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SECTION |

INTRODUCTION

1. INTRODUCTION.

This report covers a series of process variables and
material variable loading trials performed on over 40,000
shells at Joliet Army Ammunition Plant (JAAP) with the
105mm Ml projectile using a Comp B explosive fill. The
work was undertaken as a result of extreme production dif-
ficulties when Comp B with Grade B wax was introduced into
105mm Ml loading cperations during 1973.

1.1 PURPOSE.

There were two prime objectives for the work under-
taken at JAAP.

l. To establish a suitable process for lcading
Comp B with Grade B wax in the 105mm pro-
jectile.

2. To obtain data that would provide more infor-
macion about the 105mm melt loading problems,
and prcvide a data base for laboratory efforts
and analytical work at other facilities on the
105mm melt loading problems.

St e e P AT o S b AT ML S D S Bl R A A R Al

1.2 BACKGROUND.

Grade A desensitizing wax (primarily Sunoco 8810) was
used for many years as the desensitizing wax in Comp B, 1In
the recent past, sources of Grade A wax have no longer been
available, and various Grade B waxes (primarily Indramic 170C
and Petrolite ES670) have been used to manufacture Comp B.
When Comp B with these Grade B waxes was introduced into the
: 105mm Ml loading operations at Kansas Army Ammunition Plant
- (KAAP) in the early spring of 1973, and later at JAAP, numer-
2 ous cavitation defects in the "C" segment of the explosive
cast occurred. The occurrence of these defects necessitated
frequent and costly 100 percent radiographic inspection of
the cast projectiles, and eventually necessitated return to

loading with rapidly dwindling stocks of Comp B with Grade A
wax.
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An ad hoc committee was formed to resolve these prob-
lems, and the loading plant trials encompassed in this re-
port is one phase of the effort coordinated by this commit-~
tee. Other phases of the overall program included 1) lab-
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oratory work to characterize a large number of waxes and wax-
like materials as possible substitutes, 2) loading trials
with instrumented shell, 3) ccmputer analysis to obtain a
better understanding of melt pouring and the cooling cycle,
4) analysis of the significance of differing impurities in
batch or continuous process TNT, 5) loading studies with
other ammunition items at other load plants. These other
programs ars not covered in this report but are mentioned
occasionally in the discussion.

Generally, Comp B with Grade B waxes did not cause undue
problems in cther projectiles. The reasons are either a dif-
ferent size and configuration such that the cooling cycle is
not critical, or the item receives a 100 percent radiographic
inspection which eliminates cavitation from production. Thus,
the 105mm M1 shell, by dint of size, configuration, and large

volume production became the focal item for the "wax problem"
in Comp B loading.

The time period for the loading plant trials conducted
at JAAP was August through November 197%. The report quanti-
fies and identifies procaess variables and their effect on
production and presents the results of loading trials con-
ducted on a production scale. These tests were conducted by
JAAP production and engineering personnel, in conjunction
with Picatinny Arsenal resident engineers. A full scale

production line known as Group 3 was used for all loading
trials.

All projectiles used in the loading trials were manufac-
. tured by National Presto. All Comp B was produced at Holston
3 AAP, The new waxes used were Petrolite ES670. Indramic 170C
F: and Castor wax. The specification for the 105mm Ml cartridge

e (MIL-G-45195C) was the document used to define acceptable
E: explosive cast quality.

Joliet AAP returned to full production use of Comp B
with Grade B wax on 26 September 1973, Production has used
Comp B with both Petrolite ES670 and Indramic 170C wax., This
1 has continued to date, and has been successful. Return to
: successful full production resulted from implementation of

VA R Lo @ R B

A established control limits on shell and explosive tempera- b
E ture, and the manufacture and use of a more efficiant shroud Z
: assembly.
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1.3 REPORT ORGANIZATION.

This report is comprised of six sections; and four
appendices:

Section I Introduction.

Section 1II Process Tests and Studies - discusses the

process and material tests, test proced-
ures, and results.

Laboratory Tests - discusses laboratory
3 analysis of Comp B for wax content, RDX
3 content; and density.

4 Production Process Comments - discusses in

Section III

Section 1V

: general terms the process variable effects 3
. on cast loading of the 105mm M1l shell. i<
g Section V Conclusions. ;
E Section VI  Recommendations. E
é Appendix A  Cavitation Requirements. §
= Appendix B Projectile Weight Study. E
- appendix C Physical Property Data. E
= Appendix D Test Data - provides detailed test pro- -
3 cedures and results of test groups A 3
a1 through Q. 5
3 g
£ Table I provides a list of symbols used in this report. 3
i

: 2
= ) %
; L 3
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TABLE I

3 LIST OF SYMBOLS

Description

it W
s AL St b e DS R i il

Skid with no defects (used on figures 2 thru 8,
10 and 11).

1R T IR Llaan i 4 e AT

Skid with defects - number inside or outside tri-
angle indicates number of defects ver skid. (Used
on figures 2 thru 8, 10 and 11).

L e B

o

Symbol
,5 ‘ Solid Circle - High defect position or cavity (Usad ?
A on figures 16, 17, 18, 19 and 28). :
2 G;) Semi-solid circle - Low defect position (Used on E
5 figure 28). ;
% 1) Air Temperature around risers in center of skid é
E (Used on ficures 23 through 26).
; Q Outside temperature of shell at a point 6.5 inches
= from base (Used on figures 23 through 26).
0 Outside temperature of shell immediately above
] - rotating band (Used on Figures 23 through 26). ;
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SECTION 1l

PROCESS TESTS AND STUDIES

2. CENERAL.

When this program was initiated there were two goals

Comp B manufactured with Grade B wax (See Figure 1). The

abies and problems. 1In pucsuit of these goals, the first
variables studied were shell and explosive temperature.

FUZE,MTSQ,M564,

PD,ME57,PD, MS1AS
PROPELLING CHARGE,M67

PROJECTILE,
105MM: HE, M),

SUPPLEMENTARY
CHARGE

EXPLOSIVE CHARGE
INT / coMP 8.
CARTRIDGE CASE,
M14,M1481, M1434

ZEFTIE e -

established. The first and most immediate ¢goal was to find
a satisfactory process to cast acceptable 1)5mm shells with

second goal was to define the significant variables in the
prucess, and to obtain better insight to cast loading vari-

I
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CARTRIDGE,105MM: HE, M1 W/FUZE

(FOR HOWITZER, M2A1, M2A2, M103, M137)

E Figure 1. 105mm Ml Configuration
5
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2.1 GRIDDING.

When the test program was initiated, it was thought
necessary to have gquantitative means to evaluate the size of
cavities, in lieu of "critical", "minor" or "less than minor"
2s specified by the cartridge specification. A method was
established to cverlay the X-ray film with a transparent grid
and count the blocks the cavity encompassed. This method
yielded quantitative results, but was time consuming. As
testing progressed, it became apparent that occurrence of
cavitation was either considerable, or non-existent; and a
more precise quantitative evaluation did not assist in eval-
uation of X-ray results. After several tests, gridding was

discontinued and specification criteria for defects was used
for the remaining tests.

2,2 EXPLOSIVE AND SHELL “EMPERATURE STUDY.

2.2.1 Temperature Variables for Grade B Waxes.

A temperature variable study was performed on Cocmp B
manufactured with the following waxes:

1, Petrolite ES 670 wax (Grade B)
2. Indramic wax 170C (Grade B)
3. Castor wax (Grade B)

The initial results of the Grade B studies are given in
Tables II through V. These tables show the nominal tempera-
tures and actual temperatures for each skid. The number of

defective shells produced for each skid is also shown {(full
skid has 60 shells),

PR " 5 D g Yy ) LT o B s S s e o
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Table II. SUMMARY OF RESULTS FOR TESTS A-l THRU
A-9, PETROLITE WAX VIRGIN MATERIAL

Nominal Shell Temperature °F

70°F 80°F 90°F
No.
Exp | No. Actl Actl Actl ActliNo. Actl Actl
Temp| of Def Shell Exp |No. Def Shell Exp |of Def Shell Expl
°F | Def* Area Temp Temp|Def Area Temp Temp{Def Area Temp Temp

o RN R e T LS DM b A A el i

é 176 0O 0.0 78 174 8 179.5 82 176 14 264.0 90 176
3 0 0.0 72 173 2 42.0 82 176 12 244.0 90 176
: 1 14.0 73 172 2 59.0 80 176 15 313.0 93 176
: 0 0.0 70 174 l 17.5 80 176 43 674.0 90 176
q 178 O 0.0 75 180 0 0.0 80 177 42 862.5 92 182 ;
o 1 26.5 70 180 0 3.0 82 177 40 871.5 92 180 E
0 0.0 70 179 0 3.0 80 179 12 224.5 91 182 3
0 0.0 69 180 0 2.0 81 179 13 182.0 90 180 3
= : 184 3 78.0 70 183 2 57,5 80 185 30 734.0 92 183 F
3 1 37.5 75 185 0 0.0 80 183 42 213.5 92 183
0 0.0 75 185 0 0.0 80 184 34 860.0 92 184 4
2 0 0.0 77 182 1 24.5 80 181 46 961.0 93 163 %
é *Defect 3
1 TABLE III, SUMMARY OF RESULTS FOR TESTS J-1 THRU 3
- J-4, INDRAMIC WAX VIRGIN MATERIAL ?
? Nominal Shell Temperature °F %
1 - 70°F 90°F _
3 Nom Numberx Actual Actual | Number Actual Actual E
3 EXp of Shell Exp '\ of Shell Exp ]
: Temp °F Defects Temp Temp Defects Temp Temp :
176 0 72 175 2 92 175
0 71 176 16 92 176 3
3 0 71 17¢ 15 93 176 3
E 0 72 175 21 93 176 i
184 0 72 186 47 90 188
0 71 186 52 90 187 3
3 0 70 185 57 93 189 £
0 70 183 56 94 188
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TABLE 1V.

SUMMARY OF RESULTS FOR TESTS J-17 THRU

J-21, INDRAMIC WAX CONTAINING 40% SCRAP

Nominal Shell Temperature °F

75-79°F

80-85°r

Nom
Exp
Temp °F

Number
of

Defect

Actual Actual
Shell

s Temp

Exp
Temp

Number
of
Defects

Actual Actual

Shell
Temp

Exp
Temp

180

184

TABLE V,

dOoOOOCO ODOO0OO

180
180
181
180
179

182
184
184
183
183

[
HWwkFREwWwN OOMMOD

85
84
85
84
82

SUMMARY OF RESULTS FOR TESTS F-1 THRU

F-4, CASTOR WAX VIRGIN MATERIAL

180
180
180
180
180

184
185
185
184
184

Nominal Shell Temperature °F

70°F

90°F

Nom

Temp °F

Number
of

Actual Actual

Shell

Defects Temp

Exp
Temp

Number
of
Defects

Actual Actual

Shell
Temp

Exp

Temp

176

184

0

OHOO (=R = =)

70
72
69
74

179
177
176
176

185
186
186
187

10
0
1
3

15
11
24
19

92
93
92
92

93
90
92
92

176
174
174
175

182
182
184
184
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2.2.1.1 Variance Analysis, Grade B Waxes.

An analysis of variance for a two way classification E
was performed on these results. The results for these anal- 3
yses are shown in Tables VI through IX. From these analyses, E

it can be concluded that shell and explosive temperatures
are significant variables in the production of good explo- 3
sive casts. It should be pointed out that this was not true
for all of the studies. Explosive temperature was found not
to be statistically significant in the temperature variation
study for Comp B manufactured with Indramic wax (when used
with 40% scrap) and Petrolite wax. This was probably due to
the fact, that in the shell temperature ranges chosen, mater-
ial temperature was not significant. An F value larger than
F statistic indicates significance. An F value smaller than
F statistic indicates lack of significance.

Sl Sl

TABLE VI. ANALYSIS OF VARIANCE FOR PETROLITE
WAX (BASED ON UEFECT COUNT)

e, T e 2 b 0 AL R e R Pt

Source of Sum of {Degrees of | Mean F Statistic
Variation Squares Freedom Square |F Value (.05)
Shell Temp 6127 2 3063 49.6 3.35

Exp Temp 178 2 89 1.44 3.35
Interaction Be- 445 4 111.25 1.80 2.75

tween Shell and
Exp Temperature

Error 1666 27 61.7 -

A 0 B S 95 83 R 3 RSt P L

Total 8416 35 - -
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TABLE VII. ANALYSIS OF VARIANCE TABLE FOR INDRAMIC WAX
(VIRGIN MATERIAL)

Source of Sum of | Degrees of Mean F Statistic
Variation Squares Freedom Square |F Value (.05)
Shell Temp 1560.2 1 1560.2 72.3 4.75
Exp Temp 4422.2 1l 4422.2 204.9 4,75
Interaction Be~- 1550.3 1 1560.3 72.3 4,75
tween Shell and
Exp Temperature
Error 259.0 12 21.6 -
Total 7801.8 15 - -

TABLE VIII. ANALYSIS OF VARIANCE TABLE FOR INDRAMIC

WAX (CONTAINING 40% SCRAP)
Source of Sum of | Degrees of Mean F Statistic
Variation Squares Freedom Square | F Value (.05)
Shell Temp 36.4 1l 36.4 5.10 4.75
Exp Temp 22.0 1 22,0 3.08 4.75
tween Shell and
Exp Temperature
Error 114.4 16 7.2 -
Total 190.9 19 - -
10
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TABLE IX. ANALYSIS OF VARIANCE TABLE FOR CASTOR WAX
Source of Sum of |Degrees of Mean F Statistic
Variation Squares Freedom Square |F Value (.05)
Shell Temp 196.0 1 196.0  15.22  4.75
r Exp Temp 420,2 1 420.2 32.64 4,75
Interaction Be~ 182.,2 1 182.2 14.16 4,75

tween Shell and
Exp Temperature

Error 154.5 12 12,88 -

Total 953.0 15 - —

2.2.2 Figures 2 through 5 show the results of all skids
which were single poured, not probed, or otherwise handled
in a manner different from the original process, except an
insulated wood shroud and baffle was used on all skids.
These graphs generally outline the operating region which
produces acceptable shells. The primary emphasis was placed
on the maximum shell temperature. (There is also a lower
shell temperature below which defects can be produced).
The results obtained for Indramic and Petrolite waxes were
very encouraging. Indramic wax Comp B produced no defective
shell where proiectile temperatures were less than 82°F and
explosive less than 182°F. Petrolite wax Comp B produced
several skids with defects with a2 shell temperature less
than the 79°F. Most of the defects have an assignable cause.
The one which accounts for most of the defects was that the
shell was cooled with water prior to loading in an attempt
to obtain the desired shell temperature. Thus there was un-

oo even cooling and one or two shells may hawve been above 79°F
when poured. The whole problem evolves from the fact that

i there were no provisions to cool shells on hot days, thus

i water cooling with a water hose to lower the steel tempera-

. ture was utilized. Fortunately, this problem was only en-

3 countered in the early days of the testing program. The re-

: sults from these tests indicate that Indramic and Petrolite

5 Comp B can be poured satisfactorily provided the shell temp-

E erature is between 65° and 79°F. The results obtained for

3 Castor wax were disappeinting in view of preliminary data in

= Table III. There was an indication that a shell temperature

of 70°F and an explosive temperature of 174°F to 180°F may

produce acceptable casts, but there was insufficient data to

substantiate this. The conclusion obtainad from this data

E was that Castor wax is unacceptable.
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Figure 2. 105mm M1 Temperature Variable Study Comp B

W/Petrnlite Wax, 3120 Shell
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Figure 3. 105mm Ml Temperature Variable Study Comp B

W/Petrolite Wax, 8880 Shell
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Figure 4. 105mm Ml Temperature Variable Study Comp B
W/Indramic Wax, 6360 Shell
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Figure 5. 105mm Ml Temperature Variable Study Comp B
W/Castor Wax, 4980 Shell
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2.2.3 Temperature Variables for Grade A wax (Sunoco 8810).

