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1.0 INTRODUCTION

" This final report describes MBA development engineering
effort and the results achieved under Contract DAAK10-79-0040. The
purpose of this effort has been to determine methods for producing a
low cost practice fuze along with a spotting charge to provide realistic
year round training of military personnel and thereby reduce expenditure
of standard service ammunitions. (See Appendix A for requirements as

stated in contract). //5%\

Static and ballistic testing was conducted with a number of
spotting charge candidates, ARRADCOM's desensitized Photoflash, Ordnance
Research Inc's Red Phosphate composition and MBA's TiClé, all of which
were loaded into modified P.D., M739 fuzes.

The ARRADCOM SW522 spotting charge produced the most reliable
smoke cloud on the target and was the final selected candidate. The use
of the P.D., M739 fuze, which is in production, produced the XM747 configur-
ation, which offered a definite cost saving for this program by eliminating

the need to manufacture costly hardware.

MBA received a contract modification in February 1980 to load
and assemble 576 XM747E2 practice fuzes for testing at Ft. Sill and ARRADCOM.

2.0 BACKGROUND

During the time period between notice of award and contract
award (v1 year), ARRADCOM had made significant progress on an in-house
development program for the XM747 (M739) practice fuze and spotting charge;
see Figure 1, The ARRADCOM work prior to MBA involvement was as follows:

1. Development of 3 candidate photoflash smoke
compositions.

2, Ballistic and lethality testing conducted for the
smoke compositions using a modified M557 fuze.

3. Fuzes had been modified and loaded with spotting
charges and were sent to Yuma Proving Grounds for
testing in late January 1979,
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4, 1,500 P.D., M739 fuzes were being modified by
Honeywell for the XM747 fuze program.

5. A plastic mold had been made for the smoke
container (see Pigures 2A & 2B).

6. Work had been started on a preliminary design
for an all plastic version of the fuze (see
Figure 3).

With the XM747 fuze development being as far along as it
was, it was agreed that MBA would continue the initial effort by analyzing
and testing non-conventional spotting charges such as Titanium Tetrachloride
(TiCla Cold Smoke). MBA would also upgrade the P.D., M739 fuze design and
develop an adaptable plastic gsettable ogive to satisfy the requirements for
the XM746 fuze and further develop the low cost all plastic fuze.

3.0 MBA PRELIMINARY CONFIGURATION

A baseline configuration, see Figure 4, was a modified P.D., M739
fuze and the possible use of TiCl4 as a spotting marker, see Table 1 for
physical properties, and BKNO3 for the expulsion charge. The TiCl4 was to be
contained in either a glass vial and sealed with a teflon cap or an all metal
container. The BKNO3 is in granular form and sealed in a plastic container.

The plastic settable ogive is set in a radial groove. The 0.D. of the groove
would be rolled over with sufficient pressure to contain the ogive and let the
ogive rotate when a minimum torque of 75-in. 1b. is applied. The detonator
assembly P/N 9258613 is the standard super-quick detonator.

The baseline configuration shown in Figure 5 is an all
plastic molded version of the fuze. 1Its main features are a snap-on

settable .ogive retained by a square wire spring clip and a friction surface
to produce the required torque setting, and 30° aft canted smoke ports.

The main features are as follows:

1. A large payload.

2. A short function time due to a decreased

length of the spit tube.
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TABLE 1

TITANIUM TETRACHLORIDE - TiCl4

PHYSICAL PROPERTIES

Chemical Formula TiCl4

Molecular Weight 189.7

Color, Form clear liquid

Melting Point -30%

Boiling Point 136,4°C

Specific Gravity (20°¢) 1.726

Density (1lbs./gal.) 14.4

Stability decomposes in the presence of §
moist air ;

SFECIFICATIONS (Weston, Michigan Plant

)

Titanium, wt.Z
Chlorine, wt.%
Color

Metal Analysis, ppm

Tin (Sn) 10 max.
Aluminum (Al) 10 max.
Iron (Fe) 15 max.
Vanadium (V) 10 max.
Silicon (Si) 10 max.
Copper (Cu) 5 max.

SAFETY AND HANDLING

Titanium tetrachloride must be maintained under inert atmosphere.

25.0 minimum
74.0 minimum
50 maximum

Chromium (Cr)
Antimony (Sb)
Arsenic (As)
Lead (Pb)
Nickel (Ni)

Nitrogen containing less than 10 ppm of oxygen is recommended.

sure to moisture in the air generates hydrochloric acid and titanium
dioxide. Refer to the titanium tetrachloride "Product Safety Infor-
mation" sheet for safety information, and to the Stauffer brochure

"A Guide to Cylinder Unloading."

THE ABOVE INFORMATION REPRODUCED FROM STAUFFER CHEMICALS PRODUCT

DATA SHEET

. ee - . —_——— e - A ————— AN

ol SN

max.
max.

max.
max.

Expo-

. J
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3. An increased amount of smoke over the target
area due to the force created by the projectile

deceleration rate on impact.

3.1 Model

MBA modified a P.D., M739 fuze body to accept a plastic
settable ogive, per Figure 4, for 8 preliminary design model. The
model was presented to ARRADCOM for evaluation.

4.0 PROGRAM REQUIREMENT CHANGES

As a result of a meeting held at ARRADCOM in March with
users and staff in which the past performance of the practice fuze was

reviewed, the following requirement changes were made:

¢ The range was increased for observer viewing (un-aided
eye) to 4,000 meters. This distance was based on infantry being between
the impact point and this range. Work on the XM746 version was thereby
stopped.

e The general concensus of the users was that there would
be sufficient training with tactical ammunition (30%) to preclude the
need for an MT type simulated fuze; therefore, only a P.D. configured
training fuze was required, Work on the XM746 version was thereby stopped.

e A sound signature was eliminated as a hard requirement

but retained as a desired feature to back-up the visible signature.

e The visible signatures observed during ballistic testing
in January were generally considered inadequate and further fuze testing

was to be conducted with increased capacity smoke charges.
5.0 HARDWARE & ANALYSIS

3.1 ARRADCOM Configurations

The XM747 (M739) fuze assembly, shown in Figure 6, was
developed by ARRADCOM. The modified P.D., M739 fuze body has 4 holes
(smoke ports) drilled in the rear of the body and consisted of the following

unmodified components:
e NOSE CAP P/N 9298909
e CROSS BAR & HOLDER ASSEMBLY P/N 9258622

10

o A R A ———— = * = =

———— o:-....-—..— — N N




dvJ ISON

Yanme

! : i

.

; i i
3ZN4 3D1LIVHJ (6ELW) LVLWX %oootm v

IDHVHD ONILLOGS

. 9 adhoid

1480-17051

ond

d4NJ H3LS008

ASSY HO1VYNOL13Q
GNVY ONISNOH
‘Nid ONIUId

ASSV 3A331S ONILLIS

AQO08 3ZN4 6ELW ‘Qd

D
M3HIS ONISOTD
HIDVdS
Q3aJVds ATTVNOD3I ¢
* 81HOd INOWS
v
T T L TR T AT A T T I T I T

11

R — o ».N -\‘\ N




—— -

- -
B M e . ok At =

—p ——

A

- . —— - TR S A S ¥

e FIRING PIN AND HOUSING DETONATOR ASSEMBLY P/N 9258613
e SETTING SLEEVE ASSEMBLY P/N 9258625

e SPACER P/N 9225115

e CLOSING SCREW P/N 9258611

o BOOSTER CUP P/N 9258607

The pyrotechnic spotting charge is loaded into plastic
containers (sealed with epoxy), see Figure 7. The assembly is held in
place with the closing screw and spacer and contained by the booster

cup and plug. The system functions as follows:

The detonator is initiated on impact; the energy from the
detonator is transferred down the spit tube penetrating the plastic cup
and igniting the spotting charge, which is then expelled through the smoke

ports.

The event was designed to take place in less than 2 milli-

seconds from impact to signal display from the smoke ports.

The design was statically and ballistically tested. The
results were poor to non-spotting of the smoke cloud at the target area.
In an effort to improve performance, two major configuration changes were
made. The first was to increase the length of the spotting charge container
by 1.165 inches which increased the spotting charge material by = 582, The
second change was the addition of dimples in the cup and cap to decrease
the penetration resistance of the assembly and thereby decrease the function
time, see Figures 8A and 8B.

Also, two smoke ports were added to the fuze body, bringing
the total to six, see Figure 9. The addition of the holes in the fuze
body required spacers in the booster cup to prevent rupturing of the booster
cup. This configuration was determined by tests conducted at Yuma Proving
Grounds.

The final configuration under this contract involved the
removal of smoke ports from the fuze body and addition of four 0.5 inch dia-
meter ports in the 155mm XM804 projectile 19 inches back from the nose.

12
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Initially, the holes were drilled radially but in the final design they
were canted 45° to the rear of the projectile, see Figure 10, With this
configuration the booster cup base is ruptured and the spotting charge
ejects through the projectile smoke ports. The spacers in the booster cup

were removed to facilitate the base failure mode, Also considered was a

combination of spacers in the booster cup with smoke ports in the fuze body

and projectile to eject smoke from both the projectile and fuze, (see

Section 6.0 Testing ~ MBA Static Testing). The final configuration was brought
about as a result of the MBA static test and ARRADCOM and MBA's estimate of

the worst case and most rapid burial condition for the 155mm projectile,

see Figure 11. This condition exists in deeply saturated light sand soils.
The ARRADCOM model predicts coverage of the smoke ports located 19 inches
back on the projectile 1.8 milliseconds after impact.
burial in = 2,0 milliseconds.

