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ABSTRACT

RF systems for firing the MARK 2 MOD O ignition element and
the MARK 1 MOD O squib are discussed. Emphasis is placed on theoretical
means for matching at 5 and 30 megacycles. Some specific details of
practical systems are given,

The adaption of the MARK 2 firing mount to accommodate the
MARK 1 squib is described. A unique adjustable shorted stub, developed
in our laboratory, was completed and utilized for firing at 250 mega-
cycles.

A method for the determination of system loss factor is briefly
presented. The systems for firing the MARK 1 squib and the MARK 2 ignition
element were calibrated to obtain these losses at frequencies of 5, 30,
and 250 megacycles.

Bruceton tests were conducted with both the squib and ignition
element at 5, 30, and 250 megacycles,
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1. INTRODUCTION

The Franklin Institute, under contract with the Naval Weapons
Laboratory, has been engaged in a program of precision RF sensitivity
studies of the MARK 1 MOD O squib and the MARK 2 MOD O ignition element.
The sensitivity levels are to be determined with an error of less than 5%.
The present phase of the program is to fire the squib and ignition element,
using Bruceton tests, and knowing accurately the system loss factor., If
no other factors are involved, application of the system loss factor to
the mean firing level will yield the RF sensitivity of the device in terms

of power delivered to its input leads,

In the early rhases of the program, considerable effort was
directed toward evaluation of losses in various matching devices. These
losses were investigated over a frequency range of 250 to 500 megacycles.
Experimental tests were supplemented with theoretical studies of impedance
matching which led to the conclusion that large system losses are inevitable
when matching into loads having a small resistive component. lLarge reactive
components in the load will also produce large system losses, On the basis
of unavoidable system losses of 50 per cent or more, we proceeded to assemble
and test a practical system for firing the MARK 2 MOD O ignition element
at 250 megacycles.

Calibrated RF thermocouples were used in the first attempts to
evaluate system losses. These thermocouples were useful for comparing the
relative losses of different matching systems; we realized, however, that
a better way to determine absolute system loss would involve determination
of the RF power actually reaching the bridgewire of the ignition element
or squib under test, This has been done by means of infrared detectors
and photoconductive cells mounted above the bridgewire of the ignition

element.
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The system loss evaluation technique described above has one in~
herent source of error, in that the losses in the base of the ignition
element are included in the loss factor obtained. Base losses, if present,

should not be included in the loss factor.

Several experiments were made to determine the loss in the base
of the MARK 2 MOD O ignition element at 250 megacycles. No numerical values

for the losses were obtained since they were too small to measure,

All of the previcusly mentioned work was performed prior to the
present quarterly report period., During the present period, we fired the
MARK 2 MOD O ignition element in prrecision Bruceton tests at additional
frequencies of 5 and 30 megacycles. Evaluation of the MARK 1 MOD O squib
was then initiated. BEruceton tests were fired with this item at frequencies

of 5, 30, and 250 megacycles,

2. RF FIRING SYST#MS FOR MARK 2 MOD O IGIITIOCN BLudiiNT AND
MARK 1 MOD O S«UIB

Contributor: John F, Warren

A block diagram of the basic firing system is shown in Figure 2-1.
Manufacturer and model number have not been indicated for some of the com-

ponents, since they varied according to the test frequencies used.

The RF generator is isolated from the firing system by a 10 db
pad. A coaxial relay admits the RF power into the firing system when the
firing switch is closed. A 50-ohm 5-~watt dummy load terminates the
system properly when the relay is in the of{ position. A second 10 db
pad reduces the power to a safe level to prevent initiation of the EED
during the matching procedure, This pad is removed from the system after

each matching routine.
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FIG2-1 BLOCK DIAGRAM OF BASIC FIRING SYSTEM

The directional coupler serves a dual purpose. It provides an
indication of impedance match when the outprut from its reflected power
port is minimum, and the output of the incident power port provides a
start signal for the chronograrh used to measure functioning time, A
flash detector produces an output signal when the £xD ignites, which

stops the interval timer.
2.1 5 and 30 lMegacycle Systems

Distributed constant matching systems, which are used at 250
megacycles, are not practical at 5 and 30 megacycle because of the length
necessary. In this low frequency range, lumped constant networks con-
sisting of inductors and caracitors are used. The principles involved

can be found by reference to any standard text on circuit theory.