A major result of this study iz the cmergence of data
showing that the wax can have a significant, and even over-
riding effect in the quality of the Ccmp B cast. The sig-
nificance is demonstrated by comparing the resuiis of the
temperature variable study of Comp B with Suncco 8810, to
the similar studies with Comp B with Petrolite or Indramic
wax, discussed in 2.2.1. For example, with Sunoco 8810 only
one defect occurred in a total of 8 skids {480 shells) poured,
at shell temperatures of 90°F or higher, and with explcsive
at 179°F or higheir (see Table X and Figure 6). There were no
defects in a similar test with shell at 30°¥ and explosiva at
179°F to 1B4°F. With Indramic or Petrolite, the combination
of shell at 90°F or higher, and explosive at 179°F or higher,
gives defect rates in the range of 50 to 100%. Loading the
shell with Indramic or Petrolite at or near 80°F with explo-
sive at 180°F or higher, provides a 2 to 10% defects rate.
Taking shell temperature as the prime variable, the maximum
for the Grade B waxes is near 80°F, while the Grade A (Sunoco)
wax can tolerate shell temperatures in excess of 906°F.

TABLE X. SUMMARY OF RESULTS FOR TESTS 0-1 TFRU
0-4, SUNOCO WAX VIKRGIN MATERIAL

Nominal Shell Temperature °F
80°F 90°F
Nom Number Actual Actual | Number Actual Actual
Exp of Shell Exp of Shell Exp
Temp °F Defects Temp Temp Defects Temp Temp
180 0 80 180 0 91 179
0 80 180 0 90 179
0 80 - 180 0 95 180
0 80 180 0 95 180
184 0 80 182 0 94 185
0 80 183 0 90 185
0 81 182 1 94 185
0 81 184 0 96 184
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Figure 6. 105mm ML Temperature Variable Study Comp B
W/Sunoco 8810 Wax, 960 Shell

These data are confirmed with hindsight to prior pro-
duction experiences. First, the Sunoco 8810 wax has been
the wax used almost exclusively in Comp B for several years.
There were at least five seasouiial cycles where Comp B with
Grade A wax was loaded in the 105mm Ml shell in summer months,
without undue difficulty. While there were defects and re-
jects in these periods, the ratio was not such that the basic
load plant production capabilities were compromised, or that
the sampling plans and inspection criteria became unworkable.’
- Summer operations at Joliet, Kansas or Lone Star AAP certain-
ly involved use of shells at temperatures over 90°F and prob-
ably nearer to 100°F on occasion. There were other Grade A
waxes also utilized, namely Witco A and Witco aA/B. While not
studied specifically in this effort, a review of prior pro-
duction experience suggests they seemed to behave more like
Suncce 8810 than Grade B waxes in current use. In any event,
they did not cause rejects to the extent that loading capa-
bilities were compromised.

A second point regarding the influence of Sunoco 8810 is
the produaction experience in the summer months of 1973. At
both Joliet and Kansas AAP, following the initial difficulties
with Petrolite and Indramic waxes, production loading was done
with mixtures of Comp B with Grade A wax and Comp B with Grade
B wax. The pyxoportions ranged from 1 part Grade A with 1 part
Grade B, up to 1 part Grade A with 3 parts Grade B. Mixing

15
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was done at the time, to extend the available supplies of
Grade A wex. The results of mixing were satisfactory; as
evidenced by the fact that no undue problems occurred in
maintaining required cast quality coni’rmed by radiographic
inspection.

Thus, it seems that the Sunoco 8810 wax contains an in-
gredient which acts as a casting aid, and which significantly
broadens the range of temperatures for both the metal parts
and the explosive, to yield an acceptable cast. Further, it
seems that only a small amount of this ingredient is neces-
sary from the mixing experiences. This is consistent with
Picatinny Arsenal laboratory data showing that waxes are
soluble in TNT to a very limited extent -- less than 0.1%.
Therefore, the fraction or element which is soluble, and
identifying the effect it can have on crystallization of TNT
may be the key to a better understanding of the shell load-
ing process. This aspect is being followed up by Picatinny
Arsenal and others., Attention has focused on hexanitrostil-
bene (HNS), known from literature to be a nucleating agent
for TNT, on Biphenyl which like HNS is a double ring compound
(Biphenyl is known to be in Sunoco 8810), and on other double
cyclic compounds which are known to exist in continuous pro-
cess TNT.

2.3 EFFECT OF SPAN 85.

Span 85, a surfactant, has been used (optionally) in the
production of Comp A3 and other RDX/wax systems, where it was
desirable to maximize the degree of wax to crystal contact,
and to have a uniform distributio:. of wax. With the observa-
tions of the greater tendency for urade B waxes to segregate
in Comp B, the same agent was evaluated. There were reasons
to think the cast quality problems were related to the segre-
gation of the wax.

In an attempt to prevent the separation of the wax from
the explosive, 0.1 percent Span 85 was added. Two waxes with
Span 85 were tested, Indramic and Petrolite. Figures 7 and 8
show the results of these tests. The results for Indramic wax
show no improvement at 85°F shell temperature. The results
for Petroiite wax were worse. Defects were found on skids
with shell temperatures less than 79°F. 1In this case, the
addition of Span 85 was apparently det-‘mental to the process
under study. Observations made during che tests indicated
that there was no decrease in the amount of wax separation in
the melt kettles, or on the top of the risers in the case of
Indramic wax. In conclusion, Span 85 does not significantly
aid in the production of acceptable 105mm shells.

16
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Figure 7. 105mm Ml Temperature Variable Study Comp B
W/Petrolite Wax W/.l% Span 85, 1800 Shell
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2.4 HOT TOP-OFF.

The purpose of the riser portion of the riser-former
used in conjunction with cast loading is to provide a reser-
voir of heat and molten explosive to fill voids created by
the shrinkage of the solidifying explosive. However, if the
neck of the riser freezes before the charge in the central
portion of the shell solidifies, a void or a porous charge
could result. In the present 105mm M1l shell design with the
metal riser-former design, the rate of heat loss is lowest
in a central area about 6 to 9 inches below the nose of the
shell. Solidification of the cast occurs from the bottom up,
side walls in, and top down leaving an isolated molten inter-
ior about 6 to 9 inches below the nose of the shell. Solidi-
fication occurs in the neck of the riser-former (adjacent to
the middle of the shell threads) within about thirty (30)
minutes of casting, whereas the central portion of the shell
solidifies within about 1 to 1-3/4 hours.

Hot top-off was a proposed solution to prevent formation
of cavities. The idea was to put additional heat into the
riser, and thus prolong the time before the explosive in the
former section of the riser solidified. The procedure was to
pour the bulk of the explosive at the normal pour temperature.
Two different pour heights were tried (see Figure 9):

TOP OF THE FORMER

e . - o -y

W__3/4 OF THE WAY UP THE FORMER

«———— BREAKOFF.

Figure 9. Pour Heights of Initial Pour in the
Riser for Hot Top-Off
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The skid was then moved to a second multipour where the g
remainder of the explosive was poured. The top-off tempera- :
ture was 200°F, versus the 176° or 184°F for the explosive g
temperature in the initial pour. The explosive was Composi- %

S

T e R ek BTSRRI SRR A R R

tion B manufactured with Petrolite wax and sorted to a vis-
cosity of 5 seconds or less. The results of these tests are
shown in Table XI. The results do not show that allowable
shell tenmperature can be higher than that for the simple

single pour process. This process would be difficult to im-
plement due to the twoc separate pouring operations.

TABLE XI. RESULTS OF HOT TOP-OFF TESTS

Explosive Explosive

Shell Temperature Temperature %
Height of First Pour Temperature First Pour Top-~Off Defects E/
Top of former 84 178 194 2 %
Top of former 84 . 177 195 1 é
Top of former 82 176 198 0 %
Top of former 80 176 198 1 %
Top of former 80 185 198 0 %
Top of former 80 184 198 0 %
Top of former 80 184 192 0 %
o Top of former 80 183 193 0 %
¥
3/4 way up former 80 178 198 1* g
3/4 way up former 80 184 194 0
3/4 way up former 80 178 194 0
3/4 way up former 80 178 194 0

Z
S
3
=
B
3
Ed
g
2
2
e
-
-~
2
2
N
B
£
F
o

*Most of the shells on this skid were poured too low to pro-
duce an acceptable cast.
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TABLE XI (Continued) :
% Explosive Explosive E
] Shell Temperature Temperature g
] Height of First Pour Temperature First Pour Top-Uff Defects E
% 3/4 way up former 80 184 - 0 %

3/4 way up former 82 184 200 0
1 3/4 way up former - 184 200 0 %
3 3/4 way up former 82 184 200 0 %

o o 1

i

The explosive was Composition B manufactured with Petrolite
wax and sorted to a viscosity of 5 seconds or less.

it LAY

o
WL (OGO

2.5 PROBING.

Probing was proposed as another method to introduce addi-
tional heat into the riser. The theory was that additional
heat added after the explosive was poured into the shell would
increase the time delay before the explosive solidified in the
neck of the riser. Probe depths from 1 inch to 4 inches above
the break-off point, and dwell time of 5 seconds to 15 minutes
were tried. Details are in Appendix D, Test Groups C, D, E, J
and K. A broad summary of results is shown in Figures 10 and
11, for Petrolite and Indramic warxes. These figures combine
the data for all conditions of probe depth and time. The re-
sults do not show any advantages derived from probing. The

! technique of probing does not overcome the detrimental effect
of a hot projectile. The defects when steel temperature was
below 80°F may be attributed to the fact that the probe mech-~

3 anism may have come in contact with the riser, thus adding

3 heat to the shell center in addition to the riser (see Figure

12). The conclusion was that probing will not help prevent

the formation of cavities. It was also demonstrated that
probing introduced other operational difficulties and made
the loading prccess more complicated.
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Figure 10. Probing Temperature Variable Study For Loading
105mm M1 With Comp B, With Petrolite Wax, 5340 Shell
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Figure 11. Probing Temperature Variable Study For Loading
105mm Ml With Comp B, With Indramic Wax, 1920 Shell
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Figure 12. Probing a Skid (Note the Prnbe in Contact

With the Riser in the Centei: of the Skid)

2.6 HOT TOP-OFF AND PROBING.

There were three sets of tests performed to determine
if a combination of a hot top-off and probing could produce
acceptable casts. The procedure was to pour the bulk of the
explosive at 176 + 2°F., The pour height was three quarters
the way up the former, (see Figure 9). The skid was then
transported to a second multipour where the remainder of the
explosive was poured at 195° to 200°F. The skid was then
moved to a probe machine, probed for the time period shown
in Table XII, and then placed in a cooling bay. Between the
second pour and probing, the skid was covered with a shroud.
The results from these tests are presented in Table XII.

The occurrence of defects using projectiles at or near 80°F
shows no improvement over the simple single pour process.

These data and the obvious production complications were the
bases for discontinuing this approach.
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TABLE XII. RESULTS OF HOT TOP-OFF AND PROBING TESTS

\ e AL g
b ol s bl 5 e et i T b LA

Explosive Explosive
Shell Temperature Temperature
Probe Time Temwerature First Pour Top-0ff Defects :
15 Seconds 80 176 195 1 %
80 177 195 0 %
80 177 195 0 %
80 178 198 0
2,5 Minutes 80 177 197 1 %
80 177 197 1 §
81 177 195 0 %
- 178 191 0 é
5 Minutes 81 176 202 0 é
81 176 200 0 %
81 176 199 0 g
81 177 200 0

The explosive was Composition B manufactured with
Petrolite wax with a viscosity of 5 seconds or less.

2.7 SPLIT POURING.

The purpose of split pouring was to allow the lower por
tion of the explosive cast a lead time to start solidifying,
before the remainder of the explosive was poured into the
shell. The procedure was to pour approximately 50% of the
explosive into the shell, then allow a 1 to 3 minute delay
before the remainder of the explosive is poured. The skid
was cooled in the usual manner. The results of these tests
are shown in Table XIII. From these results it is apparent
that split pouring does not provide any significant improve-

ment to the process when the steel shell temperature is
above 79°F,
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TABLE XIII., SPLIT POURING

Indramic - Double Pour

40% Scrap

Steel 90° + 2°

Expl 180° + 2°

50% Explosive Charge Increments

Pour Defects
No. Shell Delay Crit. Minor

s
3
E,
‘gg
*,
.
3
3
&
§
g
3
B
B
>
3
2
&
X
2
:
4.
]
¢
L
4
i
3
7
%
z
2
b=
&+
%,
5
£
2
z
&
&
ke
3
g
=
2
=
]
]

180 1 Min 34 22(1)

180 2 Min 55 48

180 3 Min 40 65

i ek

120(2) Straight 12 33
Pour

TETL AL,

——
et

(1) Includes one defect free skid

o, b AL T 2 i il LAY R AR MR

(2) Includes last skid from low reservoir

e R

Prior to these tests an extra skid was poured in two
increments. Table XIV provides the process data. The ini-
tial pour consisted of approximately 50% of the total. After
a 3 minute delay, the remainder of the explosive was poured.
All of the shells were X-rayed and found to be acceptable.
Upon sawing a shell in half and examining the explosive cast,
an annular ring was noted. Figure 13 shows the explosive
cast typically found from all split pcured shells. From this

skid it was concluded that split pouring may cause more prob-
lems than it solves,
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TABLE YX1V. DATA ON SPECIAL SPLIT POURED SKID

RSN

3 Date: 9-20-73

} Explosive: Composition B Manufactured
< With Petrolite Wax Sorted
3 High Viscosity

1 Shell Temperature: 75°F

3 Explosive Temperature: 176°F

Average Cooling Bay Temperature: 83°F

Shroud Time: 75 minutes

First Pour: Approximately 40% of
total volume

AR

Time Delay Between Pours: 3 minutes

X-Ray Results *No defects were found

*Annular ring discovered upon sawing shell.

-

*
o

At R

Figure 13. Annular Ring Defect, Split Pouring Test
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2.8 WATER COOLING TEST.

2.8.1 General.

The primary purposs of water cooling tests was to in-
crease the rate of heat removal from the base of the shell,
thus increasing the rate of solidification of the explosive
in the bottom section of the shell. The expected end result,
when using water cooling, was to have a smaller mass of molten
explosive in the center of the cast when the explosive in the
neck of the riser solidified. After the neck of the riser is
blocked by cast solidification, any additional shrinkage which
takes place will result in either a low density volume of ex~
plosive, or a cavity, depending on the amount of shrinkage.
Using this process, it was anticipated that "hot" shells (79-
95°F) could be loaded satisfactorily with Comp B with Grade B
wax. A reasonable expected side benefit for this process is
a decrease in the cooling period for the shells.

2.8.2 Water Jacket Construction.

To permit water cooling, a skid rack was placed inside
a water jacket which was equipped with an inlet and four out-
lets (see Figures 14 and 15). The inlet was located between
shell positions 6 and 12. The outlets were located bewteen
shell positions 43-47 and 49-55 at 1/2, 1-1/2, 3-1/2 and 5-1/2
inches from the bottom of the water jacket. The sides of the
water jacket werfe 6 inches high.

2.8.3 Test Procedure.

Prior to pouring, the appropriate outlet nozzle was
opened and the water flow adjusted to a predetermined flow
rate. The explosive was then poured into the shells and the
skid transported to its cooling location. The inlet and out-
let hoses were connected to the water jacket. The water flow,
if any, after the prescribed depth was obtained, was main-
tained until the shroud was removed (75 minutes after pou:ing).
Immediately after the shroud was removed, the water flow was

terminated and the water jacket drained. See Table XV for
tests summary.
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Close Up of Water Jacket

2

el A
e

¥

O o Yoot
SRS S

Figure 14.