MBA analysis indicates

With the choked flow gases exiting at Mach 1 and the ports
canted back 450, the gases will have a net forward velocity component
approximately 1/3 that of the shell at the critical period when they flow
into the circular cavity between the shell and ejected from impact.

5.2 ARRADCOM Spotting Charges

For the spotting charge, ARRADCOM developed a family of
desensitized photoflash composition (see Table 2) designated as SW Smoke
Compositions. The SW522, also described as MOD "E", produced the best
smoke cloud and function time and proved to be a relatively safe material
to handle (see Table 3 for sensitivity data).

Other spotting charges considered by ARRADCOM were Ordnance

Research Inc's (ORI) composition and Baldwin Electronic Inc's (BEI) compo-
sition.

The ORI composition, a proprietary composition, proved to
be slow in function time and a sensitive material (see Table 3). Variations

of the composition were statically and ballistically tested throughout
the program.

The BEI composition was subject to one set of ballistic

testing in April. The results were poor and it was no longer considered
a candidate material.
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5.3 MBA Hardware '

The configuration shown in Figures 12A & B, P/N SK40679, is the

{
initial MBA design using TiCl6 for the spotting marker and BKNO3 for an
ejection charge. TiClA reacts with moisture in the air to produce Titanium
Dioxide (TiOZ) and Hydrogen Chloride (HCl). The '1‘102 appears as a dense
white smoke while the HCl is rapidly dispersed. Exposure to large quantities
of TiClA can be harmful; however, the material is primarily considered to

be an irritant. While TiCla is corrosive, it is compatible with a number of

materials, including teflon. epoxy and low carbon steel.

The TiClA was loaded into teflon containers and mechanically

sealed with an "0" ring (see Figure 13).

To maximize the volume of the TiCla, a special BKNO3 container
was fabricated in lieu of using existing GFE spotting containers (see Figure
14). The ejection charge container was loaded with 3,9 grams of granulated’
BKN03 and sealed with epoxy. This configuration, along with SW522 and ORI
smoke candidates, was ballistically tested at Yuma Proving Grounds in April

and all received low ratings.*

Locating the smoke ports in the projectile body provided
the opportunity to increase the TiCl,. Because the SW522 (MOD "E") spotting
charge displayed excellent function time and its visual properties would
enhance the TiCl4 display, it was decided to use the SW522 composition to
expel the TiClA and eliminate the BKNO3 expulsion charge.

Two TiClA container designs were considered and identified
as configurations A & B. The A configuration contained approximately 22 cc
of TiClA and 47 grams of MOD "E" expulsion charge loaded into the GFE smoke
container (see Figure 15). The "A" configuration was rejected due to the
fact it projected beyond the rear of the fuze body which would cause pack-

aging problems in the event of a future production program.

The "B" configuration, P/N 116041-500, was designed to be
completely contained within the fuze body (see Figures 16A & B). To accomplish
this, it was necessary to reduce the TiClA spotting charge to 18 cc and

* This test series resulted in the decision by ARRADCOM to move the smoke
ports to the projectile as well as evaluate fuze/projectile smoke port

combinations.
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reduce the SW522 expulsion charge to 27 grams.

The TiCla container utilized the GFE booster cup along with
a fabricated closure. The fill port was mechanically sealed with an "Q"
ring and then painted with epoxy sealant. The expulsion charge container
was reduced by 3/4 inches. The "B" configuration was statically tested
at MBA in September and ballistically tested at Ft. Lewis in December with

fair to excellent results (see Section 6.0 for test results).

In an attempt to achieve decreased function time, the standard
production fuze cross bar assembly was removed and the firing pin, ﬁousing
and super-quick detonator assembly were moved forward (see Figure 17), at the
suggestion of ARRADCOM. This configuration was ballistically tested at
Ft., Sill in June with little, if any, improvement when fired into a soft,

muddy target area.

5.4 Analysis for Ballistic Testing

A stress analysis of the critical components, i.e., the
booster cup base and the cup/body interface was performed. The results
show adequate margins of safety for safe operation (see Appendix B). 1In
lieu of actual data on internal pressure required to separate or fail the

cup base during detonation, an unexpected bursting pressure was calculated.

Factors of safety used in the margin of safety calculations
were 1.15 applied to the yield allowable and 1.5 applied to the ultimate
allowable. These values are standard aerospace practice. Because of the
extremely high acceleration forces of set-back loads, the actual margins of
safety during normal handling operations are far in excess of hazardous

material requirements.,

The methods, referenced in the analysis, are standard prac-
rice and should not cause concern over their validity. As demonstrated in
the analysis, the minimum margin of safety occurred at the cup base material
thickness transition from 0.040 inches to 0.104 inches. This margin is 0.80
on yield which represents a stress level 80 percent below the material allow-
able when reduced by the yield factor of safety. The most critical area is
therefore approximately twice as strong as required to support the worst case
loading.
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The analysis also predicts a bursting pressure of 10,500

psi which appears to be compatible with good performance during the deton-
ation event. Although actual pressures are not known, they are anticipated
to be in the order of 20,000 psi, if totally contained. This two to one

pressure ratio is comfortable for reliable failure expectation.
6.0 TESTING

6.1 ARRADCOM Tests at Yuma Proving Grounds

ARRADCOM conducted ballistic tests* at Yuma Proving Grounds
in late January 1979 to evaluate three ARRADCOM developed spotting charges
and photoflash.

The modified M739 (XM747) fuzes containing the spotting
charges (see Figure 1) were tested on the XM804 155mm training projectile.
Trajectory evaluations were also made for ballistic similitude with the
M167 inert projectile with T2 charge and the M557 fuze.

Observers and 16mm and video cameras were stationed at
1,000 to 1,800 meters from the impact area. The spotting charges were
rated as poor, as reported by ARRADCOM (see Table 4 for test results,

conclusions and recommendations). Ballistic similitude was achieved.

The next set of tests were conducted in late April 1979
at Yuma Proving Grounds. These tests incorporated the following modific-
ation to the January hardware, The nose cap was removed from the XM747
(M739) fuze and three charge weights were used in single, double and triple
cups. This was accomplished by joining standard cups and assemblying
them into the XM747 fuze, with four smoke ports. (See Figure 19 for typical
double and triple charge configurations).

Between January and April tests, ARRADCOM modified the smoke
compositions designating the new blends MOD "D" (PF 54) and MOD "E" SW522
(see Table 5).

*

Test information provided by ARRADCOM
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MOD A MOD B MOD C (1) XM804 In:i27w/T2

VISUAL DATA SW=-59 SW=-466 SW521 PF W/M557 Chg & M557
Dust, Flash & Smoke - - - 4 1 35
Dust & Smoke 12 14 6 l 15
Unobserved _6 3 3 - - 2

Total Fired 8 15 17 10 2 52
Dist to Impact (Avg) 1650M 1450M 1450M 1450M 1300M 1650M
Degree of Vis- Poor Poor Poor Fair Poor Good

ibility (2)
(1) PP-Photoflash Charge

(2)

TABLE 4

VISUAL FUNCTIONAL RESULTS
XM804 TRNG PROJ w/MOD M739 FUZE

SPOTTER COMPOSITIONS

Impact areas varied due to ballistic similitude testing of XM804 vs M107
Proj which was conducted at several Zones and QE's. However, visibility
of the smoke (A, B & C) compositions were considered poor even when the
impact areas were clearly visible, twelve impacts were Spotted using a 7
power scope from four different towers. Desert growth 6 to 10 feet high
obscured the impact on a few rounds fired.

CONCLUSIONS :

The modified M739 fuzes with four different spotting charge compositons
did not meet the LOA visibility requirement of being equal to a fully
loaded 105MM, HE projectile. :

Visibility by the naked eye of the three smoke compositions "A", "B"

and "C" was considered poor, especially at high angles of impact. No
flash was observed on any of these smoke compositions during daytime ob-
servation. Twelve of the rounds were unobserved even when looking through
a 7 power scope.

The fuze with the photoflash composition was more visible than the fuzes
with smoke composition. All ten fuzes tested were observed ani six out

of ten had both flash and smoke. However, the signature produced was not
equal to a 105MM HE round. As a matter of fact, the photoflash did not
produce a signature as good as the 155MM M107 inert with a T2 supplementaty
charge which was fired alternately as a control round.
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RECOMMENDATIONS :

The practice fuze impact sensitivity should be increased to provide
a level of sensitivity at least equal to the M557 PD Fuzek,

The modified M739 fuzes used in this test were the less sensitive
nose cap version. This probably caused the fuze to penetrate the

ground slightly before functioning, obscuring the flash and/or smoke.

A larger amount of spotting charge composition should be used to
produce more flash and/or smoke for better visibility.

* Previous testing of a modified M557 Fuze containing the same photo-
flash charge had a signature equivalent to the inert 155MM projectile
with a T2 supplementary charge.

EXTRACTED FROM TRIP REPORT OF W. ERCK (ARRADCOM) DATED JANUARY 28, 1979.
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Also submitted for evaluation were two compositions by
Ordnance Research Inc. (ORI) and two compositions by Baldwin Electronics
Inc. (BEI). The initial TiCla/BKNO3

being evaluated during this test series (see Figure 20).

design was the final configuration

Static tests were conducted at MBA prior to this Yuma test
series to evaluate TiCla as a spotting charge. The tests were conducted
with 5.8cc of TiCl4 and 2.2gm's of BKNO3
(see Figure 21). The daytime testing produced a sizable cloud about 25 ft.

charge contained in a test fixture,

high and about 10 ft. in diameter (see Figure 22). The night test produced
a base flash with a moderate size greenish cloud (see Figure 23). The event

lasted a few seconds.

