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ABSTRACT 

•   • 

A program to ^est experimental instrumentation was undertaken 
"by the Naval Ordnance laboratory on Operation UPSHOT-KNOTHOLE in an 
endeavor to improve existing blast phenomena measuring equipment and 
techniques. Four experimental designs were tested: (l) a field unit 
oscillator-amplifier using transistor circuit elements, (2) a sub- «   « 
miniature two-wire field unit, (3) a commercially developed Vibrotron 
gage and amplifier unit, and {k)  a frequency deviation multiplier cir- 
cuit for obtaining increased signal to noise ratios. The operation 
also provided the opportunity to evaluate more fully the performance 
of the Wiancko gage. It was found that transistor circuitry is little, 
if at all, affected by atomic blast phenomena and holds much promise ß % 
for futher development. The sub-miniature two-wire system was success- 
ful and offers many advantages in economy and adaptability in field use 
over the present NOL system. The deviation multiplier scheme was com- 
pletely successful; however, its complexity must be weighed against 
the freedom from noise required on any particular operation. The 
Vibrotron gage and oscillator was unstable, not rugged, and in gen- •   9 
eral gave poor results; it requires a good deal of redesign and de- 
velopment before it can be used in atomic effects measuring programs. 
The NOL modified Wiancko pressure gage proved to be an acceptable gage, 
giving results superior to those obtained on previous operations with 
other inductance type gages. In certain applications, the acceleration 
sensitivity of the gage is excessive and confuses the pressure-time •   * 
record. Also the damping characteristics of the gage could be improved. 
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FOREWORD 

This report ia one of the reports presenting the results 
of the 78 projects participating in the Military Effects Tests 
Program of Operation UPSHOT-KNOTHOLE, which included 11 test 
detonations. For readers interested in other pertinent test - 
information, reference is made to Wr-782, Summary Report of 
the Technical Director, Military Effects Program. This summary 
report includes the following information of possible general inter- 
est. 

a. An over-all description of each detonation, " 
including yield, height of "burst, ground zero - 
location, time of detonation, ambient atmospheric 
conditions at detonation, etc., for the 11 shots. 

b. Compilation and correlation of all project 
results on the basic measurements of blast J  • -^ 
and shock, thermal radiation, and nuclear 
radiation. 

c. Compilation and correlation of the various 
project results on weapons effects. 

d. A summary of each project, including objectives 
and results. 

e. A complete listing of all reports covering the 
Military Effects Tests Program. 

I   • 

I   • 
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CHAPTER 1 

INTRODUCTION AND OBJECTIVES 

1.1 INTRODUCTION 

The Naval Ordnance Laboratory (NOL) has a long-range program to 
develop new atomic blast measuring equipment and to improve existing 
equipment. This development is directed toward improving (a) 
accuracy of results, (h) simplicity of fabrication, (c) versatility 
of field units, and (d) economy of time and money. 

In conjunction with the participation of the NOL in Operation 
UPSHOT-KNOTHOLE, an experimental instrumentation program was under- 
taken by the Laboratory for the purpose of testing and evaluating 
new circuits, circuit components, and pressure transducers under field 
conditions of atomic weapons tests. 

The instrumentation system used by the NOL for carrying out the 
primary objectives of obtaining blast data on Operation UPSHOT-KNOTHOLE, 
(l) consisted basically of a frequency modulating intelligence gener- 
ating source, a wired transmission line, a magnetic tape recording and 
storage unit, and a postshot record playback and reduction set-up*. 
This system was similar, though modified and Improved, to the instru- 
mentation used on Operations TUMBLES, (2) JANGLE, (3) and GREENHOUSE. 
(k)    Throughout these various atomic weapon operations, the overall 
basic system had proved itself advantageous in many respects including 
relative freedom from extraneous electromagnetic signals, large data 
handling capacity, great distance allowable between measuring and re- 
cording stations, relative simplicity in field set-up and operation, 
reliability in remote operation, and accuracy of results. 

However, room for further improvements in many of the details of 
the system was evident. It would be desirable, for instance, to 
improve: (a) the pressure gage response characteristics to obtain 
high frequency response (at least 2000 cps), proper damping (no "creep" 

«This system will be referred to in this report as the standard NOL 
system. Records obtained by this system will be called stam'-.d or 
control records. 

UNCLASSIFIED 
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or ringing) and linear transfer characteristics; (b) the compactness 
of the field gage-oscillator unit packaging to permit use of the same 
unit in different types of mounts - ground, aboveground, in structures, 
etc.; (c) the field installation procedure by decreasing the total 
quantity of transmission wire necessary; (d) the flutter characteristics 
of the recording and playback machines by using wider frequency devi- 
ation signals and/or flutter bucking or canceling scheme's; (e) the 
record reduction procedure by using electromechanical or electronic 
data handling equipment. 

1.2 OBJECTIVES 

The scope of tho program undertaken was limited to the design, 
development, and testing of new equipment for only those desirable 
improvements which required full-scale field testing before complete 
and final evaluation could be made. On this basis, the following 
four experimental instrumentation problems were undertaken: (l) the 
development of a transistor oscillator-amplifier circuit to function 
with the Wiancko gage in a field unit, (2) the modification and 
adaption of the commercially developed Vibrotron pressure gage and 
oscillator circuit, (3) the development of a sub-miniature oscillator 
and two wire transmission line, and (U) the design and development of 
a deviation multiplier circuit for flutter compensation. / fifth 
problem, that of determining the resprnse characteristics of the 
Wiancko pressure gage, used so extensively on UPSHOT-KNOTHOLE, and 
evaluating its field performance, was added to this program and is 
reported herein. 

All the experimental instrumentation tasks had a laboratory 
phase and a field testing phase. In the laboratory, the desired 
circuitry was designed, produced, and tested within the limitations 
imposed by the need for compatability with the basic instrumentation 
system and by a stringent time schedule. In the field, the test 
units were disposed to provide a direct performance correlation with 
the main instrumentation. These experimental units, their design, 
performance, and evaluation are described in the following chapters. 