Tl

TR

Figure 15,

/
i |
: I
M :
H |
I
i
i 4
5
.
V
>
i
}

o e f L b S b o




TABLE XV. WATER COOLING TEST

Wl w2 W3 W4 W5
Date 10/9/73 10/11/73 10/11/73 10/15/73 10/16/73
Skid 7 12 12 18 20
Rsvr Temp (°F) 184 182 190 186 182
Cup Temp (°F) 181 180 178 184 180
Matl Temp (°F) 179 180 179 185 187
Shell Temp (°F) 89 88 87 93 93
Duration of Pour 45 43 98 35 47

{sec)

Multipour No. 2 2 2 2 2
Lot HOL~ 053-5030 053-5030 053-5030 053-~2150 053-5095
Wax Type B B B A B
Washers ) No No Yes Yes Yes
Water Hgt (inches) 3.5 3.5 6.0 6.0 6.0
Flow Rate (gpm) 0 2.5 2.2 2.3 0
Inlet Temp (°F) 70 68 65 65 76
Cooling Bay Sump Sump Sump Sump 7

Shells Poured 60 60 60 60 60
Criticals 6 2 1] 38 2
Minors 13 3 0 17 1l
Cavities 19 5 0 55 3
Good Shells 41 55 60 0 57

2.8.3.1 Test W-l1. There was a 5°F difference between the
water temperature near the inlet and outlets 11 minutes after
the skid was poured, with a water depth 2f 3.5 inches and no
flow. Cavities developed in 19 shells (see Figure 16).

- 2.8.3.2 Test W-2. Under flow conditions of 2.5 gpm, and a
water depth of 3.5 inches, there was a 17°F water temperature
difference between the inlet and outlets 12 minutes after the
skid was poured. There was alsw a difference of 2° and 10°
in the water temperature near the bottom versus the top of
the water bath. Cavities developed in 15 shells (see Figure
17). As a result, shell position becomes important, because

some shells will receive more or less cooling depending upon

their location on the skid.
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Figure 16. Test W-1l, Location of Defects
Caused by Cavities
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2.8.3.3 Test W-", Of the five skids poured, only one (Test
W3) appeared to .: defect-free from X-ray results. Upon
sectioning one of the shells, extensive cracking was observed
in the cast. This was a different type of defect not prev-
iously observed and not detectable with the existing X-ray
equipment. Upon this discovery, the additional shells on
this skid were considered rejects and steamed out for reuse.

2.8.3.4 Test W-4. The results for Test W4 were equally dis-
appointing due to a large number of shells which had cracks

in the "A" segment on the X-rays, and the almost total lack of
shells which did not have any voids in the "C" segment. The
most significant fact was that Grade A Comp B was used. Using
93°F shell temperature, no defects were e pected to be found
in this skid. Cavitics developed in 55 shells (see Figure 18).
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Figure 18. Test w-q, Locztion of Defects Caused
by Cavities (Not Including Cracks)
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2.6.3.5 Test W-5. Results of Test W5 at a water height of
6 inches, and a no flow condition are shown in Figure 19.
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Figure 19. Test W-5, Location of Defects
Caused by Cavities
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2.8.4 On the last three water cooled skids fiber washers
were inserted between the riser and the shell to determine
if partially insulating the riser from the shell would leave
any effect on cavity formation. Theory was that by partial-
ly isolating the riser from the shell, there would be less
heat transfer from the riser to the g£.211, and thus a de-

R e Y L

4 crease in the solidificatior rate of the explosive in the

E neck of the riser, Refer to the discussion on fiber washers
3 2.12. The results of tests with fiber washers were also

e disappointing.
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Although the results were disappointing, the authors
feel more work should be performed before totally discarding
water cooling. Much was learned from these few tests about
water cooling. The major disadvantage to the described
apraratus was the poor flow pattern. Temperature gradients
were observed throughout the skid. These gradients were more
pronounced during the start of the cooling period. This pro-
cess was not found to be a simple process by which cooling
shells could be speeded without careful consideration as a
major process variable which may have to be precisely con-
trolled. If future consideration is given to water cooling,
a detailed process study must be undertaken correlating the
effects of water temperature, flow rate, flow pattern, depth,
initial steel and explosive temperature, etc. Careful con-
sideration must be given to the cracking problem which was
not detectable by existing X-ray equipment.
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2.9 SHROUD DESIGN STUDY.

Canvas shrouding of the skid has been a long time prac-
tice after melt loading of 105mm shells, (see Figure 20).
Prior to the start of this project, the Ad hoc Committee de-
cided to design and test a more efficient shroud to replace
the long used canvas shroud. The design consisted of an in-
sulated wood shroud, and baffle. The purpose of this design
was to decrease the rate of heat transfer from the enclosed
E metal parts, thus maximizing the opportunity for explosive
= mass flowg from the riser to the shell center. This it was
thought would be accomplished firstly by maintaining the
maximum possible air temperature, and secondly to provide a
E uniform air temperature ar.und the top of the shell. Figures
21 and 22 show a skid with the wood shroud and baffle. The
wood shroud was designed so that there was no contact between

the risers and the shroud; this was nscessary to prevent any
concentricity problems in the fuze well.
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During testing which was performed to determine effect
of shroud design, additional data was obtained regarding air
3 temperature around the risers. This data was in form of air
2 temperatures around the risers versus time after pouring of

the shells. Data was obtained for the following shroud
designs:
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- 1. Canvas shroud

2. Wood shroud without baffle
3. Wood shroud with Laffle
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Figure 20. Skid Covered With a Canvas Shroud

Figure 21.

Skid Covered With Insulated Wood Shroud
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Figure 22, Skid With Wooden Shroud Components

In some cases, the steel temperature of the shell was also
obtained at one or two locations of the shell below the
baffle. Test conditions are shown in Table XVI, the result-
ing curves are shown in Figures 23 through 26. The hori-
zontal axis is time in minutes after the skid was poured.
The vertical axis is degrees Fahrenheit. The air tempera-
ture a«round the risers in the center of the skid are repre-
sented by circles (®). A square ([-)) represents the out-
side temperature of the shell at a point 6.5 inches from the
base, and a diamond ({)) represents the outside temperature
cf the shell immeZdiately above the rotating band. The peak
air temperature was usually reached 22 to 24 minutes after

pouring. The maximum air temperature for various shroud
designs are shown in Table XVII.
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TABLE XVI. SHROUD TEST CONDITIONS

T

Figure Number 23 24 25 26

Shell Temperature 80 77 80 79

Explosive Temperature 180 177 175 176

o
Lo g okl ¥ LR AR AP B RN 3

Wax in Composition B Sunoco Petrolite Petrolite Petrolite

e AT

Test Group 0 Q Q Q

SN

LR

Test Number 1l Special 5 4

S M,

Skid 2 21 15 1

TS

Date 10/15 10/23 10/23 10/23
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é Figure 23, Air Temperature Under Wecod Shroud With Baffle
- Versus Time Curve (Sunoco Wax)
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: TABLE XVII. SHROUD MAXIMUM TEMPERATURES

Shell Explosive §
Temperature Temperature Maximum E
Shroud Before Immediately Air 3
Lesign Pouring After Pouring Temperature
Wood Shroud 77 177 140
With Baffle 80 180 142
¥ood Snroud 80 175 139
Canvas Shroud 79 176 133

The data presented in Takle XVII was obtained from
Figures 23 through 26. The air temperature under the shroud
is also affected by the shell temperature before pouring,
and the explosive temperature at time the shell was poured.
Thus for a fair comparison, the shell and explosive temper-

At e e A, S PO ) A ALt Bt 45

atures should be identical. The conclusion from these tests :
was that the insulated shroud maintains a higher air temp- ;
erature., !




One series of tests was performed to study the effect
of shroud design and cooling bay temperature.

The tests were
designed so both variables could be studied together.

Thus

it would be possible to determine if one would affect the
other. Table XVIII results show that the wood shroud with
baffle produces fewer defects, while the canvas shroud pro-

duced the most defects per skid.

The reader should keep in

mind that these results are from a relatively small number

SHROUD COMPARISON

Wood Shroud
Without Baffle

Wnod Shroud
With Baffle

of skids.
TABLE XVIII.
Canvas
Shroud
Shell Temp (°F) 85-86
Explosive Temp (°F) 180~181
Nuxwber of Skids 8

No. of Defect Free Skids 5

Total No. of Defects 7
Percent Good Skids 62.5
Defectc Per Skid 0.875
Median No. of Defects 2

85-86

180-181

16
10
13
62.5

0.812

o

It was the opinion of the authors that
with baffle produced slightly better results chan the canvas

shroud under non-ideal conditions.
imerovement was not as significant as originally anticipated,

85-86

180-181

6

4

4
66.6

0.666

1-2

e wood shroud

The amount (degree) of

and under ideal conditions in production it may not be worth
consideration. However, the wood shroud with baffle does
tend to give uniform conditions less subject to extraneous
variables such as cooling bay temperature, air movement, or

proper placement on the skid.

to variations from each of these conditions.
use of wood shroud and baffle or an equally efficient shroud
is recommended even though the improvement with respect to

defect rate is not statistically significant.
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The canvas shroud is subject
Therefore, the
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2.10 SHELL POSITION ANALYSIS.

In previous work done by Mr. B.A. Kavanaugh of Joliet
AAP, there was some indication that shell location on skid
may be a significant factor affecting the production of de-
fective shells. 1In Mr. B.A. Kavanaugh's analysis, each
shell was placed in one of three groups, outside, middle,
or center ring. Figure 27 shows the group location on a
skid card. The results from Mr. Kavanaugh's first two
studies are shown in Table XIX, along with the results of
this study. These studies represent unspecified total sam-

pPle populations but always represent similar skids with 60
identical positions.
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Figure 27. Location of Shell Groups On A Skid
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Location

Outside Ring

Middle Ring

Inner Ring

Outside Corners

Four Center Positions
Front Half

Back Half

Right Haléf

Left Half

*B.A. Kavanaugh

TABLE XIX. NUMBER OF DEFECTS PER POSITION BY LOCATION

B.A.K¥*

No. Shells Studies Total This

Per Location 1 2 Study
28 7.5 4.0 17.32
20 10.0 6.6 20.45
12 14.5 6.0 20.58
4 5.0 1,75 15.75
4 16.5 7.75 19.,2°¢
30 9.4 5.0 18.23
30 10.3 5.5 19.80
30 9.76 5.83 18.93
30 9.96 4.76 19.10

The original assumption was that relative environment
of a shell affected the formation of defects.
located in the middle ring would have a different environ-
ment than shells located in the outside ring, etc.
sults of Mr. B.A. Kavanaugh's first two studies indicated
that this was an acceptable conclusion; but it did not hold

up in later studies.

the data obtained in this study.

Thus, shells

The re-

A similar analysis was performed on

Table XIX represents defect frequency by location. As
can be seen the corner positions always have a low defect
frequency; the center positions have a high defect frequency;
and the outside ring has a lower defect frequency than the
inner positions. No apparent frequency difference exists
when the skid is divided into halves.
strated by the B.A.K. studies which were conducted on produc-
tion samples. This study is similar in trend but the signif-
icance is masked since some of the skids contained as high as

90% defects,

40
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From Table XIX results, it aripeared that shell environ-
ment may affect the formation of cavities. However, when
each shell position was analyzed separately (Table XX), a
different pattern was noted. It was found that certain shell
positions had much higher than the average number of defects,
while a few others had much lower than the average number of
defects. Figure 28 shows the combined total defects from the
three studies per shell position. One very interesting ob-
servation was that most of the low defect positions were at
the handle end of the skid. This is the end which faces the
center aisle of the cooling bay. Most of the high defect
positions are located in the inside positions on the skid.

The conclusion to be made is that shell position on the
skid and possibly the position of the skid in relation to
other large objects may affect the cooling rate and hence
the formation of defective shells.

It should be noted that there are other factors which
could bias the results of these studies. One of these fac-
tors is the difference in ambient cooling bay conditions in
the summer and winter months. Most of these studies were
conducted during the warmer weather and might be different
if conducted during the cooler months. Another factor not
considered is the possibility that the defect frequencies
may relate to multipour position and not skid positions,
since the multipours have 50 pouring stations similar in
configuration to the skid positions.
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TABLE XX. DEFECT SUMMARY STUDY 3Y POSITION

: B.A.K* B.A.K*
= Shell This  Studies Shell This Studies ]
2 Position Study 1 2 Total Position Study 1 2 &
3 1 15 5 3 23 31 15 14 3 3
2 2 15 6 3 24 32 18 11 6 4
4 3 13 7 2 22 33 15 17 8 A
2 3 16 a4 6 26 34 17 15 4 g
= 5 12 6 1 19 35 16 13 4 %
2 6 11 2 0 13 36 20 9 13 7
4 7 15 6 0 21 37 12 11 4 3
3 8 19 14 2 35 38 20 12 8 g
3 9 1¢ 7 4 20 39 21 11 6 3
e 10 18 5 1 24 40 21 12 5 %
- 11 17 8 7 32 41 22 17 10 g

12 19 9 7 3% 42 18 13 4 5
3 13 i9 5 5 29 43 17 6 1 3
I 14 20 8 4 32 44 20 7 8 2
af 15 24 12 6 42 45 20 16 4 3
E k!
' 16 22 11 2 35 46 22 19 7 48 E

17 22 7 7 36 47 25 14 6 45 b

18 12 10 5 27 48 26 11 4 4 :

19 21 19 5 45 49 22 3 4 29 :

20 22 15 7 44 50 25 5 6 36 ;

21 19 12 5 36 51 25 8 7 40 5

22 21 15 6 42 52 24 6 15 45 §

23 18 5 8 21 53 21 11 4 236 3

24 22 10 4 36 54 17 vi 7 31 %

25 17 6 6 29 55 20 4 1 25

26 20 13 10 43 56 20 8 3 31

27 25 19 10 54 57 20 12 0 32

28 20 15 9 44 58 17 8 5 30

29 18 13 7 38 59 21 5 6 32

30 16 8 8 32 60 17 5 3 25

*B.A. Kavanaugh
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DICATES THAT THE POSITION WAS
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2,11 VISCOSITY.

The original theory proposed regarding viscosity was
that a high viscosity explosive will entrap more air than a
low viscosity explosive during melting, agitation, pouring
and the early stages of the cooling process. Since the as-
sumption was made that trapped air caused or helped cause
cavities, the logical conclusion was to use a low viscosity
explosive and thus maximize the potential for air to escape.
The practice of sorting Comp B by box and using only mater-
ial at 5 seconds viscosity or less had been introduced in
the production vrocess at both Joliet and Kansas AAP. For
the first three weeks of the testing program, sorted low
viscosity Comp B was used with a maximum viscosity of 5 sec-
onds. Later a series of tests were performed to determine
what effect viscosity had cn the formation of cavities. The
tests consisted of pouring i05mm shells with Comp B manufac-
tured with Petrolite wax which had a viscosity of 5 to 7
seconds (high viscosity Petrolite). The results are shown
in Table XXI. These results did not demonstrate that vis~-
cosity affected the formation of cavities. The hand sorting
of Comp B was then terminated in all remaining tests.