The ballistic evaluation testing of the spotting charge cand-
idates was conducted over a two day period. The selected test area was flat
and consisted of dry desert sand with light brush. ARRADCOM, ORI, Ft. Sill
and MBA personnel were present for the tests. Observers were stationed at
2,000; 2,500 and 4,000 meters with video cameras at 2,000 and 4,000 meters.

The XM747 fuzes were assembled to the M107-155mm inert loaded

projectiles.

The spotting charges were fired in groups of five the first
day and in alternate order the second day for better comparison of the

smoke cloud on impact (see Table 6).

Because the target area was dry and sandy a large dust cloud
was created at projectile impact making it difficult to distinguish the
smoke cloud from the dust. However, the MOD "E" did produce a flash on
some impacts, visible at 2,000 meters and with a signature rated by the
observers to be somewhat better than the MBA, ORI or BEI spotting charges.
Therefore, the MOD "E" was selected for the baseline spotting charge.
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TABLE 5

DESCRIPTION OF
PYROTECHNIC SMOKE COMPOSITIONS

MOD "D" MOD "E"

PF54 SW522
Ingredient %Z By Wt. % by Wt. Spec.
Zinc Dust 40 + 1 JAN-Z-365
Potassium Perchlorate 20 + 0.5 MIL-P-217A, GrA, Cl4
Potassium Nitrate 20 + 0.5 MIL-P-15613 Cl1 2
Barrium Nitrate 60%
Aluminum (Atomized) 40% 20 + 0.5 MIL-P-14067A Type II
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TABLE 6 (Continued)

TESTING - YPG 4/24/79

1. MOD "K" Double Cups
2. MOD "K" Double Cups
3, MOD "K" Double Cups
4. MOD "K" Double Cups
5. MOD "K" Double Cups

MOD "D" Double Cups
MOD "E" Double Cups
MOD "J" Double Cups
MOD "J" Triple Cups
MOD "K" Double Cups
MOD "K" Triple Cups

AW W=

1. MOD "D" Double Cups
‘ 2, MOD "E" Double Cups
‘ ' 3

4

MOD "J" Double Cups

. MOD "J" Triple Cups
5. MOD "K" Double Cups
6. MOD "K" Triple Cups

MOD "D" Double Cups
MOD "E" Double Cups
MOD "J" Double Cups
MOD "J" Triple Cups
MOD "K" Double Cups
MOD "K" Triple Cups
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In addition to the ballistic test, static tests were con- d
ducted on the XM747 fuze assembled to the M107 projectile and loaded with i
a triple charge of approximately 50 grams of MOD "E". The assemblies were 1
tested at AMB -40°F and +140°F. The tests revealed that a minimum of six

holes (smoke ports) would Be required in the fuze body and two spacers in

the booster cup were needed to prevent rupturing of the booster cup. The last
day of testing was devoted to checking the aerodynamic effects of the projectile
with a premature fuze function. This was accomplished by modifying the Ml

delay plunger assembly to achieve an air burst. The air burst fuzes were

loaded with double charges of MOD "E" and assembled to 155mm, M107 projectiles.

There were no noticable aerodynamic effects caused by early fuze functioning.

A discussion of the range conditions revealed that Ft. Sill would
better simulate actual training conditions. It was agreed the further testing
of the XM747 fuze with MOD "E" charge would be conducted in June 1979 at Ft. Sill.

6.2 Tests at Fort Sill, Oklahoma i

Ballistic testing of 24 - XM747 fuzes loaded with approximately
47 grams of the MOD "E" charge was conducted at Ft. Sill, Oklahoma during
June 1979 with the detonator modifications discussed in 5.3. a

The day before the scheduled tests, 2.6 inches of rain fell on
the impact area (grass land) resulting in an extremely soft, muddy area.
As reported by the Ft. Sill persénnel, the smoke signal from the test firings
into the muddy impact area was smothered by the impact medium and was either
minimal or not visible. The balance of the fuzes were fired into a firm hill-

side yielding reasonably observable signals.

Because of poor results from the Yuma Proving Grounds and
Ft. Sill tests, primary reconfiguration as well as minor refinements of
the design was agreed on. Four 1/2-inch holes were drilled 7.5 inches
from the base of the 155mm XM804 projectile to increase the time from impact
smoke port burial (see Figure 25). Also, minor changes were made to the ORI
and MOD "E" compositions in an attempt to increase their quickness. The
TiCl4 candidate design was modified by increasing the TiClA and replacing
the BKNO3 expulsion charge with a SW522 charge.
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6.3 MBA Static Tests

Static testing of a matrix of the modified designs was
conducted at MBA over an eight day period starting on 9 September. The
static tests had two objectives. The first was to determine static function
times. The second objective was to quantitize smoke cloud size and duration
of Ordnance Research Inc's (ORI) Type B and Type C charges, ARRADCOM MOD E
and MOD El charges and the MBA improved Ticl4 MOD E charge and define the
best smeke port configuration, Based on these test results, the best
performing ORI and ARRADCOM configuration, along with the TiCl

were carried forward for ballistic range testing at Ft., Lewis.

4 configuration,

The hardware used in the testing was the M107 (155mm) Projectile
and XM747 Fuze. The GFE fuzes were received with six .437 diameter holes.
The holes were taped %-20 and screws were used, as necessary (see Figure 26),
to meet the test plan for 0, 3 & 6 holes in the fuze. The projectile had four
0.500 holes drilled radial into the body 7.500 in, from the base (see Figure 25).

MBA blended the ARRADCOM composition MOD E and El and loaded
the composition into GFE plastic containers (see Figure 27) to ARRADCOM spec-
ifications (see Table 7). The ARRADCOM and ORI charges were loaded as shown in
Figure 26. Two Ticla configurations designated A & B were tested (see Figures
28 and 29). The "A" configuration was rejected as previously discussed, due

to a conflict in packaging envelope.

ORI supplied their spotting charge "B and '"C" in sealed con-

tainers for the test.

A total of 54 tests of the various spotting charges and smoke
port configurations were conducted (see Table 8). The fuzes were assembled
to the M107 projectile, placed in a test fixture and fired with an electric
squib (see Figure 30).

ARRADCOM and Ft. Sill representatives witnessed the test

series and evaluated the spotting charges and hardware configurations.
The instrumentation and equipment used was as follows:

a. Molectron Model PR-100 electric radiometer, amplifier
and a CIC Model 5-124 recording oscillograph for
energy output of the spotting charge.
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FIGURE 27
ARRADCOM CONFIGURATION
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TABLE 7

NOTES:

5.

Spec MIL-A-2550 Applies.

Load with approximately 48 grams ARRADCOM smoke composition, MOD E,

as follows:

INGREDIENT % BY WT. PARTICLE SIZE SPEC

(MICRONS)
Zinc Dust 40 +1 7+3 JAN-Z-365
Potassium Perchlorate 20 + 0.5 Per spec MIL-P-217A, GRA, CL 4
Potassium Nitrate 20 + 0.5 30 + 15 MIL-P-156B, CL 2
Aluminum (Atomized) 20+ 0.5 Per spec MIL-P-14067A, Type 1II

Advisory: Blend Smoke Composition Ingredients Use Globe or Ball Mill

Equipment.

Compact Charge, Spotting by Vibrating or Tamping in Cup, Spotting Charge,

9331828.

Secure Cover to Cup with 2 part Epoxy.
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b. Hy Cam Hi Speed 16mm camera to record function

times.

¢. Scoopic l6mm camera for film coverage of the

testing.

d. Velocity screens to a digital counter for instant-
aneous function time read out. See Figure 30 for

typical hook=-up.

e. Agastat step timer to control function times

between cameras and fuze detonation (see Figure 31).

f. Walk-in oven for temperature conditioning of fuzes
to -30°F and +130°F for 12 hours (see Figure 32).

The first eleven tests were devoted primarily .o selecting

the best ARRADCOM and ORI spotting charge configuration.

The fuzes were assembled, as shown in Figure 26, except the
six holes were not plugged. Based on previous tests, two 0.050 steel
spacers were placed between the booster cup and the spotting charge to prevent
rupturing the booster cup base. This was done to insure expelling the total

charge out of the fuze ports.

Based on viaual observations, review of the l6mm film and
examination of function time data, see Table 8, ARRADCOM's MOD "E" was
selected over the MOD "El" because the mild detonating fuze (MDF) in the
MOD "E1" did not improve function time. ORI "C" was selected primarily on

the basis of more smoke than ORI "B" composition.

A series of tests were conducted to verify the distribution
of the spotting charge output between the fuze and projectile ports (see
Table 8). It was also necessary during this test series to determine the
need, if any, for a 0.050 steel spacer to slightly delay the rupturing of the
booster cup and distribute the spotting charge between the fuze and projectile
ports. During tests 12, 13, 15 & 17, (see Table 8) the booster cup did not
rupture, as planned. Based on these results, it was concluded that the 0.050

spacer be removed for all future tests.
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FIGURE 32°
WALK IN OVEN
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In Tests No. 18 through 24 with the six fuze ports blocked

off, five of the cups ruptured (see Figure 33) and two of the fuze bodies
(Tests 22 and 24) had tensile failures in the area of smoke port (see
Figure 34). The failure was attributed to the modification of the fuze
(the addition of the six smoke ports) which removed about 70% of the

material in the area of the failure.