At frequencies of 5 and 30 megacycles, our impedance measure-

ments show that we may assume that the real part of the impedance of the

...3_
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MARK 2 ignition element corresponds to the dc resistance of the bridge-
wire. The bridgewire which is nominaly 0.1 ohms when cocld is about
0.1l4 ohms when heated to a dull red,

Figure 2-2 is a theorctical circuit for matching a MARK 2
ignition element to a 50-ohm line. The values of reactance required

for matching werc obtaincd by substitution in equations (2-1) and (2-2).

2
) = v w - T
X5 \[‘/‘o Ya Ra (2-1)
£o By
L7 73
“2 (2—2)

Thase equaticns yield almost equal valuss of 2.65 and 2,64 ohms for J{l

and X At 5 megacycles, a capacitor of 0.0l2 microfarads and an inductor

2.
of 0.082 microhenriss are requirad Zor the calculated reactances of 2.65
ohms, At 30 megacycles, ths componant valuss are 0,002 microfarads and
0.0136 microhenries,

The equations from which w2 calculated L{l and X2 assume that

the load has no reactance. The load in Figure 2-2 is therefore denoted

X =2.640
TRANSMISSION LINE
Z, =500 i
Rq +]0

~)x,=2.6560 (0.140)

FIG.2-2. THEORETICAL CIRCUIT FOR MATCHING Mk 2
IGNITION ELEMENT AT LOW FREQUENCIES
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as Ra + jo which in the case of the MARK 2 element is approximately 0.1l4
ohms., The net reactance of the load will modify the calculated value of
X2, however, this will not be considered here since the exact value of

X2 will be obtained empirically in actual practice,

Similar calculations may be made to determine the theoretical
values of components required for matching the MARK 1 MOD O squib at 5
and 30 megacycles. The nominal dc resistance of the squib bridge wire
is 1 ohm (cold) and about 1.4 ohms when heated to a dull red. The cal-
culated values for Xl and X2 are 8,49 and 8,24 ohms respectively. At
5 megacycles,these reactances may be obtained with a capacitor of 0,00375
microfarads and an inductor of 0,262 microhenries. At 30 megacycles,

these values become 0,000625 microfarads and 0.C436 microhenries.

The matching networks used in the firing of the squib and
ignition elements were simple combinations of inductive and capacitive
elements mounted in an aluminum box as shown in Figure 2-3, Here can be
seen a variable 1000-picofarad tuning capacitor, a fixed shunt capacitor,
and a series tuning inductor. The fixed capacitor and the series inductor
are removable so that other values may be substituted according to the

frequency and the impedance of the item under test,

It would ordinarily be assumed that both the series inductor
and the shunt capacitor would have to be variable in order to allow for
the normal variation in resistance and reactance of the EED being tested.
However, it was found that the MARK 1 MOD O squibs and the MARK 2 MOD O
ignition elements were so uniform in their electrical characteristics that
a fixed inductance and capacitance in combination with a single variable
capacitor was enough to produce an acceptable match for any item in a

group under test,

Figure 2-~, represents a typical firing system for the Bruceton
tests at 5 and 30 megacycles, The values of the components in the match-
ing network were, of course, changed according to the frequency and the

item being tested.
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FIG 2-4 TYPICAL FIRING ARRANGEMENT FOR 5 AND 30 MC TESTS
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2.2 250 Megacycle System for the MARK 1 MOD O Squib

The matching system for the MARK 2 MOD O ignition element at
250 megacycles was described in the previous quarterly report, Q-B1805-3,
in Section 3. The system for evaluating the MARK 1 MOD O squib is identical
except that an adjustable shorted line was available in place of the fixed

short used in the previous test.

