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(TEST) 
continue on aeparate piece ot paper i:f necessar y 

Ab~ tract A need exist s for an internationally agreed underwater explosive charge as 
a reference s tandard in shock wave parameter measurements. 

The r e ference explos ive selected i s 8o.4 crystal TNT isostatically pressed to 
a density of 16oo kg/m} and aachined into 1: 1 right circular cylinders. 

The performance of charges in w;igbts~from 3.6~kg down to 0.05 kg is examined 
and the shock wove parameters Pm, 1/W , ~~ and zvw~ presented in graphical form. 

The resul t s are discussed and a recommendation given that the standard 
charge be a 1: 1 r i ght cylinder 0.45 kg in weight centrally initiated. 
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SUMMARY 

A need exists for an internationally agreed underwater 

explosive charge as a reference standard in shock wave para- 

meter measurements. 

The reference explosive selected is 80.4 crystal TNT 

isostatically pressed to a density of 1600 kg/m    and machined 

into 1:1  right circular cylinders. 

The performance of charges in weights from 5»6 kg down 

to 0*03 kg is examined and the shook wave parameters P , 
i Y i m 

9/W ,  l/W    and E/W5 presented in graphical form. 

The results are discussed and a reoommendatlon given 

that the standard charge be a 1t1  right cylinder 0.45 kg in 

weight centrally initiated. 
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1 PffRODUCTICgj 

In UM lielii  of ■■BBWWWnt o:   underwater explosives it has been apparent 

for some timo now  thut   thi-re  i:-.  an urgent need for an agreed,   close tolerance, 

exploaive Ofcurge wnich can be  uned ar. a standard.    There is,  for example,  the 

iroblera cl   comparison of  prat and present t!K and U:; underwater explosives when 

not only du diiierent üntabliahments obtain considerable difl'erences in I'ree 

field meaaurements  on a >-iven explosive,  but ■ piven establishment  also finds 

that   its own absolute  values oi'  tho shock wave parameters appear to vary over a 

period of time.    A atan.iard charge would not only be Invaluable for inter- 

laboratory comparisons but would also be useful a?  an instrumentation check. 

This ir.atter was discussed by representatives of NOL, NSHDC, A-VRui, NCRE and 

KHDu at a TTCI meeting held in London, fa to 10 Vay IJbö, and was agreed upon as 

an  item for collHboration between the UK and US. 

II was further agreed that  a reference explosive  should be a single 

chemical  compound,  readily available and easily fabricated into charges, with 

adequate pick-up sensitivity and handling properties.    Various possibilities 

were discussed but  it was decided initially to examine the properties and 

performance of pressed TNT in cylindrical charges  of various densities,  covering 

the weight range of Ü. 1   kg uj   to 150 kg and having minimal boostering systems. 

Some doubts existed as to whether pressed TiJT has sufficient sensitiveness, 

also concerning tno liaita oi   charge size which can be made In a reproducible 

manner and give a reproducible  output.    However,   it  is  probable that most of 

these doubts were based on experience with  oast TNT ana no major difficulties 

could be foreseen,  even i or cnargej less  than 0.1   kg In weight, using cold 

pressed TNT Of uniform density. 

This report,  »art  1,  is concerned with the effect  on the underwater shock 

parameters of charge  size   tsciling)  and with a comparison of end-initiated and 

centre-initiated cylindrical  charges;     the  charge  density throughout is 

1590 kg/m3. 

A second report.  Fart  2, will be concerned with the effect of variation 

of charge density on  the  parameters for 0.45 kg end-Initiated cylindrical 

charges. 



., CHAHGK ur;::iCRll "l'ION 

2.1 Material 

'f he material used in charge manufacture was 80.4 'i'NT crystal. A complete 

s pecit'ication is incl uded in Appendix A. 

2. ? ConfiGuration 

Clm.rt;c wei1~l• t.~1, ~hape and ini tintion volnt:; are f; i ven in the followillft 

table: 

7/eip.ht, Nominal Initiation No of charges Shape !Hmensions, 
~ em Point fired 

12.25 (27 lb ) Cylinder 22 )( 22 ..:nd 5 
. • 6 l8 lb ) Cylinder 14.5 )( 14·5 Centre 4 

J.o:nd 4 

0.45 (1 lb) Cylin:ier 7·4 )( 7.4 Centre 9 
r;nd 4 

0.45 (1 lb) Sphere 8.1 )( 8.1 Centre 8 

0.1i u lb) Cylinder 4.6 )( 4.6 Centre 8 

End 4 

o.os (i lb) Cylinder 3·5 )( 3·5 Centre 9 
End 9 

Total 64 

Apart from the spheres all charges were right cylinders of length equal to 

t he diameter. 