The decision was made to remove all the smcke ports from
the fuze body partially because of the structural failures but principally
as a result of reviewing the high speed films of the tests. These films
showed the ports contributed little, if anything, to the onset time or

size of the smoke cloud.

In comparing ORI "C" and MOD "E" cloud size and duration,
no major difference could be seen; however, the flash seemed to be more
intense coming from the ORI "C" charge. The MBA TiClalMOD "E" cloud, when
compared to ORI "C" and MOD "E", was much more intense and its duration
considerably longer, in the order of 15-20 sec. compared to about 5-10 sec.
The film clips in Figure 35, A, B & C, show the typical spotting charge of
the MOD "E", ORI "C" and MBA TiCIa
shortly after fuze function (MOD "E" at 10.0 MS, ORI "C", 14.0 MS and MBA
TiCl, 11.0 MS).

exiting from the rear of the projectile

4
The temperature testing (-30°F and +130°F) showed no significant
change in function time or cloud size as compared to ambient temperature

results.
The TiCl, "B" configuration containers were used in Tests 52,
53 and 54 with no noticable change in cloud size and function time, as com-

pared to the "A" configuration.

As a result of all testing, the smoke port configuration for
all candidates for ballistic testing at Ft. Lewis would have four smoke ports
located 7,50 inches from the projectile base and canted 45° towards the rear.
The XM747 (M739) fuze loaded with the spotting charge candidates would have

no smoke ports.
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FIGURE 33
TYPICAL BOOSTER & CUP RUPTURE

; FIGURE 34
7 FUZE BODY FAILURE
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6.3.1 Radiometric Measurements

Radiometric measurements of selected static tests were
made in the 1.7-2.8 micron range and the 3-5 micron range. As reviewed
above, test equipment included Molectron PR-100 pyroelectric radiometers
with correction filters, instrumentation amplifiers with calibration
voltage sources, a CEC Model 5-124A recording oscillograph and a Barmes
Model 11-200T, 1000°C black body source for calibration. This equipment,
shown in Figure 36, together with the measurement procedures, are described
in the MBA Radiometric Procedures MB-R-78/32, Rev. 1.

Because of the low total power produced, the radiometers
were moved as close as practical to the test fuze. The 7-1/2 degree field

of view permitted measurements at 40 feet.
In its simplest form the radiometer equation is:

I = CVR2

where
I = source intensity in w sr.l
C = radiometer calibration in

w sr-l v-1 ft'2

v

radiometer output voltage
R = source to radiometer distance in feet

The I/R2 dependence of voltage on intensity is a result of the fact that
the radiometer has no imaging optics and thus simply measures irradiance

(watts per square meter at the detector).

The radiometer response is a function of the wavelength
of the incident radiation. This is because the atmosphere between the
source and the radiometer; as well as the window, filter and detector,

have wavelength dependeht responses.

The equation which describes the radiometer voltage

output for an irradiance of the radiometer by a monochromatic source
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of wavelength vy 1is ‘

[}
™

v (v) sV. (vy) * T (vy) - T (y) - Tf(Y) .

where

E = the irradiance in w m 2 in the plane of the
detector in the absence of the radiometer

or an atmosphere.

sv (y) = the spectral detector response in vm2 Wl
for a given level of irradiance at wavelength
Y. The term Vd (y) is a relative response
of the system while s is a parameter that

i a reflects the radiometer sensitivity. It may

change with time or environment and thus makes 1

periodic calibration necessary. i

T, -, T, (v), and Te (y) = respectively the spectral
transmittance of the atmosphere between the source
and the radiometer, the radiometer window,

and the radiometer filter.

The radiometric measurements were corrected for variations
in test conditions by the methods described in the Supplement to MBA
Radiometric Procedures, MB-TM-79/02, see Appendix B, dated 27 August 1979.
In addition, a correction for attenuation at the 40 foot range was made.
The energy in the measurement wavelength band was determined from the
area under the curve and by assuming that energy is emitted uniformly from
the source in all directions, The total energy of the source was then
estimated independently from each wavelength band by dividing the energy
in the wavelength band by the fraction of energy expected at that source

temperature as determined from the tables given in the referenced procedure.

66

a e e . - I R e S O ¥




This assumes black body emission from the sources. The corrected peak
intengities, maximum temperature, output energy in each measurement wave-~
length range, burn duration, burn delay after initiation and the total
blackbody energy estimate is given in Table 9. The ratio at the peak
intensity in each measurement wavelength range allows an estimate of

the maximum temperature (related to grey body temperature and atmospheric
conditions). The total energy estimate assumes that the source radiates
like a black body in all directionms.

The atmospheric corrections and corrections for the source
temperature are relatively small and have a minor impact on results. The
latter correction was based on extrapolated curves from the previously
mentioned procedures on a very sensitive part of the curve. These correct-
ions could have been rerun with the Lowtran computer program for atmospheric
attenuation if they had a significant impact on the final result.

The error ' in the final intensity measurements caused by
approximations made in the corrections for atmospheric conditions, source
temperature and the different measurement distance (compared to standard
procedure) should not exceed 102. This is the same order of magnitude as

the basic measurement error.

6.4 Tests at Fort Lewis, Washington

The ballistic tests were conducted at Ft. Lewis, Washington,
on December 18 and 19, 1979.

The objective of the testing was to determine which of the
three spotting charge candidates, MOD "E", ORI or MBA, would reliably

produce the best visible smoke cloud in a muddy target area.

All spotting charges were loaded into XM747 fuzes (see Figure
37 for the MOD "E" and ORI configurations) and assembled to the four port
155mm, XM804 projectile (see Figure 38).

The testing was conducted in three phases. The first phase
was to eliminate either the MOD "E" or ORI spotting charge based on their
peformance; the best performance (MOD "E") was carried forward to Phase II
testing along with the MBA spotting charge. The Phase Il testing yielded
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a final candidate for further evaluation in Phase III testing (see
Table 10).

To observe and score the spotting charges, observers were
stationed at 2000 and 4000 meters for Phase I and 1800 and 2000 meters
for Phases II and III testing. The observers were a mix of ARRADCOM, Ft.
S111, Ft. Lewis, Chamberlin, MBA and Yuma Proving Ground personnel (see

Appendix C).

The scoring system for Phase I was complex. Two observers
{ used a number system while the five others used an alphabetical rating
system which related as follows: 1 & U = unobserved, 6 & E = excellent. For
the balance of the testing, observers used a numbering system ] through 5
where 1 = unobserved and 5 = excellent. The spotting charges were fired in
an alternate order, MOD "E", ORI, MBA.

' The tests were recorded on video tape and l6émm camera as 1

i follows: Phase 1, 16mm camera and video at 2000 meters and video at 4000 ‘
! meters. Phases II and III, video at 1800 and 2000 meters and 16mm camera
! at 1800 meters.

6.4.1 Weather

Rain was intermittent for the two days of testing. The
weather conditions listed below were supplied by Ft. Lewis:

Date Time Temperature Humidity Wind Direction Wind
from (True) Speed

18th. 1100 51 897 - Calm
1200 892 Calm
1300 922 Calm
1400 822 Calm
1500 862 4 Knots

- ——
W e P R . b o e b AN -

1100 77% 8 Knots
1200 80% 10 Knots
1300 832 10 Knots
1400 807 10 Knots
1500 85% 8 Knots
1600 8972 4 Knots
1700 892 4 Knots

- m— e ~w-
e By

-
—
"y




———en e - e e

i | AR AU >

4

A i T e

MODE OR!} MBA
PHIASE 8 each 8 each 8 each
LA LA LA
BEST MBA
CANDIDATE
PHASE 8 each
" 8 each LA
LA 8 each
8 each HA
HA
BEST
PHASE CANDIDATE
11]] 5 each
LA
5 each
HA
LA — QE: 522 mils
HA - QE: 1054 mils
TABLE 10
TEST MATRIX
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The Phase I testing went as planned on December 18, 1979 with
eight each of MOD "E", ORI and MBA spotting charges fired at a low QE of

522 mils. There were four observers at 2000 meters and three at 4000 meters.

Based on the scoring of the observers, (MOD "E" 174, MBA 143
and ORI 122, summarized in AppendixC ), the ORI spotting charge was
dropped from further testing. The smoke clouds for MOD "E" and MBA, when
observed, appeared similar in intensity and duration (see Figure 39). The

flashes observed were judged poor to none for both configurations.

For the Phase II testing, the observers at 4000 meters were
moved to 1800 meters due to poor visibility. There were four observers
at 1800 meters, and three observers at 2000 meters. The Phase II and III

testing was conducted on December 19th.

In the first part of Phase II testing, eight each MOD "E"
and MBA fuzes were fired at a low QE of 522 mils. The MBA spotting charge,
with the exception of one round, displayed a smoke cloud which was judged
to be good to excellent in both cloud size and persistence. The MOD "E",
while also performing better than during Phase I testing, was scored sig-
nificantly lower than the MBA spotting charge. See Figure 40 for a photo-
graphic comparison of the typical cloud size.

In the high QE (1054 mils) portion of Phase II testing, the
MOD "E" and MBA spotting charges performed pretty much the same with many
unobserved and relatively poor smoke clouds., The poor performance was not
totally unexpected. Static testing at MBA in September 1979 showed the
function time of the MOD "E" spotting charge to be an average of 2 ms and
MBA to be 2.5 ms, from ignition to display of smoke from the projectile
smoke ports, while the burial analysis reviewed above suggests that on soft
ground at high QE's these times are equivalent to, to slightly longer than,
projectile burial time.

