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■ w 'i »it* •// 

SinOAHT 

;// 

■■%,. ^.s researcin-cons^ed lof a study of thois|faqtofts «rhich ftere 

V^Xevant to the specification of a wöWcablie stpel piate dent iejst, 
• •■■■- ^ *; ■ /    .' ■ •.■■... ■ >  I ■-■tv:'   .■  ^ ■ • 
' , /"■■■'■" ■••,-.      ..■■••*   t 

A copy of the existing lead disc test machine -was constructed. 

The anvil desipn. and toihiinuin size of test piece that could be used 
\ 

with no change to this machine was determined» 

round and fial/bajp,stock for use in fabricatihi 

evaluated« 
• /- 

ilhe suitability; of 

test pieces was 

The sensitivity of the test for oistinguishiing between stwög 

and weak detonators ^tas investigated. Those fa:tors-such ais "test ' 
' ^ l-   I'  .- '•.     ■•• '■/' ; " .::, ,..2.   :.;:.■: .'U' 
pieöe preparation and hardness which were f ound[ to infiuenc0' the I 

;.   ■; -. ■      I 

sensitivity of the test were evaluated as far a^'possible vdthojitl a 
'.. " ...   ■''■■'■. ■   '■}■■- 
he test and capacity •   knov/Iedge of i the degree of correlation between 

:   •• . /     . -„.4    ■-•■■-;■' ■ ■     ■; 

, of the detonator for initi|Ltion of'^irolpsives. 
■:■''■■   '    '•  I ■ ' :' • •• •'   '■'''' \ ' 

A flash1 detonator hpi^r vas designed and tested« 

Reconinendajbions were made as a result of thETSe jsrelijr.in^ry 

V  investigations which were intended to serve as a starting po Lnt for  . 

ai toore extoisive evaluation of the steel plate dent tcs^ in -ractice« 

#;» 

ik 
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/, 

\ 

-i 

i?% 



-A» •--* w* ü 
■v ■-i.- 

t. CONCLUSIONS 

1« An anvil, steel test piece (roi^nd or square)f detonator holder, and 

firing pin can be sinply centered in.the existing MK-136-0 lead 

disc test machine.■,v   ; .  ' 

2. -The overall dimensioha of the test pieces/haying ä diameter or  ..i 
..■   ■■  i-V., - ~      •'-  '■ '^\f •   ■   .   ■   *" ''■ "     ■*' -'.■■•-■ .' .'v - f 

•,;•.' ':.'''-'■' '•■>■■ ''V ' ',•■      ■;■.'■.-» '.■'- -   ■ / '■ r   x\.:. .      •■ , '   '■     \ 

diagonal-of. 1.217 inches and ..thickness greater than 3^6|M were not   i 

:#.    distorted ^hen tlehted by i^.^2-0 detcmtors»       - 
S  ■      -^    •'   ■.* , •'.■ :  '   : '   . ,. ■   >     '       i.. - .'V   : .,■'■■.        ; '     ■-■ ' ■: ■•-•'. 
 ..   '.'J'        •**>'•      ','••'         *              .               *   *        *   :                              V    *                     '•'■■,'.                  '.     ■          '    ' ■    ' 

' yf   IJI. ro\Xnd' stotki firing is parallel with the fiber vrtiile in. flat 

liar stock ifirirn; is 1 op icaaiy perpendicular to .thefiber. 

li,    iieitherrou^d nor flat.bär-stock bf'p-1018 cold rolled ste^l holds. 

•any special ,adyantaf,#s;becaupe of, ha|rdness unif orinity«   The most 
■"'■■■:■  ■  ■**   \'-A'   '. -.IS'-   .■■'%■' x'.    I- ■ T " '::,.■:-   ;-3 v.    >-::v    , ■ •"■ 

.^.impditant factor to consider in the choice of a round or square 
■ » ■ '■■•■■       ' i'.\      ■', i«■      .>,.x.        /- ,      t ■ ■   . 

.       .•-■>;• '•;..■■ 

test niece isHhe.^ost of-inanufact'ur} of the piece,   ~     * 

5^    The" correlation, between dent dep 

and center hardness of ythe bar 

h alid hardness is much better 

when fininft is,'iarallel''.Tijbb thölfibfr. at the center of the fear. i used as correlating variable 

■"■     than whep firinc is nerfyjnliCulM to the fiber and either surface 

hardness or eenterniiardnesp is-uclled as the correlating-variable»"    - 
I- ".'    '  '        \.- '  '  ■ * 

having equal casing di-i^t.^s 

can be compared in forraint; a rejection test based on use o/ the 
■...-:-...•'■■•■  '.   :-:\      y^" ■—■.'', h"-.■• •;-■■>■:• ">-'■■ :;; 

steef test piece, ' ^ ; 4 

7.   For steel test pieces lyinl; within the Rock/ell B hardness range    : / 

,   of 80 to 90 the rejection «f all ;k-22-0 detonators not producing.- 

;a dent depth of lU.ii/inils ön \a flat ground iSiurface would result    «». 

in rejection "of around $? of tfte detonators known to be at 100$ 

full strength and Ground 95$ of 11'.? detonators kno\m to be at   •   « 

/. 

■3* 

50? df full charge, 

n ii v  > 
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8. The data and results indicate that the capacity of the steel 
' ■ -•, • ,-    « >■ ■'■■, ':.•:> '■•.':;     "■:.■■'■ ■ ■•'•"."•-■■■       v ■■-*.. ■ ' 

plate dent test forjäistint,uishing between •iflC-25-O'' detonators 

' having 100^ yid those having 85^ or 75/» of tetryl preiSertt-in a 

:   full charge, Is poor when conmercialiy tfyailable C-1016 cold .. 

rolled steel"is used for the test piece without any specification 

of hardness range. \ * # '/ 

Based on the results of thisKiiwestigation, the dent, depths betwefe 
< /. .- ;. •■ ■ :- j\ ; ■' .: ■ :. —•   := ■. :■• ■ •,., 
\the '1K-22-0 stab and flash detonators cannot be compared to form 

•   the Msis of a rejection test.   Ttot is, the dent depth depends 

on theNqethod of initiation and/or wtonator. holder,., 
,  *      ' . ■. ■ ■ i- ■.•■..■.■■ 

10./  The preparation of opposite test surfaces qf the Äst pieces 

;. significantly affects the oVecision of measurements, of dent deaths. 

.   Failure-to grind, flat opposite surfaces redäce'sNthe precision to. 

/     an extent that**dents-need be reported to the "heai-est mil instead 

J     'of the nearest 0.1 ndl as is the case w.ieiv the surfaces are 
••"--■.           .•,•■-.,./^. v*^   ;-= .■■,,••-■;■.-■;■:;;..      ...        ..>,;.      -* 
.■;>. ■-;'■. •            •       >      ■■ > -'. ■  ■ ■:'    :.--.;   ■■■■■■.       ■'/.■...■■ v .•   ;   . 
.-■/ground flat. '  ^.    ■■   -.■   \ .                         / x_ 
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* .-* . • ■■      ■•   •        •'    . / .•    ." ■       ■ "••■•■.-     •■...• 

"■■.■. ■■       -      • ..    "' -."--■,' 

■. . ■•' •■  •■'■:•   :. '■    ■. .    -   v-     '     •.>-■ v- ■ ; -':','  ~   ■■'■■' l'-' » 
1. It is recoanended- thafthe test piece thickiMtss be flaoed at 0,62$ 

• 1+Qi»0,100) i«*«s,' -       . ■■*'-*    ; •'■■•' ^     • 

2, It is r'ecoffl»8n(ded that the test surf ace of the piece and "the 
*.  • .   ;' '. •    .     .^       ■ .      • # *-.'■•    i * 

- .• .•■#■•■.-'■■ 

opposite surface be ertnmd smooth.' ' " 

.3.    It is reconajended that test pieces be cut from C-10l8\cold dratm 
■ '■'■\- ''       ■. '    ■ /■. ■. : y,   '  ::- ;  '■    r.■■'■-•"-. .      ■   ■      .' :/,X"- ■ k. 

/ round stock having a .aaxLniua center hardftess <jf 6? Röclfwell B. 
■■"'■/.. '. * ■:.:■'■■. v ■:■■:   '^     ■. :'   ■   >■     ■."".•..:'"',■''        ''>;;-"- 

-    * After operation of the test with these test piecesv should it be   '     ' 

-  fovmd necessary to ^rwsc the sensitivity test, it is 
'  • .....'.■ r ■ '   ■ . , . _, .■:..•■■•*..- 

' *m i'econnneilded that tiie tolerable hardness range.'in a,test piece be». 

:    . reduced to 01 thru 8S.   This, however, will require rejection of 

"..^ nany connerciai bap of steel", or the use of .special annealed 

steels, » ■ ■•. 
" '•*•.■.    " ■.: • ':'  'K ■■-'■-.'     ■,'■ ■■       ' '. 

1*.   Although it-cannot be recotunended at this time, experience nay  , 
^y-.   .* ;■    .   :■: v ■•••;" ä . •■• V:     ;    • :, .      T'"'   '.'•   ''. ■ ':r- ' 

-      ppj>ve that it is, possible to distinguish strong and we:* d?töna- 

•'toraf.Ätisfafttorily without preparing the test specimen £7 carfaee 
■■■.„■■■■'■"•''' *. ,    *     ' ■        .   ■  - ^'■■-    ,.**■* '"   •    , 

♦   '■■'"•'.'■'■.'.■' "     '    .  ■      "■ ■ .-.*'' ■'      '       ''      •■•-.■ "   -* . 

., . grinding, ^In such a case, test nieces of flat bar stock nduid'be 

logically used..  Such t^st pieces are readily adapted to >» 
^- :':;;-^.-■>;■•"■: ■■.■•:;,■■■■ ü'; "•■,;■'■ .; ■;■. ;v "'■{;■.:'v-"     ..' •„.     ■ - ^/^ ■''V■.••.;;.. 

/   H^hine without aay einiges whatsoever.     . V 
''--'■' , ..■''^ ";'_';:  ■> ■    ;■.•■■•■■ .'.'•^/J  ■»-•''■■.■       ■"''•^:y\{^<- 

,V-".44-> •, 'Sork would be ire^rrti.on'correlating the.capacity of "a ^ '   ;   < 
•'■/,   "''r''-V'    .    ■'--*'.'V ■'<':'v'*: 'f■•'.■, •"■■   ■;'-> ■'.--s-1-  v ..■.■:;:,'■• v'.■■''"'•./•;'.  -' ■;-,- 

detonator to iifibiate explosives with the steal' plate dent test        V4 

J     when using an "asreceived". mill surface of the test piece before 

' ^  «ny conclusions or recomoendations concerning such a test pifece ', 

■•■ : ■ -Could be made» .-    ■ „■: W* ..■   .■■-;  ,     ;■.    »> . = • - :  ■ ^    ->., -M        y.*:.«-.. 
■ ^-     *J.--- •■   ■>   .      ■"     v      •:   ■ i*-     »fir ,  '•.*   ■. V   .* ■    ■ *'' 1  ■     V '•        ..   i -    f /   .■ •-      ;■     - 
;■•■■   ■-.:■.•,   -''        :,..■.»■- ^./,v ■".   .    ■.      ,   ■■'-.-    ' •,'   ••'■.-;■•'""._..•'\   ,   ■>♦■,-;■•.::   - 

JU^ Fcr a. eWB^hot*rejectionItest^, it is necessary täi determine a vkli»^. 

v   ©f4^t'*<^ptt Which ttustba excelled for acceptance ^or every, type    , 

';> ■' :■ ■, 
■*     -.    ■ 

7' « 

> 
~;  ■-■•• « 

■-- 

• 
" 

.4 .. 

"# _ 

t 4 

jp 

c 
an<l*Si»e of <tet<Ätbr to:be testei,   T|}My*lue could be <*tained 

j; ^^i 

"3 •) 
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/■,x 

^  la^ firing detionators haVlng 100* and $0% of fall change on stools 

having hardnoss at each end of the tolerable hardness range. Fron 

' . " these data a dent depth can be set'lAieh will reject-both a certain 
'.■''.       ;':'. • .   •.'' ,  ' ' , ' ' ■■'{'"■     ...     ■„. ■. ■ 

percentage of 1005J detonators and the desired percentage of $0% \ 

detonators. It wild be expedient to choose a critical value of 

dent depth fiW only the firing of detonators 4cnorm to have 100* 

" of charge. The t«st would then be operated using a cRtical value' 

of dent depth vrhich is exceeded bv 100%, 99% 6T 9$t'of  the 100* 

detonators. In afty case the correlation between the steel piste . 

dent test And catpacity of the detonator to initiate; explosives 

: wuH bedeten^^ : > 

6. The flash.detonator hbldet shewn in Figure 16 is. recomraended for . " 

. use with the anvils described (in Table VII in the testing of flash 

•detonators^ ,   •   ^k . J*      . 
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i.  irrrHTDucTKW 

T ■ 

A.  ebjQctive ■.■■>'■..'.' 

/This research is> -study o£ the factors leadingto the engineering 
'.'f ■."   ■-■   °  ■'„■' • v     . ■ .'■'■: .".•''■■ 
^nd packaging ^of a »Steel Plate Dent Teart" that will, be applicable tö    7— 

tiie production testing of Nav« Senrice detonators. 

B.   Background '•     <-   \ • '   ' 
•': ^ •••»•. ■? -.■ — ■...    ■ -« 

.     At present, iJay/ Service detonators are tested en the Mark 136 V 

•Detonator Tert Set.   The strenrth of-.the detorilrior is judged by. the 

area of the hole blpwn in a thin disc of lead.   This testyis considered 

. iinjatisfactory because <>a)*ff .correlation betT?een the area of the hole   - 

in the disc, and the ability or tae detonator to inj t.late a liigh ^x-   . 

plosiveHc not as pooS as desi«d and is also'not sound from ia 

theoretical noint of view; and (b) it is'not capable of testing a 

vide enourh "anre of sizes of detonatcrs.    'rith large detonators, a   »    , 

hole ^;,blo?m In t'\e disc', 'Thile the smaller types of detonator itoy . 

nere]^/"deform tiie disc Without rupturing iti    A thinner disc, on .the     .. 

-^ther hand^ai^^ht-^not discriminate satisfactorily between goocLand    '.   •— 
• . • "'*.■■'■.■ *•       *■   ' ■■■•■.■■ 

bad detonators of a larger size,' " f 

■-^V ' ■■'. •';..;,,   • ■• v , ■.■ ■ ■'   '     . ,■■' . •.   .;■-■ .'■.", 

. It was postulated by ataff m|fflbers of the Faval Ordnance , 

Laboratory that because lead is soft and easily deformed, a detona- A 

Uon vrtjich .exerted a (relatively) lo;/ pressure over a (relatively) 
f    ■  ■•'.-'  ■ ■-.'■: ■    ■■• \:':": '■'■■-•      ■        ./■.. ■  "' ■■•::     •■'■•.•,; i;..' ■ 

lontv t^^6 in^rv:al Goul^ runture a lead disc, yet the same detjea«- 

' tion ndght not initiate'a riven hifh explosive, whereas a detonator 

c:;erting a hitter average pressure for a shorter time might produce 

!. the same ruptured area in lead and-also initiate the high explosive ; 
■■■^   -'-i ■•'■l';f' ■«-'■   . ■■ - '.        '     '      ■   •'• ■'■■•■■.        "   •,   ■ '^      ' ■'     .•■'-■■•■'■ 

in question»  'This hypothesis could explain the poor correlation- 

^previously mefltioned./ It y«s tfelieved,' therefoca^lthat a nietal   •   ^ " 

having a considerably higher* yield stress than lead would show dents 

/ 

/ 

■m ^ 



■■-'-:. >■■■. ■''    ■■■..-■''.-.  "' 

■-,■*" .       ■'■..,■ 

-.-■■' ,1. 

: .in thiclc sectiona, the depth of which (a measure of the work-of defonua- 
' • -  ■■■'■.'"-  ■•• ■■     •      •.,  ', ■.  «."■',■'     ^.- ■ ■ Ji'.'-1  ■ . ■' •,.  ' ! 

■ttfcrH-mlght correlate «ore closelywlth initiation ability than 4o lead 

disc rupture areaa. Furthermore, such a test might be« able to cover a 
.-.•"   • . '■■■; : '■ • . ' ■   ■»  ; :- ':   ': '  "   '• ' •' ■■ ■.',.■■'■•' *: 

wide range of sizes of detonators. 

* SubsequenUy, experimental result« obtafcied at the Nayiftl Ordnance • 

'Laboratory on the cdld-rolled surf ace. of flat st^el bar stock confinoed 

the predictions of this hypothesis. A good correlation between depth 

of d«jt. and trütiation ability was shown to exist. *n empirical equation 
.' v ,  * ■ '   ■■-,..        • • 

.   which expressed the relatfonship/^f the dent cleoth and the.steel hardness 
>   •..■■.•■■■■.:      r'    ;: : ■    ' •  / : ■■':'-:*\-: - ■ ':-■'■;■ :;';' 

Waaalso developed at Nffl/using a range of types of steel. ,     /        v 
■ '■'.   v-'irr-.; ■■''''%'' •■" '•,■»■ '".• .   .■,"-■'/    :■'.■.'•■* 

- At tl» cutset of this research program, the states of the ''•Jteel 
"■■*'. '. t    ' '      ,.'■-...     ...-•■ , ■ .....'■ ' •     * 

Plate Dent Test" appeared to be as follows: 
•:.;.;-. . ■ ;": '■ : ,•- -.,.•• ' x .. ■,:• ' '■■■   .:..■■, ■ ■ p ■   .,.'-.■ 

/ (1) The test seemed superior to the le^Ldisc test for the evalua- 
tion of detooator quality.    - V^V '■]-■ 

i2)   It was desired that a new test be design«! which vould be suitaWc 
for routine production testing of detonators by "aval Inspectors. 
In place of the measurement of the ruptured äre.i of the lead disc 

. there was to ,b^. substituted measurement Of the depth of the dent 
produced in a steel test piece*      WX    ". ■ 

(3) It was believed that SAE 1020 cold-finished steel had suitable 
physical properties for the purpose of the new test. This .;■:■, 

' material is. cheap, non-criticä., and readily available. 