TABLE XXI. RESULTS OF SORTED HIGH AND LOW VISCOSITY TESTS

Viscosity
High Low
Test G-1 G-2 E-5 E-6 E-1
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Explosive Temperature 174-177 176-177 175-179 175-178 175-177

S S DR TR ATE S LT R

Steel Temperature 70-78 73-80 69-74 72-75  75-78 §
Percent Scrap 0 70 0 70 0 %
Number of Skids 20 10 10 12 11 §
Total Defects 0 0 0 0 0 i

Later tests did not produce any data to substantiate the
claim that viscesity (up to 7 seconds) affected the formation

of cavities in the explosive casts. When the Comp B with
Grade B waxes were later used on a regular production basis,
the Comp B was used as received witlout sorting.
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2.12 FIBER WASHERS.

Fiber washers approximately 1/16 inch thick were in-
serted between the riser and the shell. This approach was
intended to minimize heat transfer from the funnel to the
shell body and to increase the solidification time for the
explosive in the neck of the riser. With this accomplished,
it would be reasonable to expect fewer cavities to occur at
higher (above 79°F) initial shell temperatures. The results
of the comparison tests between shells with and without fiber
washers are presented in Tahle XXII. From these results it
is obvious that fiber washers do not provide any significant
improvement to the process. As a result of these tests, no

additional fiber washer tests (with the exception of water
cooled skids) were performed.

TABLE XXII. RESULTS OF TEST WITH AND WITHOUT FIEER
WASHERS BETWEEN THE RISER AND THE SHLELL

%
4
%
3
£
L
4
4
§
Y
;i

|

No Fiber Washers Fiber Washers
Shell Temperature 83 82 83 83 82 84 84 85
Explosive Temperature 179 179 179 179 178 180 179 179
Defects 8 0 2 3 0 0 0 4
Shell Temperature 86 89 86 86
Explosive Temperature 180 180 180 180
Defects 3 33 3 1
Shell Temperature 84 84 84 83
Explosive Temperature 184 184 184 183
Defects 4 10 7 10
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2.13 BAD LOT PETROLITE.

During the time this test program was being carried out,
one of the loading plants commented that they were having
difficulties producing accentable explcsive casts using cer-
tain lots of Comp B. These lots were dubbed "Bad Lot Petro-
lite" as Petrolite wax was used in the manufacture of the ex-
plosive. The two lots in question were HOL-053-5095 and
HOL-053-5137. A series of tests were performed to determine
the validity of these claims. The results of these tests are
given in Table XXIII.

TABLE XXIII. RESULTS OF BAD LOT PETROLITE TESTS

LOT NO. HOL-053 5095 5095 5095 5137

Test H-1 H-2 H=-3 N-1

Explosive Temperature 173-178 175-180 175-178 175-~177

Steel Temperature 75-78 73-79 72-75 74-~76
Percent Scrap it} 40 0 0
Number of Skids 20 20 19 19
Total Defects 1 0 0 e

There was one critical defect produced in test, H-1l.
Prior to the time this skid was being poured, adverse oper-
atiny conditions were being experienced due to air and power
failures. Due to the nature of the operation it was not
feasible to hold the explosive in the system. Since none of
the subsequent tests involving "Bad Lot" Petrolite Comp B
produced defects, the critical defect was attributed to the
adverse operating conditions experienced at the time the
skid was poured. Since these results were not any different
than previous or later tests in the 72° to 79°F steel temp-
erature, &and 173° to 180°F explosive temperature region, it
was concluded that the loadinc difficulties could not be
attributed to the explosive.
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SECTION i1

LABORATORY TESTS

3. LABORATORY WORK.

As an adjunct to the process variable studies, sample
shells were selected for sectioning to confirm the nature of
voids and cavities determined by X-ray and to provide samples
for laboratory analysis of the cast Comp B. Laboratory sam-
ples were taken from center sections, outside areas of the
cast, at the bottom approximately 4 inches belnw the former
intrusion, and just under the former. Samples were analyzed
for wax content, RDX content and density. Data analysis is
shown in Tables XXIV, XXV and XXVI. An overall summary for
samples of Comp B having Petrolite or Indramic wax is shown
by Figures 29, 30 and 31.

3.1 WAX CONTENT. (See Figure 29 and Table XXIV).

b by Ghag SRR Sl

All samples tested satisfied the minimum wax content of
.7% in Comp B. The data cover a wide range of explosive temp-
erature, shell temperature, and varying degrees of wax segre-
gation as visually detectable in the melt kettle, multipour
reservoir or in the risers. Thus there is data to show that
these factors do not significantly relate to the wax content
carried into the cast. The higher wax content in the B sam-
ple, center of shell, which is the last area to solidify, is

probably the result of wax tendency to segregate as freezing
front progresses.
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Figure 29. Wax Analysis (%)
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3.2 RDX CONTENT. (See Figure 30 and Table XXV).

AR L e

These data show a slight tendency for RDX to settle at :

the center of the cast, or the last position to solidify. K

Figure: 30 shows rel:ted samples with Indramic wax, for shell 2

L with or without a "C" segment cavity. When a cavity does oc- 2

- cur, the material -ust under the former has a lower RDX con- g

' tent than the material around the lower portion of the cavity, ;

¢ and the center of shell is higher in RDX by 2%, compared to a :
3 shell without a cavity.

——
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3.3 DENSITY. (See Figure 31 and Table XXVI).

Density data shows a consistent pattern for any of the
waxes used. Figure 31 lumps data from a straight single
pour process with Indramic, Petrolite and Castor wax. The
first areas to solidify, the periphery of the cast, averages
1.70 gm/cc. The center of the cast averages 1.68 gm/cc
whether or not a cavity is formed. Density just under the
former is 1.63 gm/cc for shell without a cavity, and 1.65 to
1.67 for material around a cavity when one does form. If
the cavity is taken into account, the overall density would
be less than 1,63 gm/cc. 9verall, the data shows that the
last portion to soliuify has the lowest density, and points
up the importance of maximizing capabilitv for mass transfer
of the material reservoir in the riser.

1.70 1.70 1.70
1:63 1.68 1.70

—
1.70 1.70 1.70 )
l].g?,a—\q.67 ]ZE? [;?07

Figure 31. Density Analysis gm/cc

51

by gt i by

b o b LA P R ot o Y A

3
43
E
EA)
b=l
=i g
]
P
=
%
=2
5
z
3
3
2
3
3
3
(A
)
B
4
3
=
3
]
H

(AN

RTER

okt




TR FTHE LT ORI S s A

m
” 69°T 69°T 89°'T L9°1T 89°T (L9°T OL°T - - - sax 0z T F& A ¢ ,
w 89°T 69°T L9°T 99°T 99°T L9°T OL°'T - - - sax L L 1 M
m 0L°T 89°T 89°T L9°T L9°T L9°T TL'I - - - sax 6S L 1 M
m $9°1 89°T 89°T ¥9°T 89°T 69°T TL'T - - - sex 9 PT £ T q
3 69°T 69°T 6S9°T1 99°T 99°T 89°T TL°T - - - sax 8 0T r4 T
m 69°1 69°T TL°T 19°1 89°T 69°T OL°T - - - sax 8T 0€ T T
y !
" - - - - 89°T 89°T 0L°T - - - ON 23 LT ST r m
- - - - L9°T 89°T TL°T - - - ON 09 L T L ;
0L°T 0L°T 89°T L9°T L9°T 89°T OL°'T 69°T OL°'T Ti°% sax 89 LT Z1 L ik
0L°T 69°T L9°T G9°T 99°T 89°T O.L°T TL°T 0L°T TL°T sax 4 0T 9 Iy ;
69°T 0L'T 69°T 99°T 99°T OL°T OL°'T 0L°T OL°T O0L°'T sax LY £ S Iy X
0L°T 69°T 69°T 99°T L9°T 89°T TL°T 89°T O0L°T TL'T sax 184 6 € In _
69°7T 0L°T oL°T - ¥9°T 89°T oOL°T OL°T O0L°T OL°T ON T € T r @
- - - ¥9° 1T L9°T 89°T OL°'T 0L°T TL°T 2L°T sax 96 6 € I
- - - 99°1 69°T 69°T OL°T OL°'T O0L°T TL°T sax 6S 184 da H I
, - - - L9°1 69°T O0L°T TL°T 0L°T 2L°T 2L°T sax £V 81 1 H )
FW - - - S9°T 99°T 99°T O0L°T 89°T 69°T O0L°T sax 61 LT dda d P
3 - - - - PI°T 99°T 0L°T 69°T 69°T TL°T ON 9 LT aa E | ;
1 - - - - - - - - - - ON 6v vT S a |
: 89°T 69°T 89°T €9°T 99°T 89°T 0OL°T OL°T 69°T o0L°T sax r4 L ¥ a
% - - - 29°1 99°T 89°T TL°'T 89°T 0L°T O0L°T sax SS T 6 14
] - - - - T9°T L9°T 0OL°T €L°T 69°T 69°T ON A TT T v H
j E
- 98Ty @deg 309 dog DO o) g Y o) g ¥ ‘FS®A  °ON PIMS 3Isa] dnoxo E
i dog, ~I93uT .
X9STY Ised 3o x93ud) 3Ise) JO aprsano TT2ys A
'
ALISNAQ °*IAXX T19YL

M B A A L



it e e AP S T T it

3.4 SPLIT PHOTOGRAPHY,

The splits confirm the X-ray films for defects. For
shells which do not have a void, an area showing porosity
is apparent under the former and is usually detectable in
X-ray. There were no instances of base separation noted,
and the half-cast cannot be easily removed from the metal
part. The splits frequently show "pock marking" around the
lower peripheral portion of the cast. These were noted to
occur in both cool shell (70-75°F) and hot shell (90°F) and
at any explosive pour temperature. The splits from double
pour experiments show an interface only at the outer areas
where the freezing first occurs. Aside from the pock marks,
the only observations of any concern, revealed in a split
and not apparent by X-ray, are the cracks and cracking pat-
terns which developed when a water cooling system was used.
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SECTION IV

PRODUCTION PROCESS COMMENTS

4. GENERAL.

It is thought desirable at this point to discuss gener-
ally the effect of process variables in cast loading of the
105mm M1 shell. As previously demonstrated, the primary
variables which must be controlled are shell steel and ex-
plosive temperature. The whole cast loading process involves
an intricate balance of heat flcw and solidification (crystal-
lization) characteristics of explosive. Any action or vari-
able which effects this in any way inevitably has some effect
on the process. Since the mass of the projectiles, and the
mass of explosives are the largest mass factors in the system,
it is easy to see why they are the prime temperature variable
factors which must be controlled. If the remaining variable
factors are controlled, it becomes easier to establish the
particular range of steel and explosive temperatures required
to ohtain an optimum cast. Factors, believed to fall in the
above category, are delineated below.

4.1 VIRGIN VS SCRAP.

Throughout the entire test program the scrap versus ex-
plosive ratio was monitored. Review of the data indicated
that casts with scrap (reworked) explosive generally yielded
less defects than casts with virgin material. No conclusive
evidence for the cause of this was found; however, it is
thought that material which has been remelted may contain
less trapped air. It would seem prudent to provide for uni-
form scrap usage in the cast loading process and eliminate
this as a process variable in production.

4.2 RISER HEIGHT.

During tests it was noted that defective shells some-
times coincided with "low" riser heights. Several explana-
tions for this have been proposed, none of which is conclus-
ive in itself, The first being that a low riser does not
contain a sufficient reservoir of hot material to properly
retard cooling in the nose and riser section of the shell.
Another reason being a lower riser does not exert sufficient
pressure to provide for mass flow into the cooling shell.
Again it seems more prudent to assure a full and uniform
riser height and eliminate this as a production variable.
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4.3 MULTIPOUR EQUIPMENT FACTORS.

Variable factors peculiar to the individual multipour
arrangement include degree of agitation, reservoir level,
and the possibility that air is injected into the explosive
during cupcharging. Again no conclusive evidence was found
linking these variables to defective casts; however, suffic-
ient agitation to assure uniform explosive temperature and
to prevent RDX settling in the multipour reservoir should be
provided. A constant reservoir level sensing device with
automatic feed is desirable. To prevant the agitators from
injecting air into explosive during cupcharging, an inter-
lock was installed with the vacuum draw during these loading
trials.

4.4 FOREIGN MATERIAL.

Accumulations of wax, lubricant, solidified explosive
and other items can build up on various parts of the system
and can inadvertently be cast in the shell. If accumulations
are sufficient, defective casts can be caused as indicated in
Figure 32, which was caused by a glob of wax purposely placed
in the cast. Good housekeeping is obviously important.

rEon
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Figure 32, Defect Caused by Glob of Wax
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‘4 . 5 SHROUD L]

The wood shroud with baffle was shown to be slightly
nore effective than the canvas shrcud in the test results.
The degree of improvement was not as significant as origin-
ally anticipated, and under ideal production coaditions may
not be necessary. However, the wood shroud with baffle does
tend to give uniform conditions less subject to extraneous
variables such as cooling bay temperature, air movement, or
proper placement on the skid. The canvas shroud is subject
to variations from each of these conditions. It is there-
fore concluded that the use of the more efficient shroud is
warranted even though the defect rate between the twc shrouds
is not statistically significant.

4.6 SKID TEMPERATURE.

The skid used in loading process contains a relatively
large mass of steel., 1In the first stages of test during hot-
ter weather, defects were noted when shell steel temperature
exceeded 80°F. During later stages of tests, in cooler weath-
er, a similar level of defects were not noted until shell
steel temperature exceeded 83 to 84°F., One possible explana-
tion for this was that the skid was significantly cooler dur-
ing the later stages of test., From this it is concluded that
some control of skid temperature could aid materially in
eliminating a process variable.

4.7 PROJECTILE WEIGHT STUDY.

Prior to initiation of this program it was hypothesized
that variation in projectile MPTS weight might adversely ef-
fect the cast quality of the shell. At the start of this
program 500 projectiles were selected from a metal parts lot
and the weights were recorded. The projectile weights proved
to be fairly uniform and are not considered to be a factor
effecting cast quality. Details of the Projectile Weight
Study are contailed in Appendix B.
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4.8 PRODUCTION SUMMARY.

The first attempts to load Comp B with Grade B wax
(Petrolite) in the 105mm M1l projectile at JAAP occurred 4-29
May 1973. During this period 241,847 projectiles were load-
ed. Frequent and extensive 100% X-ray inspection was re-
quired, due to the occurence of "C" segment cavitation de-
fects. A total of 71,587 projectiles required X-ray inspec-
tion during this period yielding an apparent production de-
fect rate up to 3%. Loading with Comp B with Grade B wax
was discontinued at this point. One additional attempt to
load Comp B with Grade B wax was made 6-12 July 1973 with
similar unsatisfactoryv results.

After several weeks of trial loading in early September,
it became apparent that projectile MPTS temperature prior to
pour and explosive material temperature were the key vari-
ables. It was felt that production loading Comp B with Grade
B wax could be accomplished by controlling these variables.
Accordingly a projectile MPTS temperature of 79°F maximum and
an explosive temperaturz of 176 + 3°F was established as a
process control criteria. Additionally, the insulated wooden
box shroud was simultaneously implemented into production.
Using this production criteria, JAAP has successfully loaded
Comp B with Grade B wax (Petrolite, ES 670 and Indramic 170C)
since September 1973. Approximately 2 million shells have
been loaded through July 74, with 100% X-ray inspections re-
quired on only 3 occasions. On two occasions the use of cold
shells (a previously known cause for defects during cold

months) and on one occasion foreign material were identified
as the cause of their defects.
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5. CONCLUSIONS.

program.

5.1 EXPLOSIVE.

5.2 PROCESS.

1.

AR CE N L R T Ty i r,

SECTION V

CONCLUSIONS

The following conclusions are made as a result of this

Comp B using Indramic 170C or Petrolite
ES670 Grade B waxes can be used in the
105mm projectile within the limits of
projectile (65° to 79°F) and explosive
(176° + 3°F) temperatures established by
this program. Projectile temperature is
the prime considerat:ion.

