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FRAGMENTATION   TEST 

RECORD NO. 
237 

DATE 
Aiigugf 1954- 

SUBJECT: 
3&1-1,, IE, 60 mn,.Folding I'in,  Ty$®& BD-106-1, 

letal- Parts IsseraKLy. 
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CONFIDENTIAL 

GFlartey/hbAl60 
Pioatinny Arsenal, Doverp  N.J. 

6 August 195-U 

TEST RECORD NO:  287 

REFERENCE; 

DESCRIPTION OF AML'O: 

DRAWING T UT.IBERS: 

QUALITY  IN LOT: 

QUATITY FRAGMENTED: 

'ETHOD FUNCTIONING: 

PURPOSE  OF TEST: 

Project No.  Tal-lU02 

Shell,  HE, 60 mm. Folding Fin Type BD-106-1, 
manufactured by the Budd Company from Steel,  Carbon, 
Bar  Stock,  VJ 1020,  Spec  QQ-S-633. 

Complete Round: WS-5I5I4X, Rev 1/21/5L, 
Shell Loading: TO-5I96X, WD-5197X, 2AAi| 
Shell  Ifetal Parts:     P/?-5152-      -X, Rov \/\2/^U 
(Assembly &  Details) 

3 in each lot 

6 

Modified ?<52 Fuze,  Drawing 73-I-16I,  initiated with 
Corps of Engineering blasting cap. 

The object of this test was:     (a) to  compare the frag- 
mentation properties of TT'i'-loaded type BD-106-1 folding 
fin Shell metal parts with those of the Comp B Type 
3D-106-1 folding fin Shell metal parts and  (b) to compare 
the fragmentation  properties of the Type BD-106-1 Shell 
(both TliT and Comp B~loaded) with those of  similarly 
loaded Shell, HE,  60 mm T2k* 

FRAGMENTATION PROCEDURES Shell were fragmented at ambient temperature.     (3 shell 
TNT-loaded,  3 shell Comp B-loaded).    The shell were as- 
sembled  equipped with  electric  ignition and  placed in a 
pine box with >;-" wall thickness.     The overall dimensions 
of the box were 8"  x 8" x 16".    The box was  placed on end 
over 6'   of sawdust in a li).'   - 9" deep fragmentation tub, 
15'   -  5"  in  diameter  at the top and  tapering to 13" 
diameter at the bottom.    The box was  covered with 5'   of 
sawdu st. 

FRAG.-.ENTATION RECOVERY 
& CLASSIFICATION: 

Fragments were recovered from tub by sifting the  sawdust on a mechanically- 
operated  screen  of No.   8 :.fesh   (.093"  opening,   .032 wire diameter), using a magnetic 
separator.    The fragments were classified by weight and grouping according to the 
following weight zones: 

Group 0 - 0 to 3 grain 54AA     60589 
CONFIDENTIAL 
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Group 1 - \ to 2 grains 
Group 2 - 2 to 5 grains 
Group 3 - 5 to  10 grains 
Group U- -10 to 25 grains 
Group 5 -25 to 50 grains 
Group 6 -50 to 75 grains 
Group 7 -75 to I50 grains 
Group 8 -150 to 750 grains 
Group 9 -750 to 2500 grains 
Group 10-0ver 2500 grains 

The 60 njn mortar shell metal parts assemblies. Type BD»106-1 which were frag- 
mented during the course of this test were of two-piece silver soldered base plug 
construction as shown on Drawing No WB-5152-      -X,  Rev 1/12/5U.    The complete 
round assembly fragmented consisted of both the shell body and folding fin and 
boom assembly.    The fold-iig fin and boom assembly (integral) was attaohed to the 
threaded end of the base plug on the shell body.    The fin and boom assemblies were 
manufactured from aluminum alloy, 2l+ ST - I4., Speo QQ-A-3514**    The steel and alu- 
minum fragments were reoovered, segregated into two groups,  counted, and reoorded 
separately*    The steel fragments were recovered by means  of a magnetic separator 
and the aluminum fragments were reooverec manually. 

Discussion & Conclusions: 

Based on +he limited data available,  -the following observations were mades 

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 ooourring above 
10 grains is L^ and the average total number of TNT-loaded steel shell  fragments 
ocourring above 10 grains is 399* 

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

The average total number of TNT-loaded shell aluminum fragments ooourring above 
10 grains  is 3U» 

A graphioal representation of tiie data given in the preceding three paragraphs 
is shown in Figure 1. 

A curve of percent averago ouwul&tivw weight of steel shell fragments versus 
group number for the TNT and Comp B-loaded shell, respectively, is shown in Figure 2. 