(h) 'At HOL dent. tests^laÄd been oarHed out on the rolled surface  . * 
of flat bar stock approximately 5/8 inch -thick. What effect 

•   factors such as piece goemetry (thickness, width or diameter) 
■'y' ■• and method of fabrication might have", were not definitely known., . 

' Hör was it clear whether, round siock would be woH or less     „ 
suitfble than flat sto^ The"round shape is more directly 
adaptable to the existing Mi:-13fe>-0 test apparatus. Possible 

**'<■■   disadvantages would be inholraogeneity bf round sections sueh as 
'*##&&$ inclusions,' trapped gas holes, harthessVyarlatioo» \ 

;  along the radius, etc. Because of - the known effects of hardness . 
ott daint depth, the uniforaity of the test surface is of greater ~ 

. importance than the type of fabrication or the shape of test 
',:''; speciaeirt!«,,'/■.■■■• .r;- 
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(5) #It «ras not certain what results would be. obtained with the 
extlremes in the range of strengths of detonators, to be 

-^ subjected to this test. ::       "   'v    ■";'■ •.-."'"'^ 

\ 

CV -Expeilaehtal .Prograa .-, ;■       V v ' 
' - •• ■ •■'.■ ■"•'•    •' - ';>' "■ •' ' ■•' '   ■■ '■'   > :■ -, 

. In ordär to design a*suitable production test for detonators« it is ' 

nec^ssary'to show »that the prooosed method (a) gives measurably different 
■'■ .   :■■'■ '*■■   .r v.- \ ' :. ■• • " ■   ■■.. ■ ■ '.,.■• '■ •'■ .;' ■ " 

results with good and bad detonators, (b) is rapid and simple in operation 

arid Xc) is reproducible»    the "Jiteel Plate Dent Test" as developed at NÖL 
• ..-•-'. . '   ,       t- ' ••» . •  v- ■'  .    • " . '-:■■<•' 

;     •■  .. , . ■'■"..-.■"■■ -   ■ . ■ " i    •i'-T' 

appeared to meet these .requirements. It was decided hprreyer that experi- * 
'"'"^       ""{■''  •' ■■ • ■   ' •• ''■ '. ■ . ,' '' •  '■'■•  : '   <'.■.-. '''-■ 
.aental investigation was necessary to evaluate the following factors - 

which would be important in the specification of^ workable packaged'. 
'•«■■"■-..' ' ;. ■"...■;;-: ■ ;■; t^ ; •' '.' ■' ■■.'-.■•,   '■. ';■•' '' ■   -"•. 

test:       ■,■'-' ' ".:'.: .':   '\ ■''-•:'''■".'"-'.    ■ ■'.'■■    ■■'/:'':■ ^ 

.1.   ^The range of sizes of dwmators that could be'eyaluated by., 

this test.-     ■ ■      ,•"        ■,   /'      - '.,  ..     ' ' . V. ... :■ . •    .  .'     ; 

2. The suitability or refund stock for-fabrication of test pieces. 

3. The size and shape and prft;«ration rtf t.hp ^est pi RCB which would 
...;•.    . ■■ ■        •      ....'»      . .■'*■■.. ■     ''■■.:■    ■■'..' -' -'■-'■ 

be u^ed With nanimuns charses to the. existing lead disc test 
- ■' * #.■".■ ■        ,    I      •-'■-*'V   '■        ; &,■'•'. .<      r -     "       "•.     .. 
• ' . • " * .".■•' -       . * ■-.-'■'*. w 

•    aÄchines.'    ■■;'■■■ -.-'M   ,•..•   _ :,•■..■■ '  .'.,;■-. 
;.v'-.   "'    -'.'*■" • ■ ■. ■ '■'.■' :     „ ■        .'--,"■ :-' -    " . :     ';   f-V  '.' 

"        U.    The sensitivity of the test for dUtin.ruishing between good«" 

''. ■ Mid bad detonators. , '.   •.; 

*     $*    The.design, of plastic detonator holder for evaluation of flash 

>■■'■ detonators.  .'. •■','■ '■ ;';,'  •-." .   ■'^        'v;  ■•■■•" .'^ .:'• ;>. 

A iest appar^t.us was constructed following the plan.of the r!aric 136 

iodel 0 test set bet Substituting a fixed-weignt drop mechanism.    Before N^S 
.-■;: ^^^ *;.■•• ■.•. .-^ x  •..-;.;-■.  v. ' '. •- ■':.-rf'i> 
constnicHon of this apparatus was complete, the MK-56-0 stab detonator ^ 

(tile weakest stab .detonator .which -vas investiga oed) was' fired on 5/8 inch " 

thick SAE 1020 steel ..bar stock, using the detonator teat set in operation 

• ■ 

^mm J 
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«b NOL»   The results showed that these detonators gave dents nearly as 

dseo as the'•flC-aa-ö (one of the strongest), thus showing that the steel 
■' •'        \ -   .    ■" ■..- '• .      ■■,••■      :•■*■■■■.■■■ ^   i    ■■•..•     ■   ■ . 

dmt>.test resoonded tojthe necessary range» 

.The suitability of round stock «is evaluated from studies on homo- 

ijeneity of the stock and the effect of hardness on the dent test.   The 

/,  isffeet of geometry of the> test oiece was evaluated by, firing a number 

of detonators oa pieces of various thicknesMs.    The data fron these, 

^sts werfe\tised*to determine and'övaluate relev^nt/f actors affecting 
■— ■.  ■      -     ■ ■■•      "'■" ■     ■■ ■      :^> ■ -1 "       .■"• ■ '■ . ; 

the size, shape, uniformity and localization of the dent« 

A plastic holder for flash detonators was desipned.and- tesöld in 

prder that'flash detonators could be tested with the same apparatus. 

From the foregoing the soecifications of the test piece, anvil and 

plastic holder Could be derived. •   ^ ' 

The sensitiAKLty or the test for distinguidiing between good arid 

detonators was deterained by firing five groups of MK-22-0 type detonatjors, 

nach grcup containing a different weirht «f tetryl.. From these tests,   : 

■ %  thi capacity of the steel'plate dent test to distinguish between detona- 

^   tors of various strengths but having the samejcasing diameter was 

''determined. •   ' ' '  ,':;:v'' '' '^ . .\^.:>--"''-     ■■'■:'' "^   '"'.' 
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A.   Twt lihchUw   . 

T$.    PHOCEDöRE# 
..■'-■'■■", 

' y^-' 

/ 

i 

A test nachine was constructed from drawings su^lied ly the Naval 

Ordnance Laboratory. The ball drop was fixed at 2a Inches and ball 

weight at 2 ounces. All results reported in |his repbrt were obtained 

on this michiHe with the exceotlon of tests on bar stock reported in 

■ T-ble ly which-jcre jnade .;t th? :;aval Ortinance lAboratonr; •    < 

3./Anvil     ■.;._:'  : '■'.-■ - ., " 

1. Anvils for Testing* Stab Detonators 
■•   .' ":■•;:','•„.:.■■-#•■.......',   *'    ••.       .       - 

v    Special anvils were machined froä a vanadiym tool steel and 
■■■.'>.-' ■v' • •' ■■  ■     -.■'      . '■.'■'''>. 

hardened to 60 Rockwell C... One anvil was constructed so that that face 

1 i 

on ■which the test piece is ^placed was recessed 1/16" into the anvil 

surfjice to provide a means for#cehterlng the piece..   It was one solid, 

piece of steelj^ having no holes as does the anvil used in the lead 

disc test.    'R^e other anvil-had the d.nBnsiohs specified for 

disc tesi, but also without holes.   A 
' >-■....     :,'■■ ■■; ■.; ■'•.::: : ■ 

the anvil   with the recessed face for 
-\ 

Figure 1. 

for t»e~lead 

sketch of the cross section of 

the steel dent test is shown in. 

I 
The height qf the anvil was so determined that when a $/#" 

'■"■. \. ■- :,] } -'■       ■ •■•.  '., . . l "- 
tlvick test piecr waa placid on the arvil, the: surface of the steel test 

piece was at the same height relativ« to the machine as was the lead 
•   .f. '''        • \     ■■' -   .   ^.   ■■ '   • '    ''      y '■':'■■ "'.'■■■ 

disc^in t!» lead dtjic wst.    Then test ptecels of less than S/S^irf 

thickness were used, specially machined centering discs were pUced 

beneath the anvil to that the height of the test, piece*was not changed 

relative to U» machine,   j 

2.   Anvils for Testing Flarti DeUnators 
■il: ■ -: *' 

y i   r 

.*■' f- 
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AnvU, test pteee» plitstlc holder, and firing pin 
We^^r« i round teat piece»       f 
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r Because the plastic detonator holder for flash detonators differs' 

from that of stab detonators, it was necessary to machine a ypebial anvil 

for'flash detonators. This.anvil differed from that shov/n in'FiR, IVfor 

stab detonators only in the overall hqight dimension, which was 1-1/8 instead 

of 1-13/l6 .inches. Ths centering discs described .<?bove wer6 used to adjust 

the height of the anvi/ when plastic detonator holders of differert size 
• ■   ,  ■  ■ ■  .     - . ■        . ■' * ■ 

were used. ■ The height of the tor» of the holder was. maintainpd constant. 
?       '', ■■--,■.' 

'  | .     * ■ I» 

This is discussed in more detail in Section V. . 
—^ > : ^JL ,  ■'■■,■■ - .. -  ■ 

0, Test Pieces .. ■ ,..,., 

Test pieces '.vere rr.aChiTied from, either round or flat bar stock  so that 
* .•"■'■.    ' * ■ .' . * 

the ni^ce would Tit .snugly«into the recess, i.n the anvil,     fhe anvil,   test 

;iece, detonator holder and firing pin assembly are shown in Figures 2 and 

. Round test piepes had_ 3,1^212ü-diameter", vrhereag niee^s -oat- from flat 

,bar. stoclfwere squares with a dinigonal of 1*,217" and side of 0.862",    The 

.round pieces were ground smooth on opposite sides for ease i!h measuring 

dant depths.    Some bar stock was ground" and pieces which v/ere ground are 

no specified in the data-and results,    -«.irface grinding is a variable which 

>;s discussed in Section IV,     -^■ 

\  -Surface grinding was done with an 8" x 3/U" "x 1-1 A",  32A5li-J5VBF. 

clahdimi wheel manufactured by the Norton Hefractories Company.    /' ^ 

D, Detonators-        " - 
'■' ■  '■•■■■1^ 1 "■ .••.■..',..-■■"■ 

• Detonators used in all tests were sypolJLed by Naval Ordnance Laboratory, 

E, Denting of the Test Piece   -   I-   ,-     1   . - .: ; . 

The procedure for denting the steel test niece is essentially that now 

used for testing detonators with the lesd disc test, -Briefly, the procedure 

\: 

; 
/ 

/ 

VA > 
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■1 

*Ä is follows:J 

v'(l)   ^nvl4 Is in.sertlfid^intA..the machine.   ;      / ' t"       y 
x__ ^ '   •.. , , .   ■ |      .    . #     » 

(?)    A plastic detonator holder is sealed g/t the bottom vrith scotch ' . 
.; ■   :•■ ■        '    . -•    r .'• 

tape and then fitted on to the tet^fe oiece;    ;>;• *. -j  . */'. ? 

13}    A uefonator is ino^rted^into the piasilr holder. :,, 
.■»•*. •   .    .• ■•■".;.•■■■■' 

.        , ■ * 

('.)    Th« assenbled test piece, HDlastic. holder "and detonator are nlaced 

on^jho recer.sed face'of the anvil.    The-asietifcly-at this point 

cf t^e nrpcedure is fixe?l due to the i.ature of construction of 

_       the machine anvil and tert piece, «.';'' 

V'^    The-'iapr v  the chacbe-r contaiir.n,^ the anvj.! is clooed and a 

•*;   firiny nin inserted •into the plastic holdcV,    . 

(6)    'TUP bt^T is Placed on the rlectrnmagnet ?0 inches abov» the ' 

.    firin/ rin. 

•r 

t    • '■ ... 
(•7)'.. A.'safety, dopr is closed and the ball., is dropped. 

T'     . .*- •     J ■ .v       *'   ■ ■   . 
.■ -^—;. :_ -.■-,--   -.-.;.; -.        ■,■..■■■       •;   ■ -        :- 

Mp.asurencnt of Dent Deoth   : " ■■ —..^: ■  - / :        -^ . ■^ :^ -^r\ 
Jjk-     The depth of ,a dent" was measured to tho nearest 0.1 n41< wit^ .adepth 

'.^lu^ji     i-ta^er contact point* 3/16" diameter and, having a contact radius 

|f 0,0,31*' ^was. ncerf in all depth jmeasnr.enentü.   The depthi recorded was the^   //f 

tirK/^t found ty a quick e^loration of the dent with this probe,        ,       /     v 

'\.   Iierfsurement'of .Hardness ■   »"  '  :.     >    •'; '  /        <       '       -   ;.i; 
T-' * ■.,    ' '. I      ■' ' J ■—i—   ■•:■..        f'! : ;- •■, / . 

.i;  -hardness was measured byyneani of aJRockwell iiardness testing mabbiM    ' 
;•■   ^ ;" -  ■       ."'    ■ .■   '■  ■,  ■      ■ f ■■■ ■.' .■;•* •.v     ■ ;»     ■   '      • : *>. -A -7: K:i^    .,■■■ 

or: sanvles -qf steel cut i'lrom the same bar as the te^t pieces,   ?T;OTJ thesifi       /-• 

^   "lahufactuWd by .Federal Products Corp.- 

li ■< 
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^ 
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m 
data-the* averaRÄ center aiid surface hardness of the te^t piece were determined', 

^ör r^ind stock, the meapureaeittf of. harness at any point ot^ter thin the   -    : 

.center «wld have doubtful significance«because of the wide variation, of 

hardness readings over tli€ cross sectional area.    For samples cut fmn.bar 

stock,, hardness readings at poilnts on the. center line of Jibe rolled surface" 

.were taken for each piece, and these averaged to give the piece hardness. 
"■•^   *■r*"V■ '3*i : *   '    '   '       y '' '■ ■ ' ■■:-■■'  *. 

>  The hardness of nieces cut from the 3ai!ie.bar/.Yer6 iverage'i.to give a ^rourv . ^ 

M^ardness when ä single value of hardness warded as a correlating' variable. 
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U      •;"•':   .■.'■•:;    III.    TX  ^EL-T^T PT3CE 

. Hi    General . .* •      ,. • 

♦ . . - '■• 

■ ■■    . f ■TTT •:■ t s> 

•': ' 
'.;   ■ 
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rat* criterioo for c^tei^niTjpvt^e suitabflity. oi" a..te^t piece 

'l        'In'y-o smel plate'V1e:itj4#il i J the ^jnlC^ftaity-cf tlie dent i/roduc'ed by *■ 
m-iJ-^y  \ ■ ./. ^.«v'' .-c-/••■^■■•::: -■'••.■:■■■      ■-•■'•■- 

• -a r-ttiTidacfl Wetoiator on test pieces of a given hardnesjs. 
■.[•■■■ ■", ■■..•••:' ,_ '• , -::;■;■.■.■.■."   . '■    ••-'.■. ''" '.• ••   * •':    :•;  ■-; 

»   .>    . % Hvoüid be expected that tlie •veoroducibl lity of dent denth '70uld    '    .♦ 
-  -.''■'■'":- v   -^ ; *"■• ■   ; ■' .:' •. ■;. .•   ..-v •'; .>•        ■.■,. ; ; ' •.\"1:A 

i:'   ,  •.   er'o^d-.on siiailiriiiy" of'•'the tes.t-pitees rather than-jihiformity of thf steel .^v- 
* ■ '■■• •■■••■VV'T ',;   •;^'   '    -^ :  •■" ■' •■,■■•.•■,.. «»^ ■■•".■'..■■;!,. ;-      . ' - 1 .   tlixHi.houti   -"or exänBjle, it woi'ld tie-exrect.ed that a round tert viece'that ' 

: :   "    "^-'*'-   ■/-'      ''   .    '■.■■■'::•.•■/:■ •;:i^-'   ■- ::■"■     ■-   y-^'M,  „      ..' ^ r;.-^ ■?:-;   "Tf: 
..; .      :.ra5 harajfer-at thece(it6'r t!-»an at the ed^es "TOMld he. just aa "Suitible as  *    .'...! 

■   ...   -    ■■    . ■■ •■.. i-'J-A, ■ ;   ■ -     ■   .»  ■        .:-••:-■..:'•■..       '■• '•■-■'•     •■<"■■ ' •■   . 
• -./   .  ■;'■    .-     ■:     -   ;•   ■'Hi      '■'  A        ''•••' . •    .     ■ .     ■       v   • •.■• ...••.       ••     ' 

■■■.?;,   a. tiec    nriifbrro t;.rou"hGÜt, so. lorv. >is an identical oiece ■■ ,as used each- ' 
' -  •■'■     ■ >f, ■-■..-■■       '. C:    '    % '     ■ :: ■        "-   ; ■• ^ .;.      ,. . , ■ • ■ ,        •;■-•■• 

■ -      -v. ■'«,'''    ('        .'•••  .' ^v-■"'• •"■:/ ^-.'    ■■■v/v. ... ;• A--    ■-;     > •■  *:;  -c--"-.^ 
i,'        tiiie5,  >The jdent depth for. such a nori^hifonp piece mVutBe«öorrelated »ith   ■   :     ; J 

»    "\ ca acltv of the detonator to*detonate'ex^-losives.    In order that, the tei.t  , 

!>e rreaninrfMl tlie.. ame type of correlation raust al'^ö be presumed to exist 
■'■■..    ' ■ '■'''      ,' '    ' ■ ■ ■.-   ■ ■'. .  .."■ * ■ "'.      ■':>-.      ■ '     »   "    '      • i'. ■';■■■>■' 

: ..;:';.,'^";,and'-^ det^cni*^ for a'.niece hiving no change in nroperties vrith directiwi,v   / 
'  •*  V .    ,.      . -v '  ■• * ■   ■'•■■. ,■■■■■■   v  !' ■'    '■ ' ,■,■'•.'■'■■' . ■'•      ..■ ' ':. *■ " 
*v,      ■•■ ' '    .• •      ■       .■■'.•-•,      3jt~'' '      '      '"'   *    ■   ■*■ '    '^ " .■ ■.'-'■       * •■■i *■■■'. 
''.'■'-   The .difficulty in adaotfriR to the :test-apnaratus a piece having directional j 

: \ prfci^rties is*that of prociiremAit of large numbers of "idSntical pieces«        . 

