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'when flhln{y 15 nar‘allel 'ritw thé flber at the center of the bar
? and cen‘t,exJ hardness of [he,: ¢ i used a.. corre,lating o "mble_.'-g sl E S \1
than when firiﬁg LS ner'b.en _'l' i to the flber and either surface k f

hardness or centerihardne ».jis_'f'}"?;ed as the cc)rrelating .vainableu /
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: tion test based on use m the

B For steel test pieces lvm "dthiﬁ the Rock':ell B hardness range , o g ] ~
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of 80 to 90 the rejectien qpf a11 .ﬂ(-22-0 deto.nators not producing,-.

can be compared in forminr' a‘_i‘ejl'
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. ,a dent depth of lh h mils en a flat ground surface would result «n
in rejectmn wf around 5% of th
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o A i‘ull strength anq\armmd 95% of tl - det@nators known to be at S ’ '




i B 'l‘he data and reSults indlcate that the capaclty of tbe s*teel e

plate dent test for.distinbuiehmg bet"een M(-Z‘Z-O detonators :

\t{he JK-22~O st.ab and flash et :nators canmt be compared to form

»'t 1s, the dent depth denends
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havmg 100% qnd those hénn; 85% or 75“' of tgtryl preSent in a }V%Z".
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n ,.1..," It is recmded tm tha test p:lece thic\mess be nxed at 0.625 o

“I‘. " (+ 0...0.100) 1@08. ; .; 8% N 0 ‘.. .- ..) . -~l ‘. .._ - ‘ } '. '0_(,»_- . 4

e o Ie is ,’recome!yded ‘I:hat t.hc test surfm of tha piece and‘t.he /__\\l [ \ )

opposite surface be cround anooth. S R ;Tfff ° .," L \-_f.« e

et s
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It ia reoonggénded that test. pieces be cut fmn 0-1018\§old dravm g ‘ _
‘1"". ¥ 3 ° 0 - -- . .' .
T ) round stock havingama:dmmcenter hardhessd 89!iockuell B. '7; )

o Aft.er operation of t.he tes't with these test pieces,\should 1t be N 3

g .,, : found necessary to increase t';he. s;ns;it;vity of the “test, 1f. is i "
N - recommended that. tne tolerable hardness range in a tes't piece be- A; _ y,«
- B -.:g O reduced to: QI_ thru 8‘5‘ . Th:.s, however, will require reaection of 5 .’o' ‘.

' LT o2 mxw comnemj.al trags of steel, or the use: of special amealed ; ! N

o 0 T oo i ,_. § ; . S e e _&' A Lo T,
S steels TR e e T -"__ TS AR
Lo _'. "-‘t‘ v ° ‘.

" ke Although it cannot be= recanmended at thisﬁme, experien"e may ' ',, | ' ,
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. . ‘K hnvixg hlrdness at dach end of the: tolerabIc h;n'dmsa range. Frc- - |
':T e a tbeae data a dent dapth can be: set wbich wm re;ipct ‘both a certain . ;{’

'“‘L | '. eemmugo of moz detonators and the desimd percentage of SO! G
e .detonators. ' It woild be e:pedient to éhoose a critical vilue of -
_‘.1' | dant depth- ﬁ'on ‘only the fix'ing of detomtors knovm to have 100% |
' . 01‘ chargp.« The tPSt. would then be operated nsi.ng .
: ’ S ot dmt depth '7hich is emeeded by 100%, 99,, or 9 : )
= - ~ detonators. In any case the cox'relation betveen the stcel plc e . '- ' J
il ‘ . dent test hnd capacit.y of t.he detonatox' to 1mtiate ex;alos;ves
IR .:'6. ‘Ihﬁ flash detonator ﬁolde‘ shcﬂm in F;gure 16 is “e"omme"x ed fir. .
- ] .j use with t.he anvils described‘in Table VII in t.he {sstmg of flash S
- de&onators, . "f‘f'. ' < \ S s LT '. CoL
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.'rh1s research is a study of the factors leadmg to the mgineering | \\\*
A _q:d pacl\g-j_m/of a *Steel Flate Den‘b Test" wrat will.be applicable . ‘, o :
e the. P"°d“°tien testing of “avX\'Service detonators. Ce ., e s

\i ‘ .. L ':

2, At present, lvan Sexvj.ce deﬁmators are tested cn the lark 136 A L

SRR .Dctonator Te°t oet. The strencth of - the deto wtor 15 Judged by the E T D

area of the hole bmm in a thin disc of lead. This test\is/tansidgmd =

e 8 -
' :mﬁﬁleaCtO!'Y becau.)a (a) tﬁ' correlat:.on between the area of the hole
".'.x = Dt A .'1'1 the d1°c am tne ah111tf o; t.1e detonatnr_to_lm_t.iate a high gx- . ;;' , ,.,'

' N osxve‘i.. no t as Foo" as desu'ed and is a]_so not uound from a _ "

\ e : tneorctacal nomt of v1en, and (b) it 1s not capable of testing a

&

’ qdc mou, l~ "an e of sue., of dstonatcrs. Hth la.rge detonators, é._.' . ) 4
- .

."1ole ig b om ‘in e disc > ~7hi”‘e the smaller tyoes o; detdnator lﬁay

(7

' 'vnerelj ‘defom tue chsc. "1thout mptunrg 1t. a thrmér d:.oc, on the b R

LR S s iwte satis(actorily between oooda.nr'
P T tyad detonators oi’ a largnr size._ " ‘ . g ‘
| It‘was pnstvlated b/ aff mgmbers of the Naval Ordnance ‘ .
'L.;boratorv that because lead is ..oft and easily deformed, a detom- .- . *
’~ non \r!pch everted a (reldtively) 10»1 ;;ressure ovar a (relativgly) 2 o |
c.\erting a _'ﬂnher a?erage pressure for a strorter time might produce _ 5 ( .

- the same mptured area in lead and aIso initiate the high e:xplosive :
m questmn. ; 'rms hypothesis could ex')lain the pocr correktion RS

' rprevimxslv meﬁtiqned. xIt ms believed, ther_eim:n, that a mml

,._..,_.. having a considerablv \:'""‘yield stress than 1ead wou}d show denta ', s i
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- in th:lc‘c aectiona, the depth of which (a measvre of tho wor‘.: of dqﬂoma- . ;-.-7 i :
S -';"tten), weht correlate nore closely #ith mitiation abmty than do lead
“ ";‘”-30 rupmre areaa Furthermore, snch a tost might be- able to cover a
L I:lde rang. of stzes of. detonators. 1 o e o ..; . *
- Subsequmtly, expermnm resulw obm‘md Rt thp Nayal Ordnance
| Laboratory on t.he cold-rolled surface of /l'lat ‘st.gel bar stock conﬁrmed ; I
t.he predictions -of this lwpothesis.-_ A good: correlation between depth ': -
. of dont and im.tiation ability was shovm to exist. ln anoirlcal equauon
'.-which expressed the relat.fonship f the dent denth and the .steel hardness |
'waa also develope&at NOL using a range of t)mes of Steel.' L .

. At the oﬁ'tset of thls research provram, the status of the "oteel

T
W

Plate Dent Test" appeared to be as fo;llows. :

(1) The test seemed -‘mperior tcr the’ l%se test i‘or the evalua,- T e
: tion of. detonator quality. B \{ AT

(2) It was desired that a new test bé designed which wuld be suitablc < .
.~ for routingjrodnction testing of detonators by iaval -Inspectors.

- _ i P > . In place of - the measurement 6f the ruptured-are: of the lead disc,': s
.7 . . there was to bé: substituted measurement of the ?epth of the dent - |27
produced i.n a stoel test plece, - . . N\ I LT

(3) Tt was believed t.hat SAE 1020 cold-fmished steel had suttqble . S
_ . " physical nroperties for. the purpose of the new test.. ’l'his FEL s ‘ ;8
L.od ‘ - material is c;heao, non-c*itical, and roadily available. AR Rt

o 2 "_(4) lAt NOL de.nt testa,‘hld been oarrled out -on the rolled surface IS R N
Choar oo el ﬁat ‘bar stock approximately 5/8: inch thicke ;Vhat effect
DA ‘factors .such ‘a8 piéce goemetry (thickness, width or diameter). R A

RIS .{’-,'- : and-‘method of fabrication might have, were ‘not definitely knmm. ‘;5 CIF S
. eyt LT ‘Nor was it clear whether round, stock would be rol'e or lssg v : —:

L e 7 tii o sultgble than £lat stogky. - The' Found shape is more directly P
" .. 7 adaptable to'the. -existing uz‘-ljo-o test: apparatuas Posslble o
S A P I tages would be inhomogenelty of ‘round se€tions. suc as
A TIPS "pipidz:n ihclusions," trapped gas holes,. ‘hardness. variati -
Seon o _': ‘slong the radius, etc. Becanse-of:the known. effeéta of hardno:s BALLE ]
RERTRL on dent depth, the wniformity of -the. Aest. surface is of groater ““T T

SRR mportance Ahan the typﬁ of fabrlcation oF the. shape or tost




1 "’l‘he range of size.\ of d»t\bnators that cou’ld e evaluated by

] ity e

(5) It was not certain what. results would be. obtai'hed with the -
e s in the range of . strengths of detonatdrs to be :

i subjected Lo this test.: <

= ':C. -Experimental Prgg___ o PR i :j-‘ S
. 1 5 In ‘ordér to design a suitable production test for detOnators; it Ie

neeessary “to show mhat the proptsed method (a) gives neaSurably different

;:results with good and bad detonators, (b) 1s rapid and simple tn operatiopy :? f‘

;and (c) is reproducible. The "Qteel Plate Dent Test" as developed at NOL

appeared to meet these requirements.

o
Y =

:Z.mental 1nvestlgat1$n was necessary to evaluate the following factors 5f='

! Whlchwould be j.mportant m the specification pren workable pa-ckaged

O this test. Tt e S
: 2. Thc Suitabihty ‘?‘ ‘round stock for- fabrication of test pieces.
i O % _The:s' ze ne f‘, ' ‘ .t » which f
.-.'machines.s } . g

"

oy The sens;tivitj or the test for diutimuishing between goodm g ‘_~.
;.irf;ffand bad dctonators._!?i” _ .‘ h : L el ;" N ﬂ_ _.w
e g Eme des:lbn of plastxc uesonator holder for evaluation of flash