Figure 41 presents ARRADCOM's estimate of the worst case,
most rapid burial condition for the 155mm projectile in question. This
condition exists in deeply saturated light sand soils. The ARRADCOM model
predicts coverage of the smoke ports located 19 inches back on the projectile,

1.8 milliseconds after impact.
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FIGURE 40
SMOKE CLOUD COMPARISON
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Based on the total scoring of the Phase II testing, the
MBA spotting charge was selected for the Phase III testing. Due to the
poor performance at the high QE firing, it was decided the Phase III
firing would be conducted at a low QE of 522 mils.

The Phase III results weremixed. Three out of the nine
firings results in smoke clouds judged good to excellent. The remaining
six rounds yielded mixed results reported by the observers, per Appendix

B, they ranged from fair to no visible smoke cloud.

It should be noted that rounds 1, 2 & 3 of this test series
were assembled to projectiles with 90° ports instead of 45° aft canted

ports because of a lack of available hardware in the later configuration.

The smoke clouds produced by the MBA spotting charge, part-
icularly in the low QE Phase II testing, were judged to develop the superior
cloud. However, due to the inconsistent performance of both the MOD E and

'I‘iCl4 spotting charges, further improvement was needed.

6.4.2 Data Reduction

Figures 45 thro gh 51 show the 90% confidence envelopes for
each of the fuze tests with the composite of MOD "E" and TiCl4 fuzes
shown in Figures 43 and 44. All data has been normalized by averaging the
evaluation with the number of observers, adjusting the evaluating to a
common scale, and using zero for a non-visible cloud. The cloud observations

are scaled from 0 to 4.

A standard procedure, see Appendix C, was used to determine
the statistical quantities for 90Z confidence. The curves can be inter-
preted as follows: The cumulative distributions shows the number of fuzes
that will either exceed or be less than a certain value. Using Figure 45
as an example, the intersection of the lower curve with zero, (20), shows
the curulative number of events that would not yield visible results or
conversely, 100 less the intersection value which will give visible results.

Because the curve is the 90% confidence envelope, this condition is stated
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as follows:

"You can be 90% confident that 80 times out of 100 the

observer will see a cloud."

These results for each individual test and the MOD "E"
and Ticla composites are shown in the bar chart of figure 42.

The center line between the 90% confidence lines is
included on the figures because it represents the average line or 502
confidence curve, The test points are ordered in increasing values and
plotted on the figures using the procedures given in the reference.
Note that, for the most part, all data points fall within the 90% conf-
idence envelope and that approximately 50% fall on either side of the

50% confidence curve.

The composite 90% confidence performance of the MOD "E"
and the TiCI4 configurations are approximately equal. The MOD "E" has
a lower average observed intensity, but also a lower dispersion about the

average than the TiCl,, which yields good high confidence values. The

T1C14, although some ZOZ higher than the MOD "E" in average observed
intensity, experienced a lower reliability and, therefore, a higher
dispersion. It can be expected that with reliability improvements, the
'I.'iCl4 configuration will show much better results. For instance, if the
TiCIA reliability is improved to match the MOD "E" configuration, some
92 out of 100 of the TiCl4 clouds would be visible at 90% confidenc:.

6.5 Contract Add-On

Anticipating additional ballistic and static testing to
qualify the Practice Fuze and XM804 Projectile, in November 1979 ARRADCOM
requested MBA to submit costing and delivery schedule for 576 XM747E2
P/N 9331823 Practice Fuze Assemblies loaded with SW522 Spotting Charge,
P/N 9331826, see Figures 53A and 53B.

MBA received the contract add-on to fabricate and assemble
the 576 Fuze Assemblies in February 1980, of which 330 Fuze Assemblies
were delivered to Ft, S1ill, Oklahoma for ballistic testing and 246 (less
LAT (Lot Acceptance Test) and special test quantities (discussed below))
to ARRADCOM for packing and handling testing.
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. As a result of the Ft., Lewis tests in December, MBA,
at the request of ARRADCOM, conducted a series of static tests using
Red Phosphorous (RP) in combination with the MOD "E" composition to
evaluate the possibility of the RP enhancing the smoke cloud density

and duration.

The RP and MOD "E" were loaded into the GFE smoke comtainers,
as shown in Figure 54, A cardboard disk was placed between the RP and
MOD "E" composition to maintain the low sensitivity of the MOD "E" compo-
sition during handling., Loaded were ten each RP/MOD "E" composition and

ten each standard composition MOD "E", see Table 11 for composition proportion.

The tests were recorded on video tape and instrumented with
break wires at the fuze detonator and the projectile smoke ports in the

same manner as all past testing.

Table 12 lists the test sequence, composition weight and

function times.

Reviewing the video tape (5 MBA personnel), it was agreed
that the RP did not add to the smoke cloud density. Based on this input,
ARRADCOM decided not to pursue this configuration.

Reviewing the function times of the MOD "E" composition
revealed considerably longer function times than measured in past testing.
An average time of 3,38ms was recorded (see Table 12) in comparison to
the September static test where the average time was 2.18ms, see Table 13,
lines 1 through 13. As a result of the increased function times, the Lot
Acceptance Tests (LAT) for the Ft. Sill shipment included evaluating the
composition particle size and blend times. The first nine batches of the
MOD "E" composition were screened through 325 micron screen. The zinc
dust was analyzed in the Fisher sub-sieve sizer and particle size of the
zinc dust averaged 5 microns, well within tolerance 7 + 3 microns stated
on drawing 9331826 (see Figure 53B).

At the conclusion of all testing, reviewing the data showed
no real decrease in the function time (see Table 13). A further examination
of the data revealed the relative humidity was higher in February 1980 than
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i ]
| ) TABLE 11 T
COMPOSITION WT.
' 4
FUZE_S/N MOD "E" WT. RED PHOSPHORUS
GRAMS WT. GRAMS
250 33.5 7.5 |
251 32.9 7.1
252 33.4 7.4
‘ ' 253 32,7 8.0
R 254 32.8 7.4
! 255 21.3 15.3
{ 256 20.4 14.3
I 257 21.2 14.4
: 258 23.7 14.7
259 20.3 14.7
|
| 260 45.7 -
. 261 45.4 -
! 262 45.9 -
4 263 46,5 -
) 264 46.2 -
) 265 45.2 -
| 266 45,1 -
: 267 45.0 -
" 268 44.8 -
. 269 46.3 -
9%
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it was in September 1979. The relative humidity in the blending and
loading areas was about 10% in September 1979 and between 38 and 40%

r ' in February (see note 7 of Figure 53B for humidity spec. !

1 The mean averages for the function times and the standard
) deviations for both September and February test series were calculated
using the following equation:

' b
: - : S =42
* IxX o and s = [E(xg -x ) ]
n

For the September test series:

x = 2.18ms, s = .49 ms (n = 13)
For the February test series:

i X = 2,87 ms, s = .67 ms (n = 24)

The above results indicate that humidity could be a factor

in causing an increase in the function time of the composition.

Ballistic testing of sixty Practice Fuzes was conducted at
Ft. S111l the week of 10 March 1980. The tests had.five observers stationed
between 1500 through 4000 meters from the impact arca. The observers
reported slightly better than 50% spotting of the practice fuze smoke cloud
with a fair to poor rating (see Table 14). As a result of the poor showing,

the balance of the scheduled tests were cancelled.
7.0 RELIABILITY, FAILURE MODES AND CRITICALITY ANALYSIS

7.1 Analysis

A Failure Modes, Effects, and Criticality Analysis has
been completed for the XM747E2 Practice Fuze, and is summarized in Table

15. The classification of failures is accomplished in accordance with the
following definitions:

Critical - a single event failure resulting in a
significantly hazardous environment to

personnel.
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Major - a single event failure resulting in the

loss of capability of the item to perform
its intended function.

Minor - a single event failure resulting in no
effect or degradation of capability of

the item to perform its intended function.

The analysis indicates there are no critical failure modes
associlated with the practice fuze.

8.0 CONCLUSIONS & RECOMMENDATIONS
8.1 Conclusions

None of the compositions in any of the hardware configuratioms

-! tested were demonstrated to be ready for type classiciation.

Two of the candidate compositions, the ARRADCOM MOD "E" and
§ the MOD "E“/Ticla, showed promise of being able to meet the training fuze
i spotting requirements with further development. Both performed well during
much of the ballistic testing but were inconsisent with respect to developing
a visible smoke cloud, particularly on soft impact media.

The ARRADCOM MOD "E" composition demonstrated the most consist-

ently acceptable performance in the ballistic tests. Also, this composition,

O

during certain of the static tests in the final hardware configuration with

four aft canted ports in the shell, demonstrated function times to smoke

onset of less than 2 ms (based on independent analysis by both ARRADCOM

«

L P e - e - W
Al L 6 e . s ot ————— * P s I .. oo e

and MBA, approximately 2 ms is the worst case smoke port burial time on
soft media).

- g -

Large variability in static function time was measured for
MOD "E" lots blended late in the program. The cause of this erratic function

time is not known but needs to be understood so that it can be eliminated.

Laboratory testing of the ARRADCOM MOD "E" composition showed
it to be a stable, low sensitivity, pyrotechnic material very suitable for

—

blending and loading using normal safety procedures.

o

102




e ——

4

R _d -
AN WL e e s =

wp —— e

.
—

crdnads £ 45 s . -

1 VA

The MOD "E"/TiClA configuration, where the TiCl4 is a smoke

enhancer for the MOD "E" expulsion/smoke charge, produced excellent smoke
clouds with respect to size and persistence in almost all the static tests
and many of the ballistic tests. However, function times in the static

testing were somewhat erratic and probably excessively long where displays
were poor to non existent in the ballistic tests.