V,';: ■* ' A"•höinpgeneous piece Mrs thä Special advantace in that the Wlrdness of the   %   ' ,;: 
;.v..:'' "V-oT ■■•'•■■ • ^■.■:^c ::?^ . -  ■ ' ■'^;-'v" .' •.■<•■."'• ^:.-:':)'' ■      '/..":-:-- Wl ^-'V"- 

v. .    ^^el^i^ynd tlje area >o ^e dented is^pbtainedfrcMi; a Jiardnes? measui^n^nt      ^ •  •' 
'■■^■i't 0v^:-r: ■'•' v-; ;*':v'f' ■•;■■ ,S'"''.     '•. IH '■ ' :~:'^}'-rr:">. ;>* .": .|,v.:'-:^.^ 

f > ,<  , anywhereVon the piece»    Furthermoreji the ha|rdq§ss diytrtbutjLon is not a^ 4   f     -   ;.; 
v/-o:\     .::,:7   ^   ;'% '•- •-  '^/^-^^■■•;   i '.•■ . f"' '---^^ "K'^ ■■'    -i'l^S'^f^ '.-. •   ■ „.yarta^le, ■•.' v ---.■  ■•'.  - • - ■-      ■     • ... / ;•. vX;,  ,',,; >--•   •■ .   -■   ! 

.-■    : ■;-;-•..,•■; •:    ■■♦ .    • ,•■ .   •. V   ■. ■ J"" ■■    <■■■'■ ':-■■.■'■    ■'•   ■*. ''   ■      ■•■.•!.'    *     ';. 

^       :        • Results of testa miade with flat 5/8" bars WosV 20 aijd 30 ar»sgiven i 
:'■•   ■;-,>„>'.-i v-:        ..•;       :.   '     ,■:•-    :..•■."--■ .•■■■:■     •'' ;.-;  .■ ^,.-'    - •   ;../■:■,;.■■.■   ly"':'"'-'     •■ ":;;.V   --" •■ 

'/    below.   Both bars had a surface harness of 823 feut' dif^erc^nt.c^ritw- 
-/.   vi.-^.:  ■^'■r.   "-M'' •■."  '       '   ■'■";   •■    •.',•   '■ ■■'■■: .'t^- : .'■"■-■■•    ;   2lk   ■■■■   r-'-i 
^ hardngss. ^he eff^S^cf the different,haNftess gradient» is/apparent        ,. 

t;       6 from the? considerable diffprehpe In dent" dte| 

•■■':•;■■'.'"■■  '■■•• Effect of-HÄKtoMe Gradierten Defet; Dep^'-^^^v^^ ;   --.f i'f';:,- 
Bar No^        ^rfaceHardneM' .'    CenteÄ' Hardness '»'■■;' $cv      Dant^Depth    N \' 

i^" •30-',.' /., ■:• ■^. Jai'^-.^-'' '^:. .": ■■;■-• 83'; : ;-:v:    '.C:-  / ,' . rl^3. 
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• -   - * !       ■ ■ '~        . 

The (ietonators and preparation of both groups of test pieces fere the"same, 

'The standard deviation of the detonator?'was 0,6 mils, making this difference 

in dent depths statistically significant at the 1$  levsl by the statistical, 

test._^ ^* ■        '■ 

J     '      ' Only.if the .^th of the dent!^roduced ..verc not ver/ sensitive to the 

. piece hardness VTQUIQ the noh-unifomity of the piece with respect to 
'     ■ '*       ■' .- -.   '' ' ■      ■ *>■-..■ 

■'  hardnes? become insif.nificant.    Otherwise a correction frcr. hardness-dent 

•■■■'"■'. .,   .  • . s • .    • ■ 1       depVi correlations•Must be applied.    Any lack of control over hardness or 

k        homogeneity effectively reduces the sensitivity of t.'ie test for iis- 

f     tin^'uishinpdetdr^.tors of various" strengths, 

.The above considerations indicated that th; foilowinf ■ itens shc-ile be 

.    investigated in order to arrive at concl isions as to \he suitability of 

• rouüd stock for the steel plate dent test: "...•■ 

(1)'    Uniformity of rcn.md and ba^ stock over Jnjpr.verse crr;GS- section 

■  "        ■.''■■'* ' '   '  • ' ''■■-■■' 

from niece to oiece. . > ■ . 

{2)    Effect of any non-anifora'-o"-' di-rfctional rrorertie^ 3^ tf.e 

unifornity of ^ent produced. 

'...;• (3) The effect of 'hardnesg on dent de^th       s     A   ^-- 

■ %.■ . •      ■'. it      * '    '.' «, ■ . 
B. UnÄormity of ^ound ^tock |  ' :^ - 

(1) '.'niforait:/f rorh bar. to bar "of round'Stock  °; 

The data obtained from-hardness traverses of round stock are; 

_. • '  . .■'      ■■-»■ ' > ~ : 

fiven in Table ^TI of"the appendix. The hardness traverses for various 
'♦.'■■■''..■■■■     '-' ■'•.-'■'■        -   ■      - ■   ■■ 

round .Bars are plotted in Figure ii,  'This-fi,ure shov/s that for the round 

bars of .1018 cold rolled steel investigated the center nardnes-. varied ._ 

.fr<p 80 to 90 and, the'edire hardnesr"from 82 to» 92.    Figure 5 shbis hardnes: 

traverses for 3 bars of round'^tock 1-1/2 inches in,diameter,   thus, even 

v. -. -•     -i'   - ■ '        '   '■     ■   ■       ' ■ -- ■■ • ■    , 
when the .diameter ofl the round is the ^ame, a considerable variation in 

N   ■ ■    .  ■ "'■ "'•  •: -     ' c»'    .:'■■.'    :'   '    ',   '-   '.'- ■"'■. '   r.' "■ 
■>'■•■ \ ■    /-.   ..' ■   .       ■. ■■■ ,■ '.:       ;.;■   ■:'■'•.■-■:    . ■ .' ■■ ' ■    ■ 

*■■■■■"." 1 • ■ '-.-..      '■     ; .       - ■   ■ a     • ; t   ■ 
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center hardness fro» bar 

in order for round ?toc'< jto be 

of- hardness variation over the 

•-1S- 

o baij was found*    These results* indicate that 

suitaole for the test piece» the effect 

range of 80-90 Hockwell p raust prove to be 

r.erli^ible or .that lack olf contlrot o^er hardness in this range can be 

tolerated. .-'  ^ 

(5) j Uniformity of hairiness in length»dse direction Ln round bar 

cut 

Insnection of the hardness traverses given in tsble XII of ths 

amendix shots taiat the hardnesa did not jcljänge apprecjlaiiy for pieces 

Trprathe same bar..   The haVdness gradienij across the ciross section, as1 »ell 

as the härdhests bas found to vary from bajr to bar.   Tnis indicates tha 

it  dll be» rtiffi-cult to purchase consnerciiäl steel" which rill yield idehtical 

test nipcer. from.bar to bar.  <The bars reported in—this table were 12 Inches 

J.om'vritb the exception of Bar 16,,which-bas three feet Long» 

6 (3)*   The tffeet of hardness is discussed in Pa.ra^raoi.F of this section. 

Directional Hronerti'es of Round Stock    .. .• *     -      .- 
 '    " ■•■ '    '     • ,——'  .    . •  ,!   '• 

•  •■•. ■•.'■■,•.,... •     j   ■,  • -     - ;' -    • 
/.nv piping present in any of the round stpek examined «äs not detectable 

by inspection of macroetcbed pieces, andjif present at„all must have 

oarillary dirnensiens which arp small in toraparison with the size of har^p 
'•■     ■■■. -    •  ■.:    .-■ .V;   ^'.■/'■'■-"■\> :  ' ■ v   ;;•■'• 
neus te^t dent ana detonator dent,    iipipg does| not «eem tö be a constdera- 

ticn in the evaljiation of round "stock .^—f   • 

-    On mac roe tc hing pieces of both flat and roiind bar stock tJiere is 

observed the fibrous structure of the rpttled ctoel»   These fibers a» 

oriented in the longitudinal direction 'in the bar., Test piecesi^phri*- 
•.      •    '         ■        ■ ■   ■      v        ^ .    ■ .      •     ,;■..■    .j-.r/'i  •».'^.I ;-"'• ■»'. i  ,,'   _..■■■,•.:.    ■ ' .■     ■    : - 
 --.■—.- ,'', ■ ^    - ■       ■•              ',     ■■ .•   .        i.-..-'    4   ■''■*''•.■•  '■'^f!. ''   .-• VV'"    "v. .' '•  .   ^ 
cated from round bars, therefore, afe'fi'red on.tn ,a direction parallel 

ta that pf the fibers, while a flat Wir 'stock i^ logically cut iniq^ ',]■ 

test^pieces which are fired on transversely.   Mäproetchire with räe] 
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concentrated hydrochloric acid brings out lines of work hardening in cojid 

rolledVteel. Sample D in Figure 6 shows the fibers in a socttoned 

sample of found stock that*was etched with concentrated »iCl. Sample E ijn 
i     .■•'■/■"  ' - ■ -I'   '. . "     .',".■•■•■•■■■■■■ 

this,figure is a oorresronding section of flat bar stock.. The firing of 

a detonator on a piece dops npt affect these lines. This is.shown by th^s 

dented and undented piece iA Figure 7. 
J ■  - - ...       :   i     ':  -■■ .'■- '■•'■ 
!)• .Onifbrroity of Bar Stock  ■    .,.      * -. 

-.■■ : .'■■''■'■ ' :•' :; ' -. '■'*1f  -■-';.'- 
Data, on hardness of bar stock across thejyit cross sectional larea a^e 

ven in Tables XIII and XIV of the ann^ndix« The hardness gradient in 

^Iven bar ocf cold rolled stoqk does not seem Xo.be quite as great as in 

mind,stock, being 6'pointy for flat bar stock in contrast-to 8 points 

v 

fr D->r r round.stock on the aockwtell B scale fof the samples examined, 

ruinier 28 ,which v/as an ^inealed tool steel, v/as'quite uniform over, the- 

cut cross section angi Iwas" the nearest'thing to C homogeneous steel found.' • 
• ... •    ."■•"'•     . ■ ' . 

The^variation in hydness fixai bar to bar1 of such steel was not .investic 
■ - •        ■'>.■■■     ■ ' •    ■• . ■ . ■ ^ I- 

gated. This suggea^s, however, that annealing is one.way in which a 
'■■■„'      ' <■       ■ ,--■ . ■..'-•' •;'■,!•'•■* ■      ■ ' .-■.'■; 

ijiore homogeneibus teot •piece can be obtained.   Test pieces cut from such  • 

stock would involve the higher cost of linneale)* alloy steel-l-mich is around 

9i per"S/ß" thick test piece.in contrast to under 2^ for the same piece 

cui fre« 1018 cold rolled steel;     . . :'!' :r ri ■ 
'■'    j^ .■■.-''   ,  .■■-.■» '      , .•'•■' •-.:■' jj    -   • ' ■■■■' 

The investigation' o^ the uniformity of. hardness over the. cross 
•:   .    '■. .V-'v^ '■■■        • '    ' ''   *. ."  '   •"    '-'•I -' . • -•■ ■••'. 
sectional surfac«* of 1018 cold rolled round and bar -stock indicated ho 

'special advantages of bar stock: because of hbmogeheity. . - 

V*  iGeometry of 'the T^est Piece s   ^.    ', v,      ^     ' 

(l)   Tliic^ness of test piece   '.      —v^^ ,;.     ' ; -       c  ; 

The steel nlate dent test could be most easily adapted to the. 
. 1."/' :■":'■■ —>"' ' '   '  , .. ,     ■ ■.,,•■..;   ***■;,   ; ■:       ' e 

N   £.   ■■,'■'!    ■-'   ■      • ■ V < ■:'■■■■■." .vi'-'     ■■:..    '■..■'■''     M   ■■      .'•' '  '>'.        .   •■       : '• 



• :l 

t     •     • • 

*«' 

■Im 

CrosMctioi of roa»d (D) aaA bar (B) stpek 
prof 11« of dent and« by Ä-Ü8 d««(»ator; 

V 



^v -18- 

T*" ^7 

. > 

existing apparatus if the steel plate werfe as nearly 

A 

the: same size and 

shape as the original lead djLsc test niece aspossiK.e.   ^This st»sg*sted 
" .   ' - ' . - i . . ■' _  . i _        r     '      ':' ■   • '  •      , 

an; ihyestigation of the smallest stcgl test piece thst^ould be used. 

Other factors* being equal, the icdtiinate criteriori as to whether a 

given size and shape'of test pi'ece is suitable is the correlation of 

the dent produced '.tithihe capacity of the detonator to set-pff ejfpios- 

ive^^^^rdless of.whether or not< the overall dimensions of the test 

piece.are distorted in the dent test, , Since svch acorreiation was 
*:''■'■"''■       '..'..'-   ';■       "■■.'■   -'''.■■'■■■'.".     ■ ':''"   "' '■       - f '    ■■  ■■■,.;-.' 

beyond the scope of Ulis research., and also because the "measurement of 

dent depth Is-.-orfe precise when «the overall dimensiorls of. the piece are 

not affected b^r the firing of a detonator, the concept nded in choosing 
■■ ■ ;, . i     ■.. }".'■•- ■    ■    .. / ' 

•the size of the smallest suitable piece'j.'a.s that of'.tie infinitely large   .   » 
■     ■• ■ '*,        • '   *    " '. 

piece.    That is, as long as the piece was not dis-^ortijd, an<? the dent, 

depth was the same as it would be in a. lär.^e block, the size and:£hape 
'    ^    . *'•'■'    ':     .        ■.•■■•«■'■■ >• .•"■■■ _.     ' . '-■'.■ ■:■ •   ■ ■•■•■■ .     .    : ' "   "> 

" '       ^ ,' v      I '■ ■ V ' '      -    •' ■"• ■■■■■■„■ 
of the. piece *as said'to be ratisfactofy*    actually tl|ie largest niece ;    ?: 

'■■'■'     '■*'*'        '■' ■■•''       ' .'v.■.      •' y '    *,■"■ '"■   ■ ■ • ■   ■ • • 

jfcestfed was l.?19" diameter and S/B*'-thick,   't'ie strongest stab detonator        • 

;,(MK22) did hot distort this.piece. ' Any"niece ,smaller iJiap thi^s and    - 

which was fabricated from thesam^ steel, thnrtj <|ave the came dent depth 

•and no distortion ofrthe.piece was said to be WaifcBfactoiy.   , 

.       The data for dent tests-<m pieces of round stock SJ^Ö", 3/8M, 1/U" ''      ' 

an^/B'» thick, an^l flat bar stock, S/8",'3/6», 5/l6",| 3/1^" and 1/8« 

afe given In Tables KC, Xarid XI of .the appendix.    The resiijts of the 

tests are sumMrlzed in Table II.   7 

These results. Indicate that a piece 3/8" thick is 

for use in the dent test for use with detonators \no stironger than the 
'*'..■■•—• ' v;   -•■.■■.■•r:: .u.> 'm^ r\-''^- :'::'i:: ■' \-' ■.•■■ V s (' •■ ■•■■•• 

MK-22-0.   A piece'5/8" in ihi«Riess is well over this inlnimum thickness 

- and is reeoBoended as"the piece'thldkness for the steel plate dent test. 

sufficiently thick   . 

\: -' 
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i)?nt Produced in 1015  'iteel Tesi Plepeaf by. Detoriitor IÄ-22-0 

■Piece 

nbss 

Dia, or     SVceV    Ho. of   *Av. Hard-     Ir, dent   Mean Gross 
-     edre of     »I Tests     nessVRock-   deptti Dev-1      Distortion 

Hound 
Siöök 

-    3  s.   ■ 

'5/8-1 

3/ß" 

1/8' 

FlHt 

5/8" 

3/*H 

S/W 

3/16" 

1/8" 

v-K) 

sT 

gonarg wellB (mils)       iation     of Pieee 

1.219" 
din.   . 

1018 
odd   ' 
rqlled 

ii 

Bar Stock 

edj^e 

21     }. f 90    ,      ViliO ..  - 0.2$. None' 
f 

2li 

21 

90 

90. 

■v 

llt.3   , 0,20 NöneJ ■ v ' 
■-1         ..     •   ■ 

1-1/2 kii 
bulpe on'.; 
bottom    V 

1Ü.3 0w|3:.:: 

* '* ■ ■■ 

13.1   . vO.UO 2-1/2 mijs , 
bul^e on," 
bottom. «: 

ibis 
cold 
rolled 

41 

-A 

22 

21- 

23 

9   ... 

82 

87 

87,. 

8ii 

5 9U. 

lU,?. 

11,6 

lli.8 

1^.6. 

13,2 

'0.1* 

0,3 

0.5 

0,9 

0% 

None   -^ 
'i 

Hone 

None j .: 
' *   •' _■_•. 