[ detonﬁtors. " ,7"‘7_. R N R A "; S

5 :"‘""

A test appar tus was constructed follo-ing the plan@of the Mark 136

I
——

It was decided hpwever that experi- E '




3 . : T : S
. e e
ab 'Jot. 'l'he results «showed that these detonators gave’ dents nearly as ‘ | ] N
W;o a8 the "m-zz-d ( one of the stroneeet), thus shovin? that the steel ~ L 2 )
ie tLtest resvonded to’,the necessary range. : -:"' ' . 4' . e b " |
The suitability of round stock wis evalueted from studies on’ hono- N .
eity of the stoek and the effect of: hax‘dness on the dent test. rm{' S - Ly
’ 'Lfect of geometry of the test plece ,m evaluated by. finng a number L
., . A of detonators on pieces of various t‘uek j/ ge‘ « The data fron these ' E
_' " ! | t_ests weré used to detemme and evaluate releva ?actors affecting A "
£l e ’ Tthe/size, .shape, m‘xifdmity and localization ol‘ the’\dent.. _' ; " ,' .';I’ S
| ’1 ‘A olastlc holder for flash detonators was: desiened and tesfﬁd in - |
_ - _‘prder that flash detonatots t:ould be te.,ted \uth the uame apnaratus. e y
: K :FI.'_""‘ the foregomg the soec1f1cations of the test piece, anvil and )
& [/ ‘bi"rstlc holder could be derived.w.v--‘ S el _.f_-.- s . | . S
. ] 10t The sensitimty of the test for distinguishimz between good and bad“\u

r N 'ejtonators was detemined by finng vae groups of MK-22-0 t.yne detonators, /ﬁ- O

' ~_,~‘ a"h grcup cont,aimnp a different wei ht of tetryl. From these tests, :




' Ordnance Laboratoxy.

b /’\.. 5 A - i« ‘. X b Py } . E .A
‘ .« of « e v s ’ ) ) L ‘
Y oy ol g N II. - PROCEDURE . "‘.'
' Test?hchlne ,.f R e ¥
, A test mchhe was construc*ed fmm drawings snpplied by the Naul

The ba,ll dmp wae fixed at 20 inches and ball

weight at 2 ounces. All results reperted in th;ls repbrrt were obtained

~ on this méct&ae with the excection of 'te..ta on bn" stock roported in

_ _uble IY wh.ch 7ere made t ’.he

Anvils for 'l‘estmg, Stab Detonators - o v o :
Special anvi}s were machined from a vanadium tool steel and

har‘dened to 60 Rockwell C

on which the test piéce 1s,p1aced was recessed 1/16" 1nto the anv:u

"val Ordnance Lﬁbor‘xtorv. - 5 S

Qne ‘anv:ll was constructed so that the, face o

disc test(, but alse:

\ ) S
the anvil vr.lth the Tecesced face for the steel dent test is sﬁbvm in
. . a } .- . . : .' '.‘ . “-:‘ o ‘ »:. ‘— ; 9a “_ - .".:

I P =5 : - o:

+ i {. 5 R T

'i‘he height c(!‘ the amrj.l was

Figure 1. 5

4 detennined that when a 5/8"

I

thiekneea were\wused, epecj;ﬂ.ly mchi _d cente.ring discs were placed

¥

beneath the amril eo that the height o£ the test p;ece‘ wae not changed
“-‘r = }‘ 5 5 " )

relative to the mchine. 37k b 1005 3! i

P 3 R I

g kS

lnvm ror 'raatm Fhsh Detonatore" i R

i ‘ : .~'9 B .
DN Y o .
. . j'f/“i ‘ %
do % E .
T b . - e 5
A - o A5 i Ly -
L f Wt "."- . '{',:' A i o -

thout holes. .A aketclr of the cross sectien of Lo

- \
mrface to prcvide a neans forocehtering the piece. It was one solid
piece of steel, havxuu' no holes as do s the anvil used 1n the lead " 3
d:..»c test. e otheLanvil had th‘diunensions sPecifiedrIQr heJead . -




-

- MIANVIY




_ uaeuby for ! rmmd test pieco.




: Because tnc plastic detonator holder for flqsn»detonatorstdiffcrs‘

»

’from'that of stab detonators, it was necesséry to machine“a"specral anvil:

'for'flash detonhtors. This anvil dlfrered from that shown in’ Fig lffor ___;//*

stab detonatoru onlv in the overall h91pht dlnenslon, wh1ch was 1-1/8 1nstead

of 1-13/16.inches. i:j>centering d1scs descrlbéd sbove were ‘used to adJust

the height of the anv

were used. -

This'is'dlscussed in more deta1l ;n‘Sectlon Ve

; bar. stockwwere square

"JjD. Detonators,u‘-n*f'fil;f?*k

G, Test Pieces

Test p1eces were vachlned from either round or flat bar .tock 56 fhat

1

e . ) -
P :
o~

.

Round test nleces had a.14211__dlameter,_mherea nxeees~eﬂt from—fiat S

Cly

-

P

*

" the niece would I'it snuggvolnto the recess 1n the anv11.

o0

w1th a dlqgonal of 1;217" and slde of O 862"

when plast1c detonator holders of differert s1ze

The h€1’ht of the ton of the holder was ma:xtalned constant.

1ound pieces nere pround Smooth on oppos;te s1des for ease ih measnrmnp

0=nt de"pths. :

0 -

w0 spe01f1ed in the data and results._

rs dlSCUSSed 1n Sectlon IV P

3 Surface gr;ndlng was done w1th an 8" x 3/&"'k"1—1/h“ 32ACh-J5VBF

3

¢,

Déﬁtlng of the Teot Piece

0 NI S

.

aurface ngndlng is a var;dble-wnlch ;

“‘}'

&

LA

used for test1ng detonators w1th the lead dlcC teot..

t; glqndum wheel manufactured by the Norton Refractorles Comﬂany. )

‘. . ,‘.

Br1efly, the procedure e

Lo

/'.-'

3

Some oar stock was ground and nleces Whlch vore ground are-

v
L

e anv1l, test

. The‘

A

The orocedure for dentlnr the steel test 01ece is eSSentlallv that now

.1ece, detonator holder and flrlnp pin assenbly are shown in r19ure° 2 and

3.

Mi”*Detonators UoPd 1n all tests were ¢upﬁléed bv Naval Ordnance Laboratory.:g,t jo-l
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sty (L). «Anvil is mqem

-

The"' 'decthﬁ

:7f‘f¥f-',npauunement of Dent Denth - J=

:ulea of steel cut' rgmfthe same b

,.. TR ! .

':.+ , ( ) A vlastxc detonator holder 1s sealed 4£ the . bottom w1th &cotch .

‘/-.2 ) -—A ‘.' S .'=. - il e o - -" =

l_;eé ] ;‘: : tane and then fit ed on’ to th* t“ﬁt piece. ,:ra " n';‘auﬂ};f :1
L '~ff,T.(3) ue*onator is in "\rted 1nto the plast1r ho;der._jl Lf;' o ;ﬂ7‘ -

5. ;:T,Z “ ’Iho a"senbleu test ﬂlece, blastlc holder‘and detonator are nlaced E -

T s ': 'fon‘q recensed e of _the aﬁvll. The.asaemblyaat this po1nt —;%;
}‘v% Fies cf the orocedure is fxxed due to tbe natLre of constructlon of ". - i
~ jh'\" tzllzi,the macnine anv 1 awd te"t piece. E '1“.” TR T 3

"TQQTHC door Lo the cba@bev contain~n“ the anv;l 15 cloued and a

L :H:$ﬁ:f1r1nr oin 1nserted lntc the )laatlc holddr. . fF
_ ) ,(Q), Tdo bn 1 1% "laced on - tho vlcc*ramagnet “O 1nches above the ' _;
" ‘ ‘ ' ' ) 5 ) -‘. . R ° /' '..'__ .~ .. o i 7. tv N
" . e .‘-'{_'4‘11"-11*'. mn._ e ‘.7 IR =5 - :
s o '_(3)¢“A~éafetv dopr 15 CIQSed and the ball 1s dropoed.-‘ _wA

or a dentf was meas‘ured to thn nearebt 0.1 miﬂ 'Nlm.a“depth

#r as the teut plGCOS.'A

/ '

4 'l ! ..

£ty .4 9 - O

’

N 5._;'_ . _T 4 L. E0A

’i~,




<

_‘;_— X . B \t' _._
were t,aken for eaeh p).ece, and




A T&hlc I ‘g: -
t of ﬂardnen Graaicn"t on Dm 'ﬁ.




-] ?- i

]
—

The detcnators and preparation of ‘both g"ouns of test -pieces tere the: same,

J

te_st.,_h . g 5 '_'~ y ' - : "

Only 1f the .le~th of the den‘t‘aroduceé 1ere not vers sensitive to the

,-.‘mece hardness noula the non-uniformty of the p1ece w1th reSpect to

N “»

nardness becone 1n51;m.fmcant.- Cthemse a ccrrectlon f‘rg“ hardness-dent

) ;""' ti rwmshlwp detdrators of v‘arm\;s strengths.
. xhe above cons‘tderatlons 1nd1cated that th fmlowmr items snee xlv se
;’ “investi rated ‘in érder to arrive at CO'IC,".'m].OX" 25 to t,ﬁe s..ltablhty of
‘ '. o rou.xd stock f‘nr the steel nlate dent test' | - g
- (1) Um{"nrmw)r of rovnd and. ba‘x" stock nver‘?rm:s'v?erse._c"rcs's’- seetion \
_ from niece to olece. ) o g 20 | .
S S'Z)" c.ffect of‘ any non-=uniform. c: (i*-rc.culoral rrorertlc:) tre J

traverses for 3 bars of rourid’ ,stoclf 1-1/2 inches in Jla'aeter. : Fhu.,, even -

3o -'-,'when the diameter o!tt"xe round is the .,ame, -a consxderable varlatlon 1n o

:(3 ) .The effect of ?hardne_ss on dent denth | T Z

' /
dewt,h correlatmns must be aﬂpl,.ed. Any' lack of control over hamness or.

Homogennity ef,fectlve ly rednces the sersltlnty of the test i‘or us-

umform g of. cient produced.