Although the resistance of the squib bridgewire is 10 times as
large as that of the ignition element, physical lengths of the coaxial
tuning elements were approximately the same. The adjustable shorted line

developed in our laboratory was employed for matching.

Figure 2-5 is a close-up view of the impedance matching components
for the MARK 1 squib at 250 megacycles. Figure 2-6 shows the entire firing
system including the matching elements., Details of the shorted stub will

be given in Section 2.4.

2.3 Adaption of the MARK 2 MOD O Ignition Element Firing Mount to Accommodate
the MARK 1 MOD O Squib

The firing mount designed for the MARK 2 MOD O ignition element
proved satisfactory. Therefore, rather than design a new mount, a series
of adaptor parts were made to accommodate the MARK 1 squib in the same
mount. Figure 2-7 is a view of the firing mount and photocell housing as

adapted for the squib., The changes are not very easily seen in this picture.

Figure 2-8 shows the actual parts which were made to accommodate
the squib. The leads of the squib must be precut to exact length and shaped
before installation in the mount. This is done ~ith a special holding and
stripping device, not shown. A precut and dressed squib is in the fore-
ground of the picture, which also shows another squib mounted in the center
conductor. A hex-socket head screw is turned to fasten one of the leads
in the center conductor. A slot is provided in the collet to force the
ground lead against the bottom edge of the outer case of the squib. The
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FIG. 2-6 FIRING SYSTEM FOR MARK | MOD O [GNITION ELEMENT AT 250 MC




THE FRANKLIN INSTITUTE . Laboratories for Research and Development

Q-B1805-4

PHOTO-CELL

OUTPUT
CONNECTOR

WRE®, I FOR
IWNER LOND LG

SCREW TO SECURE LEAD iN . -
INNER CONDUTOR ’

e

s ) .JL:, Y

FIG.2-8 ADAPTER PARTS FOR ACCOMMODATING MARK| MODO SQUIB
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collet-closer brings the collet into intimate contact with the bottom cir-
cumference of the squib case, The screw that tightens the center conductor
is reached by a special wrench inserted through a hole in the main body

of the mount.

2.4 A Novel Adjustable Shorted Stub

Contributor: R. R. Raksnis

We have developed a novel adjustable shorted stub for use with
50~ohm coaxial air lines. Commercially available devices of this character
are limited in respect to the minimum length of adjustment for the shorted
stub. Shorted stub lengths of one centimeter or less are desirable for
matching the MARK 2 MOD O ignition element., Otherwise, an additional
half-wavelength of air line must be included in the stub length, This
half wavelength of line has been shown experimentally to contribute an
additional 25 percent to the total losses in a system for matching the
MARK 2 element at 250 megacycles.

The novelty of our shorted stub lies first in the fact that
it may be adjusted to a length approaching zero and second in the un-
usual arrangement of collets which provide the actual short circuiting
conductance across the line, A third feature is the provision of an
external knob which allows the collets to be positively locked in any
desired position. A micrometer adjustment for fine positioning is also

included.

Figure 2-9 is a view of the adjustable shorted stub, partially
disassembled to expose some of the inner cornstructional details. The
instrument consists basically of a 70 cm length of coaxial air line
(outer and inner conductor) and an assembly containing the shorting slug
which 1s inserted within the coaxial line., The 70 cm line is so con-~
structed that it may be attached to the junction port of a coaxial tee
fitting in such a way as to form a smooth continuation of the outer and

inner conductors of the tee,

- 10 -
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FIG 2-9 ADJUSTABLE SHORTED STUB — DISASSEMBLED

The shorting slug consists of two concentric silver plated
collets, The outer collet has an internal taper which is a mating fit
with the external taper of the inner collet. Vhen the inner collet is
drawn up into and flush with the outer collet, the locking action forces
the contacting fingers against both the inner and outer conductor. The
intimate contact between the tapered surfaces of the collets combines
with finger spreading collet action to create a plane of high conductance
across the 1line at the Jjunction of the coaxial tee. Figure 2-10 is a

close-up view of the collets in the condition just described,

Figure 2-11 is a view of the completely assembled shorted stub
with a section of adjustable air line attached for matching the MARK 1
MOD O squib at 250 megacycles. A longer adjustable line is shown just
below the main assembly. The short adjustable line at the bottom of
the figure will be used for matching the squib and ignition element at
1000 megacycles and above,