Bulpe an 
bottom ' 

t     .     ■■.*'.-, 

Buire on 
bottom 

) *-*. 
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■*:.     - ■  - 

^■- ■ 
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A, 
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P>;Vt^Ji^^^fiatl-C8a'-o^ the donts produced in bar stock was fouud 

^ higher than for round stock.   The reund'test apiece (diameter 1.219!'; 

Ij larger than tte ^square test piece (dlagörwl 1.219,viu   Arounä^terifcsft 

a ripple in the surface of around 0.1 Ml is produfPT^fhich extends sorae- 

what further.out fron the dent on the square test piece^   It wä's found that 

^ineasurement 'of -hSight-' of the^original'.surface- was1 .soro^v/hat .easier"in "the 

case ot the round test piece because of less ripple in^the' dented^surfaceJ 

The difference in mean deviation of dent depths for round ^uid square test 
i ■'   ■ '} 

pieces is attributed to this rippling in the original surfipe.   *rhe lower^if;^*^!     •. 
,    ■ " V' ■;'' -.- ..■'■       • '•- 

deviation in dent depth measurements on round stock is one/advantage in 

thgJise of round stock as a test piece,   v 

Figu|% 8 shows sections of round test pieces on which i^K-22 detonators, • 
'.',' '':'^:':;'   . - ■; ■   ■. ■ '* ■    ■•■■     ■'■ ■ ■■■".;'    ''/      ' .'.-;   / ■ 

have b6en fired.   Ficure 9 shows sections of Square pieces on which det- 
m     'i.. ■'"'." '■"-':'' . -'<iy'        ■.'■■.        ., •     ■■'  ''■ '.■■.;■ . .-* 

Gators from ■Wie same batch were |ireä#-.   Sample &, of Figure % shorts a p^ape^ 

before denting.    The samjiles were'macroetched'with concentrated HC1 in order 

tojjflng out the v;ori{ hardened area's.    The hardness in the bottom of the 

dent was found "to be 8 Jo 10 points higher than the original piece hrfrd- 

'I':   !■■ 

.fe ness» |Two short linesÄelow the dent in pieces A and B of Fif ure 8 indicate 
'■■■:,'*•        *■. N.":5. .'''■''■ v     I '   * "" 

■.        I   ' •■-•." «» '■"'• ■•-■.'■.. ^   • 
work hardening near the base of the piece.   These pieces vrere disfibrted by . 

the detonwion.   These lines were absent, however, in *ieces C and D (Figure 

8) which were noi distorted by the detonator.^    . * 

Magnification of the affected area iii Piece A of Figure 8 is.shown in 
;,'.■ c'';•■■'.'V:.;  '*  '. .■:.-»-.;'"'.■•   .■      v.      •   :■..-,      ^'.■    \" '■ ■■•,,•   r"|--    •       ^. »■ 
Figure 10.   The dark area ripresents metal under stress.that ^tched'more 

i^ 

rapidly than ihe surrounding area.    Thk3rofile of a dent 
^ 

,,ofin m -56 

magnified 20x, i? shown in Figure 11» 'wry dent is a little ^ifftfrentj 
'■■''.'■• ' ■*■-"..■■ *i "■'■'*-■  * 

. some coritain a. low spot as in Figure Hi    oome have_a_X) 

some are .quite irregular arid^unsymetrical. 

itomand 
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•   ; ;      (2)   Assenjbly of jfrvil and Test Piece in the Machine i ' f 
:•__  '      ,-■_■       •    '*'-,■ ft      '   ':■,;.■   .        -]'',    I •■■•   -"''-^ '■■ I ■':■    • 

As diown in Figures 2 and 3, either ä S/Bu thick round test piece 
..    •   ' ' >-■--:;•,' :-    /     :;\ ' •  ^'-■•.V,   ■ ^■.     ■:•.',;.      -'.-.,-: ■! 

*/ (1^217K diameter) or a 5/8" thlc* squwre test piece (Ce^" side, Lai?1* 
(     ■'   >  .:/::.-";:-r.. - ■ ---^' ■'■■:■■•■• v ■--^ ■- ;- ■■— - : ^ ;•* 
'  * , ' diagonal) can easily be centerm in. the machine on the anvil sketched in 

Figure 1. The plastic holdex* may then be centered on the «square or round 

test piece« There seems to bt no problem alignaeht of the anvil, square 

"•or round test piece, plastic höldSr^firing pin and ball drop mechanism»^ S^.. 

This. ass«^nbly is shewn in Figures 2 and $• 

F« Bffect of Hardness ; ^      . _• 

There are two ways in which a test niece can be machined from bar stock* 
■ :•>■ ;  _ ' :   \.  , '■        . ■       -i<** ::   ■ ■' '■'. ' -•' 

The detonator may be fired" on the ndll surface or the cut cross .section of 

the square .bar stock may be ground and the detonator fired bn, this surface» 
■'''■■     '•  .• •— '-;-    .';. ■'     .f. •        ■ •     r*    ■ 

Firing oFTSuS latter surface is similar to firing on .a test piece cut from 
- ^ ■ •"    •.•.•  •» ■  <  •.. ; ■" .-■■       ■■,;-. 

round stock in that the dii-ectinai of firing is parallel to the direction, of 

:thelPiber, l:. •'■.'•.■, '~x'^*        ^ 'y        '■■.,■ ■ ;' "./ .';. " ■. : ■• '' " 

: The center hardness throughout a given bar of rourid or square stock was 
"■      ■ 1::'        ■.•'■■''       ■ "  • .  '  . •  ». ■   »•'•■ •';    • - ..-, 
found W b? father uniform in hardness as shown in Tables XIII and XIV of 

'••'■.■■.•■■'   '       ' ■   *=.■'■.  '  ''• '•'. 

the appendix. This arrangement means that the center of the dent will be^ 
'•  ." :~'''::'  •.'••■■  1' ■';■:..    " i' , ^>"' *;'■ ■'.■;'.'.   \ -.t.'.^.-'-o 

located in steel having the same original hardness regardless of the depth 

of the dent« This is not so when a detonator is fired on the mill surface 

since the hardness is changing in ,the direction of the dent» - - 
■■;■■•'■■ •'  ,■■-,     .  •■•'V\ ''' .  • ^4     ■'■■r.'\'.    ''■    '..■.■'     -,i-.-V-     ;'"'•''    •..;   ■•.._,'■;■.'•  .    ■   • 

Figures 12 and 13 shjoir 'that a* rearsohable cöjbrelatiqn between h^d^ess * 
' •^:   --^v-^'■'v-, ■ ' ■■'        '   -^''-■  ■,'.   :':}■-:■>■•-''■''■''    ^(jr *■-;'' ■ ' ■'■ 
and dint depth existed- when IJK 22-0 detonators were fired at the/tenter of 

'-■■• ■'   ' '".^■- ■..";. ^ '. -1 ■ ■ ;■':-:--";/-; ,•.■" ■ ?;!-; ;-■•.''•■/**■■■ : : $•■■'- ''-.,• ■. '• 
a ground cross sectional] surface«'- When the detonators were fired oft the. 

i ■ ■' ~ ■' ;,V" ■ ■' y: m^'-    ' ■  "•■■''  ■ '^. ■■■. ■-■'':-^-:--' y .■':-. :.  al,; ;v'.-■: - :-- ' 
mill, surface, also prepared-by surface grinding« as shown In Figure 13* 

'•■:-.' ■"■■'■:':-:--':':\'   ''"•'  .■-■".*" ;:':;:: ;: *>«-^ •■■   ■' j -''■'":'•■   ^ :'.-r-: ■'■:»■''■   ■ 

the correlation of either surface or center hardness with dent depth was 
"':. •  P- ■....'■.>■•■•■■'<;■•.'■ ■ .-    ■., ..^ %'■'" T" ■■v-.-^.-'- 

poor« As shown in paragraph A of this section«-the center hardness of'the» . 







/• 

■J '' 

*  '  . T ". -T ' ?; 

ter ae^s to ex^rt «msiderable dnTluence on.the dent depth even when ihe 
^ ■' ■>..•••' • ■' * , •:•-'•■■ '-y-: ■ • - • •.,■■ ■■?- '■.. -.-^ •     ... • 'f•.■■.'•. 
.detonator.is fired on the-Hill surface. 

. -   . .;-'-:     _■, '.;•    .   ..   -..v. -v        .... ■ ;■,••■;: ..•■.,.•;■■. .■i6-;v. 
,'G>    Pre^iration of Surface of the.Test Piete ■ i     ' 

, •,    "''■''■ ie»t r>ieo« cut from round stock Is lo-^ically nround to aooothness s 

<    ?ith-a surf rde grinder to provide a flat surface for dentin«».-rGne of the 

. .   rossibieadvantafes infuse of flat ter stock for the test piece lies*in 

.-     •       . , ■     J»" .,■.'■■-.■ .'.,■; .'•!■■   j *    .        *  . —        ...       . 

tu* possible use of the fl^t surface irlth only a minor cleaning qperatipn»- _ 
•■;■.*■-■* '■        i.  .■".[''■■■      ■ :   ' '■.'■'"    .: '     ■    ,   ■ 

It   as found that-tiie flat surface of'abiece of flat bar stock 1/8* x 5/8" 
. .   ■ --'.•"• ' •' 'I* v . -       ' '' ■ 

*..'.' * ."' ■   ■ ..    I *■ • ..','*.•'■ 

and Y/S1' Tjf.1/&n varied in, heir ht un 'to lj,5 ndls.   These pieces would rock 

X 

depth and:add to the uncer^äs^ ^li^htly during tlje raeTsurenent of. dent 

of the w?asu^ep>ent,   Cleanim» by lipbt sandinp iras found nqt: to affect the 
..,. ..-i •/ '       '-..•-        '.■.'■ ' •    ".' • -   '... .■     ■"..  ■■'"■:■      • ;   ' ' 

;refularitv or, irregularity of the surface.    ■ ■ - _ '       > 
; -      '  ■ ' •    ■ ■V; ■ '■    ••■"■■■■   I'-.-      •■       ''■■■   ■" if ■'     ..■-■ 

%,       This I^GS of   recision is reflec^gjyin the standard deviation of the 

:  detonators,    3on«vreitir.\ent data>€höTfinE dent denth and standard.deviations 
..■'■        V" ......       ■ .'..■        ■•* .- 

,. • ** .'--'.■■        '■-'■.!•     ' ■'       '      • '■   • '.■..     ;"'' 

.for test pieces cut fron flat bar stock are as follows: ,       { " - > 

Table III- '      ^ - 
^>   •.■ ~     ' '     ■ -.:.-::. '-'      V     ■'■■:■:     . - ■ \       ■    :  .V  ./■'■ 
';\ / Effect'of Test Piece "reparation on Precision of Measurement 

Surface Preparaiion  Detonator  Nor of - ,  Dent Depth.  ' Standard  - 
'    "*.        /-Shots Deviation 

• ■ ... . . •'• ^——^—, ' .■.   .   ..-,—!~T—:     '   —~i—. • ■,    . *. 

Flat surface as UK^6-0 .       '22: A'.     -12.11^'. 1.0    --  _ 
received With clean- •'?s>.-       ^ *     i    >    • 
inp by light sandir« JIK--22-0 ?%   t        15.7       ' \1.$ 
Surfaoc'hardness 82;- .•.:•■-.•„. >" 

Ground flat-on      '      V * ': , •      i 
surface grinder UK-22-0 ■ :    22    .: iU,7 v   ^U 
€urface hardness 82 

' -a' ]' rf? 

1 
»* 

In order' to evaluate during this research the inherent capacity of the 

^ test for ^a^iiaUah of demons tor 8, maxinwm precision was achieved ty surf«« 

grinding al^ sa^fe- Whether'or not test plecäs «ast undergo a surftce y 



-<£L 

% 

i 
^» _L^ -gir naing operation for a production*test is then desendent on 

■)\ 

\ 

.x- 

'*■■     s 

•■■4 

iJhe 

'./< 

lision desired/ 

Ihen the cross sectional surface of bar stock is to be used as the test 

* the situation is siinilar to round stock where the «üi surface oust     : 
•.   . ■    • .J - . • ■• 

>un4 flat and anioot*,      . ,,• 
^ ■ ' '     J    ■ ■■■■■. /■■■«. ■    &,    ■'; ^ ■    . ■;, • ■■■;'• 

|,   Suntoäiy and Comparison of Possible Test Pieces 

The relative advawtages and disadvantages in use of three types 
,■ 'r r-'.'''..-' '        "• .      "♦ , ,      '       .  . .        . '  • 

of ttst pieces are boopared in,Table IV 
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. IV.    ^•r.ITTVITf OF SfiSL" P:JVTS EENT TSST FOR 

EVALUAHQM OF DETONATORS 

_'A.^ Criteriofl/forAccentancQaf Rejection of a Detonator 

Ü 

*.   i \ 

"It ^Tculttjbc desirable IT a dent depth could be^set which if not ; 

exceeded ?rould/be the basis ofWjection öf « Single detonator or group,   , 
'>■ ■\- -..--    ■■ r-     :■ ■■c " \ -^       '' " - ^-'-■■■'- ' :  X;: 
^.f d^tonatgite. I The öetting of anyvsuch läepth is complicated by its 
^:

L':-   ■     .       ~ ■■/-:      :\    r-T:-..-^      >   .:-'■- 

deT'endwKje on the hardness of, the test niece, and a large standard . 
•'■V-  -V • "   .     ;"/ '-.'::-r   ■    ■        y::." -" 
deviation for a l^t of detonators,     *        v ^ 

:^-:%::v .-., ••   r-   ■'     >    ■   :'    '^ v:.---   '■• . ■   ; ...     •. . 
.An investigation was mxlertalten ^'o .determine the feasibility-of    .t 

! 

• ■     ■    ■ '    :■!"'•   ■     :'• '    .,-"■■   /*■ :■' .■/''■•' ■'*'   '":■ ' ■: '   '■ ■.'.-. 

.specifying such, n rejection test 'for detonators;   The results, which are: 

iirjcucscfi in the>folio-.Ti-np secticHsj indicate that the sensitivity of the  1 

te. t for dirrtinguishinf» detonators of various strengths is low but cahbe 

.  maie. reasonably stjhsitive by rather strict specifications»     -;     c 

B-i *&! Effect of Type of Detonator on Dent Depth 

■   During the course-'of these investigations^ T?hree types of detonators 

vere used«, These are listed below along with the dents,produced in steel ' 

Tiering a Rockwell^ hardness,of ^2« ••      i:      •. 
• ' ' >.:- :■ ' ■-, ■ ■ .'       v    •■.■; :-    •   ■   r* -." '„ ■    ...        .-V:. 

«ft2-Ö-           Stab              1U.7 ♦       (22 shQtsy i  : 

:     MK^6-0      -     Stab 12,U >      (22 shots) ^ ;   .   — 
• v ■I':' •    ' ;.-; " . ■'.•■,/■■■■'   - ■■i':^;-,'       - '   .  '    '   .. '■.:.■ 

I V      MK-58-0            Flash          .%£      '   (22'sRota)'       i •.       ^ 

;  Thie strongest.stab detonator which was ,to be investigated was the MK-22-0, 

-the weakest stab detonator the UK-56-0«   The dept depths differed by 2,3 

Mis fron the we^est^o the strongest, 'th«i volume of^ the dents aiid Öms 

thß yi^i ouipiat of* these two detonators, however« were,considerably dif- g;  '■' 

forettt «luce the dMuaeter of the dent wa^ pprcndraaie^thafctr c* the diameter 

ojT the detonator easing«   ihis is 0<l60« for the 'If-aäiO andCUlS1' for 

the MK-56-0«   This showl that for evaluation 6f detonators, the dent depthc 
»/^/V,.- '■., : : ' -^ ■;:»■.*■•■'; V. : ■        ."'   "■ ■  '. ■':''- - . ■\.-. '  • -.:> *■*?■■. 

should "be compared only for detonators of the same diameter« 

:>-.l..-.- \ 
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, The weakest detpnatbr 'tinted was the M(-58-0 flash detonator. This 

.•■/ ■ ■.*'■■:■■-' \    ■■■■■:• ':* '■■ .-• :." ■-■'-   , .' • v ■. 

detonator produced a measurable dent of U,2 mils with a, standard deviation 

of 0^3 mils. - ..', '   ..' 

•C    Sensitivity of Test for Distinpuls.birig Detonators of %rious Strengths 

Thfe followinp: MK-22-0' type detonatöäpiä were supplied Jby NGL.' Throughout 
:.    .     ' ■ ''' ' '        ■. ' f.;       ■ i. ,    " ■ .■■.■,■ 

this report these detonators are refferred to by-the per cent tettyl based " 

on 160 mg of tetryl being 100?.of full charge.    ^•; - 

■t 

;■'lOOSS ■ ''&%. • m 50*, •  *&%'■ 

■^S?'' : 52 :^. " •■52,.; >■■:** : 

;;:.U8   .. ua ■' 
> 
118 •118 .. :   118 ; 

80 

80 w 

68. 

- 68 ' 

60 . 

.60-, >   ho* 

20 ■ 

2Q     ■ 

The total quantity of tetryl-is the sum of the twA values for tetryl in t....:        f. 
'  /•■ ..-'■■,:'>.'V "'■•;■ ■'..■■'■ '.v' ■ ,"•. /;   ; • '■..•■■  ■■■■-■■"    '"'.'■    :'  "' -", '  ^■.. ;*j ■ 
above table.    The two values are renorted to indicate oreiSirip in. two sta*;. ■.*    1., 

■v   ■ ■ -.■  ■  -'■■■■■■- > -K'. S        •    - -  v      •■ }..   -    ..   t   : 

These detonators were fired on: eight different ^rpes of- steels»   These •■...,  |;  • 
/• ■ :■   ' ■■    ^ .•■     .    . v      .'.,■ ■ ■        .•      .-.■■ :   . ( 
i \ . • .-■.-. . , . >■  ,  « ..■• •■••>• f 

data ace given in Table "V.of the ar'pepdix.    The average dent depths are / 

piven in Table XVII in the appendix .with the number of shots 00 v/hlqh the      •;* 
.       ' ■.*'"■, ■ •■'' *.-'.' "' ■    . .     .'   i 

average was based in parenthesis, • Th^; averncesrin'Table "(VII Vacludfe data     /..' 

from Table XVl of the appendÜ which rönresents another lot of' 100/? detoria-j ',   •" 
•        ,      '        "     • .      . *   '■■■     ^     *.•.-*■•■'. ' , ■  ' # 

torSr,:-  ;'■  ,    ■■   '■ ■■■•'..       <■     ■ J   :..';-- •>"' ,    ' .     V "'.,.,..      ■..,;.   :   "       ^\/^'^>'v 
•  ■ ■.       ■■• "      .    .        ' . '      . .. ' - '■■■ '■■■.■', ■- 

"•       . ■,■■■        '■■-"'■ '■    ■    \    -■'■■:    ■'•■ '.■■.' ''••- •■' f' 
> After U detonators of each per cönt group had'been fired on ste*; A       < ., 

£■■■■:'      ■'    '-'■    \ * \ '   ■■' '■"■       " •■■■•   /   ■■•••■.•' 
to   F>-3 on steel 0 and 2 on'Steel H1, .the remäinde]*,were/fired on steelv? 