.BO Uni‘fo!‘mlty Of {Oun(} o“ock . - % o L | A ) I‘.- \:

2

-.(‘1) 'm.fpmlt*f from bar. to bar of round stock .

The dat,a obtamed from hardness traverses of rounrlr stock are :

'

_'~1ven in "fable ¥ (1 of” the annendlx. The ha?dness Lrave"ses' for vari,oi;s

i

o

'bars of 1018 ‘cold rolled steel 1nvest1gated the certer nardne:. var1ed

-7 To.
sv'

L r , . 4

: The standard eev;atlon of t,he detonators was 046 mils, making th1s chfference

"in dent depths st.atlsncally 51pn1ficar.t at the L' lex,el by the statistical,

3-round bars are '9lotted in Flgure h. Lh.s fJ. ure sbows that for the rouh'd

'-..from 80 to 90 anc the edt'e hardnes' from 82 tor 92, Bt igure E hmés f*lardness~
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en,t:.er' 'hardnessjs-fi?ong tar 'Lo' ban wés i‘éund. These resultS‘ mdicate that

’ . o & in order fof -ret.x'nd .’f.eé‘é Lo be suxt.aole for the te..t piece, the effect. i
:‘:-' S ~oE "‘ardne s5 vanatmn ove' ‘.'t.he'rarge of 80-90 Rockwell B mist_prove to be
/ » rerhnble or that lack’ oflcontrol m’er hardne.,s in t.h1s range can be 5 ‘
e tol‘erat.ed‘. ey [ P P [ | | |
) (") Unifomity of h%rdness in lengt}quse directmn in rpund bar o . . J‘
‘\ R L Ins')ectmn of the hardness traverses gnier. in Tﬂbl\ UI of th ._1
’ , - V'ar:r",}endix-shojs 4\.3\‘. t.he hardnes.» did not {cl";a'\oe apprec;l.abiv for aieces cut i

o oo .

‘ *" “*from the same bar. The hardness gradienﬁ acro.,s the cross~ eectlor; as’ e11~

%

"' -as the tardnes.s rlas found to va'-y from bqr to bar. ThlS mdicate.r t.ha '_";
e e 1t q11 re: 'hffrcnlt o pu»chase comem a1 stee]. wtnch will ueld me tical

o te“t pieces from bar to ber. The bars T norted 1n-—thls hable were 12 nches'

. . s,lon rnth the excentlpn oi‘ Bar 16, whlclﬂlas t,hree feet 19"'}’ .
é' ‘ ”\ % (3) The »rrect of‘ hardness is di.,cuTsed' in Paraﬂrao+1 F 0' thls SPCtlo'l-- o
"; . - 01rect1o’1a1 I*ronernes of %und Stoﬂ I ’ .5- - -'1
‘ _ [ rw pivung present m any of the rouhd otoc }ijmmined tas not. detectable_. .‘ N
° . 3 ‘)y ir.s')eetlon of macroetched piece.», and if present at. 311 must have E. - b .f _ A’
E .,a ,1llary dimensitns which are Small 1n :ompanson mth the size of ha}rg,
. 1 nees te"t dent, ana detonatorrdent. B xlipl p; doe4 not seem tO be 3 cons,idera- %

Itmn 1n the evalpat.ion of round stock :--L - :.;'_‘,i‘ '
I ‘§ I 0
on macroetching piece oi‘ both fIat AT

J

ob..ervea t.he fibx‘ous stmct,ure of the r9 1e Yol

or1ented in t.he longitudinal” di,rection'

e

'. v cated frcm round bn's, therefore, ax‘ed‘i ( :

"°' “‘“ Pf *'he fibers, whne al flat bsr | "';.

.¢€
.

‘ ‘ tes},pieces which are fired ont ransver

& -
e 1'?/' et
., » @ &
g 90 v B
°q S »
X -
=y iy % Y
.- w AU A -
=] Rl )
=
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' concentrated hydrochloric ‘acid brings out lines

woﬂt hardening in ce].d

mned xpteel. Saxnnle Din Figure 6 shows the fibers m a soctioned

' sample of round stock that was etched 'ait?h concentrated nCl.

.
|

Sample E 1

W gated. Thds suggeats, howevel‘s that ameah"g is one: "ay in  which 9

501 e more honmgeneous test nieCe can be ohtamed.

this Iigure is a. oorresnonding section of flat bar stock The finng of

a detonator on a piece does nbt atfect these lines. This is, shovm by the

- -!.

dente“d and undented piece in Figure Te -
Uniformity of Bar otock . o el ’f‘

"i

Data on. hardness of bar stock across t.txe"

t cross secti.onal r_ea-'a; e.

ven in Tables XI‘[I and ‘(IV of the -ap) nd1x.
_' rfv ven bar qf cold rolled stogk does 'not see-n to be quite as great
L

1 und stock, bemp' 6 point. for flat bar stock in contrast to 8 pbints

: fdr. round stock ‘oni- tre ‘Iockwéll B scale fo:‘ the samrles exammed. :

er 28 mhich ..as ‘an &mealed tool uteel, was quite umform over the

.cut cross section angi was the nearest thmg to a homogeneou., steel found
’ ,'The variation in }'a,rdnleso from bar to bar of such steel was not 1nvesti-
=7 kY

Test pieces cut from such ‘

stock would involve the hxgher cost of annea],ed alloy steel 1ch is around

% ;9¢ per 5/8" thick test piece in contrast to under c¢ for the same piece e

".,'cu from 1018 cold rolled steel.: e ;’_:-,_, A , g

m inveStigation of the uniformty of hardness over the cross _> e

" i sectional suri‘ace of 101‘3 coid rolled round and bar StOCk mdioated ﬂO

£ A

.,{Geometqr of the Tgét Pieee S

. _.;l(l) Thickness of test piece

The hardnch gradient,' infa_.

as inl~

al

AL

L3 C
. Ot

"_'f:s;pec'ial advantages of bar stocks because oghmogemity. " L




ted (B) and oge’ umtd (o) pto«
ml-tluk.
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L | existing apparatus if the steel plate wene as near}y thE:r:’»amesize and R
o2 A kehelpe as’ the orlginal lead dj.sc test niece as possib €. ‘I‘his su‘,gésted ) T
(S o] l

| cam investigatzon o“ the smallest steel test pxece t t’could be used. B

i L 7 Other factors being equal, the uitiJnate cuterior as to-'.vhether-,e :.‘-. K Al

: given size and shape of test pxece is’ suitable is the co'rreietion"of-"

Ny .

the dent nroduced "n.th the capaclty of ‘the detonator to set /off exnlos-

“andless of whether or net« the overall dlmenSions of “the teSt ;.' Sow

Diece are dlstorted m the dent te°t., Since such a corre‘htlon was -

’bevond the scope of- this research and also becau.;e ine measux‘emcnt cf o o,
dent depth 1s .mTe precioe when *t‘xe overall dlmensm*s of the m.ece.are -

uSed m chooswg

] ./"

o l P not affected by ?Ee £i u'mg or a detonator, the concaa_,

o piece. That 1sJ as long as the p* ece was not dxstort d, am’J the dent ‘
) depth was Tthe -same as 1t wou'.!d be in'a laree block, ‘t e size and ehave o
L = | e :)—I‘—the piece ﬁas said to he ‘"atlsfsctory. > Actt'al]:y t :e lar;m"t niece - ‘
. tested nas' 1, 219" diameter and 5/8" thio.{., T'ne stronpest stab detonator’. e
(l'.K22) dxd ;c;t dfotort, thlS p1ece. ,' I a mece‘smaller m thi.;. and . .~ ‘*
Ce s vﬂ'xich was fabricated from the samg steel, th‘ gave the "ame dent depth e """'.
il 2 and no distortien of the piece waa saxd to be}sa‘sfactory. i Beey / "‘ E 4
’ The data for dent atestron pieces o round stock 568" . 3/8" l/h" ' B _ )
S

B -." anq,i/aw thick, anq flat ba;' stoc.<, 5/8" /8" 5/16" ~3/16" and’ 1/8" DB LR
. are given in Tablea I» ‘ 'x 'and \(I of the appendix. The nesu:l.ts of the :l

_, t.ests are sumrised in Table ‘II. " e

These results 1nd1cate that a piece 3/ " thi.ck is _ui'ticientiy thick . ol i

' ror-. "se _1n the dent tcst for use vrith detonator\no si '_"n;er,t,mn the : -:_‘:‘.“:“';

1 ‘ es’g 4;’ B
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The difference in mean deviation of dent depths for round d square test

deviation in dent depth meaourements on round stoclc i° i

A ﬂa&aa of round stock as a test piece. A .
Figure 8. shows séct* ons of round test pieces .on which u‘K-22 detonators e e <

~ 5 ;

hive been fired. Firure 9 shows sections of Square nieces on wh1ch det- o o 7 8

::‘ onators from the same batch were 1re'd. SamoIe G of Fimre 7 sl-iovrs n pﬁg@ | "v'
before denting. . The samples were cz:oetched with concentrated HCl m orde. .‘ 7 _
to,b{ ng out the uork hardened areLi. 'Ihc hardness in the bottom of the o

- ;e“t ad found %o be. 8!° 10 Doints higher tharr’ the origmal plede m’ncl-° i

5 b .

ness. Two short lmes elbw the dent in pieces A\ and B of Firure B indwate

work rdeninp near the baae‘ of the piece. These bieces were disﬁbrted by .

the detondcion. : These J.ines were absent, however, in ieoe,s_ C‘-a?‘@ p_.(Figur-e N '

&

7 8) which were ho; distorted by the detonator. ; .. " _“_‘ .." . " ; f.;_ -’*’..j :

rapid'lv than the \surrounding area. Thh\&rofile of a dent of

"magnified 20x 1s shovm 1n Fig\me 11. ‘wvery dent is a. little ]




R |







Figure 10

> t i

1 - v A - a _.:‘V‘_. " 2
of m.croetched seetfon of s-mple




\ - " (2) 'Assenbly of

e "As m in ngures 2 and 3
Figure 1. : Th&piastic holdel" mhen be centemd on the aquare or round
“**.—*f"\i. o

test piece. 'rhere seexns to problem aligmeht of _the anvil, square 5

,%:;; - [Tor round test. piece, p1ast1c haldsr, firing pin and ball drop mechanj sm.\’ J
: This asseubly is shovm in Figures 2 and 5' PN ~,. e A S

. h\"

F Effect or HardneQ

ey the S(Iua_re.baz_' stock may be. grcmnd a.nd the detonator tu‘ed ‘on. tfxis surfacg, AT
- Firinp m latter surface is similar to f1ring on a t.est piece cut ‘from '

e x'pund stook ‘m that the direction “of firmg 13 garallel to the direction. of"

‘:

" ‘(r
-5 . I

'l‘he center hardness throughout a oiven bar of round or square stock was

.;..

