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SAMUEL FELTMAN
AMMUNITION LABORATORIES

PICATINNY ARSENAL
DOVER. N. J.

FRAGMENTATION TEST

RECORD NoO.
287

DATE . _

dugust 1954

SUBJECT: - ,
Shell, IE, 60 mn, Folding ¥Fin, Typed BD-106-1,
Ketal Parisz Assembly '
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CONFIDENTIAL

GF lartey/hb/11160

Picatinny Arsenal, Dover, llsJe
6 migust 1954

TEST RECORD 1'0: 287
REFERENCE: Froject Iio. Tal-1ij02

DESCRIFTION OF AMMO: Shell, YE, 60 mm, Folding Fin Type BD=106-1,

nmanufactured by the Budd Company from Steel, Carbon,
Bar Stuck, v.' 1020, Spec QQ-3-633.

DRAWING  UNBERS: Complete Round: Ws-5154%, Rev 1/21/5.
Shell Loading: WD-5196X, WD-5197%, 75,/;&
Shell !otal Parts: ®R-5152- <X, Rev 1/12/5L

(Assembly & Details)
QUAINTITY I LOT: 2 in each lot

QUA" TITY FRAG ENTED: 6

"ETHOD FUNICTIOHTING: Modified M52 Fuze, Drawing 73-1-161, initiated with
Corps of Engineering blasting cap.

PURPOSE OF TEST: The object of this test was: (2) to compare the frag-
mentation properties of TI'/-loaded type ©"D-106-~1 folding
fin Shell metal parts with those of the Comp B Type
B8D-106~1 folding fin Shell metal parts and (b) to compare’
the fragmentation properties of the Type BD=-106-1 Shell
(both TIT and Comp B~loaded) with those of similarly
loaded Shell, ITE, 60 mm T2l.

FRAGIEXTATIO; FROCEDURE:G6 Shell were frafgmented at ambient temperature. (3 shell
Ti'T=-loaded, 3 shell Comp n"-loaded). The shell were as-
sembled ejquipped with electric ignition and placed in a
pine box with 3" wall thickness. The overall dimensiams
of the box were 8" x 8" x 16". ¢The box was pleced on end
over 6' of sawdust ir a 17 - 9" deep frogmentation tubd,
15' -« 5" in diameter at the top erd tapering to 13"
diameter at the bottom. The box was covered with 5' of
sawdust.

FRAGIEITTATIOI! RECOVERY
& CLASSTIFICAT ION:

Fragments were racovered from tub by sifting the sawdust on 2 mechanically=
operated screen of No. 8 Mesh (.093" opening, .032 wire diameter), using a magnetic

separator. The fragments were c'assified by weight and grouping according to the
Tollowing weight zones:

Group O_.'- 0 to i grain 5 4A A 6 () ‘(’) 8 9
1
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6 Amugust 1954

Group 1 = % to 2 grains
Group 2 -~ 2 to 5 grains
Group 3 = 5 to 10 grains
Group L4 =10 to 25 grains
Group 5 =25 to 50 grains
Group 6 =50 to 75 grains
Group 7 =75 to 150 grains
Group 8 =150 to 750 grains
Grap 9 =750 to 2500 grains
Group 10=-Over 2500 grains

The 60 nm mortar shell metal paris agsemblies, Type BD~106-1 which were frag-
mented during the course of this test were of two-piece silver soldered base plug
constructicn as shown on Drawing Mo WB=5152- =X, Rev 1/12/5&. The complete
round assembly fragmented consisted of both the shell body and folding fin and
boom agsembly. The fold.ig fin and boom assembly (integral) waes attached to the
threaded end of the base plug on the shell body. The fin and boom assemblies were
nmanufactured from alumimum alloy, 2l ST - L, Spec QQ-A=354a. The steel and alu=-.
minum fragments were recovered, segregated into two groups, counted, end reoorded
separately. The steel fragments were recovered by meens of a magnetic separator
ard the aluminum fragments were recoverec manually.

Discussiom & Conciusions:

Based on the limited data available, the following observations were made:

Considering the opinion that effective lethality is obtained only with frag-
ments occurring over 10 grains in size, Comp B-loaded shell produced a greater
total number of effective fragments than the TNT-loaded shell.