■: '   .'      ■''v ;"    -■'';' -•'■   . ;. ' ■   ■■      !•' : '^v-:.   ',■■.'   ;:.."      >-v/:..: 
in order to increase the Si|:iiificahce of the*mean for one of the steels, 1  "- .. 

•     -■     'v.  ■-■--',■] y,i-   ' ■y^-:'- '■■/■   .■■■•", ' :v-^V-    ■■'■■•■■ /  Jf: 
The results given, in Table "XVII of the appendijc are nlotted in Figure ih L 

..    '■...     ■■' '■;• !. . f ■'■: :   ■ "  ;•:-.  V.'     /. , ' 

•on'the following-page. A separate curlte is drawri for each;of the different 
*■      ■ « *■ * .. - ,        J ■-.■.••      • _. -, », i t 

■■,.'."   . %    ■•  ■   ■  •■    .        .■,"'<     \-      « «, ■■ , ..     /. . . 

>   1 

steels. 
f 

: \ ■t 
1 - 

;    1» ' 





\ 

j ■■■■   -■■ :' -^ -^ : 

The! »Cfe^t^oC hardness of-ste«! on the-d|r.t f.roiuceci by  tr,e .100* '.5>  ,„,.,«,. .«..^^s,» w* w^v* «., the-dirii 
f   _c.. ;■    t''   ,.:_y;  , ,      . ■   ■ y    ■   .... .    T 
i^O tfetjr^WB is shewn in Figure 12. ^.v 
\.       -■ • '   '     ,.- ■      ■"   , - " ■*" 

'■ ' "I      The lot sensitivity of the test for deto-nator*. ccntairuh'- ovpr v0r' 
■     i» «     -    • •• ^i••  ■ . ■ , ■ 

of fuH QbllBgf is apparent-flrac'i'gureXU.    The nolnti in this figure are* 

.   feU,ave5agfeS W'at-lJ^at U'Bho^'TIja liiw tai Steel $ is fcaced en averire; 

.     . |of 6 V> ^ 'shots»    Ap exaaination cf tl»* single shots Reported iflpNfcle 

IXV of the 
«Li   ■'-' •       •''"■-.,• '»1 . . •    : 

ekiHJispäix :*ows that Ihe greatest def\th fc«" 505t de Senator was lit*; i    c 

x/' 

jiin_1iie hardness rvi^e 80 t^90«   this was-for <m|> shot out of 22., «The 
* v   ■"-'*''■'"•■' % ' ■■    ■" ' '    '.   ■■ • :    •   ■ ■      ".   .. ■ 

ishallofwest dent for a lOOlS detonator in/the samfei hardness, ranff was XL.U 
-iui- ■■''      ■ -Q       '^'■■*.' : \        ■ ^N 

, j:|-whtch' is »for onfe'shot «it ^(f 20._<_Thvs by settingt^.accepUble_äent der»; 

at iil.u, ^ne ojit of twenty 50/J
;'deti3n&törä^would,be accented, ^s ICC"- deter.) 

w*m 

# 

I* ••   In tiie ca'seof the ,'75^ detonators, u out/of 18 exceed'a depth of IL.u    . 

«dXs and #oüXd.be accepted äs lOOf? "detonators. 

-v.-   In'^HR cas*--öf tlte 85)5, detonators, €lj out of ?2 Idetonalors ■■■:o\.l-i have 

exceeded »\epth oj? Xltii* kils and beeh^acceptfd SLS 1C0(V dietofiatörs.   ^ 

. v". Had. ft-dent depth of lu.u been-choseTfiTiöPa-öpefcö/icaSron that nteel    , 
;L_-:' ;'   ^ ^liS^' ^ 'S    S     "      \' • . , .:-  '%   >& ■hardness nay vary !fr^80Np|ii90, then on'the'basis of a nm er of IDCC 

detönirtoi's ßrea^er.'Crah ."HJ-^t is stat^*|.ca||jr probable "tibt se^ersl KTv' sr'fflßfn 

* detonators; would fill i^o pr^tuce .dent '«fllt.K irilS and th4refore rouid bf? 
.  ■ ■.•■■■■■ ■(> ?'; ■    -• ■■■■■•■    ,■.■.,'«,. ■.       ■  ■ . .        . 

:Vi •■'.-.,"J- ■"■; ;' ?'- *A"   ^     "'■.    ; :■;-■•.    i--   ■ r i. ■     ... 
rejeeted^    The flat» sho*r It is possible to select a dent depth such a« 

'■*,:. '    ■   .j-'   >    -v     ■•■■  ' ■-     •, ■' ■' '       ■- 1    '1 • ■! 

If.O.BUB which^will accept^ovef "^5? of the! |bOX deioqators but reject 95^ y 

'': -":' .■'-■      r    '';     '** • "   '     - \   ' ,■.'.«/■'.[:      ■;    ■     '       ! ■' , ■- ■       ;  -• -    '..   * 
^tlil ^detonators«. -  l^-'.-- y      'i/'Vr  '%\r\ ■■.:■/■[   ■/,*:.■,.". 
■  '■■'■'■ ■'-I,- i    - ■    i -      ^    *\ ■    "'^ ' '-»■  ''''.fJ-;-.^^. ;. ■' '-li   ' :■' '    ^ 
'•   "' ■^«ftner or not'-this' const£t«^»s ^^sa^^iö^aiBy rejection tost depends 

.  ^cts Forrel^on/of the tos^. operated in 'tihiis(/«im||r with tfy caraolty of »the , - 

0x detonator to initiate fijpnlosives.    Such an in*«st|j&^Jq*i Xk ber.cnd the cc 
*       ' .      . ■     ■ ... ■' - /   v.     r. 
of Chia research« », v        I 

? 
■^' 

•vi ■'• £- 

£. 



Thp' otfect of raisirtr the reqttiieed drnt denth ^^iKlar^ frep lli,iiviBils tß %Q ' 

incrcrse th. ntarJjer of 100? dfttö^ätors ine^^cted ft uieil as 4,lje master of 8538. 

TTf^ct' on oi; ••>. dptonatHCjr by,a-, single shot has poor c'.paeity €0 rt.jjöct     - ^   " 

it Un-tor:  ' .-tyirr -. r.trer^th of ??'  ftfil'clnrte  ihd bv,jrv       •* ■\^ 

Th«   r-,c*. fia a 7'.' detomto'r cav-ntodnco z/ioni  'r^iU-r dhian.soae lOOf 

._. ••"••V'-. tt^W jcei r.  „c •>'at .loi;t in rart "ue" to Lhtf^st-^fctrv o:' the dent'. 
c     ■ .  .-.       '  -        " •    ■   ■-'' ' 'J '"       v'   , ' ■■'       •', • • '' " " ■   ■*' 
"•. ^oM.'Mt .-ts -ire iinoC'*.t'. ind trJcc the pto^c ■.tell;    .3oiae dfchts-iöyfvbeen oBserv?^. 

.    ^ •. :    .    -    ;        -    - .•     •   #v •    ,,   -■'^.. .- .   ■ 
."to x.c iirrerylar so that the probe rould hat fit Into t,he. lower jÄwt^ ol" tlie 

d*;:;t*    Q'ffr.rcnce in dent ^lapc»-therefore, .-say erplrin the'oirerlap in dejit 
-■•'■ -'" T, '   ■   - •    f . " - . 

-■•■•'."..-■ ^ "     . * -        • •     ," 

;   di?rtha f roa 1^4 05/a^H 75^ tKe dent, whith   ' . 
\   .;••••;•.■•■    .■■'■•.*;•-.,.'•■■'    : ,   WV" •". :.. .   '■  t-. '♦'nv '/■•     ^ 

.    unrnrtun-i4:el:/ cannct te rvieiuiixd practically, should; prave to ^e a more • 

reliable criterion of'detonator strenrth.     ' *       ^    • ' . .     /• 

^^   THe^fe are t-ro •.-;:/r. in .rhich the-test can be made Aorie sensitive and dr'.e* 

•nui'-In-'-vtilch it is made less sensitive,     •     .      •• 
-*•■•"     : v" ■"■-'•■ •■'.■': -v..-V ■   ■', ■'' ;'' ;  ..'-■■'..,        ^'- ■     :-.      ... 

, ■"ty harrowlnr' the>acceptable h'^flrdness ean^e or distinRuishinr jbetween 

avera.-es of'rroiups of detonators the test mav be made niore sensitiv««   In 

cc^vtl^st .^ ÖilB,1 anj^hinip; that-acts ip ihcrease the standanS deviation such 

as riot rrlfldir^"il.at the outface-of tbe sa-iples/or tc^ hastily;prcA)ihp föK 
:'.■:''■:':-■■    "•""..'      ^ ■   .'.<-■-■■.■ :'■ ■.'■'■':.-  '■■•• '.'•-   ■",.'.    ..;"■■    "■.":'«   ■' ■   •'•.. ~ ■ .■ , 

ma;:iM© dent dei^^.«ouW have t^ eff ec.t df increaisdjjg.t)« acceptance rate-, :* 

pf loy* tkwer (tetoi»tors a^'e^ rejecting       * 

The   hardness ranfje-^could be nanepwed by, ijurchasinji from a supplier ohly 

those bars of- steel Hhieh wk certain hardness requtremlnts.   The hardncige 

• ttuÄN^t ÄÄier &äP» öf l^fi^ aiil 3^ cto^^^ 81 
^■■^i^^^'^ M 

9      ^ rarvre.   Annealid'allc^tool-sllel ceA|e purchased »t a steel cost of ground 

■^ "-■ 9.■■  ^ff-^f^ff&ß^^'^. '■ - ^: 

U 
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"V   Stamteril Derlatlon of tte Cetpifiätctrs ^    ' 

1 'The staiKlard deviation of detonators fCred on $/8" test r>ie«es was  .' 

, calcula|ted and .tabulated in Table XIX of the appendix.   These standard 
'■■""■.■-'■'■■' "    ' ^     -•■■■•••.:■     ■       ;.'■•'■■ ■., ■■ I       ■{■' ' .     '-    .      • '■ • 

-        ■      . •    ,■ •   -■ >■ I        •■•'•■.-, •■■ .      ■      • 

'deviations were calculated from results obtained by t»o operators. The £tand-, 
..■•.■•'.:;■'." '■■:■--•-'    '    '>'''.'.   j'.-y*"   '-.''■: '■-'-'■-'-    ■'*'■-.:-^', .■■;;-' •'_ 

ard deviations for tWe lots of iOOf detonators -sere pooled» Furtheröorei 
jr       --■'■'' '» ■.   ■:;-■    -./  ■,■.'■■      •'..-•  .*:-"•- •" '    , :..     , - 

the standard deviavijMis Tie re calculated/rwn tests'in ifhich the surface of  .. 

all test pieces YTC re ground flat% '   •  : 

. These standard deviations, therefore,; TJüI probably be different thar 

' t-hoss Calculated vrhai, operators,, lots of detonators, preparation •'of test ?  . 

/piece, and dent depth measurinr appa*-«tus are cosanletely randcniized, the • 

standard deviations obtained in this research serve to evaluate raaxiraim ' 

sensitivity of the dent testv 
• .• '    '.. ■      ' ' '       ,•    vv .-■■'.■■ •" /- . 

* The estimate of the standard deviation: for the lOO^i detonators based 
'* . •' >■'■■ ;: - •-  •■.; ; :.' •  .^.       . '" ^ • '■      - 

^•22 degrees, of freedom was 0.6 «ils. The estimate based on 103 shots -.   . 

'ir':'---  ;   '■' •.  "-':'   ■,    ' "• ■. '  : '•,;-- '" -\ 
0«$ mlj.s. These standard deviations take into account the »Vecision in    3 

measuring dent .depth, Followii^; are tables of the least highly sipnificarn« 

difference in means based on the Student, i. Table*» at the 'X  level'. 

•" < . "^'r'   '.'.\.-       ^  ' Table V.     ■      %    •-;•■■■'■';;.'■.';' . :' ; . .• •  . <, 
•-■••": .■.u.; ;  ...■■;..■••■/■■ .^    V.7- -/.■.      ■..* ■:"'.^''  ■•v---.-..: 

, ^     Least Sii^ficant Ittiference in means of Dent Depths 

•,..'   ,■■;"•■■   ■       ; / ,      ;■•    • •, >4-' ••, \ -  ■ .-; '/'-;: ■''■■'.    '■■''■''    ..~:-'\-.: '■     ■'     ■   ■'-■•'.•':■■'■     •    '; 

' Mo. of ^lois per lot. ■/■: .:' ' / ic"- "' ■■ : i   •  " •',      9$ ■''- •'■•'• ■ 
of ^detönatcqrs    ,.    \:' ■     r "' ''       . -' ■[ \ ;'■'-.." *, V.': v      ; -'^   •'' ?:: .->.■'';' • 'A- 

■ ;>■'■   ■— '■ '   '■..   ! ^^l .   - .".,i .■■ " '  .  '        .....  .'.     :-.   ■ -   ■      - \:.. •.; 

DeRreea.o» Freedom     .       1$ ♦ 15 ^ « 28 Vf p ^   U8; -   .. :,   ; ^ 

5tajg^rd -Deviation'(Äi^)' 1.5    1,0 Ölfe 0.5 0.3     5.*5 l^P: 0.6 O.S Q,3 

«LeasikHiRhly SiRniTl--  .■ • :■'? ;..' •. ■\.;^-'      . ;.^ ;   " .. ^ -•■■■., V-^^.  /.v 
CÄnt%LCference^ in . 1^5 ^ 1.0 ü.6 0.5 Öi^r   1^ 0^8 ÖV5 0^ 0i3 
means 

# Villars, DiSi^Stattstical Desipfiand '^^:^«:^:M^H^%M^IB^^ 
:' ; Deveiöpmeht Hesearch»^ ^pQf'h^ G. Brown Co., ^IJJiSl)' f 
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The standard deviation of 0.5 mils for the lOOT detonators indicates 
■       ■■  i 

that the steel used for the test piece is highly significant since the 

difference in means' varies from Hufc to 15,2 in, camples- A, B and C and 

fron lli.? to 15.1 with samples D, E and ?. ' 

"titlst ical' analysis of rteels A through'F of Table XV of the aopendix 

and T-ll  pjroup'? of detonators in this table is suEiuarized belcw.    Only the 

fir ■■t for reading3 in a column for each subclass w^re used in order to     , 

nake the .t-ible svr.Tietrical,     ' , • 

■     \ ' '   Table VI " • .   ^ 
''-,:■•'" '       -. '" ■  ,• ■■■   r""""   ■ > 

aesuMs-of Variance Anal/sis of Detonators and 
jteel? A,1^, C, h, K, & F, frcm Table XV'of Äppehdix 

Decrees of    Sura of .^ria- Vari-   F; Critical vaDie 
vreedora       Squares      ability ^ aocev   from of F-at 1%      | 

/,  "   ''' ■•  .     'tests level froip >  (• 
' / test table.v 

(GramfTotal of        ,^   •' • .. r ü  r     ;   ■ 
Igo readings)2 ..      •' ' .;   ; " .'^    C'' :■    ' 

:- 120      :~ ■ 22ii2U.26B 
.■>*.■ V  ..*.'■■ ■        •    '■   ■ < '  .■ . 

fotal Dent Tests . 
(120).     ...^  119    22806.360 382.092 3.21* • 

nbclasses (30s)     29    '22690.600. 256.330 
',,•■.■.■■■'■■■ : .A;   \'. ': ■       -     V   ' -■,--■ ■•       ',       .>'  '   . 

. - ' .■■,-'' ' ' '%-      ^ ' ■        '  ■ 

Between üetonatcrs •  -    '     % • ^   • 
(5)   ■ ;,    '.U 22625.91*0* 201.6Ü2  ;5.03   3.6 3.5' 

->twe4n" Steels (.o).        5,       22U36.60U     12.336 '2.»4?   iJb    ,^     3.2 

Interaction 20.    .       V      .'    U2,352    2.11    U5    . 2,0      ., : 

■■itain nubclasses    ,    90 s    . \    .     125.66,  1.1$   -     ' j- 

''•'   '      '   ^   ■ ' •    v   -    •      ■   '   ^   1 •' - . .        Sample calculations sho./inc hcrcr this table-^as formed are'given on-    ■ ... 
'■•.;•     ^   ',     ■' ■   ■', ■   '.,,'-."• ■.'.V    ■.'        "■ . -    ' ' /.'■■'■    "■/■■•'•'' 

page ''I' of .the aprehdix.' ".',,"■ ^-\-'.       ._    ., •       ■•"■ 1 '.'f .-     '■.■■.■■■ 

. This-anc»iysis indicates qualitatively that the difference in de|;pnators 

Is öonsiderabiv grgater^than "Öie difference-in steels,    oince F forth« 



I   ■ 

* 
-■'r'- 

detomtors exceedn the critical value\of 3.5; the difference in detonators 

i3«high3y significant but arir difference in steel is not conclusive by 

exaainationby the ".test at the \% crobability level since + he exneri-     ^ 

mental ? does not exceed the critical value;    As the result of a different 

analysis, V* was uentioned on page 37   that the t test dres dstect an effcrV 

# 

The interact:"en effect is not relevant to this evaluation since any 

of the stesi. 

relation between .roups other than addition and'subtraction of the ^aae 

constant will show interaction. Hie .- orralation of Figure 12 indicates 

dents are in/ersi'v nroocrtionfed to hardnars and such a relation "«ould' 

show interaction :.n a statistical analysis of da.»».,.     • 

^ 

'V 
iff 

/ 

^ 

-  : i  • 

/. 