The ques tion or boosterinr wan discussed by representatives of NOL, NCRE, 

NIIRE and ERDJi: at a meeting held at NCHE on 15 September 1969 and it was agreed 

that i nitiation :;hould be minimal and, if possible, confined to detonator alone. 

However subsequent e~>orience showed that pick-up sensitivity from detonator 

alone was margi nal, particularly in the end-on mode of charge initiation, and 

to obviate any po:;s i bili ty of misfires minimal boostering by tetryl pellets was 

em ] oyed. The exact nwnber and conf .igurations is mown in lo'igures 1 and 2. The 

uet:onotor used wa~ the standard l01r tension No 8 Briska manufactured by ICI I.td 

(0. 7 g tetry] charGe). 
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Tlii1  iroti-clive discs  shown :\re cut  (rum a .'■,of't  fibre-bo.-iT'l known 

coiiiiicrcia I ].,    i:;, flMtMt  ^nd   .;erve  to  i rotcct  tue ed/'o;;  oi   thi; ch,ar/-e  frun: 

tü.rible dnma/re,  huvinr no  d'.'tectable efl'i'ct on the ir.cirurerent;-  reported. 

<'• i      ' anui'acture 

All   ti.e TNT ciiarre;-. were «"ide  ut  KOK huirWield,   r.tartin^ froni the B0«4 

crvr.tal  IT.T raw nnterial.     This was  j>re:;;ed i.-;ostaticaJiy  in a 60 cm pre?s 

into c.vlindrical  oillets  of  a; proxi mate dimensions  ^.9 en x  22  cm,  or,  for the 

larper charms,  >(' cm ■   H' cm.    Ail   charre.; were [resscd at room teir.pcrature 

and,   lor M ■■   tl.rec   m-iin densities  examined,  the •.reisin^ conditions were as 

ri ven. 

Der.-.ity, 
kg/m5 

i—                 — 

Pressure, 
ra/m2 

duration, 
min 

1600 

1^20 

140 

70 

42 

20 

15 

15 

The billets were then sectioned and machined into cylinders  or scheres by 

conventional  techniques.     Dimensional  tolerances were better than  1   per cent; 

the   charces were i'ree I'rom major defects  and had a turned finish. 

Charre densities  ^overall) were specu'icd  to within ±   20 kp./nt,     Cylinders 

were  tested for uniformity  oi' density by  sectioninR: into 24 cubei,  and measurinr 

the densities of the cubes.     The homogeneity was found  to be very good,   the 

maxir.um deviation within tho  cylinders beinf; not greater than i  0,4 per cent. 

J SEN^ITIVafJES-: AND HANDLING IKOI'ERTIEG 

The  irostatically :.rc3sed TNT at various densities was  tested for shock 

sensitiveness   ^tho BSE Scale VI (Jap  Test), dro[   sensitiveness   (the A5VRÜ Oblique 

Impact Tost)  and compressive  strength.    Results for the gap  test  and the 

oi)n:pre3sive strength are suinr.arised in Figure  3 arid compared with results for 

end-pre:;.ed flake TKT;    end-pressed Atlas  crystal TNT and  cast Composition B. 

it  La   interestin/: to note  that  tho shock sensitiveness  of isostaticolly 

prestied TtlT is oorafiarable wi th  tiiat of cast Composition D,  but is   somewhat 

lower than   that of end-pressed flake  or crystal TNT and less  dependent on 

density,   presumably because  of  its greater uniformity of density. 