Comp B using Sunoco 8810 Grade A wax gives
good quality casts over a broader range of
process temperatures.

The addition of SPAN 85 does not improve
the casting properties of Comp B using
Indramic or Petrolite wax.

Comp B using Castor wax (Grade B wax) can-
not be used with the same process limits
defined for Indramic or Petrolite wax.

Segregation of Comp B by viscosity (less
than 5 seconds and 5 to 7 seconds) was not
meaningful. There is no significant effect
on cast quality.

There were no differences noted in the be-
havior or effect on cast quality of dif-
ferent lots of Comp B using different lots
of Petrolite wax.

The reuse of process scrap can imprcve
cast quality.

Shell temperature is the most significant
factor in the use of Comp B with Grade B

wax., An upper limit of 79°F is required

to avoid "C" segment defects.
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5.3 OTHER.

Explosive pour temperature is a signifi-
cant factor in the production of good
explosive casts.

Shroud type and shroud efficiency are not
overriding factors affecting cast quality,
but efficient shrouding is considered to
be helpful.

The use of probing, double pouring, or
hot topping techniques were not effective
process techniques and did not provide a
means for reducing "C" segment cavities.

Forced cooling (water cooling) may be a
method of minimizing "C" segment defects,
but can cause cracking of the entire cast
which is potentially more hazardous and
in some cases may not be detectable by
X-ray.

Projectile weight variations are not an
area of concern regarding cast quality.

Gridding techniques for measuring the
projected area of a void of an X-ray
were not helpful in interpreting X-ravs
and defining cavitation criteria.

Laboratory analyses of cas: Comp B from

the 105mm Mi shell show data consistent

with theoretical analyses of the loading
operation.

Different projectile locations orn the

skid may give different defect frequen-
cies.
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6. RECOMMENDATIONS.

SECTION VI

RECOMMENDATICNS

1.

I+ is recommended that provisions be made to

cnol the projectile metal parts prior to pour-
ing, within the process limits of 65°F to 75°F,
for loading operations during the hotter months.

The use of some form of efficient shroud is
recommended in order to minimize variations
encountered in the cooling process.

It is recommended that the processes and mater-
ials used in the loading operation be controlled
so as to maintain a maximum degree of consisten-
cy. It is the opinion of the authors that this
is the key which enables successful production
operations.

It is believed that tests on a large scale
basis (such as encompassed by this report) are
necessary for proving producability of items
loaded with Comp B with a newly qualified wax
or additive. It is recommended that tes:ing
on a similar scale be accomplished when new
Comp B waxes or additives are considered for
phase-in to production operations.
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4. Cavitation Reguirements {(MIL-C-45195)

Proiected Cavi‘ies

Cavities with a projeéted length of 1/32 inch ovr less will be disregarded.
Cavities within the explosive charge will nol exceed the requirements
specificd in Iable I.
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total projected area may te 1/20 square inch.

SEGMENT ;

TABLE I A B C D ;

Sum of projccted areas of the %

3 cavities, excluding pipes, cracks :
. and annular rings, square'inch 1/64% /L 1f2  1/2 i
3 Projecied length of any cavity, %
= excluding pipes, cracks and 3
4 annular rings (in.) 1/8 1/2 /2 3/4 :
- Fiping cavities, maximum prc- 2
jected arca (sq. in.) 0 1/4 1/2 0 ;

Piping cavities, maximum pro=- %

jected width (in.) 0 AV S ¥/

s Cracks, maximun projected width’ . :
4 (in.) ' /52 1/32  1/32
3 Annular rings, msx. projected %
width (in.) 0 o 1/t ©
i #%If the lengih of the largest cavity is 1/16 inch or less, the maximun ;

Porous Areas

Porous arcas will be itreated a3 cavities and be subject Lo the same res-

. 0y - . » . af . 0Y
trictions except that 80 of the projected lerngth and 80% of the projected
area will be considered for accepiance purposes.

Cracked Charses

Not more than two transverse cracks will be permitted on any charge, and
not more than one transverse erack will be permitted in Segment A. Cracks
in Segment D will be disregarded. .

Surface Cavitation

Surface cavitation is determined by visual inspection after cavity drilling
and cleaning. If a defect is deteccled by X~Ray in Segment C and is visually
detectable as excessive cavitation, it will be marked as such, but not reported
as an X~Ray defect. -
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Cavities formed due to chipped or broken explosive from the sidewalls of
the fuze well will not extend in aggrcgate around more than 1/4 of the

circunference. Cavities in the base of the fuze well cavity will not be
cause for rejcction provided the sum of the areas of the cavities is not

greater than

80% of the area of the base and no individual point extends

more than 1/4 inch below the maximum depth of the fuze well permitted by

the drawing,

and provided no point extends above the flat surface on which

the liner would rest, Cavities with a maximum dimension of 1/32 inch or

less as well

as 2]l voids in the area from the top of the shell down three

inches into the fuze well will be disregarded.

Cavitation Defeets

Critlical Defects:

Code No,
14001
14002
140,

Minor Defect:

14005

Defect

Cavitation, cracks or annular rings in Segment A in excess of

. that permitted in Table I,

Cavitation, cracks or annular rings in Segment B, C, or D in
excess of twice that permitted in Table I,

Cracks in excess of that permitted under cracked charges above,
Base separation. There shall be »mo separation between the
shell base and the charge. In the event an original x~ray
picture leaves doubt as to acceptability, the cartridge shall
be re-x-rayed at' an angle 90° from that of the original ex~
posure and in the same plane,

Cavitaticn, cracks or annular rings in Segment B, C, or D
in excess of that permitted by Table I, but not more than
twice that permitted by Table I.
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APPENDIX B

PRO.'ECTILE WEIGHT STUDY
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25.83
25,92
25.94
25,87
25.90
25.93
25.88
25.81
25.93
25.93
25.93
25.87
- 13, 25.88

14, 25,90
15. 25,85
16, 25,86
: 17. 25,94
; 18, 25,82
1 19, 25,87
p 20. 25,88

Wiy R ] P

i
Rttt e

d
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PALLET /1 PROJECTILE Loy NO. NPK 1-765

21,
22,

23,
2L,
25,
26,
27,
28,
29,
30.
31,
32,
33.
34,
35.
36.
37.
38.
39.
40,

25.89
25.90
25.82
25.85
25.88
25.93
25.89
25.86
25.91
25,87
25.93
25.89
25,85
25.86
25,96
25.86
25.87
25,88
25.82
25,89

L1,
L2,
43,
hh.
45.
46.
47,
48.
49.
50.
51.
52,
53.
5h.

56.
5T7.
8.

59.
60.

61,
62,
63.
Ok,

66,
67,
68.
69.
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PALLET #2 PROJECTILE LOT NO. NPK 1-765

1. 25.93 21, 25.90 bl. 25,89 61,
2, 25.91 22, 25,82 42, 25,82 62.
3. 25.89 23, 25.80 3. 25,87 63.
L. 25.87 24, 25.87 Ly, 25,81 6.
5. 25.89 25, 25.83 k5. 25.92 65.
6. 25.91 26, 25.88 16, 25,89 66.
7. 25.89 27, 25.9 K7, 25.87 67.
8. 25.83 28, 25.87 L8. 25.90 68.
9. 25.86 29, 25,88 49, 25.89 69.

10. 25.90 30. 25.93 50. 25.83 70.
11. 25.79 31. 25,91 51, 25.85 71,
12, 25,88 32, 25,31 52, 25,91 72.
13. 25,77 33, 25.82 53. 25,86 73.
Ly, 25,84 34, 25.84 5h. 25,89 Ths
15. 25.90 35. 25,90 55. 25,89 75.
16, 25,88 36, 25.88 56, 25.86 76.

17. 25,90 37. 25.88 57. 25.91 7.
18. 25.86 38. 25.89 58, 25.94 78.

=

19, 25,88 39, 25.85 59. 25.83 79.
20. 25.90 LO, 25.87 60, 25.84 80.
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3
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PALLET # 3 PROJECTILE LOT NO. NPK 1-765

25,76 21, 25.89 41, 25.83 61, 25.89

2. 25.87 22, 25.89 k2. 25.85 62. 25,92

3. 25.87 23, 25.82 L3. 25.83 63. 25.93
L. 25.85 2, 25.83 L. 25,89 bh. 25.81
5, 25.88 25, 25,88 L5, 25.8, 65. 25.8
: 6. 25,91 26. 25,85 L6, 25.89 66. 25.86
7. 25.87 27, 25,92 7. 25.82 67. 25.93
8. 25.79 28, 25,86 L8, 25.9% 68. 25.61
9. 25.89 29. 25.8 L9, 25.85 69, 25.8),

10. 25.95 30. 25.86 50, 25.89 70. 25.83

11. 25,91 31, 25.90 51, 25.8) L. 25.87
; 12, 25.89 32, 25,86 . 52, 25,92 72, 25.86
_ 13. 25,90 33, 25.83 53, 25,91 73. 25.87
3 14, 25.83 34, 25,90 54, 25,89 Th. 25.83
15, 25,77 35, 25,84 55, 25,83 75. 25,85

- 16, 25.82 36, 25.90 56, 25,83 6. 25,93

17. 25.93 37, 25.86 57. 25,90 7. 25.8L

18. 25.81 38. 25.90 58, 25,86 78. 25,88

19. 25.97 39. 25.89 59, 25,80 79. 25,82

20, 25.85 40. 25.80 60, 25.89 80. 25,82
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PALLET # 4 PROJECTILE LOT NO., NPK 1-765

25.89 L1, 25,93 6L, 25.82
25.83 L2, 25,85 62, 25,87
25.82 L3, 25,92 63. 25.95
25.85 L. 25,89 6L, 25,90
25.87 L5, 25,83 65, 25.96
25.86 L6, 25,87 66, 25.79
25.717 L7. 25.85 67. 25.87

¥
1

25,8L 48, 25,90 68, 25.85
25.88 L9. 25.90 69. 25.93
25.84 50, 25.86 70. 25.82

s IR S e A AR

S el ke R S B A S

25,90 51. 25.91 7L, 25.86
25.91 52, 25.89 72, 25.81
25.84 53. 25.84 73. 25.91
25.88 5L, 25,92 The 25,92

25,82 55, 25,90 5. 25.79
25.89 56. 25,79 6. 25.88
25,86 57. 25,74 7. 25.87 é
25,88 58, 25.85 78, 25.89
25.96 59. 25,74 79. 25.89 é

25,81 60. 25.93 80, 25.87

b heon et o e b £ LTS, L R L,
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PALLET # 5 PROJECTILE LOT NO. NPK 1-765 ;g
21, 25,9, 4L, 25.85 61, 25.80
<2, 25,91 42, 25,87 62, 25,90 SE;
23, 25,89 13, 25.79 63. 25.87
2,, 25,83 Ly, 25,96 64, 25,81 ;Z
25, 25,98 L5, 25,93 65. 25.8
26, 25,90 L6, 25,92 66. 25,86 l%
21, 25,9 L7, 25.85 67. 25.83
28, 25,91 L8, 25,81 68. 25.87
29. 25,80 . L9. 25,89 69. 25.90 z
30, 25.86 50, 25,93 70. 25.89
31, 25,93 51, 25,93 7. 25.90
32, 25.8 52, 25,83 72, 25.82
33. 25.9, 53, 25,91 73. 25.81
34, 25,91 Sh. 25.83 W, 25.82
35, 25.86 55, 25,95 75, 25,90
3%. 25.81 56, 25,88 %. 25,95
37, 25.93 57, 25,90 7. 25.87
38, 25.92 58, 25.89 78. 25.86
39, 25,95 59, 25,93 79. 25,90
10, 25,87 60. 25.85 80. 25,89
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PALLET /6 PROJECTILE LOT NO. NPK 1-765

25,90 21, 25.81 Ll. 25,89 61, 25.91

25.85 22, 25.81 L2, 25,85 62, 25.87

25.91 23, 25,88 L3. 25.87 63. 25.83

25.82 2. 25,92 L., 25.90 6L, 25.84

25,89 25, 25,90 L5, 25.89 65. 25,90

25.79 26, 25,89 L6. 25.90 66, 25.91

25,86 27, 25.96 W1, 25,86 67. 25,95

2592 28, 25.e8 L8, 25,95 68, 25,96

25,81 29. 25,93 L9, 25,91 69. 25,89

25,89 30, 25.94 50. 25.84 70. 25.95

25,82 31. 25.87 51. 25.86 71. 25.87

25.91 32, 25.87 52, 25.87 72, 25,93

25,91 33. 25.90 53. 25,86 3. 25,92

25.89 4. 25,91 SL. 25,88 Th. 25,80

25.85 35. 25,93 55, 25.86 75, 25,80

25.86 36. 25,83 56. 25,86 6. 25,90

25.85 37, 25.89 57, 25.93 7. 25.8l

25,93 38, 25.81 58, 25.86 18, 25.97

25.89 39. 25,86 59. 25,87 79. 25,94

25.87 LO. 25,86 60, 25,91 80. 25,95 g
1
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PALLET # 7 PROJECTILE LOT NO, NPK 1-76%

T e

1. 25.84 11, 25.97
2, 25.81 12, 25.88
3. 25.93 13, 25.87
L, 25.89 . 25.88
5. 25.82 15, 25.83

6. 25,76 16, 25.85

7. 25.84 17. 25.84

Wl T

8, 25.85 18, 25.93

9. 25.92 19. 25.92
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10, 25.83 20, 25.84
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High 25.99
L(,“\' 25 . 7L
Average ‘ 25.87634

Standard Deviation 0.04393
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APPENDIX C

PHYSICAL PROPERTY DATA
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W emm s G SE Gwe A GEm Y Gt S Gt Gwr Sum e — s G Gmm

HEAT OF FUSION: 8.0 cal/gm
A
THERMAL CONDUCTIVITY: 6.2 X 10 cal/sec-zm 0°C.

COEFFICIENT OF EXPANSIOM:

Linear 0°c. Length/unit length - 0°c,
-60° to 0° 5.31 X 10 °
0° to 70° 6.26 X 107°
Volume: 47 shrinkage upon solidification
SPECIF. HEAT: 0°c. cal/gun/°C.
50 0.305
75 0.376
85 0.354
90 . 0.341
100 9.312
DENSITY: 1.65
MELTING POINT: 78-80°¢.

APPROXTMATE WEIGHT OF THE EXPLOSIVE CAST:
REFERENCES: a) Engineering Design Handbook AMCP 706-177

b) JANAF Fuze Committee, Journal Article, Volume 1,
August 1970. Published by Picatinny Arsenal




PHYSICAL DATA ON 105MM HE SHELL

v e e Gt Gma GEE G et — G G S avw Gms Gm— S owm  omm

WEIGHT EMPTY" 25.9 1bs.
SPECIFIC HEAT @20°C 0.1075 Cal/gm/°C

THERMAL CONDUCTIVITY: 0.17 Cal/sec/sq.cm./°C/em

MATERIAL OF CONSTRUCTION: Nonresulphurized carbon steel
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DEFINITION OF SAMPLE POINTS AND RESULTS

A, Multipour Data

1. Reservoir Temperature -- is the temperature blend of the water
as it leaves the multipour reservoir jacket sections. The temp-

: erature is obtained from a 24 hour recorder-controller and

4 is noted at the time the skid is poured. (Marked in 2°F

increments,)

- 2, Cup Temperature ~-- is the temperature blend of the water as it
A leaves the multipour cup jacket sections. The temperature is
3 cbtained from a 24 hour recorder-coritroller and is noted

at the time the skid is poured. (Marked in 29F increments.)