ÜHCLASSIFIED 
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CHAPTER 2 

TRANSISTOR OSGILLu?OR-At!PLIFIER 
• • 

2.1 DESIGN 
• , . • 

The transistor oscillator-amplifier field unit was designed to 
test the performance of transistors in circuits subject to high 
transient thermal and nuclear radiations, and high pressures and 
accelerations. Two Raytheon CK 721 p-n-p junction type transistors 
were used (Fig. 2.1). In the oscillator stage, transistor Tl (or 
tube, Tl in the vacuum tube equivalent circuit shown in Fig. 2,2) •   • 
was operated essentially as a positive feedback current amplifier 
to produce series resonance. The variable inductance coil of the 
Wiancko gage served as the frequency determining element of the 
oscillator tank circuit. The output of the oscillator was fed to 
transistor T2 which operated as a grounded emitter power amplifier „   
and buffer stage. An impedance-matching transformer coupled the •   • 
output signal of this stage to a low impedance 3 mile long trans- 
mission line. The complete unit was powered from a 22-1/2 volt 
Minimax battery. With the oscillator operating at a center frequency 
of 10.7 kc, the total current requirement for the unit was 1.5 ma, 
and approximately 1.0 volt rms was developed across the 270 ohm load. 
No attempt was made to miniaturize the packaging of this experimental 
field unit since the transistor operational performance was the main 
point of investigation in this experiment. 

2.2 PERFORMANCE 

Only one transistor unit was built. The unit was used on two •   • 
shots of UPSHOT-KNOTHOLE, and in both instances this unit was within 
a few feet of the standard vacuum tube field unit so that direct 
comparison could be made of the results. On the first shot a good 
record was obtained from the transistor unit. This record compared 
very well with the adjacent standard control record as to gross quali- 
tative and quantitative features (Fig. 2.3). However, the transistor        •   • 
oscillator-amplifier record showed an extraneous "hash" superimposed 
on the trace which was not present on the control record. The origin 
of this noise is not known. It appeared approximately 15-20 msec 

•   • 
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Fig. 2.2 Vacuum Tube Equivalent of The Transistor 
Oscillator-Amplifier 

after zero time and lasted throughout the duration of the record. Its 
time of initial appearance coincided with an observed thermally induced 
shift in the gage. It may be that the transistor, although shielded 
by the oscillator housing, became overly hot (normal maximum operating 
temperature of transistors is ^0oC) and thus produced noisy character- 
istics. However no change in transfer characteristics or excessive 
noise was evident in the transistor circuitry on a postshot survey. 
It is encouraging to note that the initial intense ionization pulse 
at zero time had no more effect on the transistor circuit than on the 
standard vacuum tube circuits. Unfortunately, the transistor unit was 
destroyed by the second shot and no further operational data were 
available. 

Although no great effort was made toward optimum overall design 
of the experimental unit, many advantages over conventional vacuum 
tube circuitry were realized. The single, small, locally contained 
hattery power source provided stable, unattended and continuous 2k hr 
per day operation of the unit for Ik  days. This is a decided advantage 
over transmitting AC and DC power to the field units from large, battery 
driven generators over long lengths of wire. Since this power was 
locally supplied in the field unit, only two wires were requi-ed 
between the field unit and the recording unit, these wires being used 
exclusively for signal transmission. Thus a savings of 30 per cent was 
realized in wire economy over the standard conventional system where 
four wires were used, one pair for AC power and the other pair for the 
simultaneous transmission of DC power and the oscillator signal. 
Fewer circuit components were required by the transistor circuit than 
the vacuum tube circuits in general use, thus again resulting in a 
substantial savings in parts and ease of fabrication. 

17 
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STANDARD OSCILLATOR RECORD 

• • 

• • 

• • 

• • 

• • 

• • 

TRANSISTOR OSCILLATOR RECORD 

Fig. 2.3   CoBparison of a Transistor-Clrcultxy-Produced 
PreBsure-Time Record with a Standard Record 

• • 
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2.3 COSCLUSIOMS AM) RBCOMMENDATIOHS 

' Based on the results of the one test, the transistor element is 
f        conslderud promising for atomic test instrumentation, although further 

development and testing should he undertaken hefore a complete measure- 
l went program is committed to transistor circuitry. The source of the 
[ extraneous noise should be determined and if possible, this source 

should be eliminated. Laboratory investigation may provide the 
solution to this problem; full-scale atomic testing should confirm it. 

r Development work should be undertaken to realize the full potentialities 
of the advantages inherent in transistor circuitry, particularly vith 
regard to miniaturization. A small field unit would be adaptable to a 
variety of mounting conditions. By proper attention to these and other 
details, even further over-all savings should be realized. 

With the encouraging transistor circuitry performance realized and 
P the potential advantages so readily obtainable, further investigation 
P and development of transistor circuits should continue with high hopes 

of producing a serviceable field unit for atomic weapon blast measure- 
ments instrumentation. 

» 
r 
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CHAPTER 3 

SUB-MINIATURE TWO-WIRE FIELD UNIT 

3.1 DESIGN 

The sub-miniature two-wire oscillator-amplifier field unit was 
designed basically ss an improved and miniaturized version of the units 
used on this and previous operations. The circuit (Fig. 3*1) used a 

• • 

•        • 

2K 2SW 

«-270X1 

2K 2SW + S5 

A O-* 

NOT CHASSIS 
GROUND 

Ol/ifJ- 
100 V 

fo R C 

I0.7KC 3.3K 2220l///f 
IS.4KC S.9K 1700////f 

-      5906^- i 

k     (»2 I00V 

I80n     > 270K 

Fig. 3.1 Circuit Diagram of Sub-Miniature 
Two-Wire Oscillator-Amplifier 
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Sylvanla type 590^ triode in the Hartley oscillator stage. As in the 
standard unit, the Wiancko gage inductance vas the frequency-determin- 
ing element of the tuned circuit. Because of the low Q of the gage 
inductance (approximately 5-6) resistor R was inserted into the cathode 
circuit of the 590^ tube to improve the stability of the oscillator. 
The oscillator output was coupled to the grid of a pentode power 
amplifier tube, Sylvania type 5906. Since the plate resistance, rp, 
of the pentode is large, the output circuits of several field units 
could be put in parallel without reduced output or excessive distortion 
resulting from feedback. The amplifier as used developed 50 volts rms 
across tne 220 ohm line with a total harmonic distortion of less than 
3 per cent. (The distortion figure can be reduced to 1 per cent with 
a slight reduction in output voltage by adding a 1 megohm resistor 
between the plate and grid of the pentode to provide a small amount of 
negative feedback.) 