The  con.prcssive strength  of pressed TOT charges   is adequate at the higher 

ueiisities and no fragility  problems have been encountered in handling bare 



charr• · :~ of u " to 1 ~: .: · ;, k!· in the dcnn ity rnngc 150) to 1il00 kr.t m' • 

. ·cu:;i t i vcncs;t lf) d ropr in{:. un a hard :1ur1'ac e in ! ow, :t s s hown b,v the com­

! l ·: tt'l,Y 11 ·r.at-i vo rt• :nd t :; on the oblif!UC imu:~ct k:;t . :.-• . '• k r t~h"l l'f" '.!:: ot' i :.;o­

st:ti c ~Llly ; re.:.;cd n •r (densi t.Y 159? kr/ m ) jn J,\BlWC vehi cle:; were nro ~ pc t! on 

to a :.; tnmbrd ~arut •,·\l·:.tlll:i te/ steel surfa ce t'ron1 th;· :~.aximwr he i t:!. t of the t~"s t 

m~at;hinc { b m) . At 1•?
0 imp~ct :U)I:lr t.hc ch ·•r t•cs werP- cracked ancl lum: s broken 

ofr, tvldlst. at. 76° ! ::J t il t> nll'!!lal thcr• wort, r a(tial c r :•c i< :· and :_:t•me 11 0ras ior., 

but ira ucithcr ca::c w:: :: th·r{! :u1y ioaition. 

4 1-'I:UtJG Rlt< Cl•l'\r' :Gl'.itA1'10N 

'!'he ba:dc firinr rir, shown in r'i r ure 1., i :; m:to •· u 1 t •l' !1t:m• :trcl :_1ulidnil'III 

:; cafl'old tube held tot·ether with screw ty!>C clwr.p:; !'or e a .:e of ::an.i n t.,J:1:tllce and 

modification. 't'hi. s i n turn suoport:: t he explosi V•: char6 e and g:~u,-cs vi:1 

terylene cording { !·'i.r:w-e 5), the char r,e axis beinr: vertical with the f:aw:es 

lyin~ on the central equatorial plane. '!'he whole ri r; i s :;uspeaded from a s t eel 

cable cat.en:.a.ry and can be winched out and into the J'irill{; pool. 

Eit;ht gauges r.re used 3rr&n~d in pairs r3diatin~ out frorr. the charre at 

set s t3nd off diztancc s (Figure 6). Minimum stand off is dictated by the need 

to prevent r,auh'e da~are and maximum s t and off by the ?hysical dimensions of' the 

firin[i rig 3nd depth of' water. 

The firin~ pool i tselt' is a r-proximat.ely 4 3 metres in diameter with a 

maximum depth of ) . b metres. This allows charges of' up t o 12.25 kg weic ht to 

be f'ired consistent with the requirement for a minimum free water record of 

6.7 V duration. 

A table of st::md o!'f distances vs charr;e weight is r,iven bel01r. 

Stand off D Reduced Stand off D/Vi~ 
Charge 

Weight, (W) Min Max Min bx 
kg t--· 

m f't m f't m f't m tt 

o.o~ 0.61 2.0 2.44 a.o 1.22 ~t..O 4,.88 16.0 

0. 11 0.92 .}.0 4.58 15.0 1.46 4..8 1·35 24,.0 

Oe45 0.92 3.0 4.58 15.0 0.92 3.0 4..58 15.0 
.}.6 1.22 4,.0 4..58 15.0 0.61 2.0 2.29 7·5 

1?..25 1.85 6.0 6.10 20.0 0.61 2.0 2.()4. 6.7 

8 



',, IN.Si'KI'.V.i-.Kl'Ai'l. N 

Kor  .-tiock wuvt-  roconlinr   tounna] Itio   pi ur.o-elcctric  /-auri-s  are   employed  of  • 

L.ype  com.   iily u.-.eci I'or umlerwatei- iire:i;iuro ManVNWnta   (Figure  ?)•     They are o!' 

I'our-tl i MU  pili-  lorni,  nach disc  6*2 nur.  (4  Inch)   In diameter,   -ho nominal output 

he 1 rv   t'» '  pL'/kNui '.     The ('»»i/'ea  are  of  coimiiercial   oricin  (Crystal   Re.iear^h  Tnc 

USA)   madtj  up  and   waled   tu  ■! «forking   lon/'th  of  anti-miorophoriic  co-axial   cable. 

>).■;      Calibration 

'■'he r.'iu/'e:- are calibrated  in the  laboratory by the   "pr-ea.-.ure off" techninuo. 

Phc gnuff«  ;'3  sealed in an liydraulic chamber pre.ssuriaed to b.9 MN/m2 

(1000  psi)   via a  dead weight  press.     A mechanical release valve, with an opera- 

ting time of 2 ms,  is  actuated and the resulting transient fed via a charpe 

am) lifier to a Tektronix oscilloscope and  camera.    By comparing the  amplitude 

of tliis transient with that given by a knewn test electrical charge the gauge is 

calibrated. 

t), ■>      Recording 

Saug« signals are recorded by twin channel Tektronix 555 and 556 oscillo- 

scopes and lolaroid camerag   (figure b).    Triggering of the  oscilloscopes is by a 

closed circuit wire loop, raped to the charge base.    The fracture  of this on 

detonation oierates a multi-channel  delay unit, which in turn triggers each 

oscilloscope at the appropriate  time i'or each gauge  (related  to its  stand-off 

distance,. 

