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«ÖHf-IDENTlAL '.'"" •     NPG  REPORT NöiW. 

.      ._-: .-;:  _--_-_-_~ v;,-:;.^rf:.    '   TABLE  11    --_•__ 

401 Ffr«./ Radiitt-s"%fe;nä ,r -..: 

3-5 am. 'J^gibäX  Camera #1 ••---. ~.- :'' _. 

VRd*. hp-Wäfthead Mo,»  136   -_'..'• 

..  -T^;^/Total;WeightJ     5.9•75 Lhs, 

'.'. -     --""-  H^- Occtlrred 

I    •""•-'       '21. 

!    - 22       •'.. ~'- 
i -- . - .      _    _ 

i   .- • •» :: ;; 23 

I '. - -24 "      :  ' 

.    ; -    .-' :   2.6      . ,. -       -   -""' " 

""> ,   .       27 

;' 24 •      "\ .. 

'..".-••    Mediän. •-   - ""?> 

- Average 

Ito.o   Fragments 

ff 

i 
7 

4' 

2 

5 

-   • 1 

Eat-e  Fired:     16  June  1952 

3Ü60  frames .per.seCä 

Filier: - 0om=po   B 

Fijlerr Weight:     26.34 Lbs. 

Velocity"(f/si 

§030 

5560 

5.320 

5100 

49QÖ 

530 

4370 

5400 

00NFIDENTIAL 
SECURITY  INFORMATION APPENSIX  ID 
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z- GOWIPEKTIAL 

.-—...'---. __* 

.-...HPG  REPORT NO,*  10.4,9. 

•:..'  C t: ••••-'-- .'•-•'-' ~~?~:-''-.     - -'-"^B'LE"- rir;(. Continued) 

JRd. .lr Warhead  No.   1^6- ' /".-...-""*-" '_'•-.• 

-Total Weight:     59.75  Lbs. 

Frame- in Which '. 

Hit Occurred. No.-.Frap-mö'rits' 

.21 . 8 •--."•' 

22 -.        9 

••-23;_>. 7 
* - • 

24  - • - ... 6 .,- 

25 
* _ -  5 

26 2 

27  •-•/--.,. '-" ' 3" 

28% 1 

Mediän 

Average 

Date  Fired:   .16 June  1952 _ 

3O6O  frames ,per   sec« 

.Fiiler::'.   Gomp«»- B 

Filler' We igh-t:;_    2 6 i3 4 Lb s . 

Veiacity- (f/s) 

..-'-     •   .      '•      5=83=0-,  -'" 

.   ••        55;60, 

_:"_      5320 

5100 

. - -49-00 • 

4710 . 

•    "    „-^30-     \ 

. V..., :   ',-;      .-. U31-Q      ~ 

5^2.0    .' 

-/-,- 

CONFIBENTIAl 
: SECURITY INFORMATION APPa.ND.IX B 
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G/O-NFTDENTiAL WBL !i-EP©RT.. Jüö.*_ 3Lp49\ 1. 

FragmBn-i-a-.tion Tes't'dsfr ^rheafe lo,  i3'-6- 

Water Pit _.'- . -_        ._ ..     .....  " 

.„ feO.F^i^adiua.A-retta.       .-.:;. . ::  .. - ... __. 

" 3£mm~Fa4tä-3£ Camera fl . 

,iRd^ ••?•,, •Mar3ije:a4.„Wo;»-. 13 6-, ;     . - 

-.    Txrbal #ei;glitf--v^.&S- itbff.. ••••-. - 

; F r aHv in- WHi-c'h- 
.,-Hit. O'ccarr-ed , 

20-   "" 

..'••/.'/..•Z2-    ••_ 
0 - i    - • - 

24 

: ;;        26   ; ______ 

7\ ? -Vs£.;.-.".v .: 
•:.:. .-:_"_.'29- /•-- -r: 

- -Hed-fäxT: r—-~~-'--~ 

•  A-yera.g,e.. . "-",.-:;--;t 

Neu, -Fragment s. 