3. Material Temperature -- in a single pcur skid this is
the material temperature cn the top of the riser after
the skid is poured. On skids which receive two distinct
pours the material temperature for the first pour is the
material temperature in the reservoir just prior to
filling the cups. The second pour material temperature is
the material temperature in the top of the riser immediately
i after pouring. In all cases the temperature is obtained by
3 using a dial thermometer warked in 2°F increments.

juds

etk

4., Shell Temperature ~-- is the temperature of the shell measured
= in the uppexr bourrelet using a pyrometer. (Marked in 5°F
S increments.)

7 S. Time Poured -- is the time of day at which the skid was
3 poured.

6. Duration of Pour ~-- is the time required to pour the shells,
The time interval starts when the valves at the bottom of
the cups are opened and ends when the valves are closed.

7. Multipour Number -~ is the pouring bay number in which the
skid was poured.

E B. Core Melting Data

3 1., Time Start -- is the time the probe started down.

-4 2. Time Probe Down ~- is the time the probe reached its
e prescribed depth.

3 3. Time Finish -- is the time the probe starts to leave the shell.

4. Probe Temperature -- is the average temperature of the probe
X as determined in the field,

5. Probe Steam Pressure -~ is the pressure of the steam supply
to the probes,

6. Core Melt Number ~- is the unit number of the core melt used.
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C. Cooling Bay Data

1.

Cooling Bay -~ Position -- is the cooling bay in which
the skid was placed to cool, followed by the location in
the bay in which the skid was placed. Each cooling bay
holds 14 ckids.

Length of Shroud Time -~ is the length of time after the
skid is poured when the shroud is to be removed. The time is
given in minutes.

Cooling Bay Temperature Averages -- this is the average of
three temperatures taken at the stated locations. The
temperatures are recorded at the following times:

a. When the skid reaches its destination in the
cooling bay.

b. When the shroud is removed.

c. At the end of the cooling period which is
3.75 hours after the skid is poured,

The temperatures are recorded at the following locations
within the bay:

A Between Skid Locations f and 9
B " " " 12 " 13
C 1" 1" 1" 1 1" 2
D " " " 6 1! 7
Bay " 1" " 4 [1] 5

A, B, C, and D are located 2,5 feet from the floor and
2 to 2.5 feet from the wall. The bay temperature is

measured at a point 5.5 feet from the floor and 1 foot
from the wall.

D. X-Ray Results

Number of Shells Poured -~ is the actual number cof acceptable
shells poured. Any shell in which the Composition B level

is not within 1.5 inch of the top of the riser will he deleted
from the test. Any shell which received abnormal trea:iment
which can cause a cavity will also be deleted from the test,
such as probing with a cold probe before the Composition B

is solidified, )

Number of Criticals -- is the number of critical shells on
the skid as defined in Item 1ll.

Number of minors -- is the number of minor shells on the
skid as defined in Item 11.

Number of Cavities ~- the number of shells with cavities.

Number of Good Shells «- the number of shells poured minus
the number of criticals and minors.
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X-rey Results contd.

6.

7.

11.

Maximum Area of Cavity -- the maximum cavity area of any
shell on the skid.

Average Area of Cavity ~- total cavity area for the skid
divided by the number of shells with cavities.

Median Area of Cavity -- is the middle observation of area
in the list of areas when ordered from largest to smallest.

Total Area of Cavity -- is the sum of the area of all
cavities on the skid.

Area -- is the number of full blocks plus the one half of
the number of partial blocks covered by the cavity. Each
block is C.1 inch by 0,1 inch.

Critical Defects:

Defect

Cavitation, cracks or annular rings in Segment A in
excess of that permitted in Table I.

Cavitation, cracks or annular rings in Segment B, C,
cr D in excess of twice that permitted in Table 1.

c Cracks in excess of that permitted under cracked
charges abceve.

D Base separation. There shall be no separation
between the shell base and the charge. 1In the
event an original X-ray picture leaves doubt as
to acceptability, the cartridge shall be re-X-rayed

at an angle 90° from that of the original exposure
and in the same plane.

Minor Defect: Cavitation, cracks or annular rings in Segment
B, C, or D in excess of that permitted by

Table I, but not morz than twice that permitted
by Table 1I.
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X~-Ray Results contd.

TARLE I
Segment
A B C D

Sum of projected areas of the cavities
excluding pipes, cracks and annular
rings, square inch 1/64% 1/4 1/2  1/2
Projected length of any cavity,
excluding pipes, cracks and
arnular rings (in.). 1/8 1/2 1/2  3/4
Piping cavities, maximum projected
area (sq. in.) 0 1/4 1/2 0
Piping cavities, maximum projected
width (in.) 0 1/4 1/4 0
Cracks, maximum projected width
(in.) 1/32 1/32 1/32 -
Annular rings, max. projected
width (in.) 0 0 1/4 0

*1f the length of the largest cavity is 1/16 inch or less, the
maximum total projected area may be 1/20 square inch.

NOTE:
All cavities in this report are C segment cavities appearing

just under the former. No otner defects were found except that
a "stringer" from C segment will sometimes extend into B segment.
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NOTES :

1. Sorted low viscosity Composition B was used. The viscosity was
5 seconds or less. Lot HOL-053-5050.

2, First pour was 176°F with a second pour of 200°F, Height of
first pour was to the top of the former.

3. First pour was 176°F with a second pour of 200°F. Height of

~

first pour was 3/4 of the way up the former or 3 3/4 inches
from the bottom of the riser.

4, The first increment was poured to 3 3/4 inches from the bottom
of the riser. The second pour material temperature was 200°F.

5. There was no 5+1 minute delay between pouring and probing.
These skids were probed as soon as they reached the cooling bay.

6. Sorted high viscosity Composition B was used. The viscosity
of 6 seconds or higher.

7. One half of the explosive was poured in the first increment.
There was a time delay of 1 minute between pours.

8. One half of the explosive was poured in the first increment.
Then there was a time delay of 2 minutes between pours.

9. One half of the explosive was poured in the first increment.
There was a time delay of 3 minutes between pours.

Fiber washers were placed between the riser and shell,
Canvas shroud was used,
Picatinny shroud without the baffle was used,

Picatinny shroud with modified baffle was used. The center
section of the baffle was removed.
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GROUP A -~ S""AIGHT POURING

Explosive
Test # TemEeraturelfoF*

176
180
184
176
180
184
176
180
184
176
180

-
HOWYWOoO~NSWSWN-

NOTES :

temperature.

3. Single pour all shells.

4., Shroud time 1.25 hours.

5., Cooling period 3.75 hours,
6. 100% X-rey all shells,

7. Use wood shroud.

5 seconds.

Shell

Temperature, F¥*

2, Tests 1 thru 9 will use all virgin material.
Tests 10 and 11 will use 407 scrap.

70
70
70
80
80
80
90
90
90
80
80

Nominal Temperature - record the actual temperature.

1. The riser temperature will be the same as the shell

8. Use Composition B containing Petrolite ES670 wax which has
been sorted by viscosity. The maximum viscosity will be
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Nominal Explosive Temperature in Riser

100% Virgin

40% Scra

GROUP A DEFECT SUMMARY

Nominal Shell Temperature

70° 80°

S0

3cC
176° 1M 10M

a

10C
74M

1C
180° 1c 0

16C
91M

5C
147M

176 - M

3c
180° -- 43M

91
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3
2
3
3
3
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-

Nominal Explosive Temperature in Riser

100% Vixgin

40% Scra

176°

180°

180°

176°

180°

GROUP A GRIDDING SUMMARY

Nominal Shell Temperature

70° 80° 90

] [ [

14 293 1495

27 8 2141

126 83 2769

- 1234 -
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TEST GROUP B

PURPOSE

The purpose of this group was to run a variable study on hot
topping. The general objective of hot topping is to create a
hotter reservoir of material in the funnel section so as to
prolong the time before the former section freezes over.
PROCEDURE

There were two variables; the explosive temperature for the
first pour at 176° and 184°F; and the height of the first pour at
the top of the former and at 3/4 up the former (3 1/2 inches from
the break off). All hot tor offs were targeted for 200°F, with an
approximate 1 minute delay between pours. All shells were
targeted for 80°F and cooling bays were at a high temperature.

Comp B with Petrolite ES 670,Lot 053-5050, was used with
scrap incorporated at 407.

For each test, four skids, or 240 shells, were poured. The
insulated, wooden shroud wus used for all skids.

The X-rays were gridded in a similar manner to those for
Group A.

DISCUSSTON
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CROUP B TWO INCREMENT POURING

A

Test 1st Increment Zad Increment Height of First Pour -
1 176 200 Top of former
2 176 200 3/4 way up former
3 184 200 Top of foimer
A 184 200 3/4 way up former
NOTES :
3 1. Shell and funnel temperature 80°F nominal - record actual
: temperature.
g 2, The maximum time between pours was 1 minute.
3. Composition B containing Petrolite ES670 wax with 407 riser
scrap.
4. Four skids per test,
107




GROUP B TWO INCREMENT POURING
DEFECT SUMMARY

Explosive Temperature

176°/200° 184°/200°
Height of First Pour L]__ |l
Top of Former 4C 0
L2] L]
3/4 of Former IM* 0

*See discussion for explanation of minor defect.,

108

e - - U g o Ty P A T Oy = o o Rt




P L TR PRy CRTRIBAR S

GROUP B TWO INCREMENT POURING
GRIDDING SUMMARY

Explosive Temperature

A b ko 1 i B e A A

176°/200° 184°/200°
Height of First Pour lj; lz.

bt B B 'y e o

Top of Former 129.5 0

wo i b bheid v
K0 9 s e A T L 10 e

12] 14

3/4 Up Former 27.5% 0 E

*See discussion for explanation of minor defect.
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GROUP _C_PROBING

Time Duration of
Srobe, Min.

5
5

2'5

2.5

In-Cut

Test # Explosive Temperat:ure

1 176

2 180

3 176

4 180

5 176/200

6 176/200

7 176/200
NOTES
1. The maximum probe pressure was 10 psig.
2. Depth of probe was 1 to 2 inches above the break-off point,
3. Shell temperature was 80°F 12°F record actual temperature.
4., Time to start probing was 5+1 minutes after first pouring.
5. Four skids per test.
6.

Composition B containing Petrolite ES670 wax with 407 riser

scrap was used,
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176°/200°

5 minutes

GROUP C PROBING DEFECT S:MMARY
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GROUP D PETROLITE WITH 0.17 SPAN 85

Test # Percent Scrap Probe
0 No
40 No
40 2.5 minutes
0 2.5 minutes
70 2.5 minutes

NOTES :

1. Single pour.

2. Material temperature 176212°F.

3. Shell temperature 75°+5°F.

4. Core melt to depth of 1 to 2 inches above the break-off
point. Start probing at 5+1 minutes after pouring and
probe for 2.5 minutes.

5. Shroud time 1.25 hours.

6. Cooling period 3.75 hours.

7. 1007 X-ray all shelis,

8. Use wood shroud,

9. 10 skids per test except Test #1 which was 20 skids.
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GROUP D DEFECT SUMMARY

Probe Time

o

. No Probe 2.5 Minutes
% Scrap

o
28
B8
N B PR R S S

40 G I

o gl s R T

70 - M

o Wy DO L A L AL AR BIOA i R DRl

Table 1 Group D Defect Summary

125

T ]

e




WP TR

“PAIWe L€ TS

ot 0 8t _xlo [0 _ AiTany Jo wary reicy
0 o o | o | o Siramy Jo vory wtcpay
L RS Im "o 0 T T Rithen 3o paxy g oAy
[ w Y w v 0 L3R JO NOdy nIiey )
09 09 09 T09 T Tee T TTTTTTHORTEE) WD ey -
) 0 ; b 5 -t SSTITE o TRLR
0 0 0 0T T T e T T T T S oun 36 adqwmy T T
[) (] [ (1] [\) STEOY3TID Jo Jdogamy
09 09 09 09 V6S paInod STIOUS JO Joqenp
s3msoy Ley-x
z8 €9 €8 €8 €8 Ang
18 1 ¢ (23] 4] z8 a
18 18 18 T8 18 J
% 1¢ e e 18 g
T 15 1% 16 18 v
saleroay *duay Avg Juryco)
S [13 sl Se [12 Qury prodys Jo yirduaq
(9 1" F2rd =€ uorqised - Aog duggeony |
eyeq Leg 3urto0)
[ w t =T T Joquny] piug
€L-0T=6 | €L-0T~6 [€L~0T—~6] £L-0T-6 nblOulm_ ajegq
T T T f H 1 m - EERETTREY Y

a

dnoag 369)

——es e e I e i S SNy J
. A LT T TR W sy aexg
-l el Shmaerea atog Jo ot yeamg
- - e et NP S T T -
I T B - < tveq aqoad ety |
I S S R G s
ey ..H.m : BRLD) " T
s - - - - Fogquny ancdyng
- ! - - T - Jdnod Jo uorising
O R R P PAIrO{ =Ty
e - | < - e samuanden), [RIdL30y
- - - - T aanyeaniung dag
- - - - - amivawiuay Jroazasay
A..._mm” Fro2sg) eqe( amodrymy
4 4 z (4 4 Joquny anedTng
% 4 [5] (13 €7 Jquod GO uorvang
[T oiL+9 90:9 10%9 85| FIdNog WTL
94 9L LL [¥2 8L unyuaaduay [roug
B 7A 9Lt K75t JIT ot Ciudgoy 1CYI01CH
9Lt LA LT QLT | 9Lt aunjeraduag dny
9t k22 Sl BT A (A3 BETAS DM INILAIIDL FTOAIAZIY
(sn0g 18214) - i anadry 3:1
$ v S o T T R
£L-0T-o| €/-0T-6| £4-0T-o | ££-01-5 | fi=01-4 - 295g
X T T L T e Toqn] 3G oL

dnoxy 389y

126

)
p




oam e . . B T T . . ' "o

R U I ST R e I

i K E A P PPy AR G R e I L

b8 B T T U ae > P, o oy e o i o 3 o 0 s 5+ Jr— , o .
' 1_
\ ! >
& . PR —
,U”,, I R ,i_ s A JoqMy 33U 5qodg
i — c—
A , - - - - - amqeaadiol 0qosg
) S —_
i N st [ o 0 g £31avy Jo ©OXY TMI0L - = - - - «mod jo uoyqe.mgq
ok USRI DU N, J N [ S, S R— % —fee -
_f - - 0 0 - £3148) Ju wody ueIpay - d - - - HeIuT4 Swry ;
et
o - - IT T Ty £71aT) JO Tody oUndoAy = = S B UNOE 300dd HUTY
73 [ S JUUN D N UV SR SN - - B el g
._.m - - ) 0 - ATATY JO LDy umunxey - - - - - eI uty
i) ] T I NP S B
_,,m_p 09 09 09 09 6S S{I0GS §O6) Jo ot my weg Suiiioy 040
; y 1 1 0 Y S$OTATANY JO doqEmp
; ! X N < - = - - 2aquay modT3 g
&_«_ i ) 0 ) 0 0 SIOUTA JO Jogamy ,
/ i _ - - - - - anod Jo uotjwsng ¥
' i 1 0 [1] 0 1 STBITIIIY JO J5yniy .
i " - - - - - pa.mod JwTy
& 1 09 09 09 09 09 paJdred STO6GS JO Jsquny] - i
' —— - - - - - amiuaaduwoy TeTLIEN
i symsoy Aey-y
h : - - - - - Jmisaadeyr dng }
| '
: k] s 28 28 28 Reg - - - - - amyesadizay JT0AL29Y ” '
i [47] b 16 18 18 a (+mod puodag) eirg modi3Tny ~
06 [ 18 18 8 ]
' . ! 4 z z z 4 J3quny JmodyyTng
i B : I N+ 18 5 13 q
f R E4] ™ € [3] [3] mod 30 uoTIemg
! [ Ob 18 18 8 \
i W0:L 00:4 (35 979 ci9 Parnod oty
A solduasay dway Log Juj1oon .
“ . [ &L L [92 oumiwladuay TIOUS
[ (12 (12 (12 SL [72 AUTL proays Jo yyduom 3
i S 114 9LT sit 9LT 9LT dmiudaduol (eYIa3vy
=t o~¢ 3 L€ 9-£ uoy13soq - Aeg Juyroon '
J — 9LT LT 9LT 9LY 9LT amyeaadwoy dny
e Leg Jurioon ,
(743 [1A4 7Ly LT 9Lt am3jeradway Ijoalasay
[s}14 [} 8 L 9 Jdaquny PIANS (nod 3s27d) vivg .modyjmy '
£L-0T~6] €L-0T~6| €L~OT~6] (4-0T1~6 £L~0T-6 eq 3
- S e e o ot 4] 8 L 9 Joquay PINS
| S 1 1 1 1 SIQUON SIL | |
€L701=6 | €20T-6 | £20T=6 | EL-Cl~6 | €4-01=6 a3eq !
m_., 1 T T 1 1 JIQMN 399,
% ¢ dnoxp 3s9y : . ,
i g dnosp 3sey i
¥ "
Y :
,, i
LA PELh e el LT PR ST R ) . M - '

