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I. INTRODUCTION

Experimental interior ballistics often requires the initiation of
the ignition event to be time-coordinated with events in the data acqui-
sition process. This may be necessary for accurate determination of
ignition delay times or for control of instrumentation such as cameras or
digital data acquisition systems. With gun systems which use electric
ignition systems, the time-coordination of the igniter function is readily
accomplished. Many large caliber gun systems, such as the 155-mm, 175-mm,
and 8-in. howitzers, use a percussion primer in the ignition train. This
is initiated in the field by pulling a lanyard which releases a firing
pin in the firing lock assembly. In experimental programs, the lanyard
has sometimes been replaced with a solenoid operating mechanism. While
this does allow a degree of time sequence control with electronics,
there are drawbacks; the large variations which occur in the operating
time of the solenoid (up to hundreds of msec.) do not allow sequence
control accurate enough for many applications. Another approach has
been to substitute an electrically initiated primer for the percussion
primer. The electrically initiated replacement should have exactly
the same level and rate of output because these are often critical to
the overall function of the gun ignition system. In practice, this is
not often possible.

During a recent investigation of the ignition train used in the Zone
8 charge for the M198, 155-mm howitzer, it was necessary to actuate the
M82 percussion primer under the control of an electronic sequence timer.
In order to capture the event with high speed film, the initiation of the
igniter had to be precisely coordinated with the cameras. Because the
M82 primer is a critical part of the ignition train under study, an
electrically initiated primer could not be substituted. To meet this
need, a device was developed which uses an electrically actuated M52A3B1
primer to operate the mechanical firing pin for the M82 primer.

The initial device was designed for the firing lock of the M199
cannon for the Mi198 howitzer. A modification was made to adapt it to
the firing lock for the M185 and M126, 155-mm howitzers. More recently,
the device was redesigned to be a physical replacement for the cannon
firing mechanism, M35 (Part No. 8767205), which is used on the 155-mm,
175-mm and 8-in. gun systems. A description of the construction of the
three adaptations of this device as well as the procedures for operation
are presented.

II. ACTUATOR DESIGNS AND OPERATING PROCEDURES

A. Firing Pin Actuator for the 155-mm, M199 Cannon

A cross-sectional view of the standard cannon firing mechanism, M35,
and firing lock for the breech of the M199 cannon is shown in Figure 1.
The firing pin is driven by a spring loaded piston which i: released
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when the lanyard is pulled.

The device described in this report operates by driving the firing
pin with the gas generated by an M52A3Bl1 electric primer instead of the
spring-actuated piston of the M35.

To accomplish this, an adapter was designed to hold the electric
primer and the firing electrode as shown in Figure 2. The larger cavity
is threaded to accept a firing electrode (Figure 3) for the MS52A3BI
electric primer. The electrode is manufactured by Technoproducts, Inc.*
It is equipped with a standard BNC connector for attaching the cable
which carries the firing voltage. A threaded vent plug (Figure 2) is
used to retain the electric primer in proper alignment with the electrode.
The primer end of the electrode adapter is threaded to fit the cavity for
the firing pin retainer (Figure 1).

Figure 3 depicts a cross-sectional view of the firing pin actuator.
The physical relation between the firing pin, vent plug, MSZA3BI primer,
and firing electrode is shown. A rubber O-ring (Figure 3) is placed
around the electrode to position the electric primer (optional).

In operation, the firing electrode is threaded into the electrode
adapter, the O-ring is placed around the tip of the electrode, and an
electric primer is loaded into the cavity. The vent plug is then threaded
into place and the entire adapter assembly is threaded into the ftiring
lock in place of the firing pin retainer (Figure 1).

B. Firing Pin Actuator for the 155-mm, MI85 Cannon

The firing lock for the M185S cannon does not have a threaded firing
pin retainer as in the M199 cannon. Therefore, the electrode adapter
(Figure 2) was modified as shown in Figure 4 and a new vent plug was
constructed (Figure 5). These were both designed to fit within a housing
(Figure 6) similar to that of an M35 firing mechanism (see Figure 1).