The 26 volt filaments of the two tubes were put in series, and 
this series arrangement was placed in parallel with the plate of the 
oscillator tube which required 55 volts DC. By thus utilizing the 
DC plate source for the filament power source also, the need for AC 
power at the field unit was circumvented and it became a simple task 
to simultaneously transmit the required DC power and the oscillator- 
amplifier signal over the same pair of leads. The total DC current 
drawn from the unit was approximately 60 milliamperes at 300V DC. 

The sub-miniature size of the tubes and the elimination of the 
need for a filament transformer, materially helped in producing a 
small, compact field unit. A further saving in space and components 
was realized in the elimination of the bridge network required when 
signals from several standard low rp triode output units were mixed. 
By careful design, the complete field unit - gage and oscillator- 
amplifier - was housed in an aluminum cylinder 3 in. in diameter and 
6 in. long (Fig. 3*2), making the unit easily adaptable for installation 
in structures, aboveground baffles, and ground mounts. The unit was 
made relatively free from detrimental environmental conditions s ich 
as dust, temperature variations, and water by the use of "0" ring 
seals. An attempt was made to dissipate heat uniformly within the 
unit so as to obtain stable oscillator performance Independent of 
ambient field temperatures. This was done by wrapping each tube in 
crinkled aluminum foil so thtt an uninterrupted thermal conductive 
(rather than convective) path was provided from the tube to the metal 
housing. 

•   • 

•   • 

•   • 

3.2 PBBFaBMAHCE 

Two experimental sub-miniature field units were built for testing 
on this operation. Each was used on two shots. The outputs of the two 
units, operating at center frequencies of 15*^ kc and 10.7 kc respec- 
tively, were diplexed and transmitted back to the recording units over 
approximately 2-1/2 miles of unshielded telephone wire (Signal Corps 
wire WD-l/TT). 

Both units functioned properly on both shots. The records ob- 
tained from these units were indistinguishable from the control records 

21 
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and Gage Field Uolt 
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produced by the standard field units. A miner deficiency was observed 
in preshot operation of the oscillator: the center frequency of the 
experimented units varied with changes in ambient temperature to a 
greater extent than the standard oscillator unit center frequency. A 
relocation of parts or the selection of temperature compensating elec- 
tronic components should ease this problem. 

3.3 CONCLUSIOHS AMD RBCOMMEHDATIONS 

The sub-miniature two-wire oscillator-amplifier field unit proved 
successful. Except for the slightly excessive temperature sensitivity, 
the desired goals were reached - a small sealed package adaptable to 
many field Installations, a reduction in the number of electronic 
components, and the use of only two wires between the field unit and 
the power and recording station. The design of this experimental unit 
will certainly serve as the basis for new oscillators for the NOL FM 
system when new oscillators are warranted; however, for the present at 
least this unit will be limited in its field application to those situ- 
ations where signals are at most diplexed because of the limited power 
supply capacity of the present NOL instrumentation trailers. 

•   • 
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CHAPTER U 

"V •' 
VIBROTRON GAGE AMD AMPLIFIER 

U.l DESIGN 
•   • 

The Vibrotron gage and amplifier, a commercially available product 
of the Byron Jackson Co., derives its principal potential advantages 
from the gage design itself. The gage affers high frequency response, 
linear transfer characteristics, and wide frequency deviation for 
application in an FM system. The sensing element of the gage consists 
of a vibrating wire, Q»k mil tungsten, held in tension between a fixed •   • 
tie point and a pressure sensitive diaphragm. The length and tension v 

of the wire determine its vibrating frequency, and its mode of vibration 
is controlled by a magnetic field directed perpendicular to the wire. 
The gage is part of a bridge circuit which derives its er ^y from the 
6BA6-12AT7 positive feedback voltage amplifier (Fig. k,l).   Pressure *   . . 
on the diaphragm changes the length and tension of the wire, altering *   * 
its vibration frequency accordingly, and thus providing a frequency 
modulated signal. This signal from the Bridge amplifier is then fed 
to the remaining half of the 12AT7 output amplifier. A portion of the 
output is rectified and used as the bias for the bridge amplifier thus 
making the circuit stability practically independent of plate supply 
variations. _ •  ..• 

In order to use the Vibrotron gage and amplifier unit with the HOL 
system, slight modifications to the unit were required as shown in 
Fig. U.2. The power amplifier stage was added to match the high im- 
pedance output of the 12AT7 to the 270 ohm line, and this stage served 
in the additional capacity of a buffer amplifier permitting the paral- 
leling of two signals into a common load without undue intermodulation *   * 
between these signals. 

Three Vibrotron units were purchased and adapted for the testing 
program. Two units were operated at a center frequency of approximately 
15.U kc; the third unit was operated at 7.7 kc. The frequency response 
of the gage and amplifier was approximately 3 kc. A design figure of 
+ 20 per cent frequency deviation at nominal pressure range was realized *   * 
on two units; the third unit was operated at + 30 per cent frequency 
deviation at nominal pressure range. 
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U,2 PERFORMANCE 

Three units were tested on two shots; however, only one record 
was ohtained. This record (Fig. ^.3) shows excessive hash and transient 
signals superimposed on the carrier. The source of these transient 
pulses and hash is not definitely known. However, preshot operation 
of the Jfibrotron units indicated that circuit stability was a marked 
function of the level of positive feedback to the gage, and the feed- 
back adjustment was a delicate one. Too much feedback resulted in 
spurious oscillations and distorted waveforms. Further, it was later 
established that the electronics of the Vibrotron unit would not re- 
spond satisfactorily to an excitation pulse with frequency components 
greater than 3 kc; i.e., the unit would block. 

«^««««♦^^^«m^mii toWMMiittim 
^iiil 

Fig. H.3 Vibrotron Gage and Amplifier Pressure-Tin» Record 

Although the one record follows, in general, the control record 
pressure-time history, the ease and accuracy of determining such 
features of the shock waves as peak pressure and duration of pulse 
is poor. 