- i‘ound td be l‘ather uniform ixi hardness as shmm m Table.. XIII and XIV of

the appendix. This arrangemeﬁt means t.hat t.he’center of t.he dent .7111 be/

located in steel ﬁaving the same orieinal handness regarﬂless ofAthg depth s
of tl'(e dent. Thiris ndt se when a detonator 13 fired on the mtll _surface"i:_"TL T

sfm:er ths hardness j.s hang gl
f" i '4
iy l :

mﬂl, sgrfa&e, alao prepared by snrface grinding, as dxann m Fignre 13,‘
he correl:tion“ eit.her Bnrfacd or cégter &rdnesé’ mth dent depth w&s X 1
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T

> . G. Pre xratmn of uurface of the Test Piece s T R .-'l'/ ",‘

- "ossible advantave., 1n,use of flat bar stock “for the test piece lies in

’} o
detnn xtf)!‘ 1s !‘ired on the mill surface. -
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nth ‘a sx.ri‘ ée .Pl“ nder to provide a flat surface £or dentmn.. Gne of the
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t. 5 ')OS.;lble usé’ of the fl’at surface nth only a minor cleamng qperation.-

It a8 found that tne l'lat surface of* a. Piece of flat bar stock 7/8" '{ 5/8"
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'ﬁ'!‘;\ Effect of Te"t Plece °reparat10n on Preclsxon of Measurement

ﬂ_’i"—“ﬂ_&ln'w the me'!.mrerent of dent denth and add to me"unce?ﬁmw - S

!%.,,4
tne '-.easurenent. Cleanmrv b‘j llpbt andmg was found not to affect the

rnmlarnv or, J}rres'ulantv of the su.rfu es ' NN SR e 1S

«"n the standard dev1ation oi' the

’

detonators. - oome mxtment dat
- l . .
“or test pieces cnt fmm flat bar stock are - as follows S e
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* _~Shots . ST Deviation
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ine: by 1ight sanding m—??-o = f15.7 '/..1-_:"-;1.5'

mrfaoe’hardness 82 CE T L o

rface hardness 82 . 1 e ATl N

In orde"i to evaluate dnring this msoa;'ch the i-xherentacapacity of the
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.,homrt dent denth and Standard deﬂ.ationa : -

Flai, surface as " S0 22 12.h.,. N EEE
recelved with clean~ B ' NS B ,
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: \ " denendenee on the hardness of the test mece, :md a’ Iarge yst.andard
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"y, B 2 An mveatlza\tlon was mderta.?en j.o determne the reas1h11:|.ty*of

Criterioﬂ for Aécentance_,or Relection of 2 Desonator |

S PP

"‘It 'Iould bc 7;

- exccccfed ":ould/be the basis of%jection ofL ‘éingle detonator or gro\}p

1ﬂt of detonéxfors. ..;"-‘.'"‘--' x;:\ :: R

a0 oo

' devmtmn for

X [ :\" ‘,r

--*the weakeat ‘stab detonator tha MK*SG-O. : _'l_’he dent. depths dii’fered by 2.3

irable n‘ a dent depth cduld be’\set wmch if nofs

Th}s strorgrest stab det,onator which was: to be investigated was the MK-22-0,

e
et

o te % fm' olﬂtxnﬂulshing detomto s of various strengths is lovr out can be
. .jréée re'u.onablv sehsltwe by rather stnct svecrflcatlons. - , o o
.;Bf.-. | ,frect or “Type of Detohator on Dent _pth A B s é» 2\
N s Dnrinp the cot;x"so;of t;hese mvestigations,ﬂ'nree types of detonators §

ﬁ . “rers used. ‘These are listed below along vnth the: dents .produced {n st.eel
SN ﬁ?ﬁnm a menb hard“ess °f ﬂ"“ DI ST i:'.ﬁ i DEARN -
S T meet s, (22hqt>
e b MK-Sé-o ‘ Stah« . 12.& (22 shots) 7";’1 v
T mc-SB-o . Flash I. (22 sﬁots) T

o mils fm the 'e’kgmo 't.he strongest.* “rhe volumo of tbe dents and thus )




et

The wealrest detonatbr tested was the \l(-SB—O f],ash detomtor. Thls P

A -'detonator produeed a measurable dent of h.2 mls vnth a st.andard deviatmn :

ot 0.3 mils.

: : ‘C. Sensitlvity of Test Tor Distmpuishmg Detonators of ﬁr* ous Strenpths |
;‘ . 'Phe follomnP MK-ZZ-O type detonators were Supplled by VOL. Throuphout
| thi= report tl':e°e detonators are. rei‘erred to by the rer cent \t:etryl based g
" e on 160 L of tetryl being 100“5 of full charge.- ;E"" E "_"”': '
. @ :{’ ) TR A' :.1:, 5 I .- \ i;;‘ - ) , -

‘_% of full charge . 100% U8R, - 75%. SO, . t25Ec
s 'fa_.' PbN6 Pr.’ﬂung Laix“—%_ LS? 52 g - 52 g
| PoNg ; ,' S Cime omeC ome me us

Tetryl 0 : 8. 6. 601" oo 26
Tet\” O aot’ 680 e Lo '.2Q_'j_,.'.":f.‘- S

The total qua_,ntlty of tetrylelo _the 3um of the twp values for tetrvl m t 'fy. '

‘)

R above table. The two values are renorted to mdicate px‘e‘sm}’ in, two stm, ‘;

e r.-’: ‘I‘hese detonators were. £1red on: elght dlfferent ﬁypes of steels., Thcse

O . I A
data are plven in Table "V of tbe anpend1x. The averarre dent de"ths are P

- ‘,piven in Table )(VII 1n the appendut thh the number of thtS o whl.Qh tne « PR
. ','average was baéed in; parsnthesw. - The averwes m Table rWII include data
from TabIe ’Vl of the appendi* wh:‘.cp rénresents another 1ot of 100% detona-i

‘ t,ors.. Al ° ..“‘ ' ' . / '.... .. :~ R .*\,: "'4 ) ;’1’; ]

‘After h detonators of eac*x‘ner cTt grouo had been fu-ed 0n utem A
u, F, 5 on steel 0 and 2 on’ Steel H, the rema;ndex‘ werezfired on stee

\ in order to 1ncrease the su nificance o£ the"mean for éne o“ the steels.
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L I «(f 'f‘m of hﬂrﬁness of szeel on the d:rt roticed by trne 1004 & g
. , ‘- 3 1 ) det,athOﬂ 13 Shm 1]1 Fim 12. - : .;).. I 1 5 o, O c
Figlis ﬁ— The 19# sgnsitivity of the 'ﬁest for detonator, Co‘*‘rammr va,r Ce
‘ y 3 fnl]n mx 13 apParent r@ figure lh. E The \oinf’s 1'} t“ ric fizure ar?
| '

11 3“2‘35133 0? ‘lt lFEBt A ‘mots." ‘Il? 11m !‘of uteel 34s ’ﬁa.»ed on aver':ut.'e's ,
éor 6 *© 20 3hots. Ap e@mﬁén * ﬂse single shots r‘ebortod m"!\ble .

. v of tehe ophpdix shows t‘hat bxe*reatest ‘_ ‘th for’ 50& detcr‘.ator was l‘u .
- ;ﬁn the mndness mwe 80 t("?o mis was rfor on \. Sx;o}. L{zt of 22., -"‘he
! . /smnowesq. dent for a moz detmaw: “hrye me sant bardhess rang? wes Lisek ;

| fz whfch is 'fgior_!g ‘s_l'f: 3111. M 20. Thx,s bv settxn%the acc__;&le dent depiii: _

WT_“ “ﬂat, lh h,- éne ‘aut of twepté' SOn’de@nator!% would be accemed 36 1007 detera=
iv » t‘“’f's" ‘ s ,," AL e 3 -".'-‘l 5 jf,’; b o
= : ‘\ In the case ofﬁ the 75%‘ detcnators, u out’of 18 exceed a dept.h of lu.u |
' . mils and #ould be acce*Nbed as 100‘% detonators. | : ‘_l I i '

4,‘:359"05 ,t‘le 85%; dgtona'mrs, qli out of 72 deton{ators would ‘: Ne

100,. d.etopators..\_‘ o i

_“,

aziuce dent at:,l !

_ :4{ §: 7 . dqtonatofo wonld,'f' il to. 'p

Lt o .
S \‘réawudf The tata.shiok 4 ko, ‘
lﬁ.h u:.i whict‘xmul acce wﬁss of i.he
SRR jectilon test depends
B on polethn@r 't.he Mst. pet 8y r wit.h tbp canaoity of ithe :
,;fz~: ', do‘métoth to- mitht:e‘mloéivh i \b:eb an“‘ n"hsqmm ,if be'/ond the ,scoy«/ ‘ |




G T‘w ‘l-fect of misim’ the reqvﬁrvzd dent denth ,t"nd.rd frqn lh.jt/ m.ls i; t-o ‘

"'f:‘fm‘rc 2 th ntrber. oi'ié'é"' dat.onatom m_lected l -ﬂeli as the mnber of 855
’ -"m(/--‘7f let 1~ntom rmectéd. , .e data indicate t,hat the. tcst whcn based on

| 31"':'.}4‘% "n;. deto;ntor sv a. sinﬂ}le ﬂ;ot‘ has ooor c:.o:ic:.tj to nject
‘tﬁtor _._i\#rr.‘ __.ut’rem'th'of ?'5' f@l clnrt-e ‘m over., N
““%né “»c‘ thit g 7‘

. “.‘,o £z df ~t::“’we -x=oc4'z
o h

’ PRI Sl Y ~: 327 ; A
; 'to e u"‘u-"l:u' 50 that the ﬂ‘robe ?'onld nat fz.t '1ntto 'ghe /lowerw the
do t.‘ D fr~ rence m dent. ahapc y t.hz_rc"ore, e*‘nkin the overlap in dent

écfth'? f"ﬁ'" wr E; anr' 7<e dctonator - Tne volume of t,he dent,, wmh

PR A g .'. l'v", , \

m\"_nr\‘\.n’x 61‘1 camot t*e .euun.d :)ncticany, should prqve tobe a more :
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'D': m tion of the netormtors : : — o

‘l‘ha standard deviation of detonators f!red on 5/8“ ;t'ﬁié;es. was

hA)
.

calculqt.ed and ‘tabulated in ‘rable XIX of the appendix, These standard ST
déviations were calculated fran resulté obt.ained by t‘»o operat.ors. . The stand- .