A cross-sectional view of the assembled device for the MISS cannon is
shown in Figure 7. In operation, the primer vent plug is threaded into
position in the electrode adapter. The adapter is then threaded into the
housing until the bottom surface of the vent plug is just within the
housing. An electric primer is placed in the adapter cavity and the
firing electrode with an O-ring around the tip (optional) is threaded into
position. The entire assembly is placed in the firing lock and given a
half-turn to engage the locking lugs. The adapter is then screwed down
into the housing until it is hand-tight against the bottom of the firing
lock.

*Saratoga, CA 95070
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Figure 3. Cross-Section of Assembled Electric Firing Pin Actuator
for the M199 Cannon
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It should be noted that in the M199 configuration, venting of the
primer gases takes place through vent holes in the adapter (see Figures
2 and 3). In the M185 configuration, the primer gases vent through the
small clearance between the sides of the vent plug and the firing lock.
The vent areas were adjusted so that the firing pin does not puncture the
M52A3B1 primer upon impact.

C. Firing Pin Actuator Compatible With Cannon Firing Mechanism, M35

The electric primer-operated firing pin actuator described in Sections
A and B above, was redesigned to fit in the housing of the standard cannon
firing mechanism, M35. To accomplish this, the vent plug and electrode
adapter were redesigned (Figures 8 and 9), respectively and a retaining
collar constructed (Figure 10).

The device is assembled by taking the housing of an M35 firing mech-
anism with the larger spring in place and sliding the vent plug through
the housing and spring. The retaining collar is then placed on the
vent plug to hold the assembly together with the spring in compression.
An MS52A3Bl primer may then be placed in the cavity of the vent plug
and the firing electrode and electrode adapter screwed in place hand
tight. The modified M35 may then be inserted in the firing lock as usual
via the twist locking lugs. A cross-sectional drawing of the assembled
device in the M199 and the M185 cannons is shown in Figures 11 and 12,
respectively. Once the assembly is inserted in the firing lock, only the
electrode adapter need be unscrewed to replace primers between firings.

D. Initiation of the Electric Primer

The MS2A3B1 electric primer can be initiated by applying 24-VDC
directly from a power supply or by discharging a capacitor charged to
100 to 300 VDC. The high voltage capacitive discharge technique is more
immune to differences in the internal resistance of the primers or to
normal buildup of primer residue on the top of the electrode.

A schematic of the circuit used to fire a 155-mm howitzer at the
Ballistic Research Laboratory (BRL) test facility is shown in Figure 13.
A 10-microfarad capacitor is connected across the switching contacts of
a double pole relay. An adjustable power source (0 to 600 VDC) is
connected to the normally-closed contact positions and the firing line
to the gun is connected to the normally-open contacts. The power supply
is set for 250 VDC. Upon actuation of the relay, the charged capacitor
is connected across the firing line. References 1 and 2 give additional
information on the initiation and performance characteristics of these
primers.

I1I. RESULTS AND DISCUSSION
The activation time for the device is less than 1 msec from the

application of the firing voltage to the beginning of venting of the
percussion primer. A typical example of an experimentally measured

16
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Figure 13. Schematic of Firing Circuit for Firing Pin Actuator
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actuation time is shown in Figure 14. One curve indicates the voltage
applied to the M52A3Bl1 primer, and the other curve shows the output of the
M82 percussion primer as measured by a pressure transducer located about

12 mm from the exit of the M82 within the spit hole of the M199 spindle.

The voltage was applied to the M52A3B1 0.93 msec after the start of the

data acquisition for this test. The output of the M82 primer began at

1.58 msec for an action time of 0.65 msec. Therefore, ignition delay

times can be accurately measured from the time the firing voltage is applied.
These times will be 0.65 msec longer than actual which is negligible in |
larger guns.

The firing pin actuator has been tested for several hundred rounds
at the BRL firing facilities. The gun crews are quite satisfied with its
reliability and ease of operation. The Standard Operating Procedure (SOP)
for use of the actuator is given in the Appendix.