Records were not obtained from the other two units because of gage 
failure. A postshot examination of these gages showed the vibrating 
wires to be broken at the tie point. Since the signals from both these 
units stopped at zero time, it is possible that the gage tension wires 
broke at this time. The intense thermal flux at zero time may have 
expanded the diaphragm sufficiently to strain the wire beyond the 
limit of the tie point. The accuracy of this hypothesis is question- 
able, however, since it could be expected that some small time would 
be requir * for the diaphragm to react to the thermal energy and no 
such delay is evidenced between zero time and gage failure. Thus, 
although the exact cause of gage failure is not determined, it def- 
initely is associated with some phase of the explosion. 
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J|.3 CONCLUSIONS AND RBCOMMEHDATIOMS 

On the feasis of the field operational tests performed on the Vibro- 
tron units, it is concluded that the Vibrotron gages and amplifiers as 
used on UPSHOT-KNOTHOLE are unsuitable for use in applications of this ' »   • 
type. They are unstable in operation, insufficiently rugged for field 
operation, and require excessive care in adjustment. Further develop- 
ment work may overcome the existing deficiencies of the units and make . : 
available the full potentialities of the basically sound principle of 
the vibrating wire gage. 
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CHAPTER 5 

DEVIATION MUITIPLIHl 

5.1 IHTRODUCTION 
  • 

The dynamic range of a measuring system is determined, to a large 
extent, by the inherent noise level of the system. In general, it is 
desirable to have a low noise level and a large signal; i.e., a large 
signal-to-noise ratio. The deviation multiplier unit is a circuit 
designed to increase the signal-to-noise ratio by increasing the 
signal frequency deviation obtained from a transducer. • 

In the HOL M system using magnetic tape recorders and reproducers, 
the inherent system noise is introduced principally by the tape handling 
machines in the form of a frequency modulating flutter. This flutter 
noise is of a fixed value equal to 0.15 per cent of the frequency re- 
corded on the tape. For a full scale (nominal) pressure signal a 
frequency deviation of 7*5 per cent of the oscillator center frequency       P 
is realized for the signal. The signal to noise ratio ie then 7»? 

0.15 
or 50:1. However, if a signal deviation of only 1.0 per cent is 
realized, the signal-to-noise ratio becomes 1.0 or approximately 7:1/ 

0.15 
which value becomes marginal for required accuracies and desired ease       f 
of reading records. The deviation multiplier receives this low level 
signal (or any signal) and effectively increases the frequency deviation 
by a factor of approximately 3, and thus increases the signal-to-nolse 
ratio by the same factor, which makes it an acceptable value, (in the 
above example, the deviation multiplier would increase the 1 per cent 
frequency deviation to 3 per cent and the signal-to-nolse ratio would       * 

^ -2-. * 20:1.) It is obvious that since it is the tape handling 
v. JLp 

machines that introduce the flutter noise, the signal deviation should 
be large on the tape; therefore, the deviation multiplier unit is 
inserted into the system between the gage pr-iuced FM signal and the 
recording amplifiers. * 

5.2 DESIGN 
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5.2.1 General 

The deviation multiplier unit contained two channels, one for use 
with a 15.^ kc input signal, and the other for use with a 10.7 kc input 
signal. Slightly different methods were used in each channel to pro- 
vide the Increase in deviation. This was required in order to prevent 
intermodulation between the frequencies of the two channels and to 
allow the diplexlng of recorded signals. 

In the 15.^ kc channel (Fig« 5*l) tiie input signal with its 
modulation was quadrupled. For example, a 15*'' kc signal with a + 1*- 
per cent frequency deviation modulation (15^00 cps + 616 cps) is- 

converted into 61.6 kc + U per cent (61,600 cps + 2^64 cps). This 
signal is then heterodyned with the output of a fixed ^3 kc local 
oscillator. By suitable filtering, the difference frequencies only 
are fed to the tape recorder. These frequencies are 18,600 + 2U6U cps 
or 18,6 kc + 13.2 per cent. Thus the unit has effectively multiplied 
the original signal deviation of 616 cps or k per cent to 2k6h cps or 
13.2 per cent; the signal deviation has been increased by a factor of 
13*2 »3,3. Since the flutter value for the tape oachiae is a constant 

0.15 per cent, the signal-to-noise ratio is increased by a factor of 
3.3. 

In the 10.7 kc channel, the input signal with its modulation 
signal is mixed directly with the signal from a 7.6 kc heterodyning 
oscillator. A low pass filter following the mixer removes all but 
the difference frequencies and passes them on to the amplifier of the 
tape recorder. As an example, a 10.7 kc input signal with & ±k per 
cent modulation (10,700 + Ü28 cps) is mixed with the fixed 7.6 kc 
frequency of the local oscillator. The difference frequencies are 
3.1 kc + lf28 cps or 3.1 kc + 13.8 per cent. Thus the signal frequency 
deviation being recorded on the tape has been increased from h per 
cent to 13.8 per cent, or by a factor of 13^ a 3,1»5. With the noise 

remaining constant at 0,15 per cent, the effective signal-to-noise 
ratio hat been increased by the same factor: 3*^5* 

Thus, for both input signals, wide frequency deviation is ob- 
tained. It is to be noted that the 15,k kc input signal with its 
modulation is recorded as an 18.6 kc signal with increased modulation 
deviation, and the 10.7 kc plus modulation input signal is recorded as 
a 3*1 kc signal also with Increased modulation deviation. This separa- 
tion of recorded signal frequencies was sufficient to permit diplexing 
on a common recorder head without undue intermodulation between signals. 

5.2.2 Circuit 

A brief description of the deviation multiplier circuit (Fig.5.2) 
follows: The diplexed signal frequencies, 15.^ and 10,7 kc, from the 
field units enter the input cathode follower stages, Tj^ and Tg, of the 
two channels. These low impedance output stages provide adequate 
signal to the channel band pass filters. The filtered 15.U kc signal 
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is then transformer matched to a broad tuned frequency doubler, T2. 
The output is then doubled again in To. The two doublers increase the 
input 15.If kc signal frequency to 6l.6 kc and are operated push-push 
Class B to minimize harmonic distortion. An output cathode follower 
stage, T^, matches the high impedance output to a 2000 ohm balanced 
modulator type varistor mixer. The heterodyning U3 kc oscillator T5, 
is followed by a tuned amplifier, T6, operated Class A. This push- 
pull amplifier was designed to reduce harmonic distortion and to provide 
sufficient output voltage at a low inipedance to effect efficient mixing. 
A high ratio of oscillator voltage to signal voltage is necessary for 
efficient mixing. The output of the amplifier is transformer cotfsled 
to the non-linear varistor mixing stage where sum and difference 
frequencies are produced. The difference frequencies (16.6 kc + modu- 
lation) are passed on through the low pass filter following the mixer 
and are linearly combined with the output of the 10.7 kc channel in 
the resistance bridge circuit. 