it SN S s



Dieiakt

e o

o

-

taorar *

LGNyl 31U 9qoad

aamqeaadwal aqoxd

.mod JO uolsvang

UsIuLy suyy

uncq 2Q01y oWty

Haeg ouyy

F 1) &3 TR 106

2oqunN mod1ymy

amod Jo uotjesng

podnod auty

sanqeradwoy TeTLOER

aanqedaduny dny

aaniesadud] JI0AL059Y

0 0 114 [1] Sote A31A8) Jo eaay Twi0L
0 0 - o B £37A%) Jo eaxy UeIpaR
0 o - "o - £33A8) JO voay oJBaoAy
0 o T N £3128) J0 Cody mUTNeH
0s 09 6% 09 [ STT2'S Povd Jo Jaquuy
o 1] 1 0 1 T2T1TAC) JO Jdaqumy
0 ] 0 0 1] SJIOUYW JO JIgmy
] 0 1 0 1 STe2Y3TIH JOo Joqumy
09 09 09 09 09 PoInod ST JO Joqumy
s3msay Avy-x

28 €8 €8 €8 €8 Reg

L¢:] e o8 o8 a

[ 08 o8 0e i )

08 (] 06 08 q

8L (3 08 o6 ® - v
sadedaay “daoy feg 4uy100)
$é sz $Z sL sz 9m] Podug 36 Gidua
=7 -t [5x4 Z1-¢ -t UOTITS0g ~ A%g =it (00D

ele]® Leg Buiroon
St ki £t Zt 143 Jaquan] poig
L4016 | TZ-0t~6 FZ~01~6 | ¢L~ot-5 | €1~01-% a3eq
L4 { T 1 T RERRITRST T
g dnoag 359y

(smod puodag) ee .modyimmy
4 4 z t4 t4 Jaqumy mod i
™ FA ] 4] <Y ™ . Inod Jo uoyje.amg
({2 [ szl 2L LIl pamod aaty
9L 8L SL L L samiyvaadusy 1TOUS
9Lt 9Lt [XA] LT it amiegodzoy TCTIH )0y
[¥AS 9Lt 9LT 9Lt 9T oamiedaaca] dny
[244 RTAY 1743 Tt [¥A4 amiwdadudy I1040983Y
(dmod 12114) wirg modiymy
ST nt €1 21 a4 Jaquny PING
€L=0T=6 | €L~01~6] £L-0T~o| €4~Ol=6| £L-01=6 >
1 1 s T T TaqERy; 193]

¢ dnosn 388}

128




5
4

B

it

R

-

g ot

P o e

e

P

PHEANE L

R

Fp e

W T Tt PP P

P -

— &

FESASESGE NN S s B o

2 5

s

AT

e

S

‘it
fasrge

*

PR

Rt NER G S ol Tl s o S TR

Powmarqw ¢

R

0 0 1] g°2t [} A9TARD JO ®IIY T®I0L
0 0 0 - 0 f31AWg 30 TAXY URTDSH
0 [ ) - ) Kytae) 3o eaay Iedaay
0 0 0 - 0 £3TA8) JO BOIY WnWIXuH
| 09 09 09 63 59 STTOUS POOY JO Jaqumy
0 [ 0o t 0 £3Y3TAR) JO Joqumy |
0 3] 0 1 Q SYOUTH JO Jaqumy
0 [) [ [3) 0 STROTITLH JO Joqumy
0% 09 09 09 09 PIINOd STIIUS JO ~OQERy
symsoy .3_.*. .
€8 8 8 z8 28 £eg
- - - - - a
- - - - - 3
- - = - - [:]
o (&3 “o8 0§ ¥
. 533va9ay *dusy Lvg JUIT00n
(Y3 173 [73 173 173 swyl proJys Jo yiyduat
-y §-% $-y =y €= uot3Tsed - Aeg Jurross
3jeq feg Buy1o0)
1z 124 61 8t {1 Joqm PYRS
€4/CU/6 | CL/OL/6 [ €L/01/6 | €2/0176 | €2/01/6 J1tq
] T 1 1 ] KET T

* ol

NS T TR

- IR

Go '
v

LAl s - R R o e i g e e D A L

ae

wrn

P Vo

SO A g ST g L ey

- - - - - asqEny YR WQRad
- - - - - amjnsedme] eqoxd
- - - - - 9Q024 Jo uotIeang
- - - - - WSTITL SWiL
- - - - - unag] 3q0Ld WYy
- - - - - WS WY
9] FUTIToN 9109
- - - - - xoquny Imod Ty Ty
. - . - - anod jo woream(
- - - - - . pamod ewTy
- - - - - eanieaedesy TETINNWY
- - - - - sayesedwey dng
- - - - - sanjvredmey JyoAste:sy
(amod puodeg) wisg modTIToM
z 4 z z z Zoquny nodTITIH
L1 % Ty £ z9 anod Jo uJopeamg
sgig 1e:e 8z:g §2:8 zz:9 pamod oWty
9L (72 44 St 9L smyeaedesy TIONE
L w 81 91 9Lt omieIsdmo) TETIINY
91 9Lt 9Lt 9L1 9Ll sminiedeey dny
2 zel F3 oLt 13 amijersdng] Jyosleey
(snod 38314) wing odTITh .
| £1 0z 61 81 I3 JequnR PPIS
€L/01/6 [ €£/01/6 { €L/01/6 [£L/01/6 {£L/01/6 aieg
1 1 1 1 1 TeqEmy 388y
- a dnowd LSAT .

TR

129




0 VTR TR Y

Pl

B

U

PrT AN

14} [+ 2 []) 09 09 SITOUS POoDH JO Jaqumy
U [ 0 [ 0 S9IITAB) JO Jaqumy
1Y 0 0 0 [}] SIOUTH JO JIQUNN
U 1) 1Y v [] STBII3TI) JO Jaquny
L 0y 0y 09 PaaNOJ STTIUS JO JIQEmN
sysey Avy-y
w 8 98 98 98 Aeg
”8 98 [ ”g (7] a
€8 €8 4 8 f4 4 o)
2] 3] (2] »8 *8 q
(7 Ve 1] €8 €8 v
cadeaaay *dwo)l Avg Juyro0)
L2 3 St St SL QWYY proays Jo 4ydud]
8-t 7~ t-t =€ - uogITsod ~ Arg Juyroon
) wqeq Aeg FuzTood
s Y € z 1 Jaqumyy PHAS
ee/tye | eertye {eesye [ wenus | ceve aea
z z z z 4 Joquny 89
a dflo¥d 1S3y

A Fey Aty wqsdd

angesodudy Aqodd

arng JO voriearg

YSIUL] AJTL

urcq O 044 HUTL

MG WL

eyeq

Jogquay nod1y o

e, 10 uoTIeIT(

poanog 3ITYL

oanjuaadual [CTI99ey

aangexadusy, dny

amaiesadeal JT0ALISIY

(nog i033g) vicg Jrodii TN
[4 [4 Z [4 [4 Joqury snodtany
9¢ [X4 o 9t [l Imod 4o uoyqr.mg
Sy g [%211 LA LIS B 1 241 PaInog ouTy
I~ I% 9L [ 9L 8L aImqeladual [1oug
JAAq Lt 8Lt [144 9Lt danieasdual TOTLOICH
oll 6.1 8lt 611 oLl aanpeasdway dng
k7Ad k7AS k744 il (LAY amieaadunl, ITIAIISAY
(fmod 15413) eqeq modIITOR
$ 7 € Z T Jaqumy pIdS
Cl-ti-o| €L-TT-0] til-TT-6 | £L~TT~6 | £1~TI~Y o3eq
14 E4 [4 < [4 J3qENY 159

a dnoan 389l

130




o g

*119a 3203 3yl aapun
S19WUTIIS (UGS JWOS YIFA UCTIRZF]EINAID puw K3}sozod Kavay K234 pwy ppxs

*$13¥ulI8 | [wus MOS pwy pue ‘1993 SIYI jJo spiys
¥N0JAIRd a3y ul ueyl 1ajavay sea Kyrsoied PUR UOIIPZI[IVISAID I 01 PIRS WO 1
IS1L0N

J3TEN UL oqodd

eamqvaoduay 29qosd

— Mdee

4 3d JO uoyqvang

Yeiutrg swyy

-

RO 9Qo2d VWTL

4w ouryy

N {e]))

Jaquuy anodyyinyg

mod JO Uutqeamg

PoImod ST

sanqvaeduoy Teidajey

samiesadee], dny

09 9 09 o9 09 SITIUS POOD JO JIqumy
o i N ) 0 SOT3TAEB) JO Jaqumpy
0 v 0 o) ° SJIOUTH JO Joqumy
0 0 0 0 0 STROTITID JO Jaqumy
09 09 09 09 09 PIITOd STTIUS JO Jequny
symmsey Awy-x
<8 <8 98 o 9 deog
L1:] =g [T] a
28 8 9 )
€3 €8 €8 &
18 18 €8 €8 €8 v
s3dvasay *duwdy Aeg Juyroo)
= 93 o 7] st OWT] PROJUS JO YITUST
— o =y 3 0l-f 6-¢ uoj1ys04 - 4Aeg suygooy |
23.1 Avg Buyrood
ot 6 Py I 9 I3quNN PIIHS
/e [eertws leestze | eenise| cestnge %%
3 F] z z 7 JeqEny 3808

a 4no¥d L33L

- - - - - _ ounyerodud)l, JToAISaY
(smog puodeg) eqvg modyyiny
z z z z 4 Jogumy .modtiTny
8¢ [ i€ L i Jmod Jo uogjwang
0L 4849 €219 oz:9 9ti9 pomod owyy
L 1A L2 8L [14 amiededuay TR
[TA; 9L 9Lt LT LT T Sxnvdedusy Tetdaten
LT 9LT kTAS Lt 6LT amivaadway, dny
9Lt 9T k[AS k72 ¢ 7%we. amyezedual JT0ALIGY
(anod 4say74) vivg ancdiiing
ot 6 8 L 9 JoquMN PIXS
LTI [R5 | 216 | TE~TT~¢ [ T-11=% ojug
[4 k4 < 14 < Jequny IsaL

g dmoap qweey

131




e £

=%

2

09 09 29 09 09 STTOUS pooD j6 Jequny
0 1] n 0 o SITITAR) JO Jaquiny
0 [} 0 0 0 SJIOUTH JO Jaqumy
0 0 0 0 0 STRITITIN JO Jequmpy
09 09 09 09 09 Paanod STIIUS JO Joquny
s3msey Aey-y
€8 Sw 88 8 89 Leg
[ ] - €8 - €8 a
<8 - Z8 - 8 3
k4] CE (1] - [X] 5]
18 1] 11:4 18 4 \
soduaaay *duay Avg PutToc)
113 1Y) 113 LY 114 QWL PROJYS Jo yysuag
91-¢ 7=y £1-¢ [ Zl-¢ uotaring - Avg Juyyood
) ®3%q Aeg Burroo
st 7l €1 14 11 JIqunN PINS
CL/TV/6] CL/TI/6 | €L71176| ©£/75176 [ LL/T1/h ajeq
t [ 3 t € Jsquny 389f
a d0o¥D Lsal

T 7 3 [ € Jequny atun 9qodd

@z fsvoze 1174 - £2 amivJadwat oqolg

T2 3¢ (33 <7 T Q044 Jo uojivam]

0E:L%:6 [ OCT0CTL| OE 92 L | S9:9t:L | OCiTt:¢ YsYUTd ewyy

[3073576 - (0:cT L - €0°607L unoq IqeRd owyy

33 82:( 2zie st 60-¢ g gy

838 UTITOH 9203

B - - - - Jeqeny modyy

- - . - - . Jmod Jo uotimamg

= - < - - peanod aaty

- - - - - emivtadwo] TeT2I9eH

. - - - - amaszaduey dny

. - - - . aumivaadusy, IyoaLecey

(anod pueddg) evieg ~modiiTni

- z : : 2 Joquny mediImy

1 [ e 9% 6¢ amod Jo uotieang

0%7¢ €L e 60:L 70-L PaTI0g SeT,

123 8¢ 8¢ 113 113 amiedadnal 11U

91 91 91 91 9.l samyeaadua) TeILw

921 93 [ 9t 9Ll amjetadoey, dnp

9t [ 13 (T3] 9Ll [ 73} aani183adwal «}0At080Y

(smod 18414) vivg anodpimpg

st ” £l 2 u J9QEN PRIS

eL/e L eesnse e feesive | eezinge o™
3 € B € 3

@ dnodd 1sdL

132




P ST o e R TR R T T T

PR S-S A oE £x

09 09 6¢< 09 09 STTOUS 100D JO J200my
0 0 1 0 0 $9TITAR] JO J3qumy
[} 0 1 o 1] SJIOUTH JO JaEmy
) 0 0 0 [} STESTITID JO JeoqumN
09 09 09 09 09 PAINOG STTIUS JO J9quMN
SISy Aeyg-x
8 S8 "8 S8 ©8 Leg
- 8 - z8 - d
_ 08 . 08 - )
- E] - T8 2 |
08 8 08 28 18 ¥
s, wraay *dwudl Leg Juyro0)
13 3 S¢ [ [13 Qull pnodus Jo yisua
<% 9=t 9=% [$0) S=» ue; 33udd - Aeg Juryoen

' vang Avg Buytood
-

! 0z 61 81 a0 91 J3qury PRAS
, TL/N/6 | €L711/6] €L/11/6] €L/11/6 | €e/i1il6 T o3%]
,‘ T € € € € JeGwnN 489Y
, 4 anods 1s3L