An important benefit for research applications is that the firing
pin actuator allows the percussion primer which is used in the field to
be used in a test instead of an electrically actuated substitute. This is
important as the substituted electric primer may have a rate of energy
delivery (or level) which is different from the percussion primer. This
can cloud the results of a test in which the ignition system (percussion
primer and igniter) performance is critical. The firing electrode
and electrode adapter will be simplified and redesigned as a unit to
facilitate its use. This design will be reported separately.

RECOMMENDATION

The firing pin actuator is applicable to all large caliber gun systems
which use a standard cannon firing mechanism, M35. These include the
155-mm, 175-mm, and 8-in. gun systems. It is recommended that Modification
C be utilized whenever initiation of a percussion primer must be remotely
actuated or the time of primer initiation correlated with other events.

ACKNOWLEDGEMENTS

Improvements in the design and operation of the firing pin actuator
were facilitated by field tests and many useful comments by Mr. Vernon
C. Goetz, and by Dr. Kevin J. White, who also measured the actuation time
of the actuator.

23




VOLTS

Voltage Applied to M52A3B1 Primer

-
g
M82 Primer
® Pressures
(]
»
1 o
]
3
e o
Do
23
T -
S
&
Q1 @
S \
J sk - — + 1
0.00 1.00 2.00 3.90 .00
MSEC

Figure 14. Experimentally Measured Actuation Time: Plot of Electric
Primer Initiation Voltage and Output Pressure of M82
Primer (in M199 Spindle) vs. Time

24




AN o

S AT S AT

e —

AR G

. I i, B i

REFERENCES

1. Cronin, R.F., "Investigation of Firing Circuits and Electrical
Components for 20-mm Gun, M24Al1," US Army Ballistic Research Labora-
tories Memorandum Report No. 1056, January 1957. (AD #128810)

2. Cronin, R.F., "Investigation of the Electrical Circuit of the 20-mm

Gun, M39," US Army Ballistic Research Laboratories Memorandum Report
No. 1191, January 1959. (AD #215080)

25




o AT

10.

11.

APPENDIX

STANDARD OPERATING PROCEDURE FOR ELECTRIC PRIMER OPERATED
FIRING PIN ACTUATOR

Place firing box connector of firing line in the shorting block of
the lock-out box.

Remove electrode from actuator.

Periodically check BNC connector of electrode to assure that there

is an open circuit between the central pin and the body of the
electrode. (Use VOM or DVM).

Place new M52A3B1 primer into the well in the electrode adapter

with electrical contact up. Maneuver into recessed holder with fiber
or nylon rod and gently press down.

Screw electrode into electrode adapter until it is hand tight.

Place M35 housing of firing pin actuator in firing lock in safe
position.

Place firing line connector on BNC connector of electrode.
Clear area and return to lock-out box.

Check continuity of firing line with DVM or VOM (set to 10 to 100K
scale). Resistance should be < 100,000 ohms and > 10,000 ohms.

If either condition is not met:
(a) Too large a resistance indicates a poor electrode/primer
contact or broker firing line. Short out firing line; return

to gun and remove actuator assembly for inspection.

(b) Too small a resistance indicates a short in the primer or in
the line. Take same action as in (a) above.

Replace short on firing line at lock-out box, return to gun, and
move the slide assembly to arm position.

Continue firing procedures as per standard SOP.

In Case of a Misfire: Check the resistance of the firing line from
the lock-out box to the electrode.

(a) If it has changed (an open circuit or a short), this indicates
that the M52A3Bl primer has functioned and standard misfire
precautions should be followed. (The M52A3B1 gives a clearly
audible report when it functions).

27




NOTE:

(b)

a)

b)

If the resistance has not changed significantly, the primer
has not functioned. If the firing voltage can reach the
electrode, this indicates a bad primer. Place a short on the
firing line. Return to gun and move the slide assembly to
the safe position. Remove the actuator assembly for inspec-
tion.

The use of a capacitive discharge firing voltage source
eliminates the need for steps 9 and 10 if the integrity
of the firing line is intact.

A DVM or VOM, when set to the proper scale, places a sensing

current and voltage on the circuit which is less than or equal
to that from a blasting galvanometer.
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