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1.0 INTRODUCTION

This progress report covers the period 1 March to
28 September, under contract no, DAAK10-79-C~0040, This program is for

the Design and Development of the XM746 Practice Fuze Spotting Charge.

1.1 Background
In March the requirements for a settable ogive were dropped,
which allowed the use of the standard PDM 739 Fuze, modified to the

XM747 Fuze, Also, the visible range for the spotting charge was increased
2000m - from 2000m to 4000m,

Tests of 3 candidate spotting charges were conducted at
Yuma Proving Grounds (YPG) in April and at Ft, Sill in June to select the 1

most suitable charge for the XM747 Fuze; however, due to dust clouds created

on impact at YPG, the signature tended to be obscured. At Ft. Sill, 2.6
inches of rain fell on the impact area the day before, resulting in an
extremely soft and muddy impact area, The smoke signal from the fuze impact
was smothered by the impact medium and the signal was either minimal or not
visible, Due to the above, a full determination could not be made but the

results indicated additional development was necessary,

1.2 Design Modifications

As a result of the YPG and Ft. Sill tests, two design
modifications to improve the spotting charge display were decided to be

worth development and evaluation:

e Drilling of four 1/2 inch holes toward the rear of the
projectile to allow smoke exit ports to be exposed to the atmosphere for

a longer period of time (about 2-milliseconds) before being buried in the

: impact medium,

e Modify the granulation and ignition systems of the

candidate pyrotechnic compositions to reduce functioning times,

E 1.3 Static Testing at MBA

Static testing of a matrix of the modifted designs was

conducted over an 8 day period starting on 9 September,




1.3.1 Object of Test

/

‘C—;a> The primary object of the test was to determine function

time, smoke cloud size and duration of Ordnance Research Inc. (ORI) type
) L B & type C charges, ARRADCOM MOD E and MOD El charges and the MBA improved
7g/t 1 Wcou MOD E charge,—SeePable 1 for compositions,¥ Based on the
- test results, the best performing ORI and ARRADCOM configuration was to be
carried forward for ballistic range testing at Ft, Lewis. In the case of

the MBA design, it would be carried forward only if the function time was

fast enough to indicate a reasonable probability of success.-.As discussed

below, the function time was adequate to justify continued deQelopment..\*f
[ 2 I
1.3.2 Hardware

The hardware used in the testing was the M107 (155mm)
Projectile and XM747 Fuze, The GFE fuzes were received with six .437 dia.
holes, The holes were taped %-20 and screws were used as necessary, see
Figure 1, to meet the test plan for 0, 3 & 6 holes in the fuze, The
projectile had four ,500 holes drilled radial into the body 7.500 in, from

the base, see Figure 2,

MBA blended the ARRADCOM composition MOD E and El and loaded
the composition into GFE plastic containers, see Figure 3, to ARRADCOM
specifications, See Table 2 and attachments A & B for blending and loading

tecofds.

o Two TiCl4 container designs were considered and identified
as configuration A & B. The A configuration was rejected due to the fact
it projected beyond the rear of the fuze, see Figure 4, which would cause
packaging problems in the event of a future production program. The B
configuration is contained within the fuze body, see Figure 5. To accomplish
this, 1{t was necessary to reduce the TiCl4 charge from 22cc to 18cc and
reduce the expulsion charge from 47 to 27 grams relative to the A configuration.
The charge container length was also reduced by 3/4 1in.

ORI supplied their spotting charge ORI "B" and "C" in
sealed containers for the test.




* TABLE 1

DESCRIPTION OF
PYROTECHNIC SMOKE COMPOSITIONS

MOD E:

Ingredient % 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 C1 2
Aluminum (Atomized) 20 + 0,5 MIL-P-~14067A Type II

MOD El as above except for MDF DET Core, see Figure 3.