...' ard devia.tions for tno lots of 100"‘ detonators 'vene pooled. r-‘nrthemore, i

,fs the standard dena..icns *rere ca],culated from tésts 1r v’hich vhe surface of

}_:,f-- '_ all test pieces r’ete rround mt“ .,:_._- ) .~ “ - ;_:.‘ | |
w5 9% o These standard devi'atims, therefore, will probabj.y be- dlfforent thar;.
.- - thoss ;:alcuhted whew operators, loto of deton tors, p:-:?;arat. on bf te
e ,piece, and dent depth measurine appamtus are mewly mndmized. T“e =
X : ’ st.andard deviations obfamed in this nese‘arch serVe to evzluate “maxirmm -.*
'..r a ?ensitivity of s-he ;\, SJ‘ - 2;;__ 5250

’l’he estmate ‘of the standa.rd deua’tio& for f,he 100'3 detonatons ba.aed -~
DR : i

’ﬁon 22 deprees of fteedqm was 0.6 -mils. Thé esiimate b:rsed on 103 shots

) ;'; Moo B W
k .‘5 n;us. These st.andar!l devi&tions take into account the Srecimon in \
) 3 e

4 o ""f measurin? dent depth, Follmvin? are tabies of the least hiphlv sipnifiqmv

' ;z ﬂmev - ; 1 £ '_‘-: __
, Least_ Significant Du‘{erence in means of Dent Depths s 5o C
WS *..\'..» -.~,j_.."-' ‘ . L R P 8 ’ ° - ol

o WO-AT shots peFlot.
of detonators i




. ' The standard deviation of 0.5 mils for the 1007 detonators indicates

that the steel used for the test piece i; highly significant.éinée the

1ifferenbe'in means. varies from lb.é to.15.2 inssanplg§f5,'8 and C.and-_
s . :
'ron lq.f to 15, with sanples D, & - and F.
Do S tatlsfxcar analy51s of cteels A through ‘F o£ Table XV of t&e anpendiv

and 11 rrouo" of deuonators in th‘s table lo Summarlged be‘cv. only_the '

Fins t fonr r@idl“‘S 1n,;-polumn xcr each subclass were used in order to

I

N -ake the.tnple'svmmetrical.

, ' Table VI f ' e
7 " - Temltﬂof Yariance Anal;sis of Detonatoi's and. C
Jteelﬂ h c, ﬁ, r, & F, from Tatle iV’ of Aopendlx L
Degrees of oum,of Y&rma- Varl- .F; 'Critigal_va‘ e
_“reedom  Squares ility * apce® from .of F-at 1%
) S L S/, ' e+ ‘"tests level from k i4.
-5 0 5 : - e S e - om0, test tables

(Grand Total 012" / . <o L.
S Vi readlngs) o S A . -
SR o 29u2u ZéB L I

" -';_1otal Dent Teats L R ; . - o 1; l‘ ST
- (120) L 119 .-22806.360 382,092T-3.21v : : .
o ' B . ! ) * ._ o ¢ ' M
| nbclagses (309 29 226904600. 2504330 * -
B} - . A w : o o T kS o 22 o B0,
r e 3et":een Deto‘natcrs » ° o3 ° % . o T e

*ef-f‘:‘ (%) - .k ,'22625.910? 2014642 15,03 3.6, 3.5 1
‘.‘_-zgt.-.-;gen Steels (6) 5 -'22h36.60h 0.336'-'"'2 L7 1.8, [ 32

© Interaction 20, . T ol 382 2. 11.“149:53-. ff?go¥~J%-¥"

B ROt :Lr, S :
“ithin ‘ubclasses . 90 . 12586 L0 -
o / e ' . - . \ ; o % A -:‘. ) i :-'. ‘ / . / -
o Qamnle Calculations.showing"howxysis,tab;eiwas formed-are,givengén-v.:,.*‘
'7‘ page ¢1 of the anrendlx. o 3,2?\\\: o 1. N J.,.‘,{.:' “.j';.f 5[ a
_ . . oo e K 5 |
- Th;s analv31s Lndlcates qualltat1ve1' that the dlfference 1n detonators R /
.(' . 50 o o 1 B O
: is 7on51derab1v préater than fhe d11ference 1n steels. Since F Tor the _
. ;". ".I .?u
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detonators exceed" the cr1t1cal vEf\“\of 3.5, the difference in detenators’
_1s-highly signlficanu but any difference in steel is no+ ‘conclusive by
examination bv the ..test at the 1% crohabillty evel sznce.fhe exneri~ 7

_nental ‘does not exceed the crltical value. As the reSult of a different = -

> analvsis, il vas nent;oned on pag e37’ that tﬂe t test dres detect an effest. /
. . . IR

' of the ste-..- .

The 1nfcraph cn effect is not relevant to tllS evaluation since aﬁy
' relatlon be‘veen wroups other than aoaltion and subtraction of the came
cénstant will.show interactioﬁ: The \orr=]ation of rlpure 12 1nd1cate=
dents are inyersely n:pnértioned_t? Lar@n s and such a relation would

show interaction ’in a statistical analysis of dasa. '
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g;e nash Deton&wr Holder
As a remlt ‘of” %nstigation '
: ,' that. 3 test oiqce or 5/8- thick and agona
e, used! fpr t.he steel piate dent testi mexpex;mental flash d"‘

N
' hplder “s designed. For investigati e purposes only ,the part .phoun in
- '1ure IS "zas’machmed at non Qne gironp of SO. as |

: ‘4{-22-—C jetomtor and anet.her proup off SQ was macf i

too of i:e mchin
| and orimer-p rsnc Bolder assemb].y.. In pmctice~
i \ ’

1cknesF of O. ‘}" + O 01".\;

Anvii for. : stmp FiaSh De nators : -

wim:e the hei?ht dimensiom

| "_.as much as 0% 1t mll be f'"» Stary , ES
v.i_men o" difrepent heightso Thewerall a1 heig Mf he an

| ovesuadhatent of amid shom hreel |
| ‘Pr Uﬂst Qcp ﬂ)ickng“ Of 5/ \ LR T




£ i il TFT L o . § 3y
e 5 R X & ¥ ‘\' 5 . X .
k| 3 £ o ks ) L} . &
- - ¢ <o B 5 S R S SRS S e el s -
i e -rumfu ' ’ S .
' -,': il “ ( 2 % ’ ‘ % i
i > g -
i = - F ]

m-- dmmmur 1s ro;-dsymtucm '
Detosator Holder for MEL02,primer (Drswiag ¥o. vs ey
;Al-nl oﬂmmubontoq) on top:of m- pioco.) : o

v,n v




added beneath the amx to- bring 1.hé{-an_'vi'.1'lifa*g.hq depired heights <. 7 ool

nators " o

' | . bv tabbrm t.he 102 primer loca ] 0.2“ abon the d onator 1n the plastic A

fian holder a“sembl{. 'l'he data are. _'v n i,n Table WII: 1 the awenﬁu- Te%t S

‘D &

nt- depth and standard deviations of

7';'. s riace.; “tere 13.1 ground flat. The db __

.y «m-zz-o r1a=h and stab] det.ona' P 2

T sl e :_x“-;zz;o_. e
.-y Flash -

:iK-22-O
-7, atab '

e..f Pi -_ e Hardnegs 82B~ all niecea cf"\

AL_'-

Io orobabilit leVel. The diﬂerenc. f

-

met,hod of }nitiating_ he det.onator»f :




Y eamie o sl — L

R EARS

AP D S




5 ,A.‘a.“‘& .







:w. cgater‘hnd-r
653, : wes 35




L Shape fitierent

?,\ .




:BL TR A(Contdy)

. DE. TEaT DA?A

' © Steel Shape . Detcnator JCmu ines*ent .

e

1018 “1.219"dia.x 22-0°°  Plastic ...
1/b" round. - 0o
' "ﬂ"“" v L 22-0
K. . P 22-0_
E e . '22..0
. R ":-‘ B 22-0 -
o ;" . 22-9 -
o 22-0°
.o 22-0
20" ",
Tpn0t S
oML xT22-0
ST W - 22<0
. I ST 020
lblﬂ l 219 J.a.x g2—6_‘__
/Q:l’ POLJ)J
™ 22«—0
m ' A 200
et m B E ke i
sl L. 2240
| T20
.. 22<0 ¢
Y& VI
I __'22-0 '
. 22+0 -
22-0
22-0
22:0 -
22:0°
2 T
2%
22-0, -
22-6




- b . v L N ? AR .. .‘.. ... . =) -~ .
- - &5 . . s e . n . . X R
g % ’ . B Y . . o .. i
5 :,: &= o L i 7 T . _ e 5 . it Asd s v
i T A e g, R able e . , o SR
: . g ‘ g ¢ r e

... DENT 'rEsr mm FOR TEST Pnacss o FROM .-

< ~' . : L

"y

Do‘bonator MK;E{-O 1 "‘ * - 'M.... " .:, Mo ? _,“V g . -:s:,»
‘Confimaent -P}.astic Holdar g B S e, TE e TR ae : ;“‘ N

Piece No. s ‘-":Stetl_., s . Shape ‘;Rock'all D‘P*’h
e N A I = Rt

<'.

o Pl 180, 1018 cold rolled ber Square, side 0.862" < Av. 828 iy

g e :stock 7/8" x 5/8" hickness 5/8" : S

. BarNo. 20 . : ,._;.~\\ 't‘;_‘“ o\
15_1*._- e Ll " " I ', ' " ,;1'3;_3==. 3,
152 L _u e ., Doem LI | : 1[“5