- 1] -
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FIG 2-10_ CLOSE-UP OF COLLETS FOR ADJUSTABLE SHORT

3. DETERMINATION OF SYSTEM LOSS FACTCR

Contributor: John F. warren

we have standardized the method which will be used for system
loss evaluation up to and including 1000 megacycles; see Figure 3-1 for
block diagram, The principles involved are described in previous reports
and will not be rereated here, However, one feature of the established
technique not used or described in previous reports will be briefly

discussed,

vhen adjusting for impedance match, the power is always reduced
to not over 10% of the firing levels. This means that matching takes
place when the item is cold, The dc resistance of bridge wires made
from 90% platinum - 10% iridium, increases approximately 40 percent
when the temperature of the wire is raised from ambient (20°C) to a
dull red heat., Ve therefore recasoned that it would be advisable to
lower the power by a factor of ten, by the use of an attenuating pad

when matching for system loss evaluation. However, preliminary tests

- 12 -
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FIG. 2-11 IMPEDANCE MATCHING NETWORK EMPLOYING THE SHORTED STUB
AND A SECTION OF ADJUSTABLE AIR LINE
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FIG 3-1_ BLOCK DIAGRAM OF TYPICAL SETUP FOR SYSTEM LOSS EVALUATION

showed little difference in results whether the pad was used or not,.
The pad was used for the firing system evaluations made during the

present period.

The MARK 2 MOD O and the MARK 1 MOD O systems were evaluated
for losses at 5 and 30 megacycles. Data resulting from these tests is
given in the Appendix, Tables A-l to A-5. Average loss factors are

given in Table 3-1 for all of the items tested on this program to date,
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Table 3-1
SYSTEM LOSS FACTOR
System Loss
Frequency Factor Efficiency
Device (Lic) (Average) (Percent)
MARK 1 MOD O 5 M- 0.,94791 9L.79%
MARK 1 MOD O 30 Mc G.7L770 71.77%
MARK 1 MOD O 250 Mc 0.60997 80.99%
MARK 2 MOD O 5 Ma 0.69620 69.62%
MARK 2 MOD O 30 Me 0.42258 42,26%
MARK 2 MOD O 250 Mc 0.412]10 41,21%

L, BRUCETON SENSITIVITY TESTS

Contributor: John P. Warren

The RF sensitivity cof the MARK 2 LOD O ignition at 250 Mc was
established by means of a Bruceton test of 100 elements during the previous
report period, Additional tests on the MARK 2 were made at 5 and 30

regacycles during the present period.

The Bruceton tests were continued and 100 firings were completed
for the MARK 1 MOD O squib at 5, 30, and 250 megacycles, The Bruceton
analysis sheets for all of the tests ars given in the Appendix, Tables B-1 to
B-12,

The system 1input power for the 50-percent fire level was derived
from these Bruceton tests and then multiplied by the system luss factors
obtained in Section 3., This gave the pcwer input to the bridge wire if
no losses in the base of the items are present., However, no tests for
base loss have been made on the MARK 1 MOD O squib, and figures for the

actual sensitivity are reserved until a later date.

- ls -
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Table 4-1 is a summary of pertinent data obtained to date. It
will be noted that the calculated powers to the bridge wire of the MARK
1 MOD O squib have a spread of less than 2% over the range of 5 to 250 Mc.
The spread for the MARK 2 MOD O element is around 8%. This spread is
higher than expected. This may be attributable to the fact that ignition
elements for the 30 Mc test were taken from a different lot. This was
discovered when an inventory disclosed that we had not fired as many itmes

from the new lot as we thought.