The average total number of Comp B-loaded steel shell fragments occurring above

10 grains is L5l and the average total number of TNT-loaded steel sheil fragments
ocourring above 10 grains is 399,

The average total number of Comp B-loaded shell aluminum fragments cccurring
above 10 grains is 27.

The average total number of TNT~loaded shcll aluminum fragments occurring above
10 grains is 3,

A graphical representation of the data given in the preceding three paragraphs
is showa in Figure 1l.

+ Z& oumulatlve welght of steel shell fragments versus
NT and Comp Beloaded shell, respectively, is shown in Figure 2.

2
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The "Percent average cumulative weight" is based on the average

weight of fragments (per group number) of each group of 3 projectiles on
the inclosed data sheets.

By definition, the average cumulative weight of fragments equals the
average welght of fragments in a group, plus the average weight of frag-
ments in all preceding groupse. The percent average cumulative weight of
fragments is defined as the ratio of the average cumulative weight to the
average weight of the empty shell.

Average total weight of (omp B-loaded stecel shell
fragments occurring between 1V and 50 grains
divided by weizht of cmpty shell X 100 = LL%
Average total weisht of TiT-loaded steel shell

Tragments occurring betwear 10 and S0 grains

divided by wreight of ampty shell X 100

Fiv

3755

The statement, made above, that effective lethality is obtained only
with fragments occurring over 10 grains in size, and also the statement that
fragnents in the weight range of 10 to 50 grains constitutes the optimum
casualty producing size of fragment, is based entirely on the criterion es-
tablished by Watertown Arsenal as given in lst Indorsement, 3-2-5l;, Watertown
Arsenal to Picatinny Arsenal, ORDRE-L L71. 2/182];, ORDBB LT1. lL/iO-L22, sub-
ject: "Fragmentation Characterlstlcs of Shell and Test Cylinders of Case and
Forg:d Steels (Project TA1-15.6D)".

Yowever, if the assumptions relative to the nature of terrain, effect
of fragment velocities, and wound ballistics contaired in verious Ballistic
Research laboratories Reports, by: T. Sterne, et al, are followed, the con-
clusions probably would be changed and the shell and explosive combinations
~iving fine degrees of fragmentation might be moved up into higher catego-
ries of preference. This involved decisions to be made only after consider-
ation by higher echeléms, such as Service Board, ORO, and WSEG, and probably
would regquire acquiring information on fragmentation, velocity and distribu-~
tion patterns which is presently not available,

Regardless of which of above criteria are used, however, it appears that
the Comp F-loaded Tvpe BD-106-1 shell yielded fragmentation properties slight-
ly supericr to those of the TNT=-loaded Type "D-106-1 shell. Foth TN™ and Comp
B-loaded Type ND-106-1 saell retal parts yiclded fragmentation characteristics
superior to those of simiinrlv loaded Shell, TE, 60 mnm, T2h Metal Parts as

atinny Ar=R \.A‘ﬁ‘ Tae PN S B o P NN By
atimmy ArRearad Fragmentation Report No. 273
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ARNY-P,. 7 DOVER, N.J,

CONFIDENTIAL

PICATINNY ARSENAL FRAGMENTATION TEST
Mortar 60mm Roat Tall Foldine Fin

Steel, Carbon, Bar Stock; FS 1020

Projectile: Spec. QQ-S-633 Mfgd by Budd

Explosive Filler: TNT Teclian RD-106-1
P.D. 1152 MNod.
Corps PBlasting Cap.

g" x 8" x 16" 1/2" Pine

Type Fuze:

Size of Box:

Co

Iritiated with an Eng. pate:

Recovery Medium: Sawdust #8 "esh Screen and hagnetic Separator

Test Record No: 2340

of 4
€ Lay 1954

1 PROJECTILE NO. 2
Requesgted by llr. 5. Flartey | Steel £lum Steel Alum
+
W¢. Empty Lbs. °.68 .78 o.68 .78
Wt. Loaded Lbs. 4.730 4.29
No. 0 Group Not Through a l0 Mesh Scredn (U. S. Std §
0 to % Grs. Counted| we. Lbs. 06 .01 .05 .c1
No. 1 Group No. 751 54 719 53 2
2 t0 2 Grs. Wt. Lbs. 10 01 1ol o
‘; b TR Group No. 490 3 243 74
é 2 t. B Grs. Wt. Lbs. 20 03 17 04
I~ Ry (% 2 A
E No. 3 Group No. o047 o5 108 20
,g 5 to 10 Grs. Wt. Lbs. _og .02 L 21 L Q2 -
- s
?é No. 4 Group No. 281 20 219 17
g 10 to 25 Gra. Wt. Lbs. _ 59 .04 .80 * N4
- No. 6 Group No. 197 7 91 10
E 25 to 60 Grs. Wt. Lbs. v 04 _4u 05
&% No. G No. =
s 0. 6§ Group (3 0 6 28 7
2| 50to s Gre Wt. Lbs. og 05 on 06
o sy
£ No. 7 Group No. o o 237 bi ‘e
b 76. to 150 .Grs. Wt. Lbs. 47 0o gD 01 -
'E No. 8 Group No. g Q 1 e
2 160 to 750 Grs. Wt. Lba. e 22 ’ 24 = 09
No. 9 Group No.
750 to 2500 Grs. Wt. Lbs.
No. 10 Graup No. 1 1
2510 and: ?:;:-:r;er Wt. Lbs. 224 42
~Tata} No,
i 1858 173 1637 126
Tattyr, Al LAB. 2.67 16 2.54 18
i % of Fragments Recovered i . i a8 & Q7. 4
Fhoto ﬁ“ M44781 144782
CONFIDENTIAL 5
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R — CONFIDENTIAL

PICATINNY ARSENAL FRAGMERNTATION TEST

Projectile: same Test Record No: 2340
Explosive Filler: TNXT Desirn RD-106-1 Sheei _2_of _4
Type Fuze: Date: 5 MNay 1984

Size of Box:

Recovery Medium:

3 PROJECTILE NO.
Steel Alum
Wt Empty Lbs.
ialiie 2,358 .78
Wt. Loaded Lbs. .
- 4 . 30
No. 0 Group Not Through a 0 Mesh Scredn (U. S. Std $ieve Series)
0 to % Gis. Counted Wt Lbs. i a1
No. 1 Group No. 705 )
% to 2 Gra Wt. Lbs. 11 01
<7 &
,é No. 2 Group No. 207 58 _
E 2 to 6 Grs. Wt. Lbs.
= 218 203
E No. 3 Group No. 205 og
6 to 10 Grs. Wt. Lbs. a
§ 9 43 'y 05
g No. 4 Group No. 508 14
§ 10 to 25 Grs. Wt. Lbs. 40 07
- No. 6 Group -No. o0 9
é 25 to 50 Grs. Wt. Lbs. .43 N 3ls
5 No. 6 Group No. oc &
B| 50to 7 Grs. Wt. Lbs. 01 05
©
g No. 7 Group No. 30 1
g 76 to 150 Grs. Wt. Lbs. .51 .01
I3 No. 8 Group No. 17
2 160 to 750 Grs. Wt. Lbs. 46
No. 9 Group No.
750 to 2500 Grs. Wt. Lbs.
No. 10 CGroup No. 1
2500 and Larger Wt. Lbs. 54
Total No
’ 1726 137
Total W Lbs 0. &7 76
% of Fragments Recovered
” ° 99.6 Q7.4
Photo No. N BT
CONFIDENTIAL s
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ARMY-#, A, DOVED, N.J.