'7,    TErlTl!^ CF.FUSH EEt( 

'.' 

** „Sie Flash Detpn^tor ttoJäufc      A  • 

As a' result df' ilnyesti^atlon oft stab* detonators, -it had bee^i lo^id 

that a test pl^pe 6f 5^ thick and J\*219" in diaaotcr br diagöhäi Couldv   ^ 

be used.fpr the steel plate dent test^   An-experiaental flash dejtonalä*       ' 

hplder w^ designed.   For investigative purposes onlxthe part ^phoim in. 

Figure 15. ^»as' machined at HOä.. Cfce riroup of 50 ^as iaghined .fd| tbe 

.^C-22-C jietonrLor and another group ojf 50 ifras machined foi^he HKi-58-b 

dctonitpr,   A ^t.indard plastic holder, for the IP? 

"top of the p'thined detonator holder to foiSB.the 

and nriakrplTiSticJttlder assembly»    In practice 

• • *% 

and priflier;; holder .sroulä ■ be injection molded J^s one 

tiyckness of 0. &■ ♦ 0,01wi- j\ 

B,  -Anvij. for, Testing Flash Detonators 

inee the heirht dimension^ the plastic hidldeiisWill He different 

ty as much as 0»l*5" it will be necescarr to use'diffejpent.any'iis for 
»I 

Iders of different heights.    The «vferall anvil heiglk 

:^^ AT. ir. Figure 1 whenUsed with flash detonator hoi 
*. ■ ■■ •   •       . •   f   ■     ■ .    ' 

icf iven in the-table below. is height pats the 

y.rA'ifir 

L,*iX 

height as the top of |the holder for the 

A   ^able VII 

Anvil Dimönsiors for Flash Detonators 

Primer 

m 
Fo^ the a 

ÖveraU^üigh^ of anyil shown ihFi&..l 
for test ^iece tMckness of 5/8w 

■ v-v ..'■• "'     .-     ■ 7. if*  ~ 

: - / 
aah detonator test is An- alternative »ssembly f 

s ^c|ually used 

hWifig a height lA/tf* and centering spiders up 4#1/^N ^ thick 

\ ■ 

Ulf research.   Or* |anvil is machined and 

:^l'- 

mm. JLL 

are 

■m- 

-KV 

V, 

:.i m. 
i 



"TT v,- TT 

Time» torTlmA totoaator Hol4«r 

(fUA fetoaator kalter Is fonad by iwwtlag PlrUf JCIB 
«ü DatoMtor Boldar tor MtlM/prlaar (Ornriac *o. £96479, 
■atal Orilaaaea- Labaratozj) OB tap^of «Mia placa. ^   . 

r 

' Ü^Ö -^ O.O/ 

O Ol 

y o-:' ^^ 
^ :   Ifctatiil t Pblyatytaaa ar «ttitliral^t' 

Datoaator- • "  .v'^ ^^.:'-■., y: ..   :■ 

v..     ^   .. '^Jl*             . *ß*. ■.■; 

ö.sTo ' -^öwift^1 .■;■ 
■.-■.•      9 

;p.a*^^■V:JB*9a9^\•';■ 

/ * 

\ 



// 

h -.- •. s 

/ 
added beneath the arivtl W bring \i.he anvil to the desired height» 

' C, Reaalta fro« Firlnl Flaah fcli« 
T»entv-tcrö MK-22-0 detonator 

^l- 

nators 

"TT~ 

and twenty-three MK-SS^ were fired 

, by jtabbi-hf» t^; 102 pr^r loca^edl 0.2M aüb<^ the det<^tic>r in^ «le plastic 

^ holder assenbly.   Th« data art riTen in Table. TVI^ ib the apiiendix.   Test 
' '. •. ■ " ;      ■-.■■■ .'..■■'   '•■'•    : ■     . I ■ \       ->.-   '''' -• -  - •   ,   ' ■ ■ ■; 

> rieces rrere -ill ground flat*   ^te dbnt depth and standard deviations of 
•   . •' '    ■    ,   '     •    ■ ■ \ ..•■■       '    ■ .    ■ ■ • 

■    , • •      ••■ ■ \'    ••'■*■      ..:••":■■-■ 

iii\-22-0 flash awl stab detonators are plven below for a test piece hardness 

of n2. 

Table ;yni 

arisen of .K-422-0 Flash and Jtab Detonators 

16. of öiots 

;.;K-22-0 
Flash       • 

:iK-22r0 • / 
3tab 

22 

Dent f Depth (mils)    . "Estlnated Standard 
Deviation (mils) 

1U.1 0,5 

Test Piece Hardness ~ 62B; all pieces out from same bari. 

The difference in these averages is statistically si^niificant at the 

1* probability level, the differenGe may Ije due to holder design and  , ~ 

method of initiating the detoi^tor» Investigations as to the.cause of . 

this <ü,fferehce were not carried Out» This means that the rejection of 

detonators must be bused (si;a cHterion irtiich will be different for flash. 1 

and stab detdlnqtorft* Thf value of the dent depth which npst be exceeded 
/ 

must be picked fron experlenees 
/ 

since the relatioh between the steel plate 

-*}  dent test and perfomanee of tlie detonator must'be tcnoim or studied( / 
'.■■':.*>: ,".'^ I;'  ^  '-    '   :-v''' :'' ;-:^- :       '' ' :■ ■'   ' .^    ••'''  '"'"■J-'''' '.'.^'■" ■' 

Hi   Recojaetrf^JFlash Detonator H<ader 

-■•'..■■■ ^Testlßg^of-'flÄ^i «fetonators with the holder «tescribbd in Fipure 15 

■\. .sup^e^ted. that the. holder sjee^hed in Figure 16 should pro«» to be *' 

i 

;H 

^d^^K Xte 



Holder torflmA Drtotaton «tf tlw lO^PrÜMr 
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suit-rble fol* testir»» af Hi^ detCT^tj^* : ^       h^Vii« tiJ^ di^naciöna- 

ivfen In t^hXe'VII ^st ^ju^ 
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V 

e-J«  * 
'•'•'''-?■'-""■-  tAB$ TX-^V 

r.--r: ::r^~^~. 

V ■" ■ *» '•'^ ^ "         DEiT TKJFüm _'•• ^:<-\^%:J , ■ ■ ,;;■.,'>. 

Piece Stoei Shape       Detonator     Confinement . ^   Hardne^  .   - Depths _ 
Ncf, ■ '           -       -■';'-*.             v .       '. * 

\  .•;.•■ 7.       Jais. 

1 1020.- S/e" bar    $670.     .   PlasUc Class harflness   .     12,0 
2 v ■"■:,•""■   ::, 22-o:   •■■- *:r-y:. . <ff saaples 1     . « i3*B 
3 •1 ' • '•■ ••».• ■ ^•'v 22-0 ■■"'■:■   : ■« throughM;"'   ; -      1U.2 

; u . » " :M   /■■• ^-5J-0'   •.-    .■»:■> " " 82.? Rofc^ell          12.0 J- 
Bf scalif :        ;      ii^      '• • 5   :• .11 ^        -   $6-0-           '   ,?' _ 

f.:   ' ̂ " • .,-:,'" ;■      '^S-a v   =■ ••,-■'^..;-;:-^ ' ... ■ / '     ' :>■■ ,;/^a2i8/-- 
7    ■.' ,'. - "•»■.■"■■ 

w  .          ^«k)         ^Bfass slfeeve -/ Äv-'.^^V17'U"' -'- 
8v. ,r .•»«-.;:. ^      . .    tM?     ?,   Cbnnterbbred 

'"o 
■-:■«,- '. -•'-     -'•■•:? ::Äfe^:^^Ä%'. '  - . •v:----. -^ ./■.■■•. 13.5: ..,.. 

l^ 
■v.-, „.*.■ .-   " ■  ^-V-':,§^3-~!4?      r.';'»»: .•', ^"^  ... '•    :.'<■ ih.o ;v-' 

11     ' '_:\': '' '^Us^^^^-^^K ■^iS^-     '   ^      11.U     ' 
- 1?   -, '% '.*--Ms^^ ■-'-'■ «y^-.: . ." Tfe" ^~x-ii.f/';■■, 

^' < 
■  tl ■ ■ \ * y^y'^ssM1^   '■ -4.. M. ■ -\'           •      lti.2 '; 

% • " ■  ."•'■'    ■       %-0'            ■.■■■   "■■    :'•    ."   • .':;■,.-       % .        ■-■,,-■ '.12.0"  '-■. 
\g-    ■ ''           M •V-1' :   "^o   ,-\-     '•'■.-'• 
.16^ : tl    ■ : "   •   "    .5$-C)       ,:-C   " ,   .   ••  • 

19 

•1 ; ":;..,...:. .^2-0 • '    '"SteeK^feck . 
'   • ~    M *,            56-ia          Plaäöt 
V   .     "^ ' -:^-";   ■             56-0' ;.-  ■:   ^•-  v ■•.-.   13.6 v-:- 

20:. ;_,-■,„:.* tl ' •<           5^-0    '         " '■■: f ■      ; ■■;■• ■ i2.3''... 
^•21;'■.. M "        • 56-0 ■■ '  -v..  •■     '■.   äi>9 : - 

22 It ■ >              56-0    "       .:' " ■  i          -    lli.O 

23 u °#>*0  ±           "        "   ' 
'    -.•♦             56rO                -    .          . A    11.7. 

^;..:  #  11.U..,/- 
26 ■.■-■••'   « ••;- w.-;  -^6-0   •^■'; *}..'>'*- .;:  \;--/;V, - •■. ■il^-v, .^ 

• n '       '.""' ■ r/.. ^ ,56-ü^      ■■".-: -".; ; lU.U, 
'    2t:' ■ M ^ -.•■.:•.;■.." .-.; •  .22rO  .'' ■  . .:•**: . .      ■■< ■ '■.   : vx. ; ••     ■ : 17,0 -'■: 

29 N   ■' -■/^'^-..n^i.      .■ r'^i    .- .',■■.    ; . ^. •->vr as,.? ..:;• 
>0 v ■»   /,.>;: :'■:.*'*'."   ' 22^      "^ .:^;.      •  '"; ::-^-V.---.V:^.T   . 
31 .   '     % „ -. »..''■■ •"•'22-0 ■;;;-' ■''' V.*" • ./.'".* ■   .,:■;■•■        v  16.I»     :• 

• 32V f-i' '■ ̂ . ,»• *♦;■'  -22-0"   v :. ♦•':•■.■ ■■■• '                       .llt.6   -.v- 

33 «;                     " --   •  ^.•.:'. ■■■..■•..:    ISA» 

3U: '■' -C           '^     ' — .: ■■■v • ■ v: ;;    .;-Mlrt2'^:., 

35 |cal lr2^dia« 22^C,.'; ^ .,-  '*.'-••>  -v'■ ■• * ÄV. center hard-     ll,6 

^V8tt-.^;^'-::;^>--^. ;.-•-;-■, ness, to^Les 35     v   ' - - 
tliro«lvl32, ^. S"-   • - 

^-"'■■.' 5- '■• ^:-- ■•"r.:--%^ '  ;;^v■/.vA''.'-^-. ̂ Hoc^ell B «lie,   w; ' 
-  )6   - v^' 'i.' ■■"^•..■.. '-^  22-© :                    **   * V- -^-;:;-:V^     :v-.; ■.. li».ÖX--.--- 

■^T-:-' 
''■:"<   '    W '.•'•■■\.- -^»-0' ,-   •   V'- ■ v - ■;":-;-. .■'>■'   .%^'.. ■ 

-36.' - ■»:'*.' 

;%T^V *:  ■ 22-0^ "    :*,: .s,,.- v ■, .-■■.•^•. ;■■;::■- •: ..>#.2.x -,,, 

'X •.-•".'    ■♦! •:.■.■.'••".*:..■• ^2*0: ■:.::- ■^.■^:v^." -^^^;';ife^^fei 
x    £.   ' '' '?*    «" ■^ ..' —^zio- •     ' ;*^ .■ •■- --fV    ^   ■^.■■; -. Ä;3- ' 

^ 
M 
lib ir ..    0 ;-" • „ t£S**%s^/ ^:K:V':^.:- 1 - -^i-   "•■'i'^    -viß,2:tt.;. 

^: H •:4.^.,,'r,-.--i-     *2-0^       '-■■#^-'  "■^   .! 

•/: 

1 
^. 



s «^^V HT^" 

# 

-Vi 

■ Li '_" 

3t*el Stanc- 

T'   TABLE IT (Cdntrti) 
"u • . * # ■ 

• ■■•■?        •   ►>■■•■      - '■ 

>•'   ::MPp,i|srTE-'7r BAt/L; j:. . 

Detohator.   Ucafinsoent 

-U6 

A- 

Hardnösj 

•^f-^ ^t=^i^; 

■» 

/ 

0;v 

101$ 

22-0. 

;Pia4tic' ^ 

."Pepfch, 

i^.e 

-■rm^~rm -,vi»^. ■■.,-.'22^0.'. 
.Si:.    '■■  :-« -•■-■ •».■:'■■•'.-  ,22^0 

&  ..;; :r.- V **    ■'?    -     22-0 
•■--51 . V-V •v - ^-.i • -   °1?2*0. 
: ^55 "   ^ ;v ■».:;-,   .-    12-4 

- -^.^ «■. »:      .     .22-Q 
.-5^.    •   " .■*■"   «     >_  ' _  22-0 • 

^ /57.V^   «v -■.:..»-•;.:■■.:■. .-aa-o- 
58  '^      ?: »  *            22-0 

:'5r'--'>- 
v   .60 *   loia '1.219^ dia.x ?.2U0 

3/8" »wxrid     - 
* 6i „.r p. *  *   :        22-0 > fm^. -    ••*    .   -v;      "  22TO 

M    ;«^i\.22^0. 
/   .61          ." «,           ^22^0 

65           •• ,    '»•               22-0 
.;:     66      •     >': M         »  *.. 22r& 

6T          * "                 22-0' 
68-      ,« ;.   *"'::-  ■     . 22-0> 

- :-6?        */ H            .    22-JÖ 
/ ■7o;,;.;-;  ;*:- ."V'^        22-0 
••■ >t--    .'* :. .•' ^:- : ,22^ 

•fl: "„:*v * ■• ■■I-: .•'■■   m*!& 
7^   •    •• ■:A*^:V.::- .:-22-d. 

iTl-.--,':-^- ^^>^:'^"-2|^ 
wmm^M" ■-':'• • ß :^l-0' 

'■■■W"':^: -y-^v^-' ■•:■'; 22-0 
.:.:■" «■':■'- ■■■■22sa-' 
.:-.A"-;- •; ^JpÖ"; 

J'80    -. ■^,- .::■■•:*:.■■■-'■'^    '22^0 
:).-&i :^^:- *    .; ■■' ••22VO-- 
'^M:^ i*..\ k ..:w ■■;■ J^pl*#;; 

• vfi?;--- ■■ -r. *
v..?■;-.-..    ' :2^-: 

^ß^m$^ Ivii9»J<lia^. 22^0J 
'Jj^tft*  '.- ^Ä  ' vM^jrwwdrv.^.v^. 

ÄÄ ̂
W%^ ' 22-0] ><f^;;:;:   «-'v 

* ..' :^?.:^oJ 
.    : «.*M*.■*■..;2Mi 

.-^^ ■ -^^ 
,\-:V^A •■■••.•• .22-0.; 

t-A-^-- ■^w^.^^o; 

?\. \M 

-M 

- W 

w 

H 

*. 
.J»    .. 

n 

:.«'' 
»I 

H 

* 
':ir: -■ 

,■*•-■■ 

;* -;' 
■■« 

>« y 

^ ■ 

M   "- 

M    ' 

:.« ,■-/: 

'•»•■■■ 

*r'■ v 
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■«■" 

::••', 
■ « '-: 

♦■'/.. 

ü r 

ft 

k- 

*        \ 

*^ 

"^± 

■^ • 

■\ 

jms 

^. ■..- :T **£■;      ■"iirtO-'' 

;. ■-'   .^^■•—■UÄ  1U»2*^ 

ÄS ^Ä. • 
;-w^■•".■.ik.x: - 

ä.ä >: 

•■■ V, '■' 5'' 
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-*- •: 

-#:■ 

f"^. 

iZi * : 
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-, . ■ •, 

- .    - X  TABLZ IX (Ccntdr) . 

> .   .<;   ;               .  DETJT TEGTDAm ■ 

,   Piece .   Steel Shape         Detonator   Conlinement 
No * '   ..... ^ - •   ■ ■'     '    • .- ,.   .••*' 

■ 95 1018 1.219Vdia.x   22^0          Plksttc 
l/h", round         •             '       .   % 

96 /-"."" . 
II     - V.." .22-0                ." 97 f       .    " 

-  93 }               '   ir •    V                  22-0                  "        ' 

9^ II j't'''      '.     22-0                  " 

ino #■ . ' .     ti.   . '"      .,■-'      22-0    -             "     ..' 