1 :'. 
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The "Feroent average cumulative vreight"  is based on the average 
weight  of fragments   (per  group number)  of each group of  5 projectiles  on 
the  inclosed data sheets. 

By definition,   the average cumulative weight  of fragments  equals the 
average weight  of fragments  in a  group,   plus the average weight  of  frag- 
ments  in all preceding groups*    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. 

1 

Average  total weight  of Conp "B-loaded  steel  shell 
fragments  occurring between 10 and  50 grains 
divided by weight of  empty shell 

Average total weight   of TIT-loaded  steel  shell 
fragments  occurring between.   10 and  50 gra-ns 

divided by weight of  empty shell 

X    100 -   kk% 

100 s   37.5^ 

The  statement, made above,   that effective  lethality  is  obtained only 
with fragments  occurring over  10 grains  in  size,  and also the statement that 
fragments 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  1st  Indorsement,   3~2-5U# W&bertown 
Arsenal to Picatinny Arsenal,  0RDBE-L I|71.2/l82U,   0RDBB Itfl. 1^/10-122,  sub- 
ject:   "Fragmentation Characteristics   of Shell and Test  Cylinders  of Case and 
Forgjd Steels   (Project TAl-l^D)". 

However,   if the assumptions  relative to the nature of terrain,  effect 
of fragment velocities,  and wound ballistics  contained in  various  Ballistic 
Research Laboratories Reports,  by:  T.   Sterne,  et al, are followed,  the con- 
clusions  probably would be  changed and the shell and  explosive combinations 
giving  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  echelons,   such as Service Board,   0R0,  and WSEG,  and probably 
would require 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 Type  BD-106-1  shell yielded fragmentation properties slight- 
ly  superior to those of the  THT-loaded Type "D-106-1 shell.     Both  TTr  and Comp 
B-loaded Type BD-106-1 3keJl iaet?.l parts yielded fragmentation characteristics 
superior to those  of similarly loaded Shell, HE, 60 mm. T21+ Metal Parts as 
 »i o-_j    •: —    T>Z ~„J.i «.*..-,— •*    •>->_, — -_J—j-t — iiuijr   yii >e*-cu.   riayuaioai/iua   h.c£"-M o -•4.    •?**_        nryr^ 

S USM\ 1 El X 

<hjLriU <R. ^JfoXfer 
iWHHT, ARMTTAGET        ' 
^     Col,   Ord Corps 

CONFIDENTIAL Director, SFAL 
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4*mr-r. /    Dovt*.   m, j. CONFIDENTIAL 

Projectile: 

PICATINNY ARSENAL FRAGMENTATION TEST 
J.'ortor 60mm Boat Tail Folding Fin 
Steel, Carbon, Bar Stock; PS 1020 
Spec. QQ-S-633 Kfgd by Budd Co 

Explosive Filler:    TNT  Derign  BD-106-1 

Test Record No: 2340 

Sheet 1_ of 4_ 
Type Fuze:   P.D.   M52   Nod.   Initiated   with  an  Eng.   Date-     6  !viay   1954 

Corps   Blasting Cap. 
Size of Box:     8"   x  8"   x  16"     1/2"   Pine 

Recovery Medium:   Sawdust   #8  Vesh   Screen   and   Magnetic   Separator 

uested bv Mr.   G.   I lartev 

1 PROJECTILE NO.              2 

Reqi Steel Alum         ! Steel Alum 

Wt . Empty Lbs. 
2.68 

1 

.78 2.68 .78 

wt . Loaded Lbs. 
4.30 4.29 

-** 
C 

1 
M 
a 
k £ 
1) 
U 
0) 
> o u 
V 

05 

o 

.SP 
'53 
S* 
•o 
c 

IH 
<u 

Xt 
£ 

No. 0 Group     Not 

o to H Grs. Counted 

Through a 10 Mesh Scree n  (U. S. Std I ieve Series) 

Wt.  Lbs. .06 .01 .05 .01 
No.  1   Group 

*   to  2  Grs. 

No 
751 54 712 63 

Wt.  Lbs. .12 .01 .12 .01 
M» .3" Group 

2   t..   5   Grs. 

No. 
440 3 343 74 

Wt. Lbs. .20 .03 .17 -04 
No.  3   Group 

B to 10 Grs. 

No. 243 25 198 22 
Wt. Lbs. .2ft .02 .21 .02 -^ 

No.  4  Group 

10 to 25 Grs. 

No. 2 51 20 219 17 
Wt. Lbs. .89 .04 .50 • .04 

No.  5 Group 

26 to CO Grs. 