The average sensitivity of the MARK 1 squib for 5, 30, and 250
megacycles is 0,091 watts at the input of the bridge wire. The average
sensitivity of the MARK 2 NOD O element, over the same frequency range,
is 0.893 watts. It is interesting to note that the MARK 1 squib is
aprroximately ten times as sensitive as the MARK 2 element. The sen-
sitivities of the two devices are in approximate ratio with their dc
bridge wire resistances. (0.1 ohm - MARK 2 - 1,0 ohm MARK 1).

Table 4-1

INPUT FOWER TC BRIDGE WIRK

System
Inrut
Power Calculated
For 504 ‘ Input To
Fire S{stem Bridge Wire
E OS5 p =P  XF
Freq,. 1 Factor B 1
Device (i.c) (iiatts) F (Watts)
MARK 1 MOD O 5 0.096556 0.94791 0.09153 a =
MARK 1 MOD O 30  0.12504 0.71770  0,08974 "g;igz
MARK 1 MOD O 250 0.11343 0.80997 0.09187 *
MARK 2 MOD O 5 1.2260 0.69620 0.85354 average =
MARK 2 MOD O 30 2,2051 0.42258 0.93183%# 0.89278
MARK 2 MOD O 250 2.1650 0.41210 0.89219

3t The items used in this test are believed to have been
taken from a different lot from those used for the
other tests,

_16_
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5. CONCLUSIONS AND FUTURE PLANS

With the completion of Bruceton tests at 5, 30, and 250 mega-~
cycles, we are in a position to draw limited conrclusions regarding the
sensitivity of the MARK 2 1gnitinn element., The loss in the base of
this item is considered tn be neglig >le at frequen-ies of 250 megacycles
and below, Therefore, the figure obtained for sensitivity at the bridge
wire is the sensitivity at the base -f the 1tem. The average sensitivity
of the MARK 2 element over the range of 5, 30, and 250 megacycles is, then,
0.893 watts, This figure should correspond very <losely with the dc

firing level,

Bruceton tests have also been -ompleted for the MARK 1 MOD O
squib at 5, 30, and 250 megacycles. However, no tests for determination
of the loss in the base have been made. If we assume that the loss in
the base of the squib is negligible in th.s case, also we may quote a
tentative figure of 0.0910 watts ror the sensitivity of the item, We do
not have figures for the equivalent dc sensitivity of this item, but

we would assume it to be very close to the RF value of 0,0905 watts.

while a considerable part of the original aims of the program
have been accomplished. several complicaticns arose during the study
which were not fully expected, As a result the funds and original time
allotted have been used up, It should pe understood, however, that these
complications have not been just lost ground, but have in nearly every
case further extended the present state of knowledge in this field,
These complications can be divided into two major -ategories; RF power

detection at the base of the EED and impedance matching.

With regard to power detec*ion, it was indizated from the
preliminary studies that vacuum thermo:ouples of varying resistances could
be used to obtain a calibration of the system losses as a function of
terminating resistance, However, while this still remains a possibility,

it was found that the thermocouples when mounted represented impedances

-17 -
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that were so different from the actual EED's that it was decided to go to
a different system, The system now in use for the lower frequencies con-
sists of an infrared detector which detects the energy dissipated in the
bridge wire., This system works very well at the lower frequencies, but
is valid only so long as the RF energy is dissipated only in the bridge
wire and there is no direct RF interaction with the detector, Both of

these points are questionable at high frequencies.

The more direct and most useful approach to this problem is
to measure the impedance and the voltage at the base of the plug and to
determine the power directly at this point. As the wavelength becomes
shorter this is more and more difficult to do, but during this study
equations and techniques have been worked out which should make these

measurements possible.