: oi ii ;  w     *■'■"'■        22-0          ^    - " 

•xO? ■';     ':ll:;:- ■     . "                  22-0     ..     ■',".•' 

,10.1 ■■  II . 1"             -.22-0     "        '. ":          ' 
*■ ..     \' 22-0*   ■    '''    "          . ■ .xl. II 

1    - 
//' "■ 

.  ;«-.•■       2Z-o'' >' .■ ■••• ■; 
10' .11  . ".           .v, ' 22^-0   + '.      "         ' 

: :io7 .    '"     f   .11 ■ ■ ' z   ".                 22-0         '        •''       ' 
VII .■■     " • ''■ -•      -^-O-    .   .'     . ,l; 

■       1018 1.21V   la,x22^a.    -   ;     »    * 
.",*■' 1/8%.round  ;■    .-.,,,.   \::        ;.   .■ 

- I'M t .;     ■■■/•"v " ■.• -   ; ■. 2?-o  ■;,.... ■A:., "■, ■■.•.■, 

ni II .HI.       - ■, 22-0     . ■   y* 

• nj II .• .;•■ 'ti     •..; V    22-0'. ■.  W "■',.  V 

■'■■' m (   ■ " 
;- "■'•■■.   •. 22-0    ';    ■/•; "'   ' 

-   n' II "'"'■■'<                ' 22-0                  " 

«ti- 
' »f " '    '       .   22-0               . "     '. 

ll' 
ul ^ :■ :■:: V               "22-0    •■•        " 

• ..it s "•   •*    -    22-0 .■■•'    . ,    " 

'' 'Ji ) ■* :   ? • i,                  22-0 •          ' , " 

v   ■ :j( )      *." ' .    "                       22-0     '"' :    "       "' 
■ '« .           .22-0       . ■;■ "y-^ 

*    .  II '         _      22-0                  w / 

-' ■ V2. r   . ..;.. ;  „      .          22TO             '   "    , 

...;:2l ; •f      ^         22-0                  " 

i2: r .     M     .            22-0           ••    " 

12< 
; 12 {   -    u 

"     ■    .    -22-0           --.'■*-'. 
;'     ••           ...  22-C    .;         " 

i2 3            " »    .,.■•         22-0        •        " 

•  'i2 ?     ':•'.■": 
.   „  •   -..        22^0    ,     •     tt 

13 D        ::".' >             '   22-0^              "  *   • 

13 t ;       M^      V  " 22-Ö          ,   ' "• 

•   13 2    . v .;«■..:          '22-0                " 

'Hardness 

^ 

n 

-17 

Depth, 
i4.1s.. 

lh,1 

■■>':■:' 

■i 

•■ 

\ 



■ .-'-.v  • . :• . TablrX,; •... -r ■■.■.,;:■'; 

DENT TEST DATA FOR TEST PIBCES, CTT FiWH 

^ :.'     ^T'BAR-nrOCK. *"  . ... ■ 

ConflMaent - Plastic Holder 

Piece No. Steel Shape RockweU. 
Hardness 

■i 

¥. 

J 

150 

I5lr 
152 
153 
151* 
155 
15* 
157 
156. 
159 
160 
161 
162 
.163 
I61i 
165 
•166 
167 . 

170 , 
171 
172 
173 
17U 
175 
176 
177 
178 • 
179' 
180 
181 
182* 
183 m 
185 
186 
187 
•188 
UB9 
190 
191 
192 

1018 cold rolled bar 
stock 7/8M x 5/8" 
Bar Ho. 20 . 

, - --.   «• ■ 

it 

n 
11 

> 11 

•i 
11 

•. M 

M. 

II 

M 

■ H 

K 

If 

If 

If 

It 

H 

,   '      '  '    * 

■.'■■ ir 

Bar No. 
M 

M 

tl 

n 
11 

11 

jf 

— • ,  fi 

•    n 

-  %* 
n 
1« 

n 

» 
if 

\    if 

'/ 

20,7/8"x//8 

Sqyare; Side OS' 
thickness W 

n 
11 

• M 

.'.-•'■■ II 

• " ■ , 

" « 

*   '■ 

H 

II 

II      ' 

If 

If 

' "  ; 
•■■:':-,.- '  11  ;' 

. « ■ 

'VhiclcBess 3/8,, 

•s 

II 

II 

II 

II 

II 

II 

fl 

ii . 

fi 

11 

if 

11 

11 

11 

fi 

11 

H' 

II 

ff 

ff 

87B 
H 

ti 

it 

11 

11 

ti 

it 

H 

It 

II 

If 

II 

If 

II 

tl 

tt 

It 

n- 
' 11 

it 

«», 

Depthv 

ijms^ 

Jh.7 

13.8 „ 
11,5 
13.6 k 
Ml 
lh.$ 
15.2 
lU.7 
1U.8 
1Ü.8 
13.8 
13.2 
11.7 

inn 
13o8 
15,7 
lti.7 
15.0 
15.3 
15.0 
15,5 
lU.2' 
15.U 
15.2- 
1U.6 
lü.l 
lU.3 
1U.5 
lhi9 
ih.t 
ih.h 
Ih.c 
114,7 
15.0 
1U.6 
lli'.5 
13;8 
iii.6 
1U.3 



► 

196 . .« 
\V 

19? 
N />   % 

198; ■;.■   - -.. «i.: .: 

i99 "iv-. 
200 ■  .-,-: •; .   .■ ■«•'  :■ 

m ■'       .   «      : 

^v^02 '    -   ' w 
^203 It 

•2bu; H   : . 

■ 205   ■.■- 
206 . ■        n 

^Qü. ■         it     . 

^ 208 . ■.   ii . ■ 

2.09'. '     7        ■           ••••    '■   . 

210 .'-M, 

211' ' 
•II 

?. 212 ' « 
2^ "      . 

211» || 
/ 215  •. •      «: 

216 « 

218 Bar'Hoi. 23|' 
2W II   '.. 

220 ir  . 

221 •• 

•222 II ■ 

223 ■   ■-'■       II ,  --■ 

22U ; 11 

22$ ' .     ■■'■■        ••        ■■,. / 
226 '    "     ., 

230 : 7/8w' x 1/8" 
/ Bar Hö. ^U 

• 231 '-.■    ■■.   .;■    li :.' 

232 '   y?::       *•■.. 

233 ;.'■■   II    i'- 

231*" -■     ■    ' •■v 

Thickness 1/8" 

ti 

II 

H 

n 

13*1 
12.5 
13.0 
13.3 

V 

:/♦■• 

'« 

".    \ 
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k 

Test ; 
ShApe 

lec«^ 
and 

Thiekres« 

it««? , 
ifiC-22-0- «Id« f) 

i 
Tabi« U 

Re«tfil» of Firing» of lliC-22-0, JlK»5«y-0 ana "stK-So^O itnD-^n 

flPÄM St«« I 
and No, afVbfr 
i'lro«'TaoiM il 
•and IV .    ' 

PrepaFativn 
of Surface / .Haro'aeas > 

; Nomoer' 
'   of;   • 
.T*stsr . 

Stab  .   ;; S^arcl      r 10<>0 bar stock 
•56-0.-       aiida fli.861* tfold colip-i 

5/8» thick ^u^pircj by" NJL.   * 

As received .    • Aw» 8>,ö ..'•;%£ 

.Ö6i« 
§/^L1 li^i. ji        S^llfed b/ NJL _ 

Stab 
tfK-i>2-ü 

.10?o bar fltocK ^   A« receiyad 
cola; rolled   ' 

9* 

Round 
■■. Uiä;   1 ,.«?iy 
♦3/0" thick 

MHd rjuna stork Orjund flat 
cold rolled  "  with surfftÄfi 
Bar No. 16 gri^dfr' 

x 

708 
canter 
hürdncss 

2h 

inn*  ös 
•ibove but 
3/öM thick' 

Bar Wo.   lb 2u 

*. Saa« as aboye 
.   but. l/t" thick o.   io 

onune as a oove 
but I/Or thicK   Bar Nu. 16 

»>^ ■ '     * '    '   '     i   '  ' ■ 

Sta^-   . 
aK.22-0 

'IT 
Jquvrp    •'• 
Side 9.8b?- 

"5/8" ihm^ 

luid.oat stoc^ 
c^ld^rolled 

Jjkr No.  ?0 

jirouno flat 
with surface 
grinder   '   • 

Sttoe' as' above 873 
...    . 'bat 1/8" thtiB*   Bar NO. 21 

..^ ,'   ■■   Sim as afrSV»-.  'v   '''" ' 
'" '    :   . but 3/lfeMt>i»k    Bar No.  22 

876 

.■    ■        21' 

2f 

"                    Same a« above ^ 
out  1/Ub"tiilc«\ 

v                      ■■■•-..■ 
j> ,'.  '     ;■...■   .-.••..■ 

Bar No.   2)                                 * 
Öiib 

v   ■ ■ ■ ■   • 

"              »    San» as 
v b4t:i/8 

above   ^ 
• thl?k 

"    ■■                      ■■'.''■•• 

WrNo. 2k 
9ljB 

;"■■;;•■■> 

Mash . ,,,      •Square" 
aK-'22.Q and   side p- b2*'i.':[ 

iblB bar sto^k     «round  flat 
cold'rolled    ;,■. .^V,:  ^''; :;.- 

^32 

^1.   :'W-:: 
•    ■   22 ■^  ;■. 

102 pc^iner      ^/e-" tK .ejfr Bar ^o.  20 

Flush 

MK-5fe-Ö *nd 
102 pgi«er 

• A pooled estima'te 

■-r- 

ground flat 82 2> 
par No. 20 

ea'on 103 shots gives 0.^. 

- y # 

«♦,. 



«/■■ 

u: 
•.IHW:UJ.J n^^»^>t^nu-t^rK;.Jh. Viri jus:ie6|.^1f*'ces"5;^;v;:^. —-<< 

ne-uhr/^ 

■ /. 

TaU-e cantRirilftg 

.IS. 7/    -..,:.
:i.^7 

Tacie I,  pieces  i yKra 

:,   --._i 

;\.^^ 

14.,J 

'itt.jr 

•^ -J 

4:   ' < •> löst ,/lt.cfe     ■ '-. _ 

•*• 1.-.. 

:v.?o 

o.j; 

'0,4e^ 

TsiCie   I 

1* iniis ;bvJlfte.'jh buttcim. 

rabie 1-. 

fHtl«-...! 

/"      •?* -nils  Duigt ^n biUcwi,     •     ' Taplf- T " 

lft.7    ■''      ,N).t»ü.. 

iy^ 

P.'^»'  ^ :; No «ross ^oi»rturti<>n of     ,-^ / Tspi« I'l I ; 
>.'■ '■■"•tpK\- piece- '%■ /'..% ■;■/:■',.■■;■ -' •'.■. 'y ':.':.':,:-:'i ,'■ 

.li^.b :.- '0.34. 

.' '■•■ —* 

la-.ö 'o;4b .■■ 

H Ho;'«!rjX3 äi:ato:-tic'ri;>r-■  V--- Trt-bV*'1.!:"! :;-,: 

No gr-osB 'aistortloo'biv, T&ole^.Iil ■;:.:- 
lest kLieee 

,0.9-3 öu I jr<s on b&t^jm/ tta^Lfc   IT! 

W   ? 0*.ftt     \ 

i=^rr^ 
ftälg« on b'öiriroai 



m 
Hordncös■'/Traverse? for Ito-iid iStock : 

{'•ockireli   ':>;vrdr^s's)     • 

'.Bar.,  DioV,  ..riece,::o..    . "" Center • iü" 
_v/—, 1—-—•—.. 

1 cf• radial:.dflftt^ncg f.rorr. cent-er to 
T40      5Q/.. 60 Ifew ? 96 

;l , 

'    ; *:;-; : .'. '3 : 

.  • 4   : 

5 
6 

». ' 

-  ■y1' "   ^■'■' 

''i'~: $        ' '       :■ . 

,9 ■* 
10 

■■ ".= "i»  ,      ■ ' ,,_ 11 
■■.• '- 

...    '' /    :: ^ 12 
' -r  • '■ .. 13." -^t: 14 

15 

n. .1  11/16 

* 

1 

6 *               -'•'.■'     ,•  -   ''   ■■ : . 
Tl  :. 

.''•/^*   '      "'     --:        \ "       ? 

■   4 ■/'       ."-.'     '      ''•■"      '        * 1 

i. ■ ■   '•>—" 
■ 2. 

"6; •*>   •.. 
2 

.* 
.  .79i5    8:..J p.?; 5 

:^3vo r '• 
■«5.?! 
!85i3j 

' :6: 1 1/2 l.'     • 

■;•. *-. - 

;   7, hi 1/2   ' 
WS               ■     •     ,■ 

'l         '■ 

■ l: 2' /■'-; 

9- ; i 1/2 

10   11/2 

All -.1 1/2 "■ • i- '• 
.   2     ■ 

•12      11/2 ■'i ' 
2 

-  V> i|i/2 
"J   ■   2   .  ' 



•► :'r. 

0- 'Htirdn^sg'Tr^vcrüe* fir 
X    ' 

m 
Round Stock 

■i I ;.,.    X.   t l*;C.f>   .iC . 

TT" •/'. ■ *.*       »        . -,.   ■ v.'    "5 ' .KHT 8S':-:-, ;■- ^7-0 ■* ^9.3 ' .: ^1.5 
.">' ' ■- - -f- 

;:-     ;;^ .•• •'■   '   :       .   ••'            ^      ■•.      ■•    P '-'. ■'•,, ■ • •. .• ■••.-:0-5.5 
s    ' 

*J * ■••■ .-b/:- 
'       *           ■                                                '           *      ;          '       *              :..         '• .«v.rv »'   ' 

' .■•"■'■.' • 
.   .!   '•  '*■;' 

'.   • ^»0   T! «■ ■'"«■:■ 

'•'•■■           •,-       ••-•: 

._';'■/ ■■       ■    ■    ■'"             ''   ^        ' ' ;a;:,5   ■ -•■;'«*  - ■ .•;■.■•: 
.   ;     .       - ■:^o.o':,i 

',•■.*•• 

Nv.:                      * .- '       , 1    . .                            -      . 
--',«^ .: u"J   * * ^ » ■         j       rt     ,       '     -" • •/-;;:.b'. i; '   V            •     '     . ' . .*i    *■ ■ •.   ;?7.C-:;; tAp:. 

;• • •;.^,v;- ■-..' 

'-   -i 
'• ■-". • /     •        ■ 1 • ' .BSVC1'     •'    ' i''   ■-..''; > -    V:." 

•^ : •■"■•&- 

;:•/ ^3 •;'• •»■ 87.0'; / 9C.5 ■    j 93.C- 

••.•;:/A 
h  '  ■•*■•• 

'    .^.c ..•; K5.c:   ' / : {,, 80.0  . :-B\.^ -' 
: ' ;    p.   •; ; H?.J?>--1 ;":''v-. n''  "      ;•;, I    n'L.p . '■ 82.b 

;<       ■    ' * fttvfi / «l.r     L .. "'   ( .     ' .   • •.:3i.5." .-.'■Bt.O 
'   ./ -' .■.   '   ■   ••* .    0'v.:V  '| /; . •   tl.tj; • v:! ^ :82.6 I ^,-70.5 

'•j;   '  _- ' '• V,rV-5   . 
,-•■»■* i           •. ■ ■ 

» •77.5 

'i :i/4 • -e?.^ 
•'      ' • 

:- - -85'^;. .>:;. 
■i   -^ f 

i   flue ;■ ' 33.0 i 
•t-' 

' a-',.5 
;.*■;' 

•   '■    - .       ; , 

■ -   '   ■' -- 81 ^ : i 82.0 

-   '?"■' "   rB0.5 •  1- 81.0   ,V ;83..5 ' .79.5 
,° .   .   4 ' ...   '.w.o : ; ■ ..'82..Ö,;   ; ; 8i.3   . 1Q2.5 :. ^ 82.0 

:    ■ 

:.:•. 5 ■•'    ■•- ^D.fe ;i 81.5 1 ■    i 
■ :*'."-     'n.'-'' .•■■.   02.0 1 1    34.0     ; • . . •DO ,4 ■^    -   v   :   i. .    ^.2'-   . . *                     ^ 

■■'    • . 

.>:: : 8V; •        ;j]..0 :,- .%.?;;v ; :   J8'-'.?- 8^ «o 

: ■'^■'■''t\ 
■-;. -.^ . :■■; ' •>   9^«5' ' - nü.3: 

i •• /      *• ■ 
83.4 '• I 83.0 

r i/l 3 ; "i■ ..■:' -     81.5     • 
il                            . ;■ - 

]  : ,     81. C       '|': j   B2.^ 8<.0 ' .• . ' «6-.0 
n    "          .. no.iO eo.r  .'■ ;  .si.o: - -:83.5, • ' ■84,5 

■ —^ 
■■.   *        .   •' ■* 

^   V/Ö 'r--:::   J   ■:/;'', i5.'o •• : .86:c. ;    85.0 '^5.5 ; 
1           . 