The 10.7 kc signal input after filtering is fed directly to an- 
other varistor mixer. The signal from the local heterodyning oscil- 
lator, Tg, operating at 7*6 kc is amplified by T], and fed to this same 
mixer stage. The difference frequencies produced (3.1 kc + modulation) 
pass through the low pass filter to the resistance bridge and combine 
with the l8.1 kc signal from the high frequency channel. The output 
of the bridge is fed directly to the recording amplifiers. 

A total input signal of 1 volt rms results in an output of 
approximately 0.5 volts rms - quite adequate to drive the recording 
amplifiers. 

5.3 PBffORMAHCE 

One deviation multiplier unit (Fig. 3*3) was constructed and used 
on two shots. Excellent results were obtained, (Fig. 5»10, and the 
designed increase of signal-to-noise ratio was realized in the field. 
The records are noise-free (the width of the trace is limited by the 
spot size of the galvanometers) and follow in detail the pressure vari- 
ations of the control records. Without question, the records obtained 
by use of the deviation multiplier are superior to the standard records, 
and they can be read with greater ease and accuracy. 

The one disadvantage of the unit is its complexity. Extreme care 
was taken to minimize the production of extraneous frequencies within 
the unit and to properly channel the desired frequencies through the 
various stages. This resulted in the inclusion of many filter circuits 
and optlmumly designed linear amplifiers, (it was found in the devia- 
tion multiplier units used on GREENHOUSE {k)  that where insufficient 
signal level and poor filtering occurred simultaneously, the deviation 
multiplier introduced more "noise" into the system than was compensated 
for by the wide signal deviation obtained.) The further requirement 
for diplexlng resulted in the additional complexity of frequency 
doublers and still more filters. 
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Fig. 5.3   Deviation Multiplier Unit 
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E Fig. 5«^   Presisure-Tlme Record Produced ty the 
Deviation-Multiplier System 

i 

5.^ COMCLÜSIOHS AND RBCOMMEMDATIONS 

It is believed that more developmental work on the unit will 
produce a simpler unit, particularly if single channel operation is 
adequate. The complexity of the unit, however, must he weighed 
against the results obtained. In situations that may arise where 
extremely low noise is a prime requirement, the deviation multiplier 
would provide the means for realizing this requirement. 
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CHAPTER 6 

THE WIANCKO PRESSURE GAGE 

6.1 IMTRODÜCTION '   # 

6.1.1 General 

In the selection of a transducer for measuring pressure phenomena 
there are two important questions which must be considered; namely, 
what type of pressure phenomenon is to he measured, and what recording "   _ 
system is to he used to transform the pressure-induced signals into 
a usable record. In the present application, the pressure phenomenon 
to he measured was that of shock pressure-time histories resulting 
from large-scale explosions, and the recording was to he accomplished 
by an FM signal generation system, (l) Thus the transducer had to , 
have the ability to change a pressure signal from an atomic blast into r  - - 
an electrical output which could in turn be used to modulate the FM 
carrier frequency. 

6.1.2 Gage Requirements 

The above requirements for a transducer could be met by the use _   # 
of a variable reluctance type transducer whose variation in inductance 
modulates the center frequency of a Hartley oscillator, thus giving a 
frequency variation which is a function of the applied pressure. For 
a nominal 20 KT bomb, a frequency response of 1000 cps would give 
results of 1 per cent accuracy for a critically damped system. Thus 
the transducer should have a frequency response of this order. 

6.2 THE WIANCKO PRESSURE GAGE 

6.2.1 General Description 

The preceding electrical and mechanical characteristics along _   . 
with temperature stability, accuracy, simplicity of operation, rugged- 
ness, and compactness led to the selection of a transducer (Fig. 6.1) 
of the PAD type (now the IhOO  series) manufactured by the Wiancko 
Ebgineering Co. and modified by the manufacturer to fit the specific 
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requirements of NOL. 
The sensing element (Fig. 6.2), in the Wiancko pressure pickup 

consists of a flat twisted tube which, when excited by an internal 
pressure, moves in torsion causing the armature (Mn-metal pad) above 
the E core to rotate and change the inductance of the gage. The 
rotation is directly analogous to the straightening out of a bourdon 
tube. The rotation of the armature is approximately 1 degree for the 
normal rated range of the gage and the desired electrical sensitivity 
Is obtained by changing the initial spacing between the armature and 
and the S core. 

■ 

MU METAL 
ARMATURE 

WIANCKO   TWISTED 
TUBE   FIXED AT THIS 
END   TO GAGE HOUSING 

PRESSURE 
INLET 

INDUCTANCE 
COIL 

CORE 
• • 

Fig. 6.2 Wiancko Pressure Gage Sensing Element 

I 

The gages were equipped with an adjustable "bleed plug" to 
equalize the pressure in the Instrument case as the ambient temperature 
and barometric pressure changed. These gages also could be used as a 
differential pressure gage if the need arose. 

6.2.2 Design Specifications 

As the electrical coil configuration in the majority of Wiancko 
pickups had been designed for use as the two active arms of an induct- 
ance bridge, a slight modification had to be made so that the gage 
could be used in a Hartley oscillator circuit. One coil was removed 
and a single coll was used with the following electrical specifications: 

Inductance:     Approximately 120 millihenries, with 
a ho per cent tap, tumswise. 

•   • 

•   t 

•   • 



Resistance; 

Q 

Approximately 100 ohms (DC), 

Minimum U.5 at 1U.5 kc. 

It was felt that the desired mechanical properties of the gage 
should be those listed helow: 

Deviation 

Rise Time 

Damping 

Hysteresis 

Linearity 

8 to 9 per cent of rated range on 10 psi 
gage and higher with a minimum of l6o 
per cent over-range protection. Minimum 
of 7»5 per cent of rated range on 5 psi 
gage vith minimum of 135 per cent over- 
range protection. 

Less than 0.3 msec. 

0.6 to 0.7 critical at 75*^. 

0.8 per cent of 'bandwidth. 

Not greater than 10 per cent non- 
linearity over indicated usable range. 

Acceleration Effect 0.01 to 0.05 per cent per G. 

Temperature Effect 0,02 per cent of pressure per degree 
Fahrenheit (-25^ to 180°?). 