6 DAi'A iv.'ALYoIS 

6.1       Trace heading and Data Processing 

At  prosont all pressure/time data are  in Polaroid print form and as  such are 

r.anually digitised using a desk-type  trace reader.    The  number of points  read 

varies with  the complexity of the  trace and is  currently between 100 and 150. 

The output of the  series of x-y values is in the fonn of paper tape which, 

together with data and program tapes  is fed into an Elliott 90i digital computer. 

Ft  in  hoped   that  in the future   the method  of reading and format of computer 

analysis will  be  standardized,   as far as  vossiblo, between laboratories  in the 

United  Kinrdom. 

At  ;resent the computer analysis involves  the following procedure: 



.'■i lire  the   /vni; r;'.   and  «'(in i i ii»)nl   h.ivf   I'init.n   tiling   rBS{)Oll80fl   tho   pTHSaUTC  ay 

atiorn b,v   bho [tn>ouuro*tlRM ruoot^d i.; wtwhAt  lower  than t]w  true peak prur.nure, 

i   .    Phia  iy derived by computing a beat straight  line  through lor ipresaure) 

v.-.  time data   ^bv   thr   ii.othod  of least. :'.quare:0   over a rarifo  ol' ai ; roximateiy one 

tlM Rooataol and extrapolating this back to seru time,    'fha dinanaloiui of the 

gaiirs element  :UK1  rhocl; wave  velocity detomiinc   the   initial   time  t - 0 vfhich, 

Tor the   gaugaa   in  u.-.e   anil   a   3iiock  velocity   of   \ [)',''■   m/t   lt>000 t't/s),  It 

ui proximately  2   .,.-   : rom  Die  onset of the  pul:-.e  on to  the  loadinr edpe  of  the 

gau,e. 

I\TO  "time   constants"  are ccur.puted,   the   nefative r<;cii rocal  slope of  the 

above beat  strairht  line   ^)   and  tiie time  at '.vhicr.   pvaaaUV« falls  to F' /e   (0). 

KRDi's  tractice is to accept 0 us the practical time constant for comparison 

with the results  oi   other laboratories. 

Impulse  I  and the '.Vork Done   '''unction K are  computed by sunminp values of 

averafe pressure   ^or  ire  sure  squared for E)  multiplied by the time interval 

between succer.aive data points.    This is done for recordinp times up to both 

t> 6  and 6.7 Ö« 

6,2      Rohrescion Analysis and Co-iidence Limits 

The nresaure  ranpe of our free field shock measurements  is from 1   kbar 

aown to about  50 bar.     Over this ranre it is found that  straight line regres- 

sions 

y    =   ax    ■»•   ß 

nay be used for Y = lollop I^V1 „& i0f. £^v* (E =   /p?dt)  against x = log    /ff • 

However,  for lop  9/9    against log   ?/W   a quadratic regression 

;'   a   ax   ♦   bx2    +    c 

i ;■  often found   to give a better fit than  the  linear regression. 

In this report  the resets are presented in the form of a regression line 

together with  two sets of associated confidence curves, 

a      the  confidence limit  curves between which 95    of all future individual 

measurements should ]io, and 

b       the  limit,  curves  between which there Is  95    confidence that future sets 

of measurements  ^regression lines)   should  lie. 

10 



The  forser rtflMta the v.-irianco ol" the  ex^jerimental point, the latter 

the variance  of the mean  values  of the data. 

Bsscntial  •IflMntl of the   statistical   analysis used are given in 

Ajipendix K. 

7       IcK.urLT.: 

kosult.-.  ure  irt^senteti   in ^raphicui log/log form.    These  indicate regression 

■analyses for P  ,  l{b.70)/Vf\ E(6,70)/ff% and O/W^, together with their associa- 

ted 9!?    confidence  curves   (Section b.2),    Al]   measurements refer to a charge 

density of  1 i>90 kg/m3. 