1 •   s ■ 
■'.-»»■■.,'    J • ../"■■'■g : .   ■ ^5.0 ■ . ■       '.'  •• 

85.0 '.      '             ? '• '    »     •      *• 

•r/er^e on cBar 16 ftcfcsE ilar.eter 

•.K'ints eq'uoj ly .spacfd KCJTOSS din >p.l0r of 1.21-: 

Rockwoll B ioi^t fto. Üodwell B Mut No, Itoc!c..;e'll  B- 

Hardness HordnesS ■R'^";;-^ ;■'■'>;■..■ Hardness 

M-     ' 9 59   .. ■   ..' . •    \ia   ;'- M    83.5 
C.4.5             :• 10 91.5-   ■■' 19       • ■ .  -   '83.5  V; 

84    ' v .11 -93   •; 80^ ■•87.5 J^ 
•      8.i.5  . 13. 93.5,.     , 21   ' ■ Jte*^  • 

'   83    :. '14      -' -' ■'   ■.. 91 ' 22 J-^^oi,       . 
8P.5  ■■,    . -.15;   '    . 8.8.5    4 «3 .;'' 84.5    ' 
83 ,v"i6 86 

85.5 "•    17 84   ■ ^    .   '     ^ 

N 
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V; T-iblc XIV -«.I 

^ir' 

:/ Mirdr.ess Tr-^ersc of, Grqsa Section of Fl-itB?.r'Stock 

( ^idir.^ Jfcquliy snricod .Tlon^ cehtof liner thrp^ center hardness . 
;rÄdin;-S.    -Ix equal dvv: s^s.>f;lin^:^ive Ii^erc-idin^s).' ; 

?', 

>t.:..ei Zize 

\ 

1018'col4 rol-   7/8ftiT/8^ 
;#Ieri square-   . ■   '     ; ,   '■. :'- 

Roc k'.YeU B readinpis 

Ö7.9' 

:89iii 
90 * I 

% ■.Center 

«T   B6io,.   86; i 

86.5 
91.7 

186.5 
i 86;o 

57.0 
87.14 

88.5 

86,5 
90.0 

.■■\ ■■' 

■■\- 

89.0 90.8 
W,h a7.0 
.-,8.3- ■ 86.U 

86.0 
86.5 
86.0 

■86.5 

86.0 

89-i 
89.0 
83:7 

'I'.-l'- c-ld 
rolled 

7/P" x5/8,l/w,r>-\vt rse 
of center 
line X)^ ^ 
shorter^' 
lenrth' \ 

other 
center 
line.- 

yli.o 

B2.1)- 
83.^" 
81.0 

82..a 
PI. 3 
l]0.h 

80.?! 
n3.3' 
no. 6 

32.6 
83.5 
81.3 

82*6 
«3,5 
31.3. 

F2.2- 62 5 
82-. 0, 8.3..'A 
flr.U     80.0. 

82.6 83-0 
83.0 31,7 

■31 ..6     83.lt 

'7       i<;.l.   hot 
••   rolled 

7/8'sq. 

M 

'> 

v.':r.dcr3oin 
t?;:tra ^7 ' 
nevie ! tool 
stocl        ; 

J 

7/8".sq. 

i T.verar»e  . 
| surfnce^ 
i hirdnesb 

1 68 

;    ,      I 

nvemre 
h.irdnesb of 
pairs of   „. 
onncoitd . 
surfaces    - 
8M6.5 
^,'6.5    ,: 

69.5 
69.0 
67 .e 
^7.9 
68.3' 
66.6 
;8.e 

"69. Ö9 

69*3 
f68.0 
.69. ? 
66.7. 

.•U'.O 
6^.0 
?li.3 
835-7 
63.0 
83.0 
8U.0 
82.1 
Sii.l 
83.0 
OluU 
83*2. 

72.5 
70.. 5 

. 76.5, 
73.li 
70.8= 

68.B 
^1.8 
72.2 

^73.?. 
; 7/4.7 
70.0 

83.a 
3U.3 
Ö3.I4 

,83*6 
82.5 

-82.5' 
81.3: 

•■ei.o 
•83.i4 
82.9 

:62.6, 
83.1' 

714.0 
73*0 
7tl-.5 
73*0 
71i.-0 
7^.0 

■yuo 
73.0 

>7Ü*5 
73.0 
7li.0 
75.0 

|3.ü 
oi».6 
«3.U 
^.6 

.82.14 
82.14 
82*i4 
81,14- 

.-82.6 
82.5 
82.8 
^82.5 

•69.2 
I 70.0 
N 66.'9. 

70.6 
■   71.14 

71.5 
68.9 

,    69.0 
69*5 
69h 
68.^ 

.  68.0 
»'   .    . .'■ 

0/4.0, 
ea.o 

• 8'3.6 
85*6 

' 82.8 
.83.8- 

82.0 
"  81.2 

82.9 
P3.3 
83.1 
62.5 

6^.2 
67,0 
68.0 
67.2 

■f8.-9 
6744 
71.5 
.72.0 
73*2 
71.14 
?5.^' 

■75.6' 

'83.5 
85.0- 
Ö5-14 
814.5 
M.I4 
ii4.3 
83.14 
63.14 
65.8 
^.9 
8I4.I 
^.0 .. 

/ 

m 
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»,o 
Table XIV (Contd.) 

' -Bar 
N«. jteel Size 

Rockwell B 'R^adinps' 
Center 

-:■  29  ' l6t8'.ccld 
rollfed    ,> 

.T/fi" 

30 i A 

lOXB cold W/^xf/S" 
rolled- V. \   ■ 

.W- 

square   Av.; Äur-- 86.8 eeü 88.1 
l^ace hard- ee.iS 88.2 91.1 
ness 88. •' ' 86.-2 ' -88.3. 87.0 

,    •• 66.2 ■  öe.2 . •    8P.9 
» ,8.9.8. •• 80.2 .   90.0 

* ■.              v..      ■ , 89.U 1.5 .    89*0 
1 \ 90.0 88t2 ■  ;'90.0 

V.   ^r • 90.7 .86.5 "V90,0 
*   ^                ■ ' ^   .     - *". 90.'0 • '90.2 .    89.3 

■■,■'"• 87.5 ,•87.5 ■ «6.8 
■.,   •. 88.9 -'^0:2 •   90.0 

*■■ '     ■ • fl8.£ ,•07.5 , .-. .88.9 

traverse^ 82.5 V'.8u/3; 
- ^ 

of short^^' ; 82.0 *   8^6. • ■ **$.z 
,.    '    cept&r^^ 85.7 \3>f? •     61.5 

•     llrfR—:.i'- 83.1 • ' 5(2.1, *  8U.5 
55.3 *' QhJ t '■•8U.3 

11                        * t 83.1 *f3.3t ■   83.5 

m 

-//■    i 

\. -Av. surface^ hnrflness 82 
av. center of bar hardness.-Si 

4 / 

/ 

m V-r 

a   ■ - 
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raU« XT r ' 
# ;• 

r it-.e Lrt-teminatlon of Sensitivity  of St«»ei .-lalL  Uni Test,' 
foe kvAiualloä of Detonut >rs 

■ 

• ■ 

fl) - ( lj~ •*& .tetryl) 

IS .> .' .   .mils    , 
'   1.-.'- ■ 

ib.'o 

'er ccrO. of Tuthy-i   in "jet nattfr bnaci on lt>0 omfof Tgtryl_teü -iwOr 

J[6ütpg tetryl) (g'Q B^, tetryl^ 

IV.i* 

■ * ■. * 

lii.i 

li».5 

U.l 
t'M .1 

14.^ 

13.9 

ib.n     iM* 

14 • t\' 
^.^ 
a.3 

rU;4_ 

ii«. i- 
14-» 7 

i;.? 
i j». l 

^.7 

•nil a lh.1 
13.^ 

13.2 

mils 

14.1: lü.!) 

l.t.^ 

i>»'a    1^.7 
•ii,,£.  ■ 'ij.V 

<:-.— "- ■ 

lte.0-.: 

I.♦C   ,    .   ■ 

%?" 

tot? 

9.<? 

uu 
1;.5 
la.3 

•'/ ■*•* 

ia.2 
13.3" 

il.9 
10.0. 

■ «■ ■-.. I ' 

■**— 

S-. 7 
i;.o 
13.1 

12.5 
:12.3 

-.-11.7 
10, u. 
l?*ö 

.       fc.9 

il.5 
le.7 
JJ.O 
12.0 

1^.5 

11.« 
ii. t 

.K:V.- 

IT     p 

ll-.l 
■■U.-J. 

■• c.lls 

:?.o 

i ■ 'i *  '   .7 
•    1      T-'' 

IC? 
10,0 
10. U 

J2Jl_ 

«j.o 

^t 



,,.'■, Table XVI 

.Additional Denf Depth Dita ftrcm Firing .«-22-0 (100% Chart 

Detonitor on the'Various Steels Depcrib^i^ Table XV 

■■.'.*•" •    (Dent,de«;h in mils) 

-57 

1: teel ■A B • C - 

15.3       15*0   • ■lU.li 

D E 

iS.h *     15,2 

l'5.o    ;lli.8      lii.o   . iu.h 

lii,7       1^.7    . 1.3.9v'   1Ü.9 

./.. ..  . 

•   F 

.ll«Q 

15,5     it.?" 

•a 

..% 

. 



f '■V' 

} .- 

■Ür^" 
 r—r-. ■  

J      ' 

-.;-.*■ *        'f ? •...'' 

■■.,'•. » •' '      •'     . .   • '. * 

Average Dert ye^lhs jOt?»in»d orx Klrirg. iL:-?/-.   Trnc 

i 

Steel     • DipectUr. jf RocKwell 
inscription flKng reistlve ■ Haroness af 
given in to Tiber dir* Surface 
Table XV tcllon 

Ute i      ■■*■!     - •-> 

i ^: 
re.- Cent .of/ Tetryi 

5^ 

»>*-■ 

fSTper.'iiculer. .tft^' 

EerpentilcuinP y 

.P^Uei» 

Parallel 

7*ß 

yfnter of bar 

14.'j u.,?    <■    i^.o   "    I4.7 

Ul.li- 14.^ i;.-:; 

(< 

-IS'- 

Parallel        , ÖÖ        ■....'  ti»,5   ' IJ.» 1;.^ i^.7. 
 l^.                  Center of bar' , "'      j i9.-     . :     _^i'il._'         ^ ijj 

m ParKilel 

Parayiel 

^CC 

uCC 

Ui7 
^    « 

9.7 

>i 

.?, 

{^ 

5.7 

11. > a.^ 

3.1..       5.4 
■i* ii( (■21- 

\   . 

■•     . I > 



~*6ie Xv ■ 

Vjilff   aLrtyme'd' pn r'vrir,; *:;-??-0 XrtxCf-c 
:r ^Bpcnt eris   is;. I5.-   rgr-er of an^la 

fTf 

im 

i- ,       -er .'Jer.l of tetryl 
VA 

:dt if-j,-,-.. i \lfi% i 

.u, 

I I! 

i )'}■ 

Vi? 

'if 

■"^ 

1 

'w '*■■■■ 

■I 

I»? 



■ ■ '■•  ■•■'   '■■■'■»-. • ■'■:-   •..  •..  '.■■■■:.'■" 

:*.. ■ '" ■    ,-^--:;:':/'''-: ■tr.\.1 ■. ■' ;;■ '' 

"•"■'" ■•.'•"■"'   ■   '.■'  > 

table ^VIII*-'. 
. .   ■■..■ -^ • i' ■;■■.. ■■ 

Dent Pepth QaU fcom «'iring «f Flash Detonators 
. i .   ... . . ,  >. .. 

'and ilK-22-O-with the 102 Primer ■ 

•feet Piece Sizi: 27>[32A x;??^- x 5/8" /   ,. 

Plece--"B2.  '■..-•- ,;'V;\--^ ■' X-;,;.,.. 

Lece$ cut from Bar Ifo, 20   . ^    . 

f I^rt li^p^ l|i mils, 

1 .-■■ vv.     ■ ;-ifl(-22-o ■■.• 

Av, Hardness of Tesi 

«ro- 

\ 

\ 
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Table "IX 

Standard Deviation for\Detonators fired 
v.        '    .■.        _.  V       •:.■"■.,•• 

• S/^" Thick Steel^eit Pieces 
•",'..-■            .'.'■■ '?.■'/   '' ».' * 

Betonator       No. Tabl"8 JNynpW of     \         Stanc'.a-M                 Beinarks 
.,.     '   ' ^ , ,''• of ;■■ "of"-:. ■4»_tVü»3..^f 

Shots Data     freiedtMn avail 
•      •   ^ for calcirlat- 

1 ■ inß stand»dev  -. -^ ■•• .  . ^_  JJ   2 ■ ^  ' 

qc-56^o ■22 

. vlqO ar.teirvi 2I4 I 
/   (ibO/. charge   22 III 

'     ■'   * -28 VI 
,.i          65 Ji/II 

Stab Detonators 

■■■•■..■'. 21 ■:'''"" ot jl,>bOT stock 
as received 

Eot 1,/bar stock as rec / 
ot 21 ground surfat", ?c 
ot 2/, bar stoclr prcu M 

Lot 1    "-     '" " 
U5t 2.    ".      M   "     "  • 

■IK-22-O:"   • 
136 nu» ietryl 30   - VT 
(r£',' charpe) 

surface preoaredby 
grinding 

.:K-22-O 
.120 mp tetnrl 2^ 
05% char^ej 

VI 'l!( 

f!K-22-0           \ 
•i- ■     ■ ■ ,    • 

. ■ 

. 80 iwytetryl   30 
„ (SOf charge) 

VI 2"r- 
I.   ■ 1 

:         0.7 « 

..tlK-22-O 
I4O nw tetryl    28 
(*?«# charpe) 

VI 22   V i-. 0.8 

](-22-0 

Flash Detonntors (Flashed by Stabbin»» 102 Primer) 

21  /    > -^O. 22   VIII 
kS* 

T    It 

5    . Surface prepared by 
grinding / 

1 IM ff....—..    r        1 ■■■in    1 

^<-58-0 21       VIII 22 0.3 i;> 

»^.»Pooled Standard.Deviation^frow Tata of Table III, ^1, VII with 
59 + 21 + 22 + 1-= 103 depre^ of freedom - 0,5      * * 

J
1-
 > 
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•   ...  ■ / 

(5) 

Sample Calculations showinrthe Fpmation of 

-  ■  '■     -^   Table VI , .:V.';V- 

Source of data/-is Table '■'V for steels A, B, C, D, E, arid P, First 
four »easureinents of the first column in each subdivision uere, - 
used, makin.-' the total Wjuiber of measureii|ients to be used .f|r 
calculation 120. 

(Grand Total-of 1-K) readings)' 
 ——T2n —T— =    ^22Ü2li2*2t& \ 

Variability =. (prand total)2   - suhi of squires 

..' ^z^-;''' '■/•-:• -^ ■-■../ ■■■.:''■■■ :    ■■■:- 
»Variance =■ variability ♦ decrees of freedom  ^       ♦ . 
T^ial^nt^Tests. .:'::':>■'-'"' ' ; :■' 

The; niea|ür*nient5 of 120'dent tests were each squared and then. surämed,, 
(sum,o/fsquares'^ 22806,306,      The difference between item (2") and   . 
item ,(3) >whfen diytded jby.the de»rees of freedom for estim?tinf; ■. 
deviation frpro the rtei^n pivesthcf, variance .of 3 •21. .■_ . " 

"    -^6)   Subclasses. 

the meanji of each subclass "was, 'auimed and squared. The difference* 
between items* (2) and (if) r.-\ve yariabilitr of 256.330 /hich iis used 
below*to estimate the error. 

(7) Between Detonators y^.-^ 
The numbers in columns of subdivisions were totaled and the totals 
squared, Fdilowin^ are the totals squared for the five columns: 

looü ^.32860*25 
85$ <■ ll8l98.Ui 
75$ lltl76:ü;  . 
*# '    10371*8.1*1 
2556 ... 7U038.la 

■m 

These fifures, were summed and divided by the riumber of IteniS ßer 
total (=2it)| giving a 6um of ^squir^s equal W 226g5.5>lOO,   the 
variance or i>#0^ was obtained Dy divxcunfr trie y^ri ibillty by the 
.degrees! of.'fModUaj»'/■';::   * ■'■ - ^. •       ■   -v-. ; ':'.■■      '■':'''■■■:,■■' 

Betv«^;St*el8; 'v v-.^r'■. 'Z.\' ■,;;"'• ■;---.-- /■.■'-'V'-v•,;..;.'. "r-^\-;:V-; 

The; numbers' in rows of subdivisions were totaled a^d theivtotäi|s 
squared.   Kollowinff are *the totals "squared for the fiy« rowisi   , 

..i*"'. 

A 
B 

778U1.00     ^ 
80069.00" ■■: 
73Uil.Ö0 
751*05.16 
7g57^36 
69379.56 

■^ ■ 



^^^^ 

.>62- 

•i^i^ile 'cr.lcul.iticms (coniici,)' 

■ ■ •': : ■' :. ;■■■ r v - .v.. : .•• ■■>■■ '■.'■■.■.. •• • 
■ ■ v.:-    . • : ■ ■ '  .1 ■.. :■ ■., ■ ■    :} ■'.':-:: :   ' <<   ■   ..' 
r ,»■ txtal of titese nuraberp divided b/ ihe. no,." of mOfisure.nents per 
lot i-l  (=2d) -is ih|,:"s\|ra of sqVf.Tresfor stleels;1*  The difference,    • ' - 
bctvö^n i'teri,^) -ind |ihe" sum of squares on divisiön by the de<>ree^ 
af, f re»v.lon| (5) -'Ives a variance of ZUiT» j 

:tnlf;r'.|tiqrt 
■/ 

Ä 

„, •       V ,., ■      .     ■'.-      r     '' ■ ;;v-;Vf " -.; ■•■•■•   • .|   / 
Tyf^p^^in.bility for interaction w.ts obtained bV subtractinc:     i  ; v 
y^rw^b|.|itt'i of ''iaet-'/een steelr." .and.betwö^n.detonators from the    X 
V^rTifc^it/of subeiasseS.    V-iriance was obtained by dividing X 

.'  variability bv derives of freedom.  : ' "    \ 

IC.      i thin subclasses -  /        /' • ..    ■..       .■ 
* ■ :   .      • ' ■■   '   ■ ,:...■■ 

"-   ■   Viriance in Xhis category renresents deviation due to error,.-jit» 
is used in the dencmirator of t^v^r^nce ratios for calculatlion  V 

^ of F,,   It i;':calculated from the i^ratioh-.J '   .   ">' 

Trv,tal variability = variability of subcla'ss +*sV^riability Avithin^ , 
a—'■■        ■■'''■*■ "■.''-:■■' >'        ' ''    " 'X'^ubclass . ,     *; 

.. VariabiU^.withJ#i subclass - 3^2,092 ^2^*33 = 123,^ 

11.    -t-it^o.of V.iriances, F,   _   - 

F is the ratio variance fo'r ^teel, detonator, and interaction\;'to the 
variance for the esti.^atfeij error,      •   • 

.••    / -   \. 
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