ORI B -~ Proprietary Red Phosphorous Composition

ORI C ~ Proprietary Red Phosphorous Composition

MBA*

Titanium Tetrachloride

SPECIFICATIONS (Weston, Michigan Plant)

Titanium, wt, 7% 25,0 minimum
Chlorine, wt, % 74.0 minimum
Color - 50 maximum

Metal Analysis, ppm

Tin (Sn) 10 max, Chromium (Cr) 5 max,
Aluminum (Al) 10 max, Antimony (Sb) 5 max,
Iron (Fe) 15 max, Arsenic (As) 10 max.
Vanadium (V) 10 max, Lead (PB) 1 max.
Silicon (S1i) 10 max, Nickel (Ni) 5 max,
Copper (Cu) 5 max,

MOD E - 47 gms, Composition per above

*

ARRADCOM MOD E charge used as TiCla expulsion charge

3




TABLE 1 (Continued) Accesa’on Por
NTIS GRAML
DIC TAB
TITANIUM TETRACHLORIDE - T1C14*
Distributioéf
PHYSICAL PROPERTIES | Avoilability Codes
Avaidl and/or
Chemical Formula TiCl4 Diat special
Molecular Weight 189.7
Color, Form clear liquid ﬁ
Melting Point -30°% T
Boiling Point 136.4°¢
Specific Gravity (ZOOC) 1.726
Density (1bs./gal.) 14,4
Stability decomposes in the presence of
moist air
SPECIFICATIONS (Weston, Michigan Plant)
Titanium, wt.Z 25.0 minimum
Chlorine, wt.% 74.0 minimum
Color 50 maximum
Metal Analysis, ppm
Tin (Sn) 10 max. Chromium (Cr) 5 max.
Aluminum (Al) 10 max. Antimony (Sb) 5 max.
Iron (Fe) 15 max. Arsenic (As) 10 max.
Vanadium (V) 10 max. Lead (Pb) 1 max.
Silicon (S1) 10 max, Nickel (Ni) 5 max.

Copper (Cu) 5 max.'

SAFETY AND HANDLING

Titanium tetrachloride must be maintained under inert atmosphere.
Nitrogen containing~less than 10 ppm oxygen is recommended, Expo-
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
YA Guide to Cylinder Unloading."

*Copied from Stauffer Chemical

Co's Product Data Sheet
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TABLE 2

NOTES::

1. Spec MIL-A-2550 Applies.

2. 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 &
Potassium Nitrate 20 + 0.5 30 + 15 MIL-P-156B, CL 2
Aluyminum (Atomized) 20+ 0.5 Per spec MIL-P-14067A, Type II

3. Advisorv: Blend Smoke Composition Ingredients Use Globe or Ball Mill

Equipment.

9331828.

5. Secure Cover to Cup with 2 part Epoxy.

4. Compact Charge, Spotting by Vibrating or Tamping in Cup, Spotting Charge,
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1.3.3 Testing

A total of 54 tests of the various spotting charges and
smoke port configurations were conducted, see Table 3 for Test Plan.
The fuzes were assembled to the M107 projectile, placed in a test fixture

and fired with an electric squib, see Figure 6.

ARRADCOM and Ft. Sill representatives witnessed the test

series and evaluated the spotting charges and hardware configurations.

1.3.4 Instrumentation and Equipment

a, Molectron Model PR-100 electric radioment, amplifier
and a CIC Model 5-124 recording oscillograph for

energy output of the spotting charge.

b. Hy Cam Hi Speed 16mm camera to record function

times,

¢, Scoopic 16mm camera for film coverage of the

testing.

d. Velocity screens to a digital counter for instant-
aneous function time read out, see Figure 7 for

typical hook-up.

e, Agastat step timer to control function times

between cameras and fuze detonation. See Figure 8.

f, Walk-in oven for temperature conditioning of fuzes

to -30°F and +130°F for 12 hours, see Figure 9.

1.3.5 Test Summary
The first 11 tests were devoted primarily to selecting the ;
best ARRADCOM and ORI spotting charge configuration, ’

The fuzes were assembled as shown in Figure 1 except the
6 holes were not plugged. Based on previous designs, 2-.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 ﬁ

the total charge out of the fuze ports,

12
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FIGURE 6

TYPICAL TEST SET UP
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14




e eyt ———

HOL1V¥YNO13Q
Y1233

H3ILNNOD
aviinia
0l 3HIm

bAELL: ]

‘VIQ ..b/E
Ol 3dvi

N33HIS ALIDOT13A TVIIdAL
L 34NSI4

F

tudcal

3029-16857

:

HALNNOD IVLIDIA
0L IHIM ¥v3ng—"