Because of the close time schedule involved mid the dep«»nrlence of 
mechanical properties on electrical qualities, a compromise discussed 
subsequently had to be reached vith the manufacturer. 

6.3 ELECTRICAL CHARACTERISTICS 

6.3.1 Q of Coil 

The frequency stability of the modified Hartley oscillator (l) 
used vith this gage is dependent on having a gage coil vith as large 
a Q as possible. The frequency stability of the oscillator approached 
30 parts per million per volt at a frequency of 1U.5 kc vhen the Q vas 
greater than 5; hovever, the oscillator failed to function if the Q 
of the coil vere below 2. The low Q of the coils in the standard 
pickups vas one of the most serious problems vhich the manufacturer had 
to overcome. 

As the lack of time prohibited the extensive redesign of the E- 
core, the Q vas Improved slightly by using thinner laminations and by 
increasing the size of the Mu-meted armature. Figure 6.3 shovs a 
plot of Q vs frequency for a typical 5 psi gage and a typical 10 psi 
gage. It vas noted that the Q's of the 5 psi gages were lower than 
the Q's of the 10 psi and above range gages. This vas due to the fact 
that the spacing bexveen the E-core and Mu-metal armature vas less in 
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Fig. 6.3 Q of Coil vs Frequency of Oscillator - Wiancko Gage 

the case of the 5 psi gages. As the 5 psi gages have the same size 
twisted tube, it was necessary to close the gap to 5 mils to get the 
7,5 per cent minimum deviation required. Figure 6,k  shows that as 
the gap between the E-core and Mu-metal becomes smaller by the appli- 
cation of pressure to the gage, the Q changes slightly. 

In Table 6.1 are listed the various electrical characteristics 
of a few typical gages. 

TABLE 6.1 Electrical Characteristics of Several Wiancko Gsges 

Gage 
No. 

Range 
psi 

DC Resistance 
ohms 

Inductance 
mh 

Q at 
lk.3 kc 

988? 
9979 
11533 
115^9 

j 

+ 5 to -2 
+ 5 to -2 
+ 10 to -U 
+ 15 to -6 

lUo 
Ikl 
136 
1U6 

105 
107 
85 
85 

U.O 
U.l 
M 
5.1 

6.3.2 Frequency Deviation 

It has been pointed out (l) that larger signals in a magnetic 
tape recording system would produce an increased signal to "wow-and- 

U0 



PRESSURE (PSI) 

Fig. 6.U Q of Coil vs Pressure - Wiancko Gage 

flutter" induced noise ratio. Therefore, greater deviation was 
sought with this gage than had been previously obtained with the 
Bendix gage used on TUMBLES. (2) To produce greater deviation the 
gap between the E-core and Mu-metal armature was decreased to about 
12 mils on 10 psi range gages and above. However, as the spacing is 
decreased, the over-range protection of the gage is lost. As the 
predicted values of the pressures to be measured were accurate to 
+ 20 per cent, a l60 per cent over-range protection was more than 
sufficient. For a gage having a frequency deviation between 6 and 
9 per cent for its rated range, the over-range protection pressure 
would result in a frequency deviation between Ik and 16 per cent. 
Table 6.2 shows the range of gages used and their average over-range 
protection. 

TABLE 6.2 Over-Range Protection for Various Range Wiancko Gages 

Boainal Gage 
Range (psi) 

Actual Gage  1 
Range (psi) 

|  Nominal Gage 
||  Range (psi) 

Actual Gage 1 
Range (psi) 

5 
10 
15 
20 

-2 to + 7 
-k  to +16 
-6 to +2U 
-8 to +32 

30 
6o 

100 
300 

-10 to + U8 
-Ik to + 96 
-Ik to +160 
'Ik  to +U80 

As the gap spacing on the 3 pal gages was 5 mils, its over- 
range protection was slightly less (lUo per cent) than that of the 
other gages. 

Ul 
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6.1+ MECHANICAL CHARACTERISTICS 

G.k.l   Frequency Response 

The maximum frequency response that can be obtained from any ' •   • 
spring-mass system depends on the natural undamped frequency of the 
system. Assuming that the gage has a natural frequency of 1000 cps, 
the minimum rise tin» that can be expected is 0.5 msec. If we con- 
sider the motion of the Wiancko tvisted tube and armature as having 
only a torsional rotation, the motion approaches that of a simple _ 
torsional pendulum whose frequency is given by the following equation: . •  . • 

f - 
2v w 

where k is the spring constant of the twisted tube and I is the moment ^ 
of inertia of the armature about the center of rotation of the tube. •   * 
(The mass of the armature is accounted for, in part, by the Is. factor«) 
As k is inversely proportional to the langth of the tube and I directly 
proportional to the mass of the armature, higher natural frequencies 
can be obtained by using a shorter twisted tube and an armature of 
less mass. 

A variable frequency audio oscillator was applied to the coil *   * 
of the gage and the frequency varied until the audio signal induced a , 
vibration in the undamped armature« Four modes of oscillation (Fig. 
6.5) were observed at different resonant frequencies. A strobotac 
was used to check the mode of oscillation, and in most eases it was 
observed that the armature was oscillating at the second harmonic of _ - — 
the driving frequency. •   • 

The most easily excited mode of vibration, a rotational oscil- 
lation of the armature, was considered the natural mode of oscillation 
of the gage (Fig. 6.5a). This torsional mode was excited in all gages 
selected and was considered the mods of oscillation produced when a 
damped gage was subjected to a step-pressure function. As the twisted 
tube is Joined to the main gage frame only at one end, the armature . *   * 
and tube can behave as a loaded cantilever beam. The three cantilever 
vibrations which were most predominant were oscillations in the plane 
of the armature (Fig. 6.5b), oscillations at right angles to the plane 
formed by the armature and twisted tube (Fig. 6.5c), and oscillations 
in a plane rotated U50 from the armature plane (Fig. 6.5d). 