The long function times (if this is indeed the problem) are
believed to be due, in part, to the erratic times of the later blended lots
of MOD "E" discussed above. Also, a primary contribution to the functional
inconsistency is the more complex failure mode(s) possible with the duel
payload compartment configuration of the MOD "E"/TiCl4 design.

The MOD "E"/TiCla configuration, while a more complex
design, produced the largest, most persistent, clouds using the least

pyrotechnic material of any of the other candidates tested.

In summation of these conclusions, both the ARRADCOM MOD "E"
and MOD "E"/Ticla designs were demonstrated to be capable of producing
acceptable smoke clouds but their performance was erratic during ballistic
testing. Probably the function time of both designs as presently configured
is marginally long for soft media impact but this conclusion may be wrong
because of the erratic times recorded statically for the later blended lots
of MOD "E" composition.

8.2 Recommendations

Both configurations discussed in the conclusions should be

pursued since there is no reason to believe at this time that further

development will not yield a cost effective training fuze with either approach.

All aspects of the MOD "E" blending and loading procedure,
beginning with raw material control, in process procedures, environmental
control, etc., should be reviewed and quantified to identify and establish

requirements for minimum mean function times with low dispersions around
the mean.
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MOD "E" modifications with metal additives should be considered
and evaluated with the intent to decrease mean function time without signif-
icantly affecting material sensitivity.

The mechanical design of each fuze concept should be reviewed

and analyzed in detail to minimize function times, This is particularly
true of the MOD "E"/TiCl4 configuration where functional failure mode control

can be improved.
The training fuze/shell should be re-evaluated as a system

for the possibility of straight aft ejection of the smoke cloud. This
evaluation should include a cost effects analysis on the training shell.

All the studies and analyses recommended above should be

supported by suitable static testing ultimately leading to ballistic

performance verification testing.
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ADDENDUM 1 - SPECIAL TESTING

After program completion additional MOD "E" composition
testing was performed at ARRADCOM. The purpose was to determine if the
high humidity conditions which existed during blending of the later
batches, as discussed in the body of this report, was the cause of erratic
function times measured with units from these batches.

Twelve MOD "E" spotting charge assemblies were down loaded
and MOD "E" composition vacuum dried. Five charge assemblies were fab-

ricated from the vacuum dried material and sent to ARRADCOM for function
time testing.

The ARRADCOM results were as follows:

Unit Time
B/N 031080-1 3.23 ms

-2 2.76 "

-3 1.84 "

B/N 037080-1 1.85 "

=2 1.34 "

The results are inconclusive because the long time measure-
ment of (3.23 ms) 1is suspect. The mean for the other four measurements
is 1.70 ms and the sigma is 0.24 ms. Thus, the three sigma population
extends to 2.43 ms which is well below the 3.23 ms measurement. This
suggests the measurement itself is suspect; certainly the time is not
within the 3 sigma normal distribution of the other four units.

Additional testing of a much longer population size with

controlled moisture quantities is believed necessary to understand and
resolve this question.
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REQUIREMENTS :

A. The following requirements apply to a fuze/marker design

for artillery applicatioms:

1. The fuze(s) shall arm and function superquick only (re-
gardless of setting) with a reliability not less than 97%. The fuze shall
be bore safe as a minimum, The probability of a premature close to the

weapon should not exceed 1 in 1,000,000.

2. It is desired that the fuze(s) not contain excessively
energetic materials or mechanisms such that if accidentally initiated
when assembled to an artillery projectile or ignited in a fire, it would
be considered non-hazardous to personnel in the immediate vicinity. Ex-
pulsion of fuze or projectile components with lethal velocities is not

acceptable.

3. Duds must be non-hazardous and stable enough for collection

and transportation to another location for destruction.

4. Duds must remain stable and unactivated when stepped upon

by troops engaged in training activities.

5. The fuze(s) functional principle shall be packaged in a

standard artillery contour configuration as shown in Figure Al.

6. The fuze(s) shall provide non-functional setting features
simulating those of Mechanical Time (MT), and Proximity (PROX) types.
This may be accomplished by use of appropriate interchangeable sleeves,
alternate body configurations, etc. Typical setting slot contours for
MT and PROX fuzing is shown on Figures A2 and A3. The contour, weight
and center of gravity of each tactical version shall be matched as close

as possible so that ballistic match is preserved.

7. The fuze(s) shall f.nction the spotting charge in the fuze
out to max ranges of the specified w:apons. The spotting charge con-
tained within the fuze/projectile shall be visible to the naked eye out to
the range of 2000 meters (2500 meters desired).

s R i I L "




8. The fuze(s) shall be operable between the temperature

limits of 0 ~110°F and withstand storage in standard level "A" packag-~

ing for a period of not less than 10 years.

9. The fuze(s) shall be designed not to contain parts which

/ may be easily omitted or malassembled during assembly operatiomns, par-
ticularly any that might make the fuze unsafe.
10. The fuze(s) shall be capable of withstanding all linear,

acceleration/deceleration forces, linear-lateral and angular velocity and

spin eccentricity encountered at all charges in the 105MM, 155MM, 8 inch

and 4.2 inch Weapons as indicated in Table Al.

11. The fuze(s) shall be designed to utilize an absolute

minimum of critical materials including copper or copper alloys.
12. The fuze(s) shall be so designed that all materials are

‘q compatible.
13. The fuze(s) shall meet the requirements specified in
{ MIL-STD-331A, dated 15 October 1976; "Environmental and Performance
i Tests for Fuze and Fuze Components' as follows:
a. Test 101.1 Jolt Procedure II: After completion of the
Jolt Test, each sample fuze used shall be subjected to Test 102.1 Jumble.
i The fuze shall be considered acceptable provided the sample fuzes tested

'f comply with paragraph 3.1 of Test 101.1 Jolt.

b. Test 103 - Forty Foot Drop
c¢. Test 401 -~ Transportation Vibration

d. Test 108 ~ Waterproofness

?l e. Test 111.1 - 1.5 Metre Drop: Criteria A (Paragraph
;.'l 3.1.1).

r f. Test 114 - Rough Handling

\ 14, It is desired that the unit production fuze cost after

f
N the third year of mass production should not exceed $5.50 based on 1976

costs and a monthly production rate of 93,000 fuzes.

15. A Safety Statement will be required in accordance with 1

provisions of DIH 1322A.
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) 8 WAX TO SHARP COMNERS
MAJOR DM l.n?-.om """' 04 3300 wiN TO AOLAED ;
' lenn
MWOR OIA 18960 MAX
38-.0i

bﬂl " SOTE 4 22. R 33C

~SEE ViIZW A

.06 MAX I
: -
S R
o i
5 —
| 1. 39-08 - T i E
3, 2.130-.04 }
! i A i
. ; 4
1.780-.108 0% -0t R
.09+.03 .
@[ ou] ‘ >
o3 wax & -—ﬂ 158 4.630 ] w
i —J 2! MAX !‘
i cW A
- 90~93 p—.oss - 020 ] vicw
- 2.2—~.00 3.78-06 ‘
{t 8,37 MAX “’4

NOTES:

1-Figure Al is used with Artillery Practice Projectiles 105MM and larger.
Simulated PD, MTSQ, ETSQ & PROX types can be provided to this contour.

2~-Deviation within the prescribed contour permitted only to the extent that

the relative drag coefficient between fuze types shall not exceed 0.5% (0.1%
desired) to satisfy ballistic match requirements. Refer to Fig. Al for typical
absolute values of drag coeeficients.

3-Dimension "A" indicates location of center of gravity.

4-For dimensions of slots for hand setters for field artillery and spin stab~
ilized mortar time point fuzes.

FIGURE Al
CONTOUR FOR ARTILLERY POINT PRACTICE FUZE
CALIBER 75MM AND LARGER-UNIT WEIGHT 1.55+.05 LBS.




s 3ETTING 3LOT CONTOUA
MIL-S7D-3334 (MANO SETTZE OMLY ) FOR AATILLEAY
i ANO MORTAR TIME POINT FUZES
}

1.07-.01¢
TO SHARP CORNERS =

T

1.000-.008 a~ A
\ .a8n 9°30' - -0 & SEE VIEW 3
| views sl

(A) ALTERNATE FLAT

300+.003 | \‘ ?!
J .f

Afae o

2.138-.008
T3 3HARS

2.170-009 - 5 CORHERS

g —T "EdNds I
1 _/ 280 +.008 “L__— i‘

.0Q8 +.008 X 48 83C; i
H
——ol 1.000
i Y

OR 008+ .008 R
i —p .908

-.008

y SECTION
\

NOTES:

)

? 1-Figure A2 and A2A are used for dimensions of slots for hand setters on artille
’ mortar (8lmm and spin stabilized), shallow intrusion time point fuzes and deep

' intrusion proximity point fuzes.

Sl

{ 2-Orientation of fixed slot to moveable slot is for draftirg convenience. Normal
when the fuze 1s set 'safe” (as received by the troops) the moveable slot is

" positioned counterclockwise from the fixed slot, for fuzes set clockwise when

] viewed from the nose of the fuze. Conversely, when the moveable slot is position
clockwise from the fixed slot, the fuze is set counterclockwise when viewed from
'1 the nose of the fuze.

