: 

Y 

m 

W 
0 
(I] 

a, 
.-i 
c, 
k 
Q) a 
0 

a" 
2 
a" 

V 

Id 
d 

co 
I 
07 

a, 
k 

?n 
.,-I cr 



N 
X 

0 
0 

)I - W 

W 
-I 

f 

7060/FR1 
Section 3 

Figure 3 - 9 .  

99 



a 
Q) (0 t N 0 b_ 'u E) 

X '!'sd) SS3tllS 3hlSS3tldW03 

Figure  3- 10. 

7 0 6 0 /  F R  1 
Section 3 100 



I 
I 
I 
I 
t 
I 
E 
1 
I 
I 
1 
I 
I 
I 
I 
1 

L 0 . 2  m S/division 

SAMPLE 
M I3 

- i 0.2 mS/division 

Figure 3- 11. Load Pulse Records f r o m  M a t e r i a l  Survey 

7 0 6 0 /  F R  1 
Sect ion 3 101 



wia ..I 

a 

7060/FRl  
Section 3 

Figure 3-12. 

102 

1- 

m 
a, 
.+ 4 2  

k 
a, a 
0 

U 

k 
.+ 
u 
u 

w 
0 

a, 
k 

m 
9 
Id : 
4 

.+ 
c, .+ 
Id 

d w H 



52 

48 

40 

- 32 
LL 
n 

W 
0 z 

Y 

? 
24 

a 
U u 

16 

81 

0 

/’ 

I I I 1 

40 8 0  I20 I60 200 0 
RECIPROCAL OF DIELECTRIC THICKNESS 

( in4) 

Figure 3- 13. Calibration of Dielectric P rope r t i e s  Jig using Polyethylene 

7 060/ F R  1 
Section 3 103 



I 

a 
a 5  
5 w  w c  

Figure  3-14. 

7060/ FR 1 
Section 3 104 



I 
N 

r 
W 

IL 

ID 
L u  

0 

a 
W c 
v) 
w c 

I( 

aD 
M 

N x a 
W 

I w 

($1 X !sd 1 sS3tllS 3hlSS3tld W 0 3  

F i g u r e  3-15. 

7 0 6 0 /  FR1 
Section 3 105 



0 

W - > 0 

7 0 6 0 /  F R  1 
Section 3 

( X '!'s'd ) SS3tllS 3hlSS3tldt403 

Figure 3-16.  

106 



E 
E 

7 060/  F R  1 
Section 3 

Y) 
0 
X 

(3 
2 
0 

Figure 3-  1 7 .  

107 



- 
v) 

v) 0 9  
ZI 

W 

t 

I 
QD (0 t N 0 

QD - u, - 'u a t 

( X !sd S S 3 U S  dN03 

F i g u r e  3 - 1 8 .  

7 0601 FR 1 
Section 3 108 

D * 

Q * 

3 * 

0 
r) 

N 
r) 

1 

6( 
(0 

a, 
a, 
k 
M 
a, 
'D 
N 
0 
N 

a, 

3 

E 

c, 
rd 
k 
a, a 
a, 
b 
c, 
Ln 

x m  

a, a 
0 
LI , .  

I& 
V 

a, 
k 

0 



7060/FR1 
Section 3 

0 

E 
n 

u 
-1 a 
I 
v) 
a 

a 
I 
c" 

n w I- 
% I- 

v) 
3 
-I 
3 

0 
5 

n 

Figure  3 - 1 9 .  

109/ 110 



A EPOXY 

TRANSMITTER 

c EPOXY 

D EPOXY 

E TRANSMITTER 

F EPOXY 

T I- V4" + I 'I 

3- 1 1/2'# 

I 

8 

C 

i 3- l/2" 

1 
.- --. 

41,400 g 
ACCELERATION LOAD 

41,400 g 
ACCELERATION LOAD 

~~ 

Figure 4- 1 - Impact Loading of Transmi t te r  in Two Orientations 

7 0 6 0 /  FR1 
Section 4 111 



r 
a 

m 
m 
I 

z 
0 
+ o 
w 
v )  

- 
7 a -i 

m / :  - 
I- o 
w cn 

7060/ F R  1 
Section 4 

\ 
\ 
\ 
\ 
\ c 

4 
\ 
\ 
\ 

3 

Figure 4-2 .  