»15!‘ ‘ BT | P : Q. .J,. ' " : ST "

ya s T R T e e e s

AR ey e et s
EA e SN TR T B S
L, _: 1& : ‘. . ,." . . . 2 B ft \ ) ’ [ 2 '_» L ‘ n '. P 11‘.8"

f ‘{". 61 SR | g . .oon el on B 1[‘.8
163 i . "_; ik :l_l' ! "’ oo 15 2 S
16)4 : L .?' A TR | N T ) : 1}4-' -

i Y n .t R e e e 4
igz - L L ? L P L St " .‘ " 1)1' ¢
: 167 S S ¥ . o 'sn_, Fan no 1Jn8‘

' W, T R T e TG
"Ig& N B R ) '_'"'Z,'.', : ek N i ol
170 o ":"_ <o / .' iy = By e il T 1540

o woL R N A T LY
core Bar to, 20,7/8"x3‘/8 thickeess 3/8" 4 87B 15,07
113 g . b g M e 'Tz.,.'\’ 15, 5; iy
?17h . '- ‘-"' g - .‘\ o8 : ,_"_.'A!' BRI 1 00 B
g e R L T e T e e T T s
176 ’ o e T IR A e o M.l ,15 2.

ol 17.7‘ ‘. ’i " . .v E B 1 N .'.' 4‘1 e ; . : '-'._‘ . A:.‘ o - lh.6, - . :
d ’ 178 o ) .._llA' - " N ; ‘ R - “", ," ; 3 ||‘:,: . '_-:' lhol

B ke, e M iR I s e T R A S L RS
i 8 ~J e AT e s RS D T e
/ ‘ 182‘ ""-v ~ ' 1.-‘; E Ay T “ . " 1h '\

S ;:; 3 '.'- i, 183 s .A‘il.' (o e ,»‘. g ey |f"; LA Q " 1& )_‘

T liee T

ST e é"%~§f':.~: SR S R 'ﬁ“f:< A0
S RgE e g e o AN S S Tl S 114.7 5
AT e L R SRR e L gk, LN L
SR e e e T S R A6
¥ .", ‘188 FERE S . i' '..A- "t -- " 1§ T .." ’-. 3 - " ‘.; ., 14.5. :a". ,..
: LSS ik

DAL R e e R R s ST
Ui N e e DO e T e e

oy e i . by s =
bl P P ‘!, N ] & A
Sy ] R E
wah 0 L3
lt -
£ 9-, L




i1

= 214;

22l
225

' '-._,,.5_2226
| 32.,_30""‘

o
2320

SRR | '
. '.-'21"6",.,
218
o -"219‘
.."l":" 220 .

o »-'_221

- R

' ’223

iaar No. ‘23,7/8"):3/16"

';--‘

7/3n 1/8" o
7 _Bar uo. zh

23 E .,',;:i:f" ¥

&: -
Thickness 3/16"




Prepuza¥%on : qocziial-f"

o Jaece; Txp& af amu .
YShape jand: " -and’ of] bar.ﬂ . of éurrace : ‘imnmss, 3

i Test Hleca;
" Thfek .'sj_s':;_ xrow‘l‘wi GL

“Stab i Sytard. R 1020 Bar- atoek’i{
MK-56-0 - side Q.B62* © . Told pdlleu
G 5/3-- ek f,..-up)lred L

Eao o P o

Stad . 0 -‘iquare 10?0 bar: stock As_necé[ged
3-22- __.;_".A- side Ol.B62" . cdla ralled. ChL el R
X i 5/8% thiek y Supaliéd bx NoL e e

-'R:dulf\d S ww Founa st,o-k umun-i flat 'JOB
1 DiaL T hyglly” “esla. *oued T with snr!ase - contor
‘5/8" thick “Bar No. lb : grinder Ca ‘hardn_el

'."-_‘_.n “. N v

'»Nnv Bq gm- Nb. 16 AU N 'E
-above but v A L e JEEESTE S Tt
3/5" thick e i

: ‘...Same as aoove N ,' " :
- but, l/L“ thlck aar\no. lo

.;m aq euove

- ‘:9""05*" _sirouna flat ‘
€3dd rolled | with aurtue;‘wv:. -
ISM‘ NLO.:-?O o ‘~-‘ grinder

xl“équﬁrg i
S Side Q 8 2-'.,.‘ i
‘ :ﬂ 5/5" f-[{l

W T

.

2.
L

0 ‘: . 7 ." 7_" . ' . 2 )

?,.put 5/10~th1ok Bar Nou 22w

" Same ‘ad bove e AT e T
out 3/ "tMc« Bar No. 2) i T SR

E ,, - Seink wel above .\ T % e o Terl e T
E 1YY ) ;-.1‘/8" thiqx ar *Jo. Za}-gf T ol e

S “.:,quare' 1 8 bar st.o?.k *rppn_@_-_.ﬂ.at-. o

‘ o HK._ZZ-Q un& blde o. ; ._".:‘ . A " r?ll'd X " ;,'7 _‘,"; o

. g -

- ground flat, " 82




o

btm«mrd 1Bk
'bevixt;an "btv atiunﬁ’
1118

ﬂo KrubQ oistu lcqfaf
) 1»:& uith, g

. g
o i ot i . = b &

'.) ;rus.» ~:J.: ‘.\ s
:‘
tth ,‘h cé

=) K

.Lu prose ~i°tth‘on Wf
,teqv Q»,p.r Bo

?n mllb'ouxgt £n bottom e

_.....-_...'--- -

s atmadid

i I - B R
‘—Nm——]‘.—*‘d“——l’——r—“ —— —

,.-.EE:’E-.E}"’ ke SR

No H1O86 disturtlon o1
,test giAce K -

bulve on\BBtta

SR S SR M




PSS <IN

fe

T
< B3
3 ’;.j'_

-

i

=}
e

=

gy

(Vo] : R

.8

N

T

PEARECIR ST i g v

g 4

- pemngedlly, 8O
i 44

N A PR Bl 3 . g : fa s oo
Sl s ) ¥ N3 P Wil e s o U4 e -'<, 0 X weliy 0 % \ : : oA L
frv B 0 SRR » § il : e . - : ST X g 3 r S O 3 ECS
. i ( . @ x . g 53 o 3 y H k
) ey o % =] o T v i v %) * 8 rag N gl S 2 i LN
- i g o X : ol : il o oy i D
Lo, p Pl & e T 3 i 1 25, | . & B ke B IR
B L . § - - g s e e 2 o R SRR . -~ S —
g - g Bl B s e O on L . ” LRI o . &.‘.
g ; ) ; A R T o . et T T e ALk
% 3l i e S , A - w 3 " Selp . ‘ - ) Ay, o
i A ‘A ke b i = RN il = t i . . :
. il G 7 Y N iy N e i gt . . : !
S R ot SUlB 1y e T i L e ‘- TR e T o, T




- ~ i = A.'- = = / = v e i . : = - 5 - >
i . . = Y - N, ¥ = = 3k o _— o 3 <
! { » - 5 - o . .
LAl nE2 - 5 5 &AL : s =
’ t - T i = o .
= e . T . S = EW i
- S 3 . o .- N . orzo i . S ) Pl
o P ] ,_-5“ s ¢ o : : ?‘ o : :
B S e et . v'* ¢ . =
22 i 0 ! . : . '1 ) I~ (Co’ﬂtd’,) =1 s
3 1 = i ’ et -
F o K '_. ] ’ -
s -l 3 o “ .

: _... = .= "-'t “iJ dnﬁ."}'% T"“)V‘Qrsen fOr I‘Lnund 7tOCk .‘.‘i.,‘ g K

X : - ;
3 K ; y
. o 2= :y- vy —---—,n.“a..‘.... A, Bt ol e o
. i " E X p—— - T S
] o W i ; ] s
1t - . g e 3 . ve

oo i e
.

13l s1s C!' frd’n*.xentqr to edcze -
AN 508, ~'sc 0. 95

= g - g g

: “\7,«) g ‘399.., P '91.‘5

Thiel ATty o6

# Genke T'-ai-k(»

‘ - S s
o Nk 3 »
P ; - .‘,. ”v._ «‘”5,/_-;1 BN P B "1‘___. ., , 3 . -93.5 .
34 B . “s'f' K : ‘ ; - 67-2 $ '- l'. i
: P a - ) ;: . :g BS"U . v "‘_i;.‘( ": e .
» _"’. v < :‘ ’ : Br ."5' ; . = R
oI ) T - oo k-
\ R P - SRR iy Fleiat .

- @it
¥

.
D g O
i
3
L
[ )
o
B
] (@)

PSS I

§
N e
« o
N
*
';; () A. L
e
i
]
&
Y

—V : : :
3 i : : » - ’ 0 H

B0 <t . J i) . {1; of Ql.?

'3 . o » . Q‘,-. 3 o €y o
) ¥ : : 2 (e . Taew!

I
e
Ug
i
=
o ¢
m
.
«
e el pra

. g 3 & 5 -'l_._' N [ '
X virsal b = R B a5 5
e [ gl | N
e 2 RN T ‘ ; ,’81 _,O
| spEE g R Pk
? "QI. . ".. - 3 R ' 7“-2 3
8 38%.2°

. .- -_-}-‘:;_"’1 ey -

. Roclc ell B
Hﬂv'dness,n/




3 o~ | -

Mfwwmﬂu.M_mﬁ “. nﬁ.f,¢,‘;rm mn

M Hmu 5 ..D\mx..n.\ﬁ ¥

o

A.Lﬁw,w,m.;m 98

~ w m..amcHnJmL uo .oz,f — R SRR,
g : : 0 °A3D. adwfu. et e i e
s N aRudonT . - W Q/TXug/L
AT T & mwnavdmu FOEegNy - : ol i Al ; ’ i
iy .. G0 "asp ‘umalr ! CEE e iyl
i JOR IR 1, maqg}><ﬂw R i SeREXLE L B €2
- .wm‘.vm:~o,mu 3O 0N L T S TR A e g
! ‘6% uofarTAspURew - LT Rl ; ;
i mww ¢ ¥q Jo adu:uu 2y AT £ S Tl i e T e
by ST A f16g 5 RIS, LY 45,27 | Aot 28, -
o gl R G2 mmcﬂu‘wn Jo : i e o T
Z § e SRl b 0 TAsp: us it o] i S
e . 2%g awq a0z a:. o e A R R e
£qQ LR l 168 - :w\ﬂuﬁ:w\h et . o L - b
G2..'s3uTD uAJb/ OFf .~ Loiin 3w Sl RS R S L e
; .yﬂ.‘ : >uvicx)§. _;wM:: & yJ@ i : « ; vaaw i

mwm:vux< A

ﬂ om = 02 mo

" pATIod
=m\mx=®\~ ~PTOY mHOH.