With regard to matching techniques, great strides have been
made, It was determined during this study that system losses are almost
entirely a function of the degree of mismatch between the generating
system and the termination and the physical length of the system from
the matching device to the EED. For the tremendous mismatches which
normally occur between a typical 50 ohm system and an EED these losses
can become quite large; sc large in fact, that situations can occur which
make it impossible or extremely difficult to obtain a match. The
development of theory with supporting equations indicated that present
commercially available matching systems were not adequate and indicated
the necessary direction in which to go to develop more effective match-
ing devices, These devices have subsequently been developed and proven
in use. This then brings us to the present status of the contract. At
this time the following items have been accomplished.

a) Development of firing instrumentation for all six frequencies
(5, 30, 250, 1,000, 3,000, and 10,000 Mc).

b) Development of system loss calibration techniques for 5, 30,
and 250 Mc and actual calibration of these firing systems.

- 18 -
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c) Development of refined matching systems for 5, 30, 250, and 1,000
Mc. The 3,000 and 10,000 Mc systems will use waveguide rather
than coaxial lines and the techniques are worked out,

d) Evolution of theory and equations for system losses as a function
of terminating impedance for any system. These equations should
be of considerable value in the future when they are completely
established.

e) Completed firing tests for both the MARK 1 MOD O squib and the
MARK 2 MOD O ignition element at 5, 30, and 250 Mc, These
tests have been very successful,

f) Attenuation and impedance measurements of the EED's at 5, 30,
and 250 Mc,

These following tasks remain to be done.

a) Final refinement of firing systems at 1,000, 3,000, and 10,000
Me.

b) Final development of the power detection system at 1,000, 3,000,
and 10,000 Mc. This is done when the systems are set up and
ready to go in final form.

¢c) Attenuation and impedance measurements at 1,000, 3,000, and
10,000 Mc.

d) Calibration of systems losses at 1,000 3,000 and 10,000 Mc,
e) Firing tests at 1,000, 3,000, and 10,000 Mc.

There is also the possibility that a constant current firing test
on the MARK 1 MOD O will be required if this information does not already
exist. Because testing at three of the six frequencies remains to be done
it might appear that the remaining tasks represent half of the project;
this is not so since the solution of problems that came up in the early
studies will greatly simplify the remaining tasks, Many of the problems
that arose, where not completely unexpected, were of greater number and
complexity than originally estimated., On the other hand the solution of
these problems has yielded knowledge and techniques beyond the original
scope of the contract and this knowledge will be of considerable future
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value., Furthermore, the sensitivity information obtained so far is of
immediate value and also applicable to future studies of RF sensitivity
to pulsed power., On the above bases we are requesting that the present
contract be extended four months with additional funds.

fd 2 Mebnbock.

Paul F, Mohrbach
Project Engineer

Approved by:

B T MZ% e

4#~E, E, Hannum, Mgr. Francis L. Jacksbn
/ Aprlied Physics Laboratory Director of Laboratories
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APPENDIX A

Table A~1 Efficiency of RF Matching System and Firing Mount for MARK 2
MOD O Ignition Element at 5 Megacycyles

Table A-2 £Efficiency of RF Matching System and Firing Mount for MARK 2
MOD O Ignition Element at 30 Megacycles

Table A-3 Efficiency of RF Matching System and Firing Mount for MARK 1
MOD O Squib at 5 Megacycles

Table A-4 Efficiency of RF Matching System and Firing Mount for MARK 1
MOD O Squib at 30 Megacycles

Table A-5 GEfficiency of RF Matching System and Firing Mount for MARK 1
MOD O Squib at 250 Megacycles
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APPENDIX B

Bruceton Test MARK I MOD O Squib 5 Mc
Bruceton Test MARK I MOD O Squib 30 Mc
Bruceton Test MARK I MOD O Squib 250 Mc
Bruceton Test MARK II MOD O Squib 5 Mc
Bruceton Test MARK II MOD O Squib 30 Mc
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