1 

-'•    8 

5 

'"./   "•    8 

. "     '       6 . 

-..   3 

2 

:    -vr.-;--^-.. -__v_. 

. 2 

Date   Fir.ed;!i;     18  Avne---1?52 

3090  frames1 -per  s-ec, 

Filler:. .' :0.e>irfp.ä   B -•   _ 

Fill-e-r Weight.»     26«20 L.bW 

"y4iö-6:ity.-"(f/s3. 

6180 

5Ö90 

~ 5620 

53-70-,   .,_ 

5150 

49=40 

4750- 

•-i-.--/-     .,--.— '_--4JÖ0--; -- 

550O 

5350 

t— 

G.ONFIBEN.T1AL .  - 
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^QpTDEN-TlA-L- _-."".-"-        '   .."'-.---••-  '"  NPG.^ EEPORT :NÖ. 10Ä9 

'"- --:--;-" -"— Fragmentation -T-s/s*"öf "Wä^Vacts" Ko a 13;6 "-_-.__i.~-. .. _; . _ .„ 
-IS5~SS'    fcBTZ-Jri." .xt^cr _«*:_: >r_; 

-..'-rü-l- =••' •-- >=-' "." ------"^~ jgfiä&B jjL___Qgi~^ irraed) 

^Wiafeäp-.rP3^b-..--=I'j-.-r    --t-'~-v-3: "-'--'-  "- -  •r-~z~~~.-.'.-Tl .--U_-rL.:._"'. 

;40; Ft-«..ÄJadaTO^- Arena, 

3"5mm • Fastasc &amera. # 

R-d* 2, • War head N;ö . 

:Total Wei;ght>      5.9*05   Lbs._ 

lafee- Fire:eh:.-  J.-8 JJLLDJB- ~1"95:2 

3"ö6D nfram&s.-pe* .sere&s, __ ._- 

.Fillers      Camp.«   B 

Filler Weight:     2:6«2.0 Lbs* 

Warn« ih:-Which 
.ilit, -Oc^-urr;;e.ii. 

.. -      '?''•-"" •  •   l.-           .'         - --            -        -"; 

'--:\. '•-   %,. ••' ;'. 

21 

22 

23   - 

2'4 

-    25 

26 

27 

——r— r. ----- :-•--• :Z=Z2&--S:Jzi:.z 

vr i:".:-^.rr'.18?-v.-"""7"';^ 
_... -       .   .   •_.. Median .. 

Ko;a... Fragments 

."; •    .-   1 

'  ' 6 

_•    10 

6 

2 

1 

.---  JL. 

Velo city if/s)v 

' '6120-' 

;583o 

5560 

53:20 

5100 

4530 

4220 

530Ö 
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C0FF1D.ENT.TAL  ^ "-     - - - -   -• NP.G :£EF0M--N0.. 

;,- ;vs? ^--------- >:Ft^<gBi^^ - —" 
-»»,   ***- 

TABLE. Iff     .. 

FRAGMENT  VELQ.g.i.T¥.Mf-A 

^Q-J|t=e -B^4ü& Arena Bäte; Fired':     23   June  1 

'35mra- Faätax Camera #4 ".-,•        ,-. 3.06.0: frame's  per  sec«     -- 

"Rd,;-^-.--War.liead N'ö.o   136     "-''-. ; •'FaJli.eir:    ß-.ontp.,,. 8 '     -. 

iot.al ^e^sK*-^    :59W93; tbs^: ,      . "".      :    Filier Mfeigtot;::    2^<*??r Lbs* 

fpame in Which-/ '- _ 
~_I&|t, 04:bwrred 

.20 

•--' ,..2.1 ".•;". _ • •' 

23-   . f \ ' 

•W-   24 

•   -      26 

"  .27 : :   t'."    -•"• 

;?©'..  •.'  '•-.        - 

.-•:/-;.-"3CL"•'•"•-;--   '-;"••'"". 