The three different cantilever modes were not excited in all *   * 
gages selected. Table 6.3 lists the natural undamped cantilever and 
torsional frrv > «cies for various range gages. It also lists the ring 
frequency of v J gages that have been damped for use in the field. As 
expected, this frequency is slightly less than the natural, undamped 
torsional frequency. These natural undamped frequencies are con- 
siderably lover than those reported by Vulgan (6) for a similar gage. -•   * 
It is believed that this difference in frequency is due to the in* 
creased mass of the armature used in the gage modified for the HOL. 
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Fig. 6.5 Modes of Vibration in the Wiancko Gage 

TABLE 6,3 Natural and Damped Resonant Frequencies 
For Various Range Wiancko Gages 

[Nominal 
Gage Range 

1               Frequency (cps)                | 
|     Undamped                     | 1 Damped     1 
1 Mode B* Mode C* Mode D» (Mode A)« 1 Torsional 

(P8i) Torsional 

5 and 10 2J+8 T89 3^7 821 790 
15 1 880 - 950    1 866 
20 I 885 - 1076 10U8 
30 . 388 652 11U8 1130 
60 680 1265 - 1650 1621 

100 930 650 1859 18^0 

* §e« Fig. 6.5 for definitions of various modes. 

6.U.2 Damping 

The gages which vere originally received from the manufacturer 
were damped 0.6 to 0.7 of critical at a temperature of 75^. It was 
found that this type of damping produced a considerable amount of 
drag-out or "creep" when the gage was excited by a step pressure func 
tion. Creep is defined as the failure of the gage to reach its 
steady-state value in the time that it takes the transient response 
oscillations to die out. Figure 6.6 is the transient response of a 
10 psi gage to a step pressure from the NOL pressure pot. (7) The 
creep effect is quite apparent as the gage does not reach the steady- 
state pressure for more than 10 msec. 
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5   PSI STEP PRESSURE 

10  PSI   STEP  PRESSURE 

14 PSI   STEP PRESSURE 
(2 Kc TIMING FREQUENCY) 

Pig. 6.6 Dynamic Response of the Wiancko Gage Shoving Creep 

5  PSI STEP PRESSURE 

10 PSI STEP  PRESSURE 

14 PSI STEP  PRESSURE 
(2kc TIMING   FREQUENCY) 

Pig. 6.7 Dynamic Response of the Wiancko Gage vith 
Optimum Damping 
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•  • 
Various parameters of the damping mechanism were changed in an 

effort to overcome this drag-out. Normally, a drop of silicone grease 
was placed between a fixed damping bar and the armature to provide 
damping. Several damping greases and mixtures were tried. The length 
and width of the damping-bar were changed. The spacing between the _   
damping bar and armature was varied, as well as bending the bar so •   • 
that the spacing was not uniform. Grease was even placed between the 
armature (Fig. 6.2) and the center section of the E-core, 

On the basis of later investigations on the acceleration sensi- 
tivity of the Wiancko gage (see sect 6.U.3), and with the observation 
of cantilever modes of vibration for the twisted tube, a probable 
explanation for creep occurs. The 0.6 to 0.7 of critical damping that       •   • 
is desired for the high frequency torsional motion of the armature 
results in a greatly overdamped condition for the low frequency canti- 
lever motion. When the gage is pressure excited, not only does tor- 
sional motion of the armature result, but also a cantilever action. 
The overdamped cantilever mode thus gives the creep effect. However, 
because time did not permit a detailed study of the effects of damping       •   • 
on the complex modes of vibration of the armature prior to the oper- 
ation, a compromise had to be reached. By letting the gage ring for 
3 to 5 msec with 0.2 and 0.3 of critical damping, the creep effect was 
overcome and still the ringing or "overshoot" of the gage did not hinder 
unduly the reading of the record. It was felt that records with a „ 
little ring were better for reading peak pressures from a shock wave •   • 
than records where the gage had been critically damped and creep 
appeared. 

Each gage received fron the manufacturer was redamped using Dow 
Coming No. 33 "fluid type" low temperature grease and the damping bar 
spacing adjusted by trial and error to obtain the desired result. _,„. . „ 
This spacing varied between 0.00? in. and 0.015 in. and in seme cases        •   • 
the damping bar was bent up slightly at its ends. Transient responses 
of a properly damped gage are shown in Fig. 6.7. It was also observed 
that with 0.2 of critical damping the hysteresis or failure of the gage 
to return to zero promptly was considerably reduced. 

6.^.3 Acceleration Sensitivity •   • 

Upon the conclusion of UPSHOT-KNOTHOLE, it was felt that some 
of the pressure-time records exhibited an undue amount of ring for a 
properly damped gage.* As this gage had been modified by increasing 
the size of the Mu-metal armature and using it in a single ended mag- 
netic circuit, perhaps an acceleration effect was being observed on •   • 
the pressure-time record. Previously, Shreve (6) had likewise noted 
acceleration-like effects with the standard light armature balanced 
Wiancko gage. An extensive investigation was undertaken to see what 
the acceleration effects were for this HOL modified gage. 

Tvo methods were used to observe this effect. First the gage 
was placed on a variable frequency shake table of the acceleration 9        • 

♦ For a more complete discussion of the acceleration sensitivity of 
the gage and its effect on UPSHOT-KNOTHOLE records see References (l) 
and (6). 
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type. The plane formed by the Mu-metal pad and the twisted tube was 
perpendicular to the mode of vibration. This is the most sensitive 
position for producing a change In the reluctance of the coil. By 
varying the frequency and the magnitude of the acceleration, any 
noticeable effect in the output of the oscillator circuit was recorded. 
The second method used subjected the gage to a drop test. Here the 
gage was subjected to an average acceleration upon impact varying from 
7G to 30G for a duration of 10 msec. 

The results from the vibration test were reduced to a common 
base and the acceleration effect in per cent of ncnrlnal gage range per 
G was plotted against the frequency of vibration (Fig. 6.8). A con- 
siderable acceleration effect was noticed when the frequencies of 
vibration were those of the resonant undamped cantilever frequencies 
(see Table 6.3). The results of the drop test are shown in Fig. 6.9. 
No effect was noticed at IG acceleration and it was assumed that over 
the ranges of acceleration Investigated that the effect was linear. 

From the above results, it is apparent that the gages are 
acceleration sensitive. However, it appears that accelerations of 
short duration and low magnitude do not excite the gages. Therefore, 
caution must be used in saying that extraneous variations on pressure- 
time records are the results of acceleration effects. 