Units are  f;iven in both Metric and Imperial form.    The figures  adjacent 

to the im.-s are in thf; following dimensions: 
i i 1 

Lor ü/.r Log P Log 0/WT Log I(6.7)/W■, Log E(6.7)Ai3 

' 1 

ft/lbx lb   ln'J ns/lb' 11)   'n-3 ;J3AbT iVb   in"2,2us/lb5 

The  outer figures are  in metric units as follows: 

I ' i 1 

Log D/V Lof P Log O/W5 Log l(6.7)A Log E(6.7)A5 

L iii 

m/knr ■■'" /Js/kgT Wh i»"2/is/kg7 {V.K m"')2 ßa/kg* 

7.1       Comparison of Centre-Initiated Cylinder with Sphere 

Result:-, lor the  spherical charges   (not included in this report for the  sake 

of brevity)  shew  that  (at the 95    confidence level) for 0,14.5 kg charges of 

density 1590 kr/m3  and within the given working range it is not possible to 

diatin/rulsh between the free field shock wave from a spherical-charge and that 

from a centr^-initiated 1:1   cylinder  (in the equatorial plane).    There was no 

detectable difference in the scatter of results for the  two types of charge. 

7»2      Comparison ol' Centre  and Knd-Initiated Qylinders 

The   inpul.-.e  values for centre  and end-initiated 0.45 kg cylinders  (Figs 19 

and  55)  ire  indistinguishable within the working range considered here.    However, 

close in,  the  peak  presnures for  centre-initiated charges appear to be approx- 

imately  5 -  10    higher than for ond-initiated  charges  (Fi(;s 11   and 27);     the time 

eonstants are correspondingly smaller  (Fi^s  15 and 31 )•    These differences 
1 1 

diminish as  the stand olf is increased,  so  that at DAT = 5.95 n/kg7  (15 ft/lb') 

they are down to less than 4.   for peak pressure and 7   for E(/p dt)   (Figs 23 

and  39)» ' 

The  scatter on results for end-initiated charges is somewhat greater than 

for centre-initiated charges. 

11 
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.Similar conclusions  can be drawn Tor  3»6 kg  (^in-"'   12>  '^i 20»  24 and 28, 

V,   $6| 40)  and 0.1   kg  (Kips  10,  14,   18,  22 and 26,   50,  34,   58) charßes,  using 

the two modes of initiation» 

[n contrast the results for 0,0^ kg charnes  (l-Hra 9,   1 5,  17,  ?1  and 2^, 

2l),   5 5,   5?)   present a rather confused picture.    As before  there is reasonable 

comimtibility between the   impulse lin^s but  close   in  the end-initiated 

cylinders give a 2^    higher output than centre-initiated and the centre- 

initiated apparently give up to 50   higher energy flux at large stand off 

distances. 

These results,   combined with the high decree  of  scatter,  are  aimost 

certainly due to the difficulty in alignment inherent  in using such a small 

cnar^p. 

7. 5      The Kffect of Charge  Size;    Centre-Initiated Qylinders 

A^ain it was found that the reduced impulse values for centre-initiated 

O.Ot), 0.1, 0.45 and .5.6 kg charges were indistinguishable over the working 

ranpo (Figs 17 - 20). 

There appears to be  some evidence that close-in to the charge the peak 

pressure at a given reduced stand-off decreases as the charge size increases 

(Kigs 9 - 12),    The reasons for this are not kncwn but the effect diminishes 
i 

ar the reduced stand-off is  increased  (from about  10    at 0.8 m/kg^  to 5    at 

L).9i) m/kg').   »Yith the  compensatory factor of 0 the overall effect of charge 
' i 

size on reduced E (   p^dt/.V^)  is not significant. 

The scatter on results  increases very significantly as the charge  size is 

reduced, but this is  loss true of the impulse and E values than for pressure 

and time constant. 

7.4      The  Effect of Charge  Size;    End-Initiated  Cylinders  (Figs  2g - 40) 

Again reduced impulse  values for end-initiated  0.03,  0.1, 0,43 and  3.6 kg 

charges were  in close  agreement over the working range. 

l-'rom the results obtained for peak pressure there does not appear to be 

any significant trend. The 3.6 kg results agree quite well with those for 

0.43 kg charges. Close-in pressure:: from 0,1 kg charges coincide with the 

results for 0,45 kg charges, but are up to 23    higher further out. 