M/edian    ~-      ' -* .;;-^ . 

Average/ 

ÜB.»', Frasm-ent-s -   Ve.lö.eit.v. if/&) 

-            1 6.120 

-_---  - -s .--. -•'   -*; -".-.- _-  ..- 5830 - 

 : —1 5560 

4 5320 

4 5100 

2 4-90Ö 

•1-   >   . --.• •4710 . 

1            .     • 4530 

1 - - T                     :-~4ÖÖ.Ö ' 

• V. -    ; -    3-9-50-     ' 

"    -' "'-."'..'      .         55-50 

. 53 50 

CONFIDENTIAL "  " 
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C'ÖiNFIDENTlAt, ';.";-".-"    .."'-..-. »PG HEP ORT W.O..  10-4-9' 

Fragjiie-Tita^ion Test  of Wärhe-dds-"1k>-»~~ 13.6  •'•. 

40 Fte. Rä#i-u#-Äre;rra 

35mm.F.ästa-x..ejam.8rä #2  . 

Rd> -. 3•, ' Ka-riie-ad 41 o •   13 6 •    .. / . - 

Total Weighti : ,5-9o.a3" tbs-.r.^     ... ' 

Date' Fired:     Zj>  fone  1952 

3-0.6.0:. frames.  per-sec,« 

.-Filler:.   Camp*   B. .   ; 

Eiller-Weigh*,:     26*27 Ib'sv 

•y. Frame   irt .Wüiijch: 
-          "" , ttit'O-c^cuarred- 

' -" i%^.ä'<%; 
i •- ,'1-- ---v, c-.      21 

22 - •  " - 

!"         '!*.-."   :    ?3', • - 

.-.    .-        24\ 

25 

26 ''-• 

.- -':-           27 

-   ••"      W .^ .    - ^2? ...-.-.•- 

[ '-" : ;',,"r^TV,.""..:-" .31:: . ._ . . 

-i~~.    ":tiie.diän 

---"'-.    '" iA^e&Wg-e T --  --  - - 

•%fö--i' -Fr."a'g;meh-t s 

•-^•:
:\;. -3 ••"->•"- 

•'-'        9 

4 

.-    .        2 

.2. 

2 

.- -V-".'-'-''-".  1   -:•>'.: 

Velocity. Cf/s) 

6120   :. 

5Ö30 

5560 

r-^Jzö -; - 

5100 -'• 

4900 

4710 

~ .4530 

. ~   4220': 

5r6io- 

5410 
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SECURITY INFORMATION. APPENDIX D 

^.>V\',rv\jn*f»*.i*&. \.'.'$yXik. SJ -a^sT^H-,^«..W.r^M^T^Ä^?i'Jl-sr* 



CONFIDENTIAL NFS REPORT NO« 1049 
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^3SnHasair-of:^Ql^cHra'fi'ce "-i: 

•Re 2'     ' • -.'--;. 

,.-R-e-3f *-  .,, . . ;•       -"    > """"•*•      •••" , 

Chief  of ''•'ö"rdnän"&e*>>Be.p-a-rtmeh'i »-of the  Army 

..    lJ'ä'vy--:Re>se.a.rc:h. :Se:ct"ipfi:- : - 
; Library ^o.f CJongres® -        - .   n 
-".^If^häsrgtöC M>-iJ*, C*. •     \" -- 

(Via BÜÖR'B Re3T.      r,        .\„' 

Commanding General 
Aberdeen Proving, Ground 

.Aberdeen, Maryland '. ; 
At-tns .'Tech-nicj|l -Information Section 

Development and' Proof Services 

- „Commander., Operational"'Development Force 
U0 So Atlantic Fleet, TJ« S. Naval Base 

'- Norfolk 11, Virginia 

•Naval Ordnance  laboratory 

x Naval Ordnance  Laboratory 
..' AfctÄj _^Explos.iyes  Division ..-    ' 

Attnt     Mr 6   H.«  W«,   Semon 

Picatin-ny Arsenal, Dover,   Ne- it* 
~   Attn-;-^Technical Division  - _ -   --'-' 

Repo»rt.s  Office.. '-.- " 
APL/JEü,   Silver. Spring.,   Maryland. 
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(Via  I'NSÖRD,   Silver  Spring,,. Md.) 