To help clarify this situation, a gage, oscillator, and cover 
plate were subjected to a shock wave from the HOL shook tube by placing 
the combination, face on, at the end of the tube. The lower response 
picture in Fig. 6.10 represents the output of the gage for a step 
pressure functicu from the shock tube of approximately 10 psi. In an 
attempt to isolate the step pressure pulse from a step acceleration 
pulse, the step pressure pulse was changed to a slow-rise pressure 
pulse by means of a long-time constant orifice to the gage. The upper 
wave form is the gage response to this slow rising pressure function of 
about 3 msec rise time. The periodic oscillation superimposed on the 
slowly rising pressure function has the same frequency as the damped 
ring frequency of the gage. (This same ring frequency was reproduced 
when the oscillator-gage assembly was given a sharp blow with a hammer.) 
As the pressure forcing function has too slow a rise time to excite the 
natural damped frequency of the gage, it is felt that this oscillation 
is the result of a shock-induced acceleration. 

In a further effort to produce this high frequency ring which 
appeared superimposed on what was normally felt to be a smooth pressure 
function, the gage was subjected to sand blasting from a commercial type 
sand blaster. No apparent change in the output of the gage was observed. 

Although it was impossible to produce pressure-time records in 
the laboratory with superimposed acceleration pulses of many cycle dur- 
ations, it is believed that the majority of sustained oscillations on 
the pressure-time records of UPSHOT-KNOTHOLE are acceleration Induced. 
In all records, the frequency of the oscillation superimposed on the 
pressure records is equal to one of the cantilever mode frequencies or 
the torsional ring frequency of the gages. 
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Pig. 6,10 Dynamic Response of Wiancko Gage to 
Transient Pulses in Shock Tube 
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6,k,k   Temperature Dependence 

The gages vere equipped with an adjustable "bleed plug" to 
equalize the presEure in the instrument case as the ambient temperature 
conditions changed. Changes in temperature produced an 0.02 per cent/*^ 
change in the center frequency of the oscillator; however, the sensi- 
tivity change with temperature was so small that this shift can be 
neglected in determining measured prossures. 

In the field it was found that the center frequency of the oscil- 
lator shifted at zero time on gages where the thermal radiation could 
enter the twisted tube. From experimentation with the sun's rays 
focused through a magnifying glass in the laboratory, it was found that 
by letting the radiation strike one side of the twisted tube a sizable 
frequency shift could be produced. By letting the radiation hit the 
opposite side of the tube, a frequency shift in the other direction 
was produced. No change was produced when the incident radiation was 
normal to the gage. In some cases in the field the oscillator had 
returned to its zero position frequency before the arrival of the shock 
wave. In cases where it did not, a correction had to be made to the 
peak pressure measurements, as the gage was not operating over the cali- 
bration section of the Inductance-Frequency curve. 

6.5 CALIBRATION TECHNIQUE 

The gage, with its coil connected as part of the tuning circuit of 
the Hartley oscillator, was statically calibrated by applying a known 
pressure to the gage and observing the change in frequency of the 
oscillator. When the majority of the gages used were calibrated to a 
pressure of 60 per cent above nominal ratings, a non-linearity of less 
than 10 per cent was observed. For nominal range or less, the non- 
linearity became less than 5 per cent. As the gages were to be used 
to measure negative pressures as well, they were calibrated in the 
negative direction by the use of a vacuum pump. Fig. 6.11 is a typical 
calibration curve with the frequency output of the oscillator plotted 
against pressure. 

A slight amount of hysteresis was observed if the gage was not 
cycled in the negative direction. By subjecting the gage to a number 
of successive positive excursions, this failure to return to zero 
seemed to approach a minimum value and became reproducible. However, 
if the gage were cycled through a negative phase, the calibration was 
reproducible within 1 per cent. This method was used in the field. 

Dynamic response of the gage to a step function is shown in Fig. 
6.7. It was found that the dynamic pressure produced the same frequency 
deviation as an applied static pressure. A dynamic photo was used with 
each calibration curve to help interpret the pressure-time record, 

6.6 ACCURACY 

Since the rise time of a damped gage is between O.k and 0.6 msec 
positive pressure spikes of less than a millisecond in duration, such 
as might occur when the gage is used to measure reflected shock from 
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Fig. 6.11 Typical Calibration Curve - Wiancko Gage 

small walls or posts, cannot he read to a greater accuracy than 20 per 
cent. Step functions which have an exponential decay can he read to 
2 per cent accuracy; however, because of the hysteresis in the decaying 
phase, accuracies in this portion are about 5 per cent. 

6.7 FIELD PERFORMANCE 

The use of this gage on UPSHOT-KMOTHOLB gave excellent results. 
The signal-to-noise ratios were large and the signal deviations were 
greater than 8 per cent except where pressures of 5 psi or less were 
measured. Reproductions of actual pressure-time records are shown in 
Fig. 2.3. On some records a high frequency oscillation was superimposed 
on the pressure signals. Since this frequency was close to the ring 
frequency and/or the cantilever vibrational frequency of the gage, it 
was felt that this induced oscillation was the result of shock-induced 
acceleration effects. 

A second and more disturbing behavior of some gages was that lh 
oscillators failed to operate after zero time, having oscillated 
normally up to that point. Upon inspection of the gages it was found 
that the Q of the coils had changed considerably. Fig. 6.12 shows a 
plot of Q vs frequency for these gages. By replacing the coil of the 
gage and using the same E-core, the gage and oscillator functioned 
preperly. As the DC characteristics of coils had not noticeably changed, 
it was assumed that a few turns of the coil had become shorted. The 
mechanism required to short a small number of turns is not known at 
present. However, as this effect happened to random gages on the sur- 
face as well as those located underground and at distances up to 5000 ft 
from ground zero, it is felt that this effect must be due to an electro- 
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Fig. 6.12 Q of Coil vs Frequency of Oscillator for 
Wiancko Gages Failing in Field 

magentic-induced current in the coil. 

6.8 CONCLOSIOHS AND RECOMMETODAIIOMS 

For its present application, the Wiancko gage gave better records 
than had been previously obtained with the Bendlx gage. However, in 
the event of further research and modification of this gage, there are 
several directions for iffiprovement that should be investigated as fol- 
lows: 

a. Limit the motion of the armature to purely torsionai rotation. 

b. Explore the possibilities of new core material to obtain 
higher Q's. 

c. Reduce the mass of the armature to lower the acceleration 
sensitivity. 

d. Design a magnetic circuit such that the inductance of the 
E-coil varies inversely as the square of the gap spacing 
over the region of operation, thus giving linear transfer 
characteristics. 
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