FIGURE A2
SETTING SLOT CONTOUR
(HAND SETTER ONLY) FOR ARTILLERY
AND MORTAR TIME POINT FUZES

RSP DR, g W




- —

Bre i B

p ey -

b e T ot—— - -

h%

?

MIL-STD-333A

1.000 068

9° 30'-1°0'

>l .Q077.010

| $® Max
90°?

\/

)
;
228 -, 003

i[ qﬁi r-— .348+.010

.300+,003 ‘
fa

008 +.008x45°
| 0/, 003+,0084 N

__.' 1.000 L_ *

ner

NOTES:

1-Figure A3 1is used for dimensions of slots for hand setter on artillery mortar

,.,\,_.
1

I .208+.0:0
TWO SLOTS
EQUALLY SPACED

(81mm and spin stabilized), and shallow intrusion time point fuzes.

2-Orientation of fixed slot to moveable slot is for drafting convenience.

Normally when the fuze is set "safe" (as received by the troops) the moveable slots
are approximately 45 degrees counterclockwise from the fixed slot when viewed from

the nose of the fuze.

3-all other dimensions to bBe shown on Figure A2.

FIGURE A3
SETTING SLOT CONTOUR
(HAND SEYTER ONLY) FOR ARTILLERY AND
MORTAR TIME POINT FUZES
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How %o Us
Seolve WMaterials

it can help you

1. Set specification limits

2. Check material or process performance

orer a period of time
3. Cherl: o supplier's claims

by Donald Peckner, /Axsociate Iditor, Materiuls jin Design Engineering

Q Application of statistical qual-
ity coutrel prineiples is simplified
when arithmetic probability paper
is used. This type of paper has
as its absecissa a probubility scale,
and ag its ordinate a linear arith-
mctic scale on which the variable
is piotted.

On a probability plot, a large

amount of data, which may extend
over a wide range, is condensed
to only two numbers: the arith-
metic mean .\, and the estimate

ol the standard deviation, s. For

most cngineering purposes, the
arithmetic meaa and the estimate
of standard deviation, together,
furnish the information necessary

~

e Probability Paper to
Problems

<o that a material can be used

Since 50¢. of the total number
ol obscrvations will Le abovs, and
H% beluw, the arithmetic mesn,
the intercept of the ordinate and
the 50%5 abseissa can be read to
obtain the mean divectly.

To obtain the valuc of =~ an-
other well-known property ol Ui
normal distribution is used. On
probability paper the area ander
the curve between the 16% und
S4¢h abscissas is equivalent to
the value of X ::s. Therefure,
determining the intercept of the
curve with the 849z abscissa and
subiracting X will give the value
i & dircetly. .

How to plot the data

The next few paragraphs de-

scribe how to plot data on prob-

TAGLE 1—CUMULATIVE PERCENTS CORRESPONDING TO VARIOUS SAMPLE SIZES

; |
Qbservat.on / ‘ :
Number | 10 11 121 13 14 15 16 17 18 19 20 2 22 24 5 % 2 | % J

1 5 45 42| 38 36 33131 29 28:26 25 24! 23 2.1 l 20 19 19 ! 117 L

2...... 15 136 125|115 107 100( 94 88 83| 79 75 11| 638 825 60 53 56 | 5.4 -}

K 25 227 208|192 178 167156 147 1391132 125 1191114 104100 96 93, °7 86 83

4 135 318 292269 250 233(219 206 1941184 175 167!159 116140 135 1301125 121 1t

5. .. 45 9 275|346 321 3@.0 28.1 264 2501237 225 214 { 204 18. 75I 180 173 167181 55 v’

6...... 55 S00 458 ;423 39.2 367344 323 306290 215 262,250 229220 212 w4aflse 190 <3

T ... 65 591 5421500 464 4331406 382 361 (342 325 309296 2.1 I 60 250 281]232 25 7

8 75 632 62.5)51.7.535 %0.5)469 441 41701395 375 3571|341 31,251 300 289 278268 253 50

9 85 713 708,654 60.7 5671531 500 47.2!448 425 405 387 354 ; 310 27 N5 |08 M3 795
10 95 864 792731 678 633,594 959 6528|500 475 452,432 396 {380 56 352,336 I8 3.
1l 955 8751808 750 700656 613 584553 525 95001477 43750 420 404 389 IS B2 W
| A 9581885 821 76779 62.7 639606 515 547522 49 4n 0 432 2641 397 a3
B 1,96.2 892 833781 736 694|658 625 595 568 521! 50 0 431 863438 431 v/
[ TN FFUOUIIN 9.4 90 (844 795 750|711 675 644]6i4 6. 25 540 S19 %0043 366 &4
[ S R PR 96.7 | 906 854 806|764 725 69.1 | 660 60.4 ‘ 980 558 537513 %00 443
6. ... .. e i 969 91.2 861 (8l6 775 738705 6361620 996 S7.41%594 537 S1J
| 2P PN P PN 97.1 917 8.9 825 7861|750 68.750 660 635 611§ 950 %69 St
. 2 O Y 9721922 815 834|796 7291700 673 618{625 608 883
19 . e e 974 925 881 184) MIL780 M2 685,051 B33 617
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L—liitrdition of tensie strength on arithmetic prob-
ability pupcr is ucenrvate cheek on material performance.

ability paper in two situations:
1) when the number of data is
small, and 2) when the duta are
availuble in large quantities that
vannot he convenienidy handled
without grouping.

After arranging the data so
that cumulative percentages can
be obtuined and plotted, the next
step i3 to determine the scatter
of uta that might bhe en-
countered. This can be done by
making use of the confidence en-
velope wiiich is deseribed in de-
tail in an accompanying box.

When the womher of data s
small (80 or lvss)—Arithmetic
probability paper. in this case,
is used as follows:

1. Arrange the data in order

TABLE 2=AHRANGING DATA FOR USE
WITH TAULE &

1)
ol increasing magnitude and as-
sign each datum point a cumula-
tive percentage value ‘from
Table 1.

2. Choose an appropriate scale
on the abscissa and plot the data
against the appropriate cumula-
tive percentage value on the
ordinate.

Table 2 is an example of ran-
dom numbers rearranged and as-
signed a cumulative percentage
from Table 1.

When the number of data is
large—\When more than 30 obser-
vations must be plotted, the meth-
od just described becomes both
lengthy and tedious. The proce-
dure is varied as follows:

1. Tabulate the number of ob-
servations that lie in equal-sized
intervals, The interval should be
at least 10 times the last signifi-
cant figure to which the values

Cumulotive Percent

2—=Distribution of wielld strenath forecasts wwniniom
erpected values for use in setling speecification limits,

observations in each interval and
determine the cumulative per-
centage in and below the interval.

3. Plot the cumulative percent
on the probability scale apains:
the top of each interval on the
abscissa.

A typical arrangement of data
is shown in Table 3.
How probzability paper
can be usecd

To check material performance
—Fig 1 demonstrates the use of
arithmetic probability paper to
check performance of u material.
The data represent a jpermaneat
mold cast aluminum alloy withh
a  specified minimum tensile
strenpth of 25,000 psi. Data wore
obtained over a three month pevi-
od. As secn 1n Fig 1:

1. Average tensile strength to
be expected is 26,650 psi.

2. By inspection, the intereept

are measured. of the specification minimum and
Reareanged, 2. Calculate the percentage of  the curve indicates that 264 of
lagnitude | Cumulative
Ouservation Increasing | Percent TAGLE J—ARRANGING LARGE NUMOERS OF OOSCRVATIONS

an .. .. L 3N 4.2 l |

I 440 25 Number of Observations Ohservations i Cumulative

al 463 208 Interval, arbrtrary units In Each interval | in Each intervat, 77, ! Percent

3 ... Aoan 292 |

a0 ... ... an 315 6OL6I0 ... .. ... | ! 0.5 i o5

95 .. ... L 473 453 611620 ............ ..... 9 [ 15 ' 50

5%....... .. e 486 54.2 6.21.630............c. ool 3% , IRy . 310

%%, . 491 62.5 631640 ... .. ...... R 68 340 <10

... 493 70.8 641650 ........... ... . 51 H 285 : )

86 ..., . .. ] 79.2 6.51-6.60 . L rd} | 0 ! 3l

LY R 106 871.5 661672 .... .. .. ... 4 i 2 . 9.8

493, . k] 958 6.7 6.50 . L . 1 | 0.5 ! 100 G

*Taken from Tablr |1,

*Thin numhee cannat bie plotied sinee, thenrrtieally, it in at infinity wn thie eeale.
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S~1wo groups of hurduess dala are compured. Since
conjidi nee envclope: do not overlap at the 505 ordinate,
the yroups are different and Process A will produce
betier resulls than Process ID 9550 of the time.

tae material will probably be Le-
low the specifiration minimum,

3. The couniidence envelope in-
dicates that 95 times out of 100,
as little as 7.5% and as much as
45¢, of the waterial can be ex-
pected to exhibit a tenaile strength
beluw the specification minimum,

Probability paper, then, shows
the engineer Lhow well a material
is performing and suggests a
course of action to follow. In this
case, there are two possible
courses: either revise the spe-
citication properties in accordanece
with the Tfacts of avtual per-
formance, or choose a new alloy
for tae application.

To sct up spreification limits—
Take a cise where a literature
survey turned up a promising
custing alloy but, as usual, only
average mechanical propertices
were quoted. Since an arithmetic
average gives no indieation of
values at the oxtremes of a dis-
tribution, & move precise estimate
of tnchanical propertics was
necded for specification purposes.