GONFIDENTIAL

PICATINNY ARSENAL FRAGMENTATION TEST

Projectile: same Test Record No: 2340
Explosive Filler: Comp B Design BD-106-1 Sheet S of _4
Type Fuze: Date: 6 May 1954
Size of Box:
Recovery Medium:
1 PROJECTILE NO. o
Steel Alun Steel Alum
Wt. Empty Lbs. :
PR ens £.68 .78 £.58 .73
Wt. Loaded Lbs. 4.36 4.35
No. 0 Group Not [ Through a 10 Mesk Scredn (U. S. Std $ieve Series)
0 to % Grs counted| Wt Lbs. .12 .02 .10 .01
No. 1 Group b 1084 38 287 g7
% to 2 Grs. Wt. Lbs, .17 .02 L15 .ol
®
g No. 2 Group No. 50 68 616 57
s 2 to 5 Grs. Wt. Lbs. L 28 N3 .28 .02
£ Wo B G No 336 22 332 29
5 to 10 Grs. TWt. Lbs. b ~
‘§ 0 = 204 08 e 103
By Mo #Goup s 280 14 31 14
§ 10 to 26 Grs. Wt Lbs .60 .03 .69 .03
"; No. 6 Group No. 109 4 090 5
% 25 to 60 Grs. Wt. Lbs. .54 02 ,45 .03
= No. 6 Group No. 5D 9 12 7
3 50 to 756 Grs. Wt. Lbs. -lg ‘07 A_lo 0O/
g No. 7 Group No. o6 o
,E 76 to 150 Grs. Wt. Lbs. _zn a1
g No. 8 Group No. o 4
Z 1 150 to 760 Grs. Wt. Lbs. 05 97
No. 9 Group Ne.
760 to 2800 Grs. Wt. Lbs.
No. iC Craup No. 9. 1
260 and Laiger W¢. Lbs. .54 .54
LOHL N, 2352 206 2381 199
Total Wt Lbha, 2 ga 74 > /R o
% of Fragments Recovered o 548 aa 1 oz &
SHa5 i %
t s
| o 1144784 444785
CANFINENT!AL ~
WWatl SFNeIY § INEs /
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AREY-P. A. DOVER, N. 4. anFlnENTIAl
o PICATINNY ARSENAL FRAGMENTATION TEST
o
ot
" Projectile:  same Test Record No: 2340
o
) Explosive Filler: Comp ® Design 2D-106-1 Sheet 4 of . 4.
gType Fuze: Date: S lay 1984
for 4
*:, Size of Box:
3 Recovery Medium:
A 9 3 PROJECTILE NOQ.
o
2 Steel Alum
1 wt. Empty Lbs
pe [ THE T 2,68 .78
o Wt. Loaded Lbs. 5. 5
“J £
g No. 0 Group Not Through a 30 Mcsh Scredgn (U. 8. Std Jieve Series)
£
0 to ¥ Grs.J Wt Lba.
& B e SO ! .08 201
\ < No. 1 Group No. 1117 136
% to 2 Grs. Wt. Lba. .16 .02
§ ,2 No. 2 Group No. 488 60
Q
s‘; E 2 to 5 Grs. Wt. Lbs. N1 0z
m E No. 3 Group No. =2y zry
o ,g 6 to 10 Grs. Wt. Lbs. 20 04
*5’0 § No. 4 Group No. 239 10
)
E é 10 to 25 Grs. Wt. Lbas, g9 ok
,g £ No. 5 Group No. 110 4
° ;
: ‘E 26 to 650 Grs. Wt. Lba. .43 .03 B
"; % No. 8 Group No. o g
2 2| 50 to 75 Grs. Wt. Lbs. o3 .07
<
No. 7 G No.
s o roup [ o6
_§ 75 to 150 Grs. Wt. Lbs. _ 40
g No. 8 Group No. o
e}
. Z 160 to 750 Grs. Wt. Lbs. as
: :; No. 9 Group No.
< 760 to 2600 Gra. Wt. Lbs.
ot
('_; "; No. 10 Group No. 1
5 2500 and Larger Wt. Lbs. .53
\y—; Total No. SRy S
s Z39Z. 08
Y Total Wt. Lbs. > 65 76
L) ]
o
§ % of Fragments Recovered — —_—
IoH
Photo No.
2 o ‘;"‘; l:ﬂ;' . 144786
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YOUR PURPOSE so that it ma« ‘be made available to other requesters, Your cooperation
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NOTICE: WHEN GOVERNMENT OR OTHER DRAWINGS, SPECIFICATIONS OR UTHER DATA
ARE USED FOR ANY PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELY RELATED
GOVERNMENT PROCUREMENT CPERATION, THE U, S. GOVERNMENT THEREBY INCURS

NO RESPONSIBILITY, NOR ANY OBLIGATION WHATSOEVER; AND THE FACT THAT THE
GOVERNMENT MAY HAVE FORMULATED, FURNISHED, OR IN ANY WAY SUPESLIED THE
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IMPLICATION OR OTHERWISE AS IN ANY MANNER LICENSING THE BOLDER OR ANY OTHER
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