-1 
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CONFIDENTlXl -_...""'....    .-:  .' - "   -&PG 'REPORT  NO« .1049 

ta&ion Test ' of  Wärh.ea.ds Hö-.:  13-6 ~" "' "^ 

PiSJJl^immt.:(,6x>^%inued'). 

:'• Mijfy^st*. -Paxamrx.-"..-/_..-"-."-- •-"" ^      ;„-',:-.  .     \ 
{ ^yia^-_/XQä-st^i.efe Chief»  Philav 0yd.; "B&ataPiöi..'.., - ._ 
:~..':J . _V -vlM^awtaait". Si«*  PMla^2;?;-Ä,-^,.; --..:—--"."""..-"-- 

•  Äti^u^Jirv,. .Edward R,   C.   Miles,)      .'_      .. 

;-.' D.irector,   Research  -nd  Development   Division 
•'. ^ejw-Me-xi&-o  Institute  of Mining  and.Technology 

";-';-v0;©:c-6.rro^""Äew-"3!äeiJclJDo--.   ; ;\_.. :- j.^;' •'   \V~" 
. ~-M:ät' " ^eVejopm&nt -Öo:ni37a-ct ^Äi-cie"*' 

.        :      #eiflf Mexic-Q  Institute.-of Mining  and  Technology 
y'•'"[     '      -Socorro,,   New Mexico -.'-•" 

"yjOoidm^oadding. ©ffi.eer - - 
"....Frankford Arsenal __•_...— 

" T'hila,*./ Pa..   /"--•- " .-- 

Local-; 0T 
•GT2 
OT-,1 
File 

1 
1 
1 

-1 

i  ,- 
i > 

ij^-S-a 
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eafflFiöENyiAjy, WPG REPORT 1T0.. 

' . •-,. Fragmentation Test of Warheads -Ho. 136 

•PART: A. 

-smov&xs: 

ls..- this  te.sA was-  conducted to -ototain the' fragmentation  character- 
istics  of- 8"  diämet^Warheads  No«,  136,,   equipped with fluted - rubber 
iLifters, -designed to  producer- 72'0   controlled  siz'e  f ra-'gments>r. l/2r'  x        - 
3/4»" x 3/8»,   weighing' approximately 18 grams  each«,     Thra«.bolster . 
po'sitions were'used   (Round 1 with J^os-ter. at  the   extreme   e-nd  of the    - 
warieadj   Round  2 with the  booster  2-1/2»   from the   e>nd  qf the  warhead; 
and Round 3 T?it.h the hooster^Vtrhe   center  of the warhead^to  deter- 
mine ..the  effect   df boos-tej- location  on  case  breakup«       _- '••-.: 

2,- a.'The rubber  liners proved unsucces-sful in  producing controlled 
fragmentation  p-f the.M€heads„>« .„,-• 

b0-/* Ch&ftging the: booster  position had little  effect  on  fragment 

Fragment   velocities  were  in the order  of  5500  fte/sec« G:< 
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CONFIDENTIAL NPG REPORT, NO» 1049 

Fragmentation, Teat of Warheads No* 136 

PART B 

•INTRODUCTION 

3,;«-    AÜTHORiTY: '-._.•'-     .._..-.-"."•    s    . V_ 

This test was. authorized. by reference (a) and conducted under 
/Task Assignment NBG~Re3fW607T1-52, reference (b)* 