By pouring tensile bars lrom
severai experimental heats, it is
pussible to foreeast the minimum

34% ordinute.

expected values of yield strength,
tensile streangth, clongation, etc.,
and incurporate them into a spe-
cification. In this use the prob-
ability plot in Fig 2 indicates that
95% of the time a specified yield
strength of 70,000 psi will be ob-
tained 98 times out of 100.

To compare sets of data—An
additional useful application of
arithmetic probability paper is
the comparison of several scts of
data to determine whether they
were picked from the same or
from different distributions. This
is a general engineering problem
since many situations occur where
a design or process is changed
and a decision must be made as to
whether a real improvement has
been obtained, i.e., an improve-
ment that matches the cconomic
factors involved.

Two heat treating methods
gave the harduness results plotted
in Fig 3. Although the variation
in hardness produced by process
A is no less than that produced
by process B, i« comparison of the
arithmetic means (X) shows that
process A will consistently pro-
duce higher average hardness

Cumulative Percent

G—Confidence envelope for logarithmic probability papcr.
Estimute of standard dcviation (s) is made equivalcnt
to distance between 505 vrdinale and cither 16% or

values. Since the confidence en-
velopes do not overlup at the 50%
ordinate, it can be stated with
95% confidence thut the two heat
treating processes are siguifi-
cantly different.
WWaen <ata are not
normaliy distributed

One major shortcoming of prob-
ability paper should be noted
here. If the data do not fall on
an approximately straight liue
when plotted on arithmetic probh-
ability paper, this methoad of
analysis cannot be used. Radiuul
deviation from a straizil line in-
dicates a skewed distribution
(some tyvpes of data. such as
measurements of interiaminar re-
sistance or siress rupture, scem
to Le inherently skewed), whoereas
the scale of the abscissa has been
based on a normal distribution.
The ecase with which the urith-
metic mean (X) and the estimate
of standard deviation (8) can Le
obtained sometimes leads to un
artificial “fit” of a straight line
to the data with the consequcnce
that invalid data are obtained. If
the data are skewed, then X and 8
must be ealvulated mathematically




or ibe distribuiion of logurithms
of tie vbservations must be con-
gidegurl,

It logarithms are uscd, two
approacuies are possible. In the
firat, the logarithms of the obser-
vations are plotted on arithmetic
probability paper. This is often
more convenient than using loga-
vithumic probability paper Lecause
the scale of the aubscissa can be
chosen to fit cach sct of duta,
while the logarithmic probability
paper has a fixed number of
cycles. L1 logarithiie probability
paper has a lixed number of
. tandard deviation, 8, is obtained
by subtructing the log of tie 50%%
vidue trom the lugr o the value
at 849 and expressiug s as the
ditference in loys or in feictions
ol log cyeles.

The conjidence cuvelope~If the
logaritiuns of a set of observa-
tions are plotted on arithmetic
probability paper, the mechanics
ol determining the confidence en-
velope are the same a3 those noted
in the box, If logarithmic prob-
ability paper is used, the method
for caleuluting the limits of the
coitlidence  envelope  is  varied
slightly. flather than estimating «
en the basis of log differences,
measure the distance between the
0% ordinate and 169% or 84%
vrdinate as shown in Fig 4. This
distance is representative of the
vialue of s and may be substituted
for s in the equation used to de-
termine the limits of the con-
fidence envelope (sce box).
gonsuit 9 stadisician
W piauning exgariments

The graphical methods just de-
scribed are excelleut tools for
evaluating propertics of materials
aml processes after data have
Leen obtained. It possible, the
services of a statistician should
bLe obiained before a program is
cun in order to obtain maximum
benefits irom a minimum of data.

The statistically designed ex-
perimental progriam, as opposed
ta the nurmal enginerring “one at
a time"” approach, will vary sev-
cral parviimeters at one time. A
~tatisticai design may evaluate
the exisience of interactions be-
tveen several variables, usually
one of the pitiulls of the “oncat a

FACTGR & POR ULTIPLYING THE CSTIRIATID STANDAND DIVIATIONS
OF X AD ¢ TO GATAIN COKFIDINCE EIVELOPES

Sample Size
Probability
Level, 95 10-15 16-20 40 Vety Large
90.......... teeeeree . 178 113 N 105
L O . 217 2.10 2.06 1.5
I 3.03 2.88 2.19 2.53

L'he Confidence Envelope

Its sigaificanco

In Fig 1-4 note that an “cn.
velope” has been drawn around
the curve representing test
ubservations. The confidunce
level chosen and the confidence
envelope associated with it are
uscd to answer the question,
“How reliable are the state-
ments that have been made?”

Note also that two sets of
similar observations on the same
material, plotted on probability
paper, will give rise to slightly
different distributions. The use
of a cunfidence envelope, which
takes into account errors in the
mean (X) and cstimate of the
standard deviation (s), becunes
a necessity if the interval with-
in which a distribution lies is to
be determined.

The. “confidence level” de-
sired mwust be determined. IFor
most engincering purposes, tie
95% coufidence level is general-
ly chusen. The degree of cer-
tainty associated with this con-
fidence level will sutisfy almost
all engincering vequirements.,

One danger of using too high
a confidence level (such as the
999% level) arises from the fuct
that in many engineering in-
vestigations a great many obser-
vations cannot be made. Kig §
on the next page indicates that
the degree of reliability increases
with the number of abservations.
It also increascs when the cunfi-
dence level is decreased. In other
words, as the width of the confi-
dence envelope decreases, the
amount of scatter o be expected
in data alzo decreases. By sacris
ficing some degree of certainty
it is poysible to actually inerease
the practical utility of a state-
ment of material properties.

Row %o construct it

Drawing the confidence en-
velope is done on the basis of
the following fucts:

1, The true ariihmetic mcan

lies within ihe interval
X=ks/Vvn

2. The truc standard devia-

tion_lies within the_interval
o s = ks/\2n

The constant, &, depends on
the number of observations and
dusired confidence level, while n
represents the nwnber of obser-
vationd. The accompanying table
lists approximate valucs of &
for differeut confidence luvels
and sample sizes.

Using the values of X and s
derived from [Kig 1, the con-
fidence envelope 1or these obsere
vations was derived as follows:

The arithmetic mean lics
within the range = ks / vn.
From Fig 1, we note that 3X\:3=
2550 psi. From the accompunying
table, on the basis of a 959 con-
fidence level and 22 abservatians,
L = 2.06. Thevefore, ks / VH=
& (2.06) (2550)/ V22 = = 1120
psi.

The range of tiie cstimate of
the standard deviation is = ks /
vZn. Since Ak and s remain
the same, the interval is =
(2.06) (2550) / V4 = ™ TOv
psi.

To coustruct the confidence
envelope, at 5V cumulative per-
cent plot two paints: one 1120
psi abuve and one 1120 psi boe
low the curve. AL 16 and 34
cumulutive percent, plot peints
1010 psi (1120 psi + T90 pso)
above and bolow the curve, Con-
necting the points produces the
confidence envelupe,

@ [5) 7., p‘.t

XX Ks

, > Vr
@ b Piot(x--s) * (rsf~ *"S/JE&)
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tuna” approach.

Statuitical  wechniques  permit
the cagineer to decide the mini-
g aumber of  observations
necessary to make a reliable de-
¢ision, Since the cost of making
cacs observalion is usually fixed,
such kuowledge can save the engi-
ncer both time and money.

The importance of statistics as
a tool for all cngineera cannot be
ovarvnphasized, It is a particular-
Iy valuable tool for those who are
required to predict results or
formulate additional, and possibly
expengive, progzrams on the basis
of a few Lest cesulls., Large
evaluation errurs may be made
whon oaly o few samples can Le
taken,  Comsider, for example,
these two diametrically opposed
extremes of evaluation errors:

1. A positive result is obtained
on the first trinl when the prob-
ability of obtaiuing such a result
is relatively low. This is an uu-
furtunate situation since a large
effurt may be expended in an at-
tempt to obtuin the orviginal re-
sult.

2. The reverse may occur and a
negative result is obtained when
the probability of obtaining a
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Cumylotive Percent

S—Rcliuhility incrcases ax the number of observativns iucrcasc. A similar
effect results when the confidence level ts decreascd.

pousitive result is relatively high.
This places the predictor in the
position of, perhups, discontinu-
ing a potentially successtul pro-
ject. The unfortunate corrollary is

that a large and wasteful cffort
may be made to develop another
method when the first would have
been the most satisiactory one.
(more Kol on p 1334

What Is Probuability Paper?

The dcvelopment of arithmetic probability
paper can be visualized as follows: Assume that 4
represents the standard normal distribution curve
of a set of data, the f:\_lﬁli:u- “bell-shaped” curve
detined by ¢ (t) = (1/ V2 =)e-%/2, Integrating ¢(t)
results in u curve similar to B on which is
plutted the cumulative percent of observations at
or below a given value, against that value. If the
abscissa of B is now streteched symmetrically, but
nenlinearly, about the 50% value, the curve be-
comes a straight line (C) and the scale of the

1.3 %

RO ¢! Stiers

avscissa becomes a probabilily scale. Cumulative

percent is plotted on the probability scale since the
probability curve represents the integral of the
arca under the nonnal probability curve. Cumula-
tive percentages for varying nummbers of obscrva-
tions are given in Table 1.

Cotting (he paper

Two sources for probability paper arv: Codex
Book Cn., Norwood, Mass. (arithmetie=Nu. 3127,
logarithmic—No. 3128), and Kecutll & Esser Co.,
New York City (avithmetic—No. 359-23, logarith-
mic=No. 359-22G).
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