-

JTNAOW TOHLINOD 1531
8 34N

3139-16871

P aremvannas ceraens

oy
L

16

L T LI L T




a
4
|

|

o o i

e e b st oot it

FIGURE 9
WALK IN OVEN

17

<ID>

3139-16872




uogrgsod 1adoad
up Jou dnarauly 6L°2 $69°7 = - SLesy wda QOH 4,06~ %0 24 *foag 3101 y - azn4 Aoy 0
s°9 9t0°9 - - - iy DIO 4,08~ €90 9z *foxg dton ¢ - azng 3[04 O
%0°6 165°8 - - - wdu MO 4,05~ 190 [$4 s(oaq agoy y ~ azng 3o} 0
23upwIN0D w3000
WV UOTIENEY Juo) 91 - - - S iv/ze 191011 AWV S%0 L 24 *foag afon 9 - Izng 3o O
s110d v pajje) Izng - 169°2 - - 9°9% wdn GOH v 9%0 €z ‘fo1g 310 9 ~ ¥znd 10K 0
Vi UOFIEINT) Juc) u3., 004
e110d 3¢ pajye) Izng - ez - - [S¥2 7744 /71011 anv 270 (44 *foag 304 4 - azng 310K O
€9z 091°2 - - 8’9y wdy GON (1344 9¢0 [ ¥4 ‘foag ayoll 4y - azng 3104 0
[V} A 4 89°1 osz* - §S° LYy wly (QOKH v €0 0z *fo1g 3afol y - azng 3ol ¢
{0°S - - - - ey (] 1004 Ty 61 *foag atoiy ¥ - azngd 3[04 O
[ARY} - - = - wla O WY 170 81 *foag aton y - azng 3ol 0
ainidny
30U pIp Und 13Is0LY (£ 2% - - W N0 oy 6€0 Lt *foig stoy y - azng 3oy ¢
13ujEIUOD .
WV, UOTIBIND}Juo) 13, QOH
goj3dung Jou PIp Izngy - - sy Ly/t /91011 [0\ 4 £yo . 91 *foxg ol 9 - 3zng 3104 O
aanydns )
300 pyp dn3a 1235009 - - A 1 wdu QOH WY zco st *foag aton y - azng 2104 9
uoj3Idunjy J0U PP IZNJy - - 6°9% wIn QOH LN $€0 - (7 -foag ajoy 4 - azng IIOH O
aanydna .
jou pyp dnd 1318004 - - $8°'9y wily GOH 8\ £€0 €1 1fo1g ooy y - azng 2100 €
ainydng
jou pyp dn> 1338004 - - 0°6Y nwdn GOK LA 1€0 Tl *foag (o ¥ - Iznd IO 9
- - - i sy | w13, aol Ny oco u *fo1g aon @ - @zng ato 9 | T1-6
- - = 161° - w THO [0 4 620 o1l *foxg 21010 0 ~ I2n4 3i0N 9 Ti-6 )
- - - 161° - wily 1HO WV 870 6 ‘foxy 9[oH @ - 2zng 104 9 | Zi-6
- - - wt S1°ty | wid, QoW v Lz0 8 *foag afoy @ - @znd dto 9 | 21-6
-jued v, uoyIuand|juo] - - - 881" 9°9y Wl Q0K RV 920 t ‘foay o(on ¢ - 3zng 2104 9 | Zi-6
w4, Q0
- 69°2 - - 9°9%/22 /Y1014 v 20 9 *foag afog y - 3zn4 2[°0 0 -9
- - - 90¢L° - wlla 1H0 WY € [4 ‘{013 sajoy o - dzng o1 9 -9
- - - 081’ - W MO v {0 Y *(o1g saton ¢ ~ azng o 9 19
- - - € € 9y ul3, GO Y 270 € *fo1g 830} 0 - ¥zng 3o 9 11-9
uoj)duny Jou PEp 3znj, - - - s61° $6°9y wldy QOH RV 1z0 [4 *(oag sotoi 0 - 2znd 3O} 9 11-9
- - - {9 1Yy wd, GOR oV 020 1 *foag satOol 0 - dzn3 2ICH 9 -9 ;
sooviry | wita rows | merosa| s aza | omeazaa | %00 oa aowio | &, dur | Con “on :
SH aHIL SH W11 SW INIL SH dNIL A0MVID INILLOGS 3ind us 4831 NOLLJINDSHG awva :

L9(NS AZN4 FI1LIVHd ONIIS3L DIAVIS

7 Jo | a9y
v {1V . A .




*HSVI4 Q00D °NOILVMNG WAONOT ¥04 IIOWS INITIHINT ,4,a0H/y101L
‘HSY'LL ANV DIOWS Q00D gdAvidsid 11V 4,001 T ,,0,,I40 310N

J3ujeIV0d P Lo 0

W8, UOTIEINSYJUCD S0 Lz/81 /v 3104
J3uIwIU0D 1l QOK
uvoyieandpjuo) $6°92/81 /71011 104
aaugeruod 13O
w8, uvorIvINdyjucy 98°L2/81 /91 atoy
<0 LY 13, JOH 210H
o— ¢ Nq -m-ao: 0ﬁ°=
= w10 10H