No. 107 7 91 10 
Wt. Lbs. .54 .04 .Aft .05 

No.  6  Group 

60 to 75 Grr- 

No. 30 6 28 7 
Wt. Lbs. .26 .05 0 fc .06 

No.   7  Group 

76. to   160 .Grs. 

No. 
2H 2 37 1 

Wt. Lbs. .43 .02 .62 .01   : 

No. 8 Group 

160  to  750  Grs. 

No. 8 a 1 
Wt. Lba. .22 .24 .09 

No.  9 Group 

750  to  2600  Grs. 

No. 

Wt.  Lbs. 

No.   10 Group 

2500 W.- I;te«---er 

No. 
1 1 

Wt.  Lbs. .54 .43 

Tr.«t<>t No. 
1858 173 16.-V7 tOr, 

Tovai Wt, Lbs. 
«.fi7 .76 2.64 .76 

%   of Frag merits Reco vered 
99.fi 97.4 98.5 97.4 

Photo No. 
M44781 1.144782 

CONFIDENTIAL 5 
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kHmi'P. A.   DOVKI,   H. J. CONFIDENTIAL 
PICATINNY ARSENAL FRAGMENTATION TEST 

Projectile:       same 

Explosive Filler:   TNT     Desirn   5D-106-1 

Type Fuze: 

Size of Box: 

Recovery Medium: 

Test Record No:    2340 

Sheet     2    of     4 

Date:       6  lav   1954 

3 PROJECTILE NO. 

Steel   ! Alum _J 
wt . Empty Lbs. 

1 
2.58 .78 

wt . Loaded Lbs. 
4.30 

Si 
c 
<v 
B 
be 
ca u £ 
0) u 
> 
O u 
« 

o 

M 

•a s 

•M 
0) 

JB 
E 

1 

No.  0  Group    ><Ot 

o to v, G.-s.   Counte< 

Through a 10 Mesh Scree x  (U. S. Std 1 ieve Series! 

Wt.  Lbs. .OS .01 
No.   1   Group 

%   to  2  Gr*. 

No. 725 22 
Wt.  Lbs. .11 .01 

No.  2  Group 

2   to   5   Grs. 

No. 
3fl7 58 

Wt.  Lbs. .IS .03 
No. 3  Group 

5 to  10  Grs. 

No. 225 26 
Wt.  Lbs. .23 .03 

No.  4 Group 

10 to 26 Grs. 

No. 225 14 
Wt. Lbs. .40 .03 

No.  6 Group 

26 to 50 Grs. 

No. 90 9 
Wt. Lbs. .43 .05 

No.  6  Group 

50 to 75 Grs. 

No. 
25 6 

Wt. Lbs. .21 .05 
No.  7  Group 

75  to   150   Grs. 

No. 32 1 
Wt. Lbs. .51 .01 

No. 8 Group 

160  to  750  Grs. 

No. 17 
Wt. Lbs. .46 

No.  9 Group 

750  to  2600  Grs. 

No. 

Wt. Lbs. 

No. 10 Group 

2500 and Larger 

No. 
1 

Wt. Lbs. .54 

17?.fi i    137 

Total WL  Lbs. 
2.67 .76 

%  of Fragments Recovered 
99.6 Q7,4 

Photo No. 

'CONFIDENTIAL 
?.M   7R3 i 
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AMY**. A.    DOVER.    N. J. CONFIDENTIAL 
PICATINNY ARSENAL FRAGMENTATION TEST 

Projectile: same 

Explosive Filler:   Comp  B     Design  BD-106-1 

Type Fuze: 

Size of Box: 

Recovery Medium: 

Test Record No:    2340 

Sheet     3   of     4 

Date:     6  May 1954 

i PROJECTILE NO.   2 

Steel Alum Steel Alum 

wt . Empty Lbs. 
2.68 .78 2.68 .73 

wt . Loaded LDS. 
4.36 4.35 

V. a 
c 
<v 
E 
a) 
u £ 
V 
u 

> 
o 
o 
0) 

PS 
V-c 
0 

'5 

T3 
C 
tt 
h 
01 

ja 
a 
s 

No. 0 Group    r,f 

o to V4 Grs counted 

Through a 10 Mesh Scret n  (U. S. Std : ieve Series) 

Wt.  Lbs. .12 .01 .10 .01 
No.   1   Group 

H   to  2 Grs. 

No. 
1084 33 987 87 

Wt.  Lbs. .17 .02 .15 .01 
No.  2   Group 

2   to   6   Grs. 

No. 
523 fifi 616 57 

Wt.  Lbs. .03 .28 .02 
No.  3  Group 

5  to   10  Grs. 