So  REFERENCES:- 

c« 

•N0L Conf Work Re-quest. WG/14/52 of 26 Feb 1952 
BUQRD Conf Itr -NJ>9 Reä^-ßJHl^edb Ser 2577? of 18: Sep 1951 
NMD Conf Itr tö B.tlöRD (<H3) WFS.j.jac X24/XÖ Ser 0.2.16 of 
6 Jun 

%•    BACKGROUNDS ........ 

a»  Reference (b) authorized the Naval Proving Ground to work 
directly with the Naval Ordnance Laboratory in the development and 
tasting of warheads for guided- missiles»'  =••.'." 

bo  Reference (a) requested th?e Proving Ground to fragment three 
Warheads. No* 13& for mass distribution and fragment velocities« 

4e.  OBJECT OP TESTS- 

This test was_ conducted, toi obtain the fragmentation character?» 
istics of 8" diameter Warheads Noe 1.36, equipped with fluted rubber 
linerB9. designed to produce "20, controlled size fragments., 1/2" x 
l;/4" 3£ 3/8"s weighing approximately 10 grams each«  Three, booster 
positions; were usied ('R-otUri-d 1 with booster' at the extreme end of the 
warheadl Round 2  with the booster 2-1/2" from the end of the warheads 
and Round 3. with the booster in. the Center of the warhead.) to deter« 
mine the effect of booster location oh case breakup» 

f.*. PERIOD^ 0F*TEST* .. • ; 

..„„„aj0.„.Jia,tja P>o:j,ect .XJ3&£,S& :. ... _,..  
b«  Date Necessary Material Received 
ci . Date -Commenced1 Test 

. do o 'Öate T-"e=st Completed 

2J6.. February 
22 May 1952 
1.6 June 1952 
23 June 1952 
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.--•• Fragmentation fest of Warheads Wo* 136 
MS M •%• 'torn -*i-'      '« Ä ^»*ta «•>*->••«•-««•»,: MIMM M, M MB « W M M* M 

'       v-' •••::• \  ----- -••-•.F&RT-C; 

•'•-.'•'" "-'-".':" /""-"»' •--• DE.T-AILS-.Q.F :TESf ~"     --_•-•--•_- 

-  fev-I^S^P'TIOItOF' ITfM UN©ERVjES.?f     '•    -:" 

a.     Warhead's rNp? /-1'3"6. ä~re" 8yO0; in  out-side  dia-met er,   l'2-y.OO  in 
length,   and O^'TS. in wall thickness with ä  2'or0© 0,.D.   central tube,, 
and  have rubber  liners  with  staggered flutes  which are  intended to 
produce  720  c^ntroliied  size.^fräg&ehts?    EacfiT fragment is  intended 
to be  m-5® x 0W15 x.-:0.$:3:7$' and"weigh 18 gramslo .-There are  45   flutes 
spaced  8er apart  located around:-the  periphery of the  liners   consti-? 
tuting  one  row.*.    The. entire 'liner is  composed of  16  circumferential 
rows  of  such  flutes  in which %he   adjacent  rows   are   offset  4?>' ie&e E~ 
ence   (c)> -   -  - .'      / .       " *:-"s 

bs.    Three warheads were  Composition B loaded "at  the .Nar-ral 'Mine 
DjB.p;öt-i . The warhead weights  are  as  follows*. 

fid, ' COmpe.B Weight -of   :- '     Empty Wt, Total Wt. 
"••--.   No-« Wt..- :(lb.s,är)    ' "Einer,"(lbs».^        r (lbs,»)       -"    " (lbsa): . , 