= 1J. WO a1on

o o

-o‘ "

LA AL AL 2K 4

daJOH 310K
-.m.-ai 0.—0——
w3 GOH 310H
-m-ng “ﬂ o——
130 GOH @10H

[-R~-N-N-N-] Co0oCo

T AT F T

«Ju WO 9[oH
wJu HO @lon
g 1] 21°H
wda O . 210H
wdn O 9TO0H

LT
[~ =R-N-N-]

J3ugeIu0d wd Q0K
wVu uorivaniyjucy 1134 : 1L 7E1] /91013 aton
13uTeIU0D . Q0N
¥y, UoTIEINILJUOY Lo°y 6°sv/12 /91011 atoH
a3uieluod w3 QoK
w¥,, uotIEINdrju0y 12 £58°2 1381744 /91011 aton
1€ $90°2 $9°Ly o, QOH atoH
ye'e [AXANA Sy 8y wd W GOH ?[oH
6L°1 029°1 5§29y 3,00 aToH
19 969°7 $0°LY w3, TOH atoH
60°8 et - wJu1¥0 210K
€6°L - - w2, 140 10K
L5°6 00'9 - «0., 140 s1oH

W14 roud | Me rodd | W14 azna maazna | %00 108 HOUVID .
SH TWIL | SW a1l SH AWIL | SW aIL F99VHD ONILIO4S NO11414DS3G

~r

-~

TP TR

(7{RS 3204 3IDLLIVEd ONILSAL DIIVIS

Z Jo ¢ 2%8eq
("pauod) v F1EVL




e —

Based on visual observations, review of the lémm film
and examination of function time data, see Table 4, ARRADCOM's MOD E

was selected over the MOD El, 1t was apparent the mild detonating fuze
(MDF) 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
Tables 3 and 4). It was also necessary during this test series to determine
the need, if any, for a .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 4, the
booster cup did not rupture as planned. Based on these results, it was

concluded that the .050 spacer be removed for all future tests.

Tests no., 18 thru 24 with the 6 fuze ports blocked off,
5 of the cups ruptured, see Figure 9, and 2 of the fuze bodies (tests 22
and 24) had tensile failure in the area of smoke port, see Figure 10. The
failure was attributed to the modification of the fuze (the addition of
6 smoke ports) which removed about 70% of the material in the area of the

failure,

As a result of the above test failures it was decided that the
balance of testing be conducted with unmodified PDM739 fuzes (without
six ,437 dia, holes),

The balance of the testing went relatively problem free with

only minor instrument problems,

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 OR "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 11, A, B & C, show the typical spotting charge
of the MOD "E", ORI "C" and MBA TiCl4
shortly after fuze function (MOD "E" at 10.0 MS, ORI "C" 14,0 MS and MBA
TiCla 11,0 Ms).

exiting from the rear of the projectile

20
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FIGURE 10
TYPICAL BOOSTER CUP RUPTURE
FIGURE 11
FUZE BODY FAILURE
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Figure 12 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.

MBA has performed a similar, though less detailed, analysis

using data from Lawrence Livermore Labs. which predicts a WOTSt case
i burial time on the order of 2.2 milliseconds, One sigma error band

on the MBA model is on the order of 0.5 milliseconds.

1.7 ms < Burial Time % 2.7 ms

There is probably a similar, though unknown to MBA, error

band on the ARRADCOM model and in any event, the predictions from both

models agree reasonably well. They both indicate that for worst case impact
conditions, a design that produces significant quantities of smoke in
approximately 1.7 to 1.8 milliseconds should be very effective when functioned

on soft impact medias,

Unfortunately, this is not the case. The fastest mix,

ARRADCOM MOD E, per Table 4, begins visible generation in approximately
2.0 ms and the MBA TiCl, configuration using the ARRADCOM MOD E mix as an

4
expulsion charge plus flash and smoke enhancer has an equivalent time of

approximately 2.5 ms. The ORC "C" configuration is very slow relative to
the other two candidates with a smoke on-set time in the 6,0 millisecond

range.,

If the mathematical models are approximately correct, the

ORC configuration will prove to be unacceptably slow. Hope can be held
out for the other two configurations because their function times are within
the error band. The ARRADCOM version has a function time very close to the

ARRADCOM model mean time and faster than the equivalent MBA model time.