The worst correlation is between 0.03 kg and 0,43 kg charges,  the former 

being at least 23    higher. 
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To coiiiplt;te  the picture four \2»25 kr Bhar^eB were fired, end-initiated, 

:uid  tfie reBUltB  agreed ciosely witli those /rurn the   ^.b kg oharres.     The  curves 

are not reproduced in tills report. 

The  scatter on results  increases  as  the  charre size is reduced and is 

significantly  greater than for the  centre-initiated charges. 

P        CPNCLÜSIOHS 

Kor the  ran/ e of charges and reduced  stand  off distances  covered we 

conclude: 

a      Tha reduced imt ulse/stand off relationship ai pears to be the same, no 

matter the  size,  shape or mode of initiation.    This is probably our 

mor.t  important  observation. 

b       The other  parameters measured   (peak pressure,  time constant,  £)  for 

the  cylindrical   ohargea are depenaent on the charge size and initiation 

geometry  at the  smaller stand  off distances.    These effects are small 

for centre-initiated charges,   significantly worse for end-initiated, 

but in the former case diminish at  the larger distances. 

It was not possible to distinguish between the parameters for ü.4i> kg 

centre-initiated cylinders and 0.4^  kr  spheres. 

c      The rcproducibility of the results for the 0.45 kg and larger charges 

is rood  (by underwater shock data standards), indicating the reliability 

of  the manufacture  and output  of pressed  TNT charges and the  adequacy of 

the  small  booster systems  (less  than 1   per cent by weight).    The  0.1   and 

0,0!}  ki:  charres showed a   larger ;;cattnr in their data,  being greatest 

for the  end-initiated  charges,  althourh the means values agreed well 

with those  of the larger charges. 

d      The consistency of the data from centre-initiated charges is better than 

from end—initiated cylinders and  the experimental  scatter is less. 

e       The effect  of  charge donsity on shock  parameters is small but  ju3t 

detectable.     Concurrent work  (l'art 2  of this report)  shews that  the 

density should  be  specified  to within 1   per cent. 

f      The sensitiveness of isostatically  presaed TNT charges is  adeauate and 

roughly con.-.tant for the density range covered  (1^00 - 1620 kg/m3);     it 

i:;  comparable with  that of cast  Compo.ütion B. 
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I',      Tiiii niechanical  3tren/;th of' bare  charges  ii)   the  above density range 

is   satisfactory,  provided the precautions described are taken to 

prevent damage  by the  suspension system.      ith central  initiation of 

charges  there   is less  of a handling problem than with end-initiated 

systems. 

h      The  i;-.ostatic.'iily presred charges arr  easy  to press  cold in a 

reproducible manner and  to machine..    They have  very uniform density. 

RilCÜMVENDATIONS 

ft la appannt fron the  conclusions  listed  in Section 8  that even with a 

homorenoous,   single compound explosive ch.'ir/re  such as isostatically pressed TNT 

there are several   factors which have  to be  taken into account if such a charge 

is  to be used an a standard for underwater work.    The variations in output with 

charge sizes, modo of initiation, etc wn have reported are small but, we 

believe real.    However, we find  it difficult to visualise any  standard charge 

which does not suffer from tneae minor defects and the  overall reproducibility 

and ease of manufacture and  use  of isostatically pressed TNT leads us to 

reconr.end its adoption. 

Summarising, we recommend: 

a      The use of  •'0.4 crystal TNT  (specification attached),  cold pressed 

isostatically to a uniform density of 1600 ±  20 kg/m3,     (The high 

density is  specified mainly to p;ive high mechanical strength.) 

b       The use of 111   cylindrical  charges,   initiated centrally (as described), 

with output measured in the equatorial  plane through the centre of 

the charre.    Central   initiation gives better reproducibility and the 

results for 1:1   cylinders are indistinguishable from those for 

spherical cl-nrres. 

c      Mininal boostering (1   per cent, or less),  avoiding the necessity of 

correcting output data for the effect  of the booster charge. 

d      The  use of light charge   supports with  protection of the bare charge 

against  the   supports   (,ar> described). 

e      The charges should be 0,4b kg in weight.    'Ve see  no advantage in using 

larger charges and If smaller charges are used  then a greater number 

of firings would  be required because of the  increased scatter in the 

output. 
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./lien;  ( remed   1VT oborfWS  of other than  the recominunded weight,  mode 

of  Initiation^  <"tc an usod, or a dilTeront rangs of .•!t;iiij off 

di ■.taiici's,   then comp.irisons of data are be;;t perl'ormed usirv;  the 

reduced aho^k  Impulse because thia 'u pears   to be   Lnstnaltlv«  to thase 

vai'i litlona* 

Cop.yrl ht (C)    ^ontrollor 111 ;:c,  London,   1974 
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Al FKNDIX A 

Dral't :ipecil'ication 

TNT for Hefercnce  Chur/'.ea 

for Underwater Measurements 

1 SCOPI 

This  specification covers  a grade of TNT suitable I'or  the  production of 

prvstwd churpes for u;ie as reference standards in underwater assessment work. 