!     ,-"   '•   ,i.       -    26..34       . . 0..45> "--32-.96    r 5:9-.75 
? Z- 26V26 - 0-»57' 33-* 0$ £9:,8:5 
• .-'...   3 .';    •    26027 '  .0,50   .-.. 33P:16  .. 59>»93;      '_ 

ftadio graphic analysis; (ä\t the. Mine Depot)' showed'that the liner in 
! ' öa-se^ N6-9 -3- £fiound 3) might h aire- been pulled slightly'away, from the 
i" 7 . /p'äsee.    WarJhe/adT drawihg'.s-« .are.-:shown in Figures  l-*3 o      , " __•_    

\   •     -7*    PROCEDUREY  
;:" -L-r?   -v^V;_,,~--     . - ;.:;•;'--- :v •  --• " .. = '°-_/~~V 

I a«    Each warhead was  suspended over the  Water  pat. in. .a  horizontal 
f   -      position- with the. nose 'pointing towards 0:O.e    Fragments  recovered in. 
j; the water: pit  rep^eseiht °X-/~6 of ,the fragment's expected  in the total 
!.'"        polar, angle .«9he 6Qö-i20%    Vertical steel panels 20 f-sst  high and 
t.   .      in polar angle   zone  77'H~.1Ö3.0  were  placed, at  4Q feet, front the warhead^, 
i'.„ , __.The" detonation ..ana.rt;h3..fragment, -£la.she.s_ori. t:he.~.panels. w.c,r.§_rle.c<.or.de.d1. 

by two high speed 3$mnt Fa s tax"'camera s,? and the fragment ^eiöcities 
!? were -computed  £JL -m- the. film data«     A photograph  of the field setup 

- -"" " is/%höwn"in Figure 4«s "• ' 
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. ' >-" . "        Fragmentation  Test   of Warheads  Noo   3.36 

_.*:,.     -b.-,»-   Initiation was accomplished ."by means  of  a N'b,   6 "blasting 
-.., cap-a-ftd Ä,.70^gasam tetryl booster   (1V825  0.D«  x 1900 thick)  placed 
;,-v'in "fcfe^>e^7rälrcöj*iu'iti,     Tö- stud^^ffiect  'of  booster  po.sdLta.ons. on 

c-aäe taa?.e:akuip.,- the booster was  placed at  the  extreme  end of the 
warhead "for Round- 1,:   the  ce.nt.er /of the  booster  was 3»  from the  end 

:; •- o^tehev warhead for Rounä 2.,   and the  booster was  placed  in the 
• °cen"fc"eo?  öf~ the  warhead-far Round 3» '-,,-." . ' 

:'^yi'Wsmmfsßm: D0söif&sio^:; - ! 

•- Wm'-.Deifc^iled,, 'mä's.s  distribution  data, are   listed  in Table .1»     A 
photograph dik. the r%coyefed fragments is' shown in Figure   §„     The 
rubher = liner -was unsuccessful in.producing  fragments  of  design  feize„ 
Of the ;neariy_ 720  fragments   of*, design, size"(weighing 10  grams   each), 
.120 -(or . oneVsi-xth of - the. tota..!,)  were  expected  in the water  pit«.     In 
the- -tJhrse . rounds  £±vaJLv&hi&--£^k «a^-ifovbrtYi -to. one-third   of  the 
fragments- ap.proac.Ked  design "si:z.e- tis'Q^ZQ;-gram, weight  g-röu-p).     The 

.   number -of .the-se fragments  is "as as  fQIIOW'ST .       . "-: 

.-'        ;   "-.="-.        "    ~ \ .. " No«;:Fragments' Recoy.ere.dJ 
.-'"'""'*- "V,-.y°\ -."'-.     ;•:•."   . -"•-'"- •"• '  - '"•-""•" Zone .SO""/ £ 120° " •- 
'„.-"-    '"kfe±-^ht^G^ö-lrp----:Rd-y- No\» .1      -"     ~"-"". R:dU'/Eoa   2 Rd»   No..,.. 3 