Explusion port geometry can further improve the probability
of achieving a visible cloud on soft media impact. The ports can be canted
back at 45 degrees. With the choked flow gases exiting at Mach 1 from the
canted ports, the gases will have a net forward velocity component approx-
imately 1/3 that of the shell at the critical period when they flow into

the circular cavity between the shell and ejected from impact,

25
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The temperature testing (-30°F and +130°F) showed no real

change in function time or cloud size compared to ambient temperature testing.

The TiClA B configuration containers were used in Tests 52,

53 and 54 with no noticeable change in cloud size and function time.

Only a small number of tests were covered with the radiometer

due to instrumentation problems.

The radiometer data sheet summary shows the peak intensity in

each wavelength region, see Table 5. From the ratio of these intensities,

an estimate of the maximum temperature (related to grey body temperature

and atmospheric conditions) can be made,

The duration of time that the fuze was observed to burm, and
the delay between initiating the fire control signal and the rise of fuze

intensity was also recorded,

The measurement probes of the radiometers are spectrally
filtered to separately measure intensity in the 1.7 - 2.8 micrometer range
and the 3-5 micrometer range. Calibration was referenced to a Barnmes Model

11-200T, 1060°C black body source for each set of measurements. See Figure
13,

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 (1)

I-= CVR2

where

-1
source intensity in w sr

C = radiometer calibration in
wskl vl g™
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),

27 |




e v i i bl s it A

i s, I (S r 9

SMOKE TEST RESULTS FROM RADIOMETER

SEUAS 0=t A i i

TABLE 5

TEST | FUZE | DATE [T 1.7-2.8 T 3-5 TEMP | DURATION | DELAY
Watts/Ster | Watts/Ster | °K SEC M.SEC+ 1
#38 #076 | 9/20/79 477 1491 840 .225 -
#39 9/20/79 438 1316 850 .084 17.5
#40 9/20/79 876 2140 900 .2 11.2
#41 9/20/79 494 1438 860 12 15
#42 9/20/79 374 1456 800 :{3 18.8
#048 | 9/13/79 2789 5380 960 .175 3.0
#11 #030 | 9/11/79 4662 11094 910 .25 -
9/11/79 1499 2523 1020 | .2 -
#025 | 9/11/79 2288 4474 960 .225 -
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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 dependent respounses.

The equation which describes the radiometer voltage
output for an irradiance of the radiometer by a monochromatic source

of wavelength X is

v (\) = E - sVd OO Ta (x)y - Tw oM - Tf (»)

where

, , -2 .
E = the irradiance in w m ~ in the plane of the
detector in the absence of the radiometer '

or an atmosphere,

sv. (}) = the spectral detector response in vm2 w-l

for a given level of irradiance at wavelength
A. The term Vd (A) is a relative response

of the system while s is a parameter that
reflects the radiometer sensitivity. It may
change with time or environment and thus makes

periodic calibration necessary.

Ta ), Tw (}), and Tf (A) = respectively the spectral
transmittance of the atmosphere between the
source and the radiometer, the radiometer

window, and the radiometer filter.

Analysis for Ballistic Testing

The stress analysis on the critical components, i.e., the
booster cup base and the cup/body interface, shows adequate margins of
safety for safe operation (see Appendix A). In lieu of actual data on

internal pressure required to separate or fail the cup base during detonation,

an expected bursting pressure was calculated.
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Factory 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 or set-back loads, the actual margins
of safety during normal handling operations are far in excess of hazardous

i material requirements,

The methods, referenced in the analysis, are standard 4
practice 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 allowable when reduced by the yield factor of safety.
The most critical area is therefore approximately twice as strong as

required to support the worse case loading,

The analysis also predicts a bursting pressure of 10,500 psi
which appears to be compatible with good performance during the detonation
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 good reliable failure expectatiom.

1.4 Plans for Next Period

Fabricate, assemble and deliver hardware to Ft. Lewis for
test on or about November 6th, 42 each MOD E charges; 26 each ORIC charges;
8 each 747 Fuzes with MOD E and ORIC charges; 26 each 747 Fuzes without
charges; 34 each 747 Fuzes with MBA charges; and 16 each 747 Fuzes with
6 each .437 dia. holes,

1.5 Expenditures

Expenditures for January through September, $77,500.
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