No. 336 22 332 29 
Wt. Lbs. .34 .02 .34 .03 

No.  4   Group 

10 to 26 Grs. 

No. 280 14 311 13 
Wt.  Lbs. .60 .03 .69 .03 

No.  6  Group 

25 to 60 Grs. 

No. 109 4 92 ft 
Wt. Lbs. .54 .02 .45 .03 

No.  6  Group 

60 to 75 Grs. 

No. 22 9 12 7 
Wt. Lbs. .19 .07 .ID .Ofi 

No.  7  Group 

76   to   150   Grs. 

No. 26 27 
Wt. Lbs. 

.3,q .41 
No. 8  Group 

160 to 760 Grs. 

No. 2 4 
Wt. Lbs. .05 .11 

No.  9  Group 

750 to 2500  Grs. 

No. 

Wt. Lbs. 

No. 1C Croup 

260'   and Larger 

No. 1 1 
Wt. Lbs. .S4 .fi4 

Total No. 
2382 206 2381 199 

Total Wt. Lbs. 
9     P. A '?A 2 . «:*, .7ft 

%  of Fragments Recovered 
SjSJ.fi Q4.fl QR.1 QS.R 

Photo No. 
;,U47fl4 L144785 
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ARMV'P. ».    DOVIt.    m. I, CONHDENTIAL 
PICATINNY ARSENAL FRAGMENTATION TEST 

g" 

Projectile:        same 

Explosive Filler:     Comp 

Type Fuze: 

Size of Box: 

Recovery Medium: 

Design   3D-106-1 

Test Record No:   2340 

Sheet 1 of    4 

Date:   6  May 19L4 

\ 
m 
C 

as 

3                            PROJECTILE NO. 

Ste?l Alura 
Wt. Empty Lbs. 

2.68 .78 
Wt. Loaded Lbs. 

4iS7 

3 
c 

i 
M a 
£ 

1> u 
4) > 
O 
u 
S 

05 

O 
•J 
J3 
ej 
'3 

a 
eg 

fa 
4) 

XI 
6 
3 
2 

No. 0 Group      Not 

o to H Grs.Counted 

Through a 10 Mesh Screi i (U. S. Std i leve Scries) 

Wt.  Lbs. 
.OS .01 

No.  1  Group 

V»   to 2  Grs. 

No. 1117 136 
Wt.  Lbs. tie .02 

No. 2 Group 

2   to  6   Grs. 

No. 488 60 
Wt.  Lbs. .29. .03 

No. 3  Group 

5 to  10 Grs. 

No. BJS 37 
Wt.  Lbs. .32 .04 

No.  4  Group 

10 to 25 Grs. 

No. 319 12 
Wt.  Lbs. .69 .03 

No.  6  Group 

26 to 60 Grs. 

No. 100 4 
Wt.  Lbs. .43 .03 

No.  6  Group 

£0 to 75 Grs. 

No. 27 9 
Wt.  Lbs. .23 .07 

No.  7  Group 

76   to   150   Grs. 

No. 26 
Wt.   Lbs. .42 

No.  8  Group 

160 to  750  Grs. 

No. 2 
Wt.  Lbs. ,05 

No.  9 Group 

750  to  2500  Grs. 

No. 

Wt.  Lbs. 

No.  10 Group 

2500 and Larger 

No. 1 
Wt.  Lb». .53 

Total No. 
25£i£ . 2fi£p 

Total Wt. Lbs. 
2.65 .76 

%  of Fragments Recovered 
Qfl.ft 37.4 

Photo No. 
M4 478G 
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Because of our limited rn'oply, you are requested to return this copy WHEN IT HAS SERVED 
YOUR PURPOSE so that it r^:* be made available to other requesters.   Your cooperation 
will be appreciated. 

NOTICE:   WHEN GOVERNMENT OR OTHER DRAWINGS, SPECIFICATIONS OR OTHER DATA 
ARE USED FOR ANY PURPOSE Of HER THAN IN CONNECTION WITH A DEFINITELY RELATED 
GOVERNMENT PROCUREMENT OPERATION, 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 SUPPLIED THE 
SAID DRAWINGS, SPECIFICATIONS, OR OTHER DATA IS NOT TO BE REGARDED BY 
IMPLICATION OR OTHERWISE AS IN ANY MANNER LICENSING THE HOLDER OR ANY OTHER 
PERSON OR CORPORATION, OR CONVEYING ANY RIGHTS OR PERMISSION TO MANUFACTURE, 
USE OR SELL ANY PATENTED INVENTION THAT MAY IN ANY WAY BE RELATED THERETO. 
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