(89pa TYuw)
€ 28p~

:,3
m mwva\

“(a%pa Trv
J...a.wwunt.

nmcaa Liecwov
N wuﬂyusm

¢Awnﬁﬂ mecmuq\ R A‘ﬁ fi e
: .,H moqujn Lodeg mo Lupcuo R e

1 " ; g

mmm:wnjx

e L ww\  b i
“,r‘m;. *ooww_xstumawwuo

o

ut. ww:qx wAJ;a:,\, : w.wah.:. az1sg REELE

”
~

e:WEmu:n,uz wmpu>*p9 mmmco x;wmwmw&aumm4wn i
o4 N s i s
‘, e S e
- o i ¢”..Wﬁ - W

i




) (?inxn é equ 11y - sv1cﬁd alonﬂ cent;r linc—thr
' ‘dm, S

Hﬂrdreﬁs Traverse of er b

T'lblt. XI\I

a0 "

:_.,.,_n

S>ct10n of Fl*t

R

' )U t”l

ix equ°l d1vwsrﬁms oi%: llne 71ve flVe rcadinps)

X 3

§qrsstqck‘~~

-ulzg

-

°© 2 O n o0
5 %xn O .ot B
‘e B N
R . =

e

Rock:el;

el

B readln
Center‘ pe

Ps'-

oyrh center hardncss

e

e

K3 ‘.(

ﬁ;>"»;§:{?€

. .
ST

. rolled.

o
rolled o

Y

¥

lAA'.' Cg"i(i, o T

'ﬁqtn‘

- ‘;.. -
?5'"5l91ﬁlco14,rqlr.
Jled square | -

'7/sﬁi718&1 KH'

B .' _otuer
) \ cewter

[ VLI"IPC~
: g surface .
N f; hardnes

$-_» ‘1ne -\

-

".£ 87 9"

lﬂ89qh
soul

Yy

B2y
"83.5
~81.0 -

59.5 72,5
qORG -
7645
RSN

62,0,
b o ‘37-8 B

:‘)7;9

HRe3

86'5
91T

80,11,
R3.3°
80.6

2108

‘()f 8 Q 71.

B8

“69 .O_
L6943
"68 {¢)

6848

”11 3.
l?CQC
73‘(

9.2 \7!1.

. L G6T, -

86,0
82,6

8630,

\ 6.5
86 2

;86.§f'

83,5

oy
8246 ¢

B83,5
Aql.3‘

7340
ThS
73 O
The0
7"00
Iy P
73.0,
Rl
73.0
7 Ak, 0
75.

W0

: \16\;ith' DD

=J
Lms
°

=

87,0

?86.5

L 86.E
860

2
- 8240;

Ao R
® e P

@

L

o.-e'a
Go =
_. o -
0 Ui

ﬂrdergon ':7[8V_§h.*(g"verdre -Jdbo .83ihf,) :.
o ettraaps " 0 | handness-of- B0 8Ll 3 ;:bb.é—-
“mealel tool .. - pdirsef - Rh.J ‘834 BIL
steel Lo L f“?=-'o"w081te : T 8357 L4346, - 8Ls6.
TR P * “ | surfaces _.fSW.O 82,5 U2
o ot - .8L,36.,5 83,0 - B2.5" Balli
v : bl 6.5 \;geh 0 Ble3i C2uly -
e o, DL e BR2eY +B1,0. 7 Bl 8
: . 1 bkl 8B e it i
) N ;Ol.h 82¢6 82 8 .8
- 5¢§;€f“ I, 'flg3¢g .83 1 ﬁ? 5. 5
a i g | F . -

885
S

87,0 865

87, hA

’

f{Slty»'

. .
O ON (e X ole Ny

CONON™. OWD
>y
®

(WS (T ERE-gurphy o
®

90 0

89 J.wj""

89,0

837

Tes
“83.47 ¢ -
B0.0?’ ' , ‘

“\~ ;-“ T, N
~0.0

3 oo ey

NS D

‘e E’O -

e @

O O L O

NV OO N BRSO




, 'xxv' (Contd.)

.' o ’-. ,-! ) : *" 2. .' o
T ' Rockwell B Ré‘admps"'
) ,Steel £ o e -"Size e 2 1 Centnr i

. b \ iy o - B
1618 ccld 7/ m square Wgsur— 18848 .‘,.PB.B coo881
T rolled e \Sacp h°rd-;_§ o5 88,2 9L Ly N el
e __--, AEOREIS ness 88 . 2. "88¢3 . 8740
. T P 2.7 BC.2. . 809 -
Ce Tt 8948 8842 1 90407
LT e T T <' oo B9 "B.S . 89.0 0
T s T 9040 " 88.2\ "-90 0. ¥
A e T TR o000 90,2 8943
She D e e T T e e ~37.:; ;8745 -(3() g\
S od ol S BBUY e F90820 T 90,0,
. - ol . R BB.‘O ’ 087. a0 <. 8809"'. .
tx‘éve'rse; 82 S BL,B 86,’3 e
" of shorty _,'62 o Bf.s\ 65.2‘- :
* . ce Y 5
hﬁgﬂ o \w © g5
R R L 8&.6? ¥ Bl
N 832 *83.& B3

_ IO\P cold *%7/8")(5/8"
\' rolle¢ ¢

N ;e,AV’. Surface harﬁness 82" _
T Y . avV, cent,er of bnr hardnes 5




> kAT T N ri’muv

l ' i B P O § ERPEREN - “% et el Der'n Lkty fo!‘ v e -xlurminatioﬂ of ser
SRRy JaL»:al rtype Wrele-0 St L for nva,uu on af‘De:
€,
5

e T ke sizer $I0GTRTR TR et T - RO
A a 3 R EFEAEF, 7 : L

. . 2o : B !

B T urface . R I ... |Per eeént .

e — e o e+ e e e

Sf . ased fer . - P N RN P R g
Y. Teg ' "Lbﬁ T t«\ryl} L 14 g tctryg

L . ' to
T ownieh test

\ £ 1“'0"’&n*‘9 st

. o L. r >
] oo8 o .‘, : o .)-.' R - . '.. i Ed )
: D CYFREE 1V ) S o0 O L ICRRER Y %1 F A S 15.2 m:ise - mils.
S T Bies s Tlintitar o o : A ioln€G BY T b 15 v - i
" . L ® o4 g °° % jaog 0 5% 7
. .1 3e Gure - . iarface yr n:-..i':-, £
e o il ECINY . KU TE T T L s
. “ P N S ! R Syt
) P, iYae huv] 15.4
o . ' NGse CavEd 5. .
B ] ot / Ao 15t iy.t -
5 B o PLARY JVARE
. 2 } A
+ - - - - Y E—— e - - - - ';-‘.. L IS “---1--->_--
" '0 . ;L; 4 ecC J ’
i : o . DR e KRR 0015y
* T R 130, S ’ - aded | .
.'f.:‘: o .-.f\-‘:’.? L0 E ‘ . YR .
g KXt : . \‘2‘:..5 R
X - a i e R i L S A Lt B T
& : : b ] o Cihia LT . 5.
e ARG BT L icefter f;'.FCb""PG.IJr’A‘ Ui R * _.h.; e
o .o e 0o resseof. barlosirfuce z.!'ter 15.1 A 5 S _.q .2
- - ) : o ; S S, Do gt “Gﬂ‘«\\]" "’ ty lu." ' Ih‘ it : R ./
» 3 AT of 08 : o e, o =S 3 o .
ST e el prreee gringn
i = LS T v e : . T T o i .
.-,-.f;s‘ o . —-—M——w——---s-—. ”.4 --—-—.--—.-‘-.—-.L-k.s.——

" .5 ,m n'vr‘au 53 T “j'J Fgar iy [
] : ._t*';:f-_',_ se R DS
qakge - DL Tl LT
crutitie N e

é%enchod and
tem,wred

..«b&.. u“t-q.




a./'. L . 2 5 \ TR 5 d ..-/' . ‘ " ‘\ e ;.
- LS e e N
- e c A te =¥ 0
£ e S kG ERE :
?aue'xv . . B o 3 5
. 2 MOan g . " L4 f . . o
. F w o a"'*‘? - . T
r the uetcrmmation of bens t.i'uty ey ..toel -*lau vent Tesg T . e
‘ g.)r vaiuation of Detonators BETE o n S0 e SRR T "l
. o i . . e
T N SN T e el 3 Sk
*' e Per ccn,(. of Tut}'yl in et nater bu.se" en lbo mglof Tetrxl us -u.O' :
e . 157 Gt e sl = 501 ' S 2?12 i
l) '_'___ {15c "x& tetryl)' (I:C &g x.etryl) ~. . 180 'mg t.etryi) (uO mg tet.r,yl)
’ ey, .u;us,_, . gy ..«,mw.. lagls mus “i1%. 7 il
Cdaeen, o S e ST 15.9 a7
15.0° o PR ol A N S O 4.3 % BDLO T
I SR R ¢ PP Ny BRSO SRS Y 13.2 = o 7o et 1RO
JLRTRINTS T30 ) COb Rt A & V7t SH VA D U Y5l Sl P 1St SRR
R PRS0 W T T AP (s, O v R SRR T G P8 B S FUSC RS TR
S I LA T 1 S B 120 L. el t 10y
R VR Vi | ok FOR ST ¥ B
e ’. ".".','";;-‘";-"""':"""""T.; -;‘..;-.-‘. e oo -:.:. S e e e .,:.-—-;__..-....._-.._L.‘ “ i
S & [‘ 4.8 - - s j.:[ - . ° . ll,,u,". A,.-‘Q
. '_\'.‘400"' . ‘- .. . ‘. ot f,.l . ] \7_ A". -\ o4 .