T AR

W T 7 [y y JeQuUON TU)) 8qodd

- - - - - smavdadme) 9qoad

T L34 T w..u $°T eqoXg Jo uaTIRMg

OLT80 8 [O£:30-8 | OL:6S-L | 0£79S:£ | OE:16:2 ySTUTd owyy,

= = = L1 28714 - unog 9qodd Wyl

(62 T0°R I3+ 9S:L XH] 1I0G GwE]

w3%g BUIIIoH 209

T = = - - Jeqony TnodTI Ty

- - - - - nod Jo uoTIemg

- - - - - paanod caty

- - - - - smaesadeey TeTININY

s P - - - smaviedmel dno

- - - - - smaeaedney Sjoasesey
(smog puedeg) waeg JnodiITon

3 z 2 ¢ z Joquny -modTITAN

53 €7 [{3 3 I3 Jmod Jo uoyiwamg

3079 11473 ) 67 L LI Pamod ety

<L 9¢ St 9L 9¢ amiwledual TTOW

O ol 23 o 901 JmieIodse) TSI

921 9Lt 9L1 31 9Lt amaesadoeg ¢rd

L144 L4 91 91 91 sanivandng)] IToALISIY
(amod 38414) wreg amodiyTny

0e 61 81 91 Joquy PPIS

CLAV/6 JEL/11/6 | cL/ e ] cLns6] cLstys g

3 t € € 3 Joqey 661

133

K0 g gt e




T R TR PR T ' T N

Mg LSRR

3
A RN s 5 = amnir o .. - . K
) *,
_m.w _ b
7, \ i
4 ,,»
§ ; |
o : o B t v T TaGqEmy ATUf 9q0ad '
4, ) -
WL, : - - 12 - 122 emivsadway 9qodd ,
v i . . L
mw ! 0z |s¢ 35 3 33 $30IF 36 UoTIvaNg ,
i
. )
i3 . 00:01-9| 0c:20:9] 0€:20%9 | 0€:65:¢ | 0€-¢5:< ysyutry oany ,
b ' '
: S - - - unoq 39014 9T
i 80 9] sni9 | 00:9 555 |00:esS ang ury ’
;, ) . 09 [13 09 09 09 $TI9US POOD JO Jequmpy ,
Ui { vyeg SuUTYTeR Sa0) .
By 0 1 [} 0 0 THTITAR) JO JoQuny N
&) I
w._,_, o o o [ 0 SIOUTR JO Jequny - z - - - Joquny modF3Th !
I
mm 0 T 0 0 0 STIOTATID JO Zequny - - - - - amod Jo uoyivang :
X !
% 09 (L 3] 09 PIamo; STIOUS JO Jequmy - - - - - paanod 9wiL g
i ¥
.r 1 s3sey Onp-y - - - - - oanieaadudy, TeYJINIeY g
&, - - - - - - amaexadmey dng
20 L8 8 1] 8 &g - - - - - sanywaedioe), JTOASIEN - _
- - 1] - 8 a {4mog puodes) wieq modyIThN M.u i
- - (4 - e | () _
- Te {] - ) g d| oz z 2 z saquny modT3TnH _
e i ” ” "9 7 1L 7y 2y 1y 144 Jmod Jo uorIvang )
. €039 00%9 133 FI3 /736 Pamod eeTy !
sefeloay *dmay Leg Butyony T ~
o | 6L 6L 6L 8L ,
. suyy proaus Jo yidue] ;
142 =y 7t Z1=% 1=¢ GoTaTeo] ~ Avg FEITo0 | oect 9Ll m 91 smivzadud) TeTLIIRY |
. : . 1.1 dvg FuTo00 o8t | o8t L1 621 081 aamyeasdus) dng |
s ' 21} el _ Sti | L3} m3eaadual JT0ALIGY .
| S ;— L4 € 4 1 I3 PR (dmod 38214) wawg amodpyTon A,
! ntzj cL/zvsl eervsy ceszve | eessge 31 ”,
| [3 v € z 1 Jequny PPIS ;
! Y [ ’ v v JoqunN J90L ,
| CL/TN/6 | £L/721/6 | €L/T116 |cLrznie feLsz1/e g .
. N o
@ anowd 18T [} B v ” ” JEEY wney, ,




99 6 oS 6 09 STTSUS PCOD JO Jaquny
Y 1 1 1 0 $3311AV ;O Jaqump
0 1 i o 0 SI0ULR JO JaQuny
0 0 0 1 ) STRITITSD JO Jaquny
09 09 09 v9 09 PIInOd SIS Jo Jaqumy
SImMsdy Ley~x
98 L8 L8 8 L8 Mg
- sg - 8 - a
- e - 28 - 2
- €8 - €8 - q
28 %8 28 u8 78 v
sadesoay *dwol Leg Juiyoo)
AuTl PROIYS Jo Yiduaq
§== 7-¢ 7=7 €-¢ -y 40T3Irod = Aeg Futo0d
) eeq Aeg Buyiooy
o1 6 ] ¢ 9 d3quny pYg
CL/21/6 | €L/TU/6 § cL/enre] weszvse| cLszse sI%g
” v ? v v dowmy 383
@ danods 1531

G T 7 T v J3qumy up 9Q0dd

- - - - - smiezodma) 9Qold

T 5 < 153 33 5°C 3q03¢ Jo uojiNang

0€ 0f 9] 0£:9Z-9] 0€:22:9[0C-81:9 ¢€-71:9 ysyuty omyy

: F : : - UROQ Sa0L] WL

8L 9| 9¢ O 29 199t 9 U9 11835 STURL
ejeq 3urita o.sul..

- - - - - Joqany JrodTITny

- - - - - . <ncg Jo uoijeang

- - . - - pamod oWty

- - - - - smisiodes] [eTIN®Y

- - - - - samiyvasdee] dng

- - _ - 2 - amiesedooy Jj0AIRSeyg
(smog puodag’ eeq NodTITOR

dT7 : : T aqeny modratrug

8€ rc 8¢ 2 44 Jnod Jo uotjeamg

€2 9| 619 S1:9 9 209 pPaamod eeTy

| e 6L 6L 6¢ smivsodesl TINE

8] wet 7 Lt L sunjuradesl TeTIIWR

081| 01 oAl 081 08t emissadmey dry

:mw <l 9Ll SLi st amivawdes] Itosdseey
(smod 18313) Bivg nodiIToy

ot 6 8 ¢ 9 Loy PIRS

(L7216 | €L72176] €2/2U/6" 172176 €LIZ1/6 fw

Yy ” ” m D) v TaqEng aser |

T dnoND LSl

135




= TIET T E
e

e

v

Ere Wi

DRI

E

=

T

I

SRSt

=T

L

Ot A

) 09 09 09 09 STY3US PoOD Jo Iaqunn
? o 0 0 0 SITITAR) Jo Joquny
0 o ) o 9 SJOUTR Jo IRy
[] 0 ] 0 STEOTITID JO Jaquny
B I 0y o9 09 PIIMog STTIE Jo Jaquny
symsey Segx,
" " " 9 " oy
€8 - 1] - £8 a
. - 19 - 18 )
[T - 9 - 28 L]
1] 8 28 ] 28 v
sa¥esaay *dwey Leg 3ugyo0)
. SR proys Jo yikee]
Tl~t 9% cl-t 11=% 91-€ uo33Teod ~ Awg Furics)
3.3 Avg Suprood
(31 ” 3 1 1 J3ENYN PRS
cL/jTi/6 | cLevjel sijTn/6] tL/Tni6] €L/et/s I
< s S $ S Joquay 98]
T dnoud Isak

A4 T 7 [ Joqeny Tuq 9Qold
- - - - sanjesedwey eQoig
] 7 T e L 33 9qozq Jo uopjeang
[OC T [ OLTIT T [ OR eeZ (o612 | St yeTUTS WL
= = = - UNoQ 2q0.+d IWTL
{47, G +2Y) 12°L 18] €17 2Iwlg IRy
w3eg FuUTITH 300
~ - = - Jequny Jaodyd (B
- - - - mog Jo uogysang
- - - - - pemod oaty
- - - - aumaeladesy TSNy
1= . — - oamyeasdmey dng
- - - sumyvaedmel JYoAISROY
(nod puodeg) wyeg modyITreg
z t 1 1 t docamny TodyiTng
[ 13 [3 6€ oY Jnod Jo uopieang
[/ 2474 (13 483 90:¢ poanog Wty
v | 9 9L [ 7] sanqesodeey (TS
748 BT 91 91 9%l smjesadual TeTIaINYg
61| 281 781 z8t [T amisdedee) dny
LT F133 I3 E233 Sanqviodng] 2ToAINEYY
(Mmog 98313) wIvg modIITRN
TS o a 1 JoqueN PRIS
€L/ZU/6 | €L/2U/6 | €L/TV/6 [EL/ITN/6 |EL/ense %1%
3 3 3 3 3 Joquny 58],

D 1S3

136




P oA % BT R 4 e

09 09 09 09 09 STISUS PooD Jo Jaquoy
2 0 0 0 ° $3T3TAR) JO Jaquny
0 0 o 0 0 SJOUTH JO Jaquny
0 [) ) ) 0 STE3TITID Jo Jequny
09 09 09 09 09 paanog STIaYS Jo Jaquny
sImnsay Awy-x
) ) 28 98 <8 Loy
- 28 - 8 - a
- 18 - <18 - 9
1 N 18 - z8 s €
4
i 18 28 €8 €8 28 v
uu, gsadeaaay ~dudy Aeg Jugroo)
Mw TYL produs Jo Yiduag
g o1-7 o1-f €= tt-¢ L-9 uo1IIseg — Aeg Jugreod
; wyeq Avg Buyrood
0z 61 81 13 91 J9quny PYAS
cL/Tve | saszne | eLszige fee/zise | cLrzse %
S S s [ < JoQIN 160
@ ano¥9 3L

7 3 v € ” JOgEmN ITUN) 8qodd
- - - - - emisasdmer 9qol:
3 S At T3 7 9q04d 30 GOTIVEV
BE-81-8 | OC-€1:8] O£:60:8 | OE:05:L JOE V3L YSTUT] el
- - - - unog 9qodd ey
91§ 118 10:8 87 L €7t g owgL
wiu] BuTyTon 910D
< < - - - soquey modTI TN
- - - - - amod Jo WoTIsImg
- - - - - . poanod oWty
- - - - - eanjsaodwe]l TeTINEY
- - - . - sanjesedesy dny
- - - - - sanjesedes] JToAMSey
(dnod puodeg) BINI SMOCTITH
3 H z z z Joquny nodTITAN
sg ¢ 8¢ 8¢ I “mod Jo uotjeang
T1-§ 90 8 20-8 €L 8€:¢L poanod oeRl
St w 6L u 173 amiezedesl TIOWE
8:0  Lct Lt 921 L1 smijvisdeal TYIIe ey
08] 081 081 81 8Ll aumjezadmey dng
4 A €Lt St 91 smisaodesy JToAreeey
(reod q8414) g Jod13 TR
07 61 81 i 91 seqeny PYXS
CLITL/6 [ EL/ZU/6 [ €L/21/6 JEL/ZUI6 | £L/T1/6 1%g
14 [4 4 [ TeqEty| 048]

a 4no¥d 1s3L

137




GROUP E PETROLITE

Nominal
Number Material Steel Percent Probe Time
Test i of Skids Temperature Temperature Scrap Minutes
1 11 175-177 75-78 0 0
2 10 175-178 75-78 4] 2.5
3 10 175-176 70-71 40 0
4 11 175-177 68-74 40 2.5
5 10 175-179 72-75 0 0
6 12 175-178 72-75 70 0
NOTES
1. Single pour.
2, The core melt depth was 1 to 2 inches above the break-off point.
Probing was started 5+1 minutes after pouring.
3. Shroud time was 1.25 hours.
4, The total cooling period was 3.75 hours.
5. The Picatinny shroud and baffle were used,
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TEST GROUP E

Test Number 6
Date 9/18/73
Skid Number 21 . 22

Cooling Bay Data

Cooling Bay - Pcsition 4-7
Length of Shroud Time 75 75
Cooling Bay Temp. Averages
A 77 77
B - -
C | - -
D - -
Bay 79 79
X-Ray Results
Number of Shells Poured 60 584
Number of Criticals 0 0
Number of Minors 0 0
Number of Cavities 0 0
Number of Good Shells 60 60

A

Shells 19 and 25 omitted from

test, low pour. .
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GROUP F - CASTOR WAX

o
Explosive Temperature Opx Shell Temperature F*

176 70

2 176 90

g L AR Y

3 184 90

4 184 70
NOTES :
%

Nominal temperature - record actual temperature.

1. Use single pour.

ustoomn st AN 2 T b e B i T o o e RN 4 e bbbl

; 2. Pour 4 skids per test, §
é 3. Use wood shroud. §
3 . 4., Cooling bay temperature was 90 F minimum. i
’? 5. Shroud time was 75 minutes, the total cooling time was 5
% 6. 3.75 hours minimum. 2
’2 7. Use additional agitator in reservoir and maintain a minimum lower E
A limit, .
4 8. 1007 X-ray all shells.
H 9, Section and cclor photograph two (2) shells from each test. 3
2 3
. - %
] !
1
‘? 155 :
= e . . -, - ke P ey i aco == = = oo




Riserx

.

11l

Nominal Explosive Temperature

S i mepe ’ e
I BN 105 oy S L S S T _,Lti’?‘,{_ﬁ;gux,&w‘;{: AR, FA RPN AT

176°

184

E
#
A
3
Z
E
3
E
F
3

GROUP F DEFECT SUMMARY

R, B

oo g 3 AL

Nominal Shell Temperature

700 90°
L] L2

0 14M

B HEL T b

P Pk

Ut R AT

6C
M 63M

M M LA 1 St ot e LT 1 04
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GROUP 7

TEST 1

No defects were found. -

TEST 2
There were 14 minor defecte found. The last 3 skids of this test

had a heavy wax build-up oa top of the riser.

TEST 3

There were 6 critical and 63 minor defecis found.

TEST 4

There was 1 minor defect found.

TEST 5

No defects were found.

TESTS 6 and 7

No test.

TEST 8

No defects were found.
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Test # Per Cent Scrap Number of Skids
1 None 20
2 70% 10

GROUP G - SORTED HIGH VISCOSITY PETROLITE

TEST INSTRUCTIONS

o
Use shell temperature of 79 F max.

1.
2. Reservoir agitation (w/additional agitator) and minimum lower
level limit. o

3. Use single pour, 178°F max.

4. Use picatinny shroud.

5. Cooliug bay temperature ambient and record.

6. Shroud time, 1 1/4 hrs minimum.

7. Total cooling time, 3 3/4 hrs minimum.

8. 1007% X=-ray all shells.

9. Section and color photograph two (2) shells from each test.

GROUP G -~ DEFECT SUMMARY

Test No, Per Cent Scrap Defects
1 0 0
2 70 0
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GROUP H - BAD LOT PETROLITE

Test No. Percent Scrap Defects
1 0 0
2 40 0
NOTES

1. Shell temperature 75° to 79°F.

2. Material temperature 174 to 178°F.
3. Single pour.

4, 20 skids per test.

5. Use Picatinny shroud,

6. Record cooling bay temperature,

7. Shroud time 1.25 hourz.
3 8. Total cooling time 3.75 hours.
9, 100% X-ray all shells,

5 10. Reservoir agitation (with additional agitatcr) and maintain
a minimum lower limit.

11, Use unsorted '"Bad Lot" Petrolite Lot HOL 053-5095 or HOL
053-5096.
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GROUP I

TEST 1

There were 2 minor defects found.

TEST 2

No defects were found,

Wax was observed on top of the riser for the first 5 skids in this

test.

TEST 3
There were 2 minor defects found. Skids 1 and 2 had an unusually
high number of low pours due to problems with the multipour. The
water temperature around the cups was increased before pouring skid 3
to alleviate the problems with the muitipour. Wax was observed on top

of 8 of the 21 skids poured.

TEST 4

There were 3 critical and 14 minor defects found. Wax was observed

on top of 4 of the 10 skids in the test.

TEST 5

There were 2 critical and 10 minor defects found. It should be pointed
out that the 2 skids with a steel temperature of 7401-‘. did not have any
defects while the other 5 skids (with a steel temperature of 75°F.) did.

This relationship does not hold true for Test 4.
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