'•":' <-  =: l&^&rams" -:;.;-\ .^44; \y   '.-. '•_•:        , a~   .3/4 34 

.-   The -Case ..breakup-/ varied.- only/slightly  from that   expected, in un- 
'.'.. Vc6nt-ro.i.l=ed- fr:ägmehtation,j. .and; the  booster, location appeared to 
-    '-hairev- iit-tl^e- affect.«.- .   >:. ». - ^ - " - ' •   -- " :   """ "-:      :"      '• .-.   ' 

b.s     Fragment  y.elooitire/S 'are; ;given in Tables  II through  IV arid' 
:• -•are- .§S|nä^^^&4'^5^'£päiows-S; -  i<--°'  „ ;/-  '.Ji'.s--:-''.'\-:-"'-.\ -•.-..-. .'.. - ,'" 

...-._ - "---.'---;" ••"••". ;•' _"•---.    '-'„'' I   - 'Average  Median 
* •    •'-    >. .'.*'--' .';   :   '•--•: —• - """-"-   -"..*"     ' Fragment Telo.citie 3 

-'.Rd#  1 r '"•;."•-  ."'.T;
V

—"      ""-    -„^  ' til©  f to/sec» 

Rd>-".2'" -'"  "'•'-.'-./ '•'.-'r' -;?v      ':    .        5^:80  ft./sec; 

-R-dj,  '3".'":- '"--••'      -•      .;'v .-"••'""--""     ^      "'•••.•••' 5^0  ft «/sec» 

dOWFIBEIlTIilL     •       ~ - •-••• 
sirCURÄ JJlFaRMATIOlT 

_.;,;•- ."^o (^••**?j*Mt«*.*i '^i*"',.,**"*^if^;.~      •"'    "     " "*^^*F- ^T5*^vr**"_-^ .'V^i'f^^t»'* ? ^.'«v*'"'.' tftJf"i w"Tff" " "*" •"""'.TTr"'- ^:<r«^:7"^-'---7^'?.^-_)^ -  r r" -Ä •?r/'-^w^--*1T7r,^^-«J»I cv^ 
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.'^agmentation Test  of Warheads  Mo,,   136 

PART  D 

COE&LUSIQ'NS 

i ; 

9?, - a.«.    The  rubber» lirieirä; jproved unsuccessful  in producing  com- 
trröll-ed fragment at ibon otf/tfoe'Vfayhe-ads  Ho9 _13'6^ ._._ 

bo     Changing the bpos&ear position had little  effect  on fragment 
-brealcup» \":s '-. - -<    .' 

Co     Fragment".velocities !were  in thf  order  of-\§;5p0  ft./sec.» , 
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fragmentation Test of Warheads Wo. 136 

The tests upon which this report, is based were conducted by: 
;  ,    ,  A. N... HUGHES, Lieutenant, USN, Fragmentation Firing Officer, 
k  • - ,- • Fragmentation Division 
'*. •  r . Terminal Ballistics Department 

, "    This report was prepared by: 
•> W„ WRIGHT, JR.., Ensign, USNRj Fragmentation Firing Officer, 

Fragmentation Division 
^ Terminal Ballistics Department 

This report was reviewed by:. 
V.. PHILI-PCHUK., Fragmentation Battery Officer, 

Fragmentation Division 
Terminal Ballistics Department 

R. H,. LYDDANE,, Director of Research 
Terminal Ballistics Department 

E. L.. LEVSTIK, -Lieutenant Commander, US#R 
terminal Ballistics Batteries Officer 
terjainal Ballistics Department 

;W. B* ROBERTSON,,Lieutenant Commander, USN 
\ ,-  . • Terminal Ballistics Officer 
" . ' ,      Terminal Ballistics Department 
I  -"'-., '    Ö;. C. BRAMBLE,. Director of Research, Ordnance Group 

APPROVED:  J. P. BYRNE 
Captain,, USN 
Commander, Naval Proving Ground 

< < 
S-. A, RUCKNEB 
Captain, USN 
Ordnance Officer 
By direction 
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