The material   consists  of  TNT of hicih purity prepared  as crystal  and 

maintained  in that form.     "Klake"  or "crushed flake" will  not be  acceptable. 

2 imLArED DOCUKaNTS 

a  Reference is made in this specification to: 

British Standard 410, 'Tost, sieves'. 

b  Reference in thi;i specification to a British Standard undated, means, 

in any tender or contract, the editi )n current at the date of such 

tender or contract. 

3 Ui^URlPTIüN 

The TNT shall consist essentially of alpha-trinitrotoluene.    It shall be 

produced only by the direct nitration of  toluene, and  shall  not contain any 

material derived from the  recovery and/or purification of TNT previously used 

in munitions. 

k INFORMATION TO HE SÜPHLIBD BY THE 1 URCHAJKR 

The purchaser shall  state clearly in his order that the material is to 

comply with  this specification. 

5 MaTHOD OJ  MANUKACTUKE 

The TNT shall bo produced by a process which has received authoritative 

approval. The Inspection Authority shall be informed regarding the process 

used and shall be piven prior notiJication of ar\y proposed change therefrom« 

6 TESTING 

a      Samples  taken from any portion of the  supply  shall be free from 

rritty particles,   visible  impurities and foreign matter and shall 

comply with the following test limits: 
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Ai I SND1X A 

LIMIT 
'"" TNT HO.^ 

'.jetting point      C 80.4 min 

Acidity aa H}SQ«       per cont 80.9 max 

»'.icuui!. stability     nil   oi' r-a.-. 0*003 m^^ 

^applieabie  only   to suppliea containin/: reoovered TNT) 

MolstUTB      per cent 0.10 m:ix 

Sulphated ash    per cent O.f"; mux 

Organic natter insoluble   in toluene: 

i      Total  matter insoluble  in toluene minus  the 

sulphated  ash      per cent 0,0!? max 

ii       lirilt,./ particles  retained on No tiO B,j sieve Nil 

Mel tin/-   teat,: 

i       SouOi   suspended matter and deposit  Nil 

ii       Colour of freshly melted material  Not darKcr than 

Colour Jtandard No . 

lil      Darkening on heating for 2 hours    Not appreciable 

Total  sodium,  calculated  as Na    per cent 0.001  max 

« 
f articular."   of the  BS sieve referred   '.o  in  t.hi;;  clause will be found in 

BS 410,  Table   I. 

Colour Standard No ^ will  be prepared by the method described in the Appendix« 

The whole  of the matonal  shall be capable  of  passing a No 25 B.J sieve ana 

not le.'is  than 20 per cent shall  be  capable  of passing a No 52 BJ sieve. 

7 SAKKTY v'i'ajtAi'luNJ 

Nothin«   In this specification shall relieve  the contractor of his 

resiionsibi I i ty for the safety of his operations. 

8 rACKAGii.i; 

The T.".T sha] 1  be  packed in sound,  clean baps  of an approved type, 

containing an approved quantity,  and each ba,; shall  be enclosed within a  sound, 

clean container of approved  pattern. 

The packages constituting a consignment shall each be legible marked with 

tne full  description of the contents,  including quality and physical form.    The 

markings  shall  inciude  also the  contract  or extract  number,  a distinctive   lot 

number,  a consecutive  package number, the tare and  net weight, the date of 

supply and the manufacturer's initials or recognised trade mark. 
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Reproduced  Irom , 
beil   available  copy. ^0 AJ 1 ^,JU  H 

.'.■.■. ■     i- ...: I 1 or ii trkinc and also   the   paint 1'or 

•     ■.!,•.,  .-,   i       -e     ... i quality and   to   tho  satisfaction uf 

t) "   I .•...■ ■ it, 

I'liu  inclusion ol' any foreign matter or imi uritit'a in any .>i'  tlie p.-icka/'er, 

w:ll   render the whole  con: iftunent  iiable to reji-ction. 