112 

rn 
I 

J 

a, 
m 
rd 
0 
k 
a, 
c, + .,-I 

E 
II) 

a 



Lc 

TRANSMITTER CASE 

LOADING BLOCK 

Figure 4 - 3 .  Strain Gauge Orientation in Dummy Transmi t te r  Case 

7 060/ FR 1 
Section 4 113 



STRAIN 1 

0 I 2 3 4 5 6 7 

STRAIN ( INCHES x 1 6 ~ )  

Figure 4-4 .  Strain Versus Load in  T ransmi t t e r  Case 

7060/ FR1 
Section 4 1 1 4  



0 
0 

I 
I 
I 
I 
I 
I 
I 

1 2 3 
STRESS ( P S I  x to3 I 

Figure 4- 5. Maximum Compressive S t r e s s  Versus  Load in Transmi t te r  Case 

7060/FR1 
Section 4 115/ 116 



COMPONENT 
REFERENCE 

NUMBER 

Res i s to r s  
R1  
R2 
R3 
R4 
R5 
R6 
R7 
R 8  
R9 
R10 
R11 
R 12 
R13 
R 14 
R15 
R 16 
R 17 

Capacitors 
c 1  
c 2  
c 3  
c 4  
c 5  
C6 
c 7  
C 8  
c 9  
c 10 
c11 
c 12 
C 13 
C 14 

VALUE 

22K 
1 OOK 
4.7K 

22K 
4.7K 
1 .OK 
47 OR 
2.7K 
33022 
330R 
330R 
47 OR 

22K 
2.2K 
22 OR 

22K 
5 OR 

8.2pF 
15 

2.7 
15 

1.0 
1.5 
2.2 

22 
3.3 

15 
0.5 
22 

6.8 
6 .8  

COMPONENTS LIST 
FOR FIGURE 5-1 

rOLERANCE 

*lo% 

0% 
*570 
*5qo 
*lo$ 
* 1 0% 
*lo70 
*lo% 
*5% 
* 10% 
*lWo 
*lo70 
*5% 
*5% 
*lo% 

* 
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MANU- 
FACTURER 

ATC 
ATC 
ATC 
ATC 
ATC 
ATC 
ATC 
ATC 
ATC 
ATC 
ATC 
ATC 
ATC 
ATC 
ATC 
ATC 
ATC 

V i t  r amon 
Corning 
Vitramon 
Vitramon 
Vi t  r amon  
Vitramon 
Vitramon 
Corning 
Vitramon 
Vitramon 
V i t r  amon 
Corning 
Corning 
Vitramon 

P M T  NUMBER 

22, 000-A- 10-L 
100,000-A- 10-L 

4,700-A- 10-L 
22,000-A- 10-L 
4,700-A- 10-L 
1, 000-A- 10-L 

470-A- 10-L 
2,700-A- 10-L 

330-A- 

VY04C8R2K 
CY 10C150J 
VY 04C2R7J 
VY 04C 150K 
VY 04C 1ROK 
VY 04C 1R5K 
VY04C2R2K 
CY 1 OC 22 0 J 
VY 04C3R3K 
VY 04C 150K 
VY 04COR5K 
CY 1 OC 22 0 J 
CY 1 OC 6R 8J 
VY 04C 6R 8K 



GO MPONE N T 
REFERENCE 

NUMBER 

Diodes 
D1 t o  D5 

D6 

Trans i s to r s  
Q1 

Q2 a n d Q 3  

Q4 

R F  Chokes 

R F  Coils 
L1 

L2 and L3 

VALUE 

1 .OOpH 

3 tu rns  

5 tu rns  

TOLERANCE 
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~- 

MANU- 
FACTURER 

TRW 
TRW 

Texas  
In st  r ument s 

Genera l  
E le c t r ic 

R .C .A.  

J . W .  
Mil lar  Go. 

PART NUMBER 

PDlOl  
PD6012 

2N2907 

2N3663 

2N3866 

9230 

Alumina Ceramic  Coil  fo rm 
0.157'l d i a .  X O . 5 l t  long 

ESC Stycast  0005 coi l  f o r m  
0.15" d ia .  X 0.5" long No. 22 
Tinned Copper wire  
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Lower t race :  R a m p  generator  output 
10 m V  per  cm 

Upper t r a c e  : Output f r o m  receiver  
Approximately 100 kc/s deviation pe r  c m  

Time base: 0 .2  millisecond per  c m  

Figure 5-4. Ramp Generator and Modulation Waveforms 
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