NGl ag TS s taada E
S S e

R I il e e

lb'i-ﬁ"':,"-‘ R e lw } e
= e 1“'2 .‘ i & ‘_' Oy 2] " L A\lnz . ’ ‘ g
at w A, b 1580

2 ; o e Ea e

TS N z o L

e . 16};07
2.T"
1;.0

1;‘1 i
-,UJ-._L.

\ : 5
. { i - A= ST 2
‘ t ¥ X T .
. St 5 = g 3 o : : »
e i g s v e mee - m..\--....r_.....L.-,_..‘-.._..._-._—.x.....--*.--.<

d;.?

R SN 4

130

.

Sl

Tiarh pbne i o, _'3&--..0. - e ...-..—,-,-.L._—-A

= - o s .
. - & ¢ B .
-...-—.-.-—-_-o --—.‘.-—-. ...—-.~-,- -----b“.p-.‘-.—-’d——-. w“sm-sm--uq_--x o —— -t —-— .

RAS

D

¥




Table ‘VI -

Additxonal Dent Depth Dét.a Pran Fxrmp {K-22-0 (100% Char’:e) L

: uetomto" on the 'hr*.ous ?eels Descm‘)*d 1-6 T ble "V

(Dent de th in mils) : .:..:- A .,; .

el i.‘.-'n‘i RS -
-'-vl,uﬂ.u_ 15.& 15;,'27\,,1uac_z:~l.ﬁ_’}'-

g 3 Lo ol
S e . L. . 1 b

7 -"].{3".'9,.:.--11;6_9 RR U ER A

o~

-.3 5 1‘-.09

1u.q~ i%

N TR O R T R Y Sl D
‘_'11;.8 L 15,'4_'2 ; lha/ 1< K |




Dirsction of

g ’aﬂncri pt lon
‘given in
~ Table XV

Taks ng relstive
o fiber dm-

*'*'ﬁ.a:.;;,e' 1

'r?.mn _‘

F""pend.cu)ar

_»4.. .

-

Pqi%;leln e

",.

Per;mdic ..I

r-—q.—-d-.‘-n-_-. =3

. < .

«verpse Dez: ue,nrs Jutsined o'\ *rm; -
(hu bn‘ ir srer}: esis is tueg;amber

-;Trh\
BY l.‘l
N ':' A Zrer Cent 57‘,‘..125
- Huron€ss of . T.1.5% - . ,E' ¥y,
curface o0 :

-ﬂ-—m--—-—.-'-.—..-—.-—--.«..--—--.-.--—,—9 m--—*owvs—

tPu IERGIAN- L IS ST

UU

- e - — - -

8 1u IO T
J..em.e" 3!‘ bur'_ < 1s y Wit ‘1,3:

- e e e - - s e o, e e

* -—-—-—-—-—-—---a---—v-—--__
U Parallel :

\ s

w$38' J)gf

TR -

Yura ‘l'i.'e 1

e Lo i oS e s o e e i

B Sa, ) '.;--,.

.Center of bart




v 3 3 . B -2 T
g Tabie XVil-
= = . b g = : ’ %
Teptre Jbtsined on Firin, Wi-22-0 Oraded Let patops on Yur)
i jsrestieris is;ine ramoer of shyls fromanich tre ,rm;;.__‘vl-

fr—".- _‘.v;t e g L‘n; - ) e e e s g R\ )

e J P AN 15, Cerd of Tetryl inm Jet Ratiur bhes }
Py S| e Pl g - e amam———a e e e < e R A
xh..v’J‘-..;L : "7" CE.{ e g b TS S0% X\ \e9t '\ X

PRl S s kB
e oy i e e e

-




P o Table wm*

-T | ?Den? Dﬁpth in mils :, "_‘,"

.- t- ~ . R
b= 2 o
E ’ . R
3 z h &
9 . - o . . o
°' . '~ f ] T ‘..'. \,"-
' ’
ﬁ .

Dent pepth ﬂata fnom' 1r1ng nf Flash Detonator:

et ey o 31.3,

MK’-SE and ‘ar- 2-0 -with the 102 Primer ba b,

Test Piece Sizb' 27/ 2" 27/32" x 5/5" "‘ :

. Av. Hardness of Test Piece - 82 -t

..-_

' ece; cut fmm Bar To. 20 B

-.‘,_»»;gc-zz-o E

Ty, o .lho -
e 134
v 1kl

RN v T

o, M3 .
oo 1he3 . .

‘:“ ﬂ; clﬁil
PR

’ e ; "! o .." 13.7
E i T 15-0

FE W W E W e e T

- e e = W L g, - »
NW N EN®O O NN N oW

1335'_
‘f13.7.
o uean lh.

wc'-,w:
L 2 [

T :_jlh'3.jQ,» -

IR L

e et e

......




°

: ﬁéibnator

“~wﬁxa565q"f,_ :

_+160 mp.tetrvl
[ (1‘00” Charpe

How
“of - Tof .
Shots Data

3 kg b

it
H

- Tab1d ﬁ»x hof

_freedom avail

ing st:md‘.dev. ‘

éﬁgl(as r\‘_

for calciflat- \

oo St.ah, Detenators b,

ST S CA

s

K220 - § 1 .
b 1
22
.28 VI
,aVII,‘

65

| Lot 1 7bar stoqk as rec.,
Eﬂ' 2)/ ground surfac- : L

ot 2, bar, Stoci ercyu

'“'Oti g e ‘u‘
'Lotg “u":‘u,

| ",ﬂ'.' L6
e
30

Iifacs preoared by’

136 me tetryl - VT \ . Prind.mg i
(057 eharre) i . " :
=220 - e g i
2120 me- tetryl 26 VI .20 0.5 o i
. (757: charge) = . L | !
‘x22.0 AL S O PR RS B S N T
Fihen s w w e -
(50? charpe) e w w -+
D e ‘*’71 R
‘L mg tetryl 28 VI 22 \ L
: (’29% charpe) S 4 IR

RV

: A'\‘;{.V.Se-of '_ S

—

LIy

VIII

Flash Deton"tors (Fhshed uy ﬂ[t‘abuﬁinn 102 Primer) f |

ffurface prepared by

3

rinding

VIII

#

P.
o b

.%a

A’.%* Pooled Standa!i Deviation,fro
: 59+21+22+r 103depre

22//A Gliscie 3}{

CF L

ot

‘"ata of Table III, ‘VI, VII With
of freedom = 0.5 ‘o




< (5),.Variabilitv

'f..

| (1) uource o data s Table ’V for steels A, B, C D E and F

‘calculation 120... :

: (&) ’Variance

. Sample. Calculations showmr t,he Fomation of SR B

R ;’1ﬁ o ”lTaueVI E

[

/. four measurements of .the first. column in: ezch subdinsion
/. used, makin- the total mmber of meamrenpents to be used f

.2 (Grand Total -of 120 readlnps) n \22&2L2 26& ? '15:*fﬁf4:f fx\

L, 120

(grand total)2 - sum of squ:u'es T
Izﬁ . 5 . . T .. ) .‘ ;] .
vanabilit'v * de'?rees of freedom E o
(9) ‘Total Dgnt " Tests o N ' :
measm‘ements of .120- dent tests were each squared and then summed.
(sum of® “squares' = "22806. 306, The difference between item (2) and.

‘ item .(3). when divi,ded by ’che ‘derrees’ of/i‘reedom for estm"tmﬂ
denation i‘rbm ’che _me: m.ves tné‘ vamance of 3 21. h

< N I;

-

%6) SubclasseS. * . , '-_- L

The meanj; oi‘ each subclass was 'mxrmed and squared. The dlfference' a

between items (2) and (L) rave variabllitv of 256,330 which 1s used
below to estimate the error. ' .

. ” . . \" B . ‘ .- | .
('7) Between Detonators T }

»

e

The numbers in’ columns of Sul}leiSlons were totaled and t,he totals

F

squared.

I(X)p-' o
=
o -‘.75%'

. 50%

25%‘57

32860 25

1037&8.&1 w i 55 P
7ho3e.h1bg: '

.~ 118198.L4.
‘1MW6u«»

oLt ’ ."" a
B ; '\4:: .
R ..

: ‘(' -‘L [ - ‘. ° .

-, . . Y oA

’ . 0o 5 78

M - . Lo
¢ . e
. f/'..

\Joning are the tbta],s squared for the five colmnns~ '

These firures ‘were . sum:ned and dinded by the number of it,ems ﬁer

" total (=2h),‘0ivinp a-éum of" squéfes eqdal ‘to 22625 9100. “The °

degrees of freedom.

(8) Betweén Steels ;

‘l'he mnbers in rows of subdivisions were. totaled a,nd the t.ow;s
aquared. l'ollcminz are"the totals *squared for the fivc rows:

’.

.

B RS a
JER e 5 :




~
P
EEY
e
“~

2

; 70

.

s - iCe

‘ ?;.‘,n.-r.p'le;‘c;iculat_i,oi:-'s__':(conL,d.')' :

of freelom (5 ) 'ives a erxanCe of g.p?.

Irtfrétg.on 5 ey J o E :
xhtv for mtemctmn vns obtamed bv'subtractmp L - o

E thin ,ubcla,u e f PR ASHRE

' ..of r. It fe CﬂICUlated from the rel

A 1'1'..

of qq»hres::or st\eels.'* "ﬁ‘e mfference . , :
sum-of ‘squares on lelélQn by t,he deureeu A

E R
oar ’
‘5 e e A .t
& i B PRI JE

‘ct 1 \-QW) is the
 betuieen ityem- (2) ‘and’ _he

ility, of "betweeri steels" and. betwéen détonators. from the ,%\ S "' .
: F48% 'y of subclassed, Variince wae obtamed bv dnride iR NS
v1r11b111t1 b" derreps of‘freedquu o AR S _ 2 ;\\ N

_ . o SR o e . S o

°ents dev1ut.1on due to- errér.“-;It-:‘
ce ratlos for calcu’latuon =

'16&h -

quance in riu cnteyory rerri
is u9ed in t“n denom1rator of the -vx

. A e ) e I Y
Tﬁ,ml var‘iatili,ty an:}_bllnv of subclas., + vamablhty wi.ti e

[ '.,ubclass .

|
er;wbllxtv w1tku4Asubc1aqs = 382.092 - 2A0.33 = 1“3; 5 Q_:5\3~ Mo

[ LR

1ut,o of Va r1ances, F. --] .ﬂv,;'_wf-ﬁ;:” A ,‘ N S A