V IN.;. KCTION 

Saoplea of  the TNT and of the materials used  in its manufacture may be 

taken at any stage  of manulacture.     For this  purpose the authorised represent- 

ative;;  of  the  Inspection Autnority  shall have  free access,   subject to the 

Contractor's safety  rofTjlations,   to all parts  of the factory in which the TNT 

is manufactureil. 

After manufacture,  the  TOT and  the  packages  in which it is   contained will 

be  r.ubject to inspection by,  and final approval of,  the  Inspection Authority. 

If on examination,  any   sample  De found not  to conform to this  specifi- 

cation,   the whole oonaignaent may  be rejected» 
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Al PKNDn A 

Method   (or thü  1 i^iaration oi'  Colour ■ tandard» 

Reamnta 

■i      PotaasiUB ilLchromato solution.        Ji.".;iolve 80 f; of   'analytical rearont' 

quality potassium dichromal? in water 

and dilute  to 1   litre. 

b      PotaasiUB permanganate Disr.olvs  5,1b p of   'analytical 

.•uilution. reacent' quality  jotansium perrian- 

•anato  in water and dilute  to 1   liti-e. 

c       lopper sulphate solution. i^i .".nnl ve 200 p, of  'analytical 

reagent'  quality cupric sulphate 

(Cu.SC4.5H2O)  in water and dilute to 

1  litre. 

2        Colour stairiardg 

The colour standards  are  to be  freshly prepared daily and filtered before 

use  If  cloudy. 

a       Colour Standard No  1 

}'o'.a;;sium dichromate solution 

Confer sulphate solution 

Colour Standard No 2 

PotaSEium dichromate  solution 

Potas.-.ium permanganate solution 

Copper sulphate solution 

Colour standard No 3 

Potassiun dichromate  solution 

iotassium permanganate solution 

COJ per sulphate solution 

^ !Pj 

15 ml 

35 ml 

1. 25 ml 

13.75 ml 

52. 5 ml 

3. 75 ml 

13. 75 ml 

19 



APPENDIX B 

üh^KESSIOH AIvAiA^Iö AlNlD CüNFIDENCI]: LIMITS 

I Linear Re^yesalona 

tf  the  n pairs of observations  (xi|  y»^  are best fitted to a  straight 

line,   then nultinp 

U    =    x,    -   x 

and       Vt     =    yi     -    y 

we have      Y    =    aX    +   j-1, 

where      a    =    i  &   y1       Wld       fl     =    T, Yi   - aS  Xi 
?: Xi ri 

Hie conl'iiience  limit curvej   (i)   «nd  (b)  are  fdven by 

Y    ♦    6Y    =    aX    +   f), 

where 5Y is 

(a) for 1olnt estimates, 

(SY)2     =    t2   s?   (1     +   1    +    (X -x)2V(a)) 

(b) for estimates froni repression line 

(5Y)2    =    t2  s2   (i   ♦    (X - x)zV(a)), 

where  t    =    Student's  t factor, 

Myi  - Y)2, for (n - 2) degrees of freedom. 

V(a)  =    variance coefficient  of a    =     
Z  Xl2 

2   Quadratic Regressions 

If the quadratic,       Y = aX ♦ bX2 

la expressed in the form     z = ax + by, 

where z = Y - Y, 

x = X - X, 

y   =   x? -   ?, 
then      aA  =    Sy2 T.xz - Exy r,y2 

and bA  =    T.y.2  y,yz - T,xy T,xz, 
2   r„2 /r \2 where      A  =    Kx2 T.y2 - (Kxy) 
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APPENDIX B 

The conTldcnco limit  curves  (a)  and   (bj  are fiven by 

Y    ±    SY    =    aJC    +    bX2 

where 5Y is 

(a)   for Point er.timato::. 

(5Y)2  = t2
S

? t ♦ i ♦ (x - x)2v(a) ♦ 2(x - x)(x2 - x-2)co.v(a,b) + (x2 - x2)2v(b; ■] 
(b) for eatimatea from the regreaaion line, 

(6Y)2 ■ aa for (a), without the firat term in the bracket, 

where a2 = j— ,< J(^i - aXi - bX^)2, for (n - 3) degrees of freedom, 

and the variance coefficients are 

v(a)  . 2:y2/A 

v(b)  = 5;x2/A 

co v(a,b) = -£xy/A 
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