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Ba“tlanis @coﬁ of Ef%orlﬁ@nﬁ@l PropelTantu
in Sa¢ 59738 Golihor Dlovoud Gun
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i. Tho proliminary ?Gaultﬁ of on imvootigotion of tho ianizion
and primory steges of buraing of semo Stonderd ond ozporimontal
propollanto in o 5%/38 Blowout Gun oo given in thLS roport. :
Informtion oo to timo of primor vonting ond rupture of the chamber
oealing aionk, and proosuro«tine SULVOD rocorded ut the Lrontg

2idaiy, ond resr of the chambor hovo LxIn cbtalned. Qacillograph

racords 1llustrating typiend pergar&anee &nd tadbleés of valueo;
avapaged fer tho rounda £ipod, of time inmtorvelo and progsures ore

Ineiadod .

2. Pivo pouders have beon fired im tho Maval Froving Ground
bl@WQuﬁ gou, osch zbrough o charge tomperature ramge of L5°F vé
120°%, AX) thorgos were servico losded snd deed the Mk.B 13-1
primer vwhich had boen m@difiea,to £ire oloetrically only. The
rawaera consipbed ol UH propelliant, NPPB-334; Cordite B8 nransilant,
E 638% ond Yhree cool picrite propellants, BX 6659p B? £688 ana

X 6

3, Ao ¥he. chaﬁge tampm%aturaa wore dscroased frem 120°9F %@’£5°F5
all ¢he curvep obtainmed bocene gmoothor, At 8 chargs tompersbure
of L5°P, tvd of three rounds with EX 6696 misfired. UWhom the - -
chorget were broken dowm, it was found that secrchiag and partial
ignition of tho graing eround the primey hag osedurred. At all
charge Ceuperatursg the c¢urves for the mi&dle and fromt of the
chamber generslly exhibited more oseillstions than those ;er ﬁhe
rear of the chambera . '

Lo The intervais £rom primer blowout to start of prassure and

- _ptart of pressure o maximum pressure became progre@sivelv sm&ller

28 the charge temperature incressed. For all of thé propellants

at each chargs t#mperature the average time intervg)l from start of
pressure to maximum prégsure decreased pr*gresszvejv irsm theé rear

i

to the fvant ‘of the chamber. |
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Baliistic mést of Experimeutal Pwopellants
iy in tho 5%/38 Coliber Blowout Gun ' A
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1. AUTHGRITY°

BﬂQRD Conf ler NP9 ReedeM ag Sor 22675 of 11 Jnﬂy 1951
to VAVPROV.'

? - ’ E

2 REFERENQE

&. BUORD itr svs-z(sx)(aeaag of 28 March 19&6 %o NAWPROV

- - BUORD Rostr itr ST4-1(5%)(Re2s) Elfiblm of & Jonupry l?k@

; to BAVPROV :

&. UMN/S21 Gonf - Univorsidy of Minnooeto Mohthly Progrooe
.. Report of March - April 1948

d, ABL/P13 Conf - Strand Rate Bsllistis Studies of Ploteau
. Type Propollante by 8o 2m&chinaki and R. P, Preockol -

. Dacambawr l?ho

@¢. BUORD Conf itr WF9 (Ra2d) Eu 1tm of 17 June 1949 vo
' WAVPROV

S NAVP%QV'COnf ler s7s~1(k5)£x91731) ‘of 2 Septembar 1949

ta BUORD
gs. NPG Report No. 829 ¢onf - Construstion and Ga&ibr&tian
- 'of a 5”/38 Calibev Blow*ut Gun ~ of 20 August 1951

3. BACKGRQUNB°
“Hefercihss {&) requested that the Neval Provi ng Ground set up

& 5% blowout chamber to inve§%1g&te the action of Albanits type
powders since damage had occurréd to o 5“/38 gen and mount duping

one phase of test firing with this ¢t¥pe powder. Refersneg (b)
authorized the modifigation of & 5%/38 barrel to function as a
blowout chanmber with instrumentation o obtain pressure-time curves
and other interi ballistic measurements. Lt wes pequescted that -
this blowout ch&mher be used to conduct situdies of the ignition and
behavior of new types of compositions and grenulations during the
early stages of burning. Reference (g) was the final report om

the construction and calibration of th*@ chanbsr, Under. refer-

ence {e), the Naval Proving Cround was “regisated o set up a eon-
tinuing program for the investigaiion o: ignition ond early burning
characteristics of experimental and production type propelliante in
the 5%/38 blowout gurm. Reference (f} was written in compliance

with the request that the Naval Proving Ground briefly outline its
propOSeu research program for the coming year.
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- 20 Sune 19@9 B
X D@eembez 19&*
13 @c%dbe? 1950

poudosy eonsia&ed of NH propell&ntg WPFRw23%4: Cordite wnljw propellant,
BX 638%; snd cooX plerige propeliants, BX 6639, EX 6688 and BX 6696,

The pressn?e g&geog goge and calibra%ﬁaﬂ circuits, tenpsrature

a N
i D)
‘, ; .8 .
' "@W?EDBﬁTZAL
Q Lo ' Bolliphie Tea¢ 14 Eagaéiﬁ@nﬁal Pr@pelzmnﬁs
A S« im the 5%/30 Golibor Bleyout Gun . S
} ,l'.'ln..;g,‘pyu«i&ﬁ‘ﬁ&sn“ﬁ&&quqw&u\hucﬂndﬁﬁb}d~0':&“§sﬁ-
. QEJE@? oF @z | . .
Lo o invesﬁicc%a the i@n*%isn sd Dohowier ef‘propnllaﬁﬁﬂ during
‘ eoply oteges of buraing.
o of fiﬁfmge eaaﬁnaﬁoéo
f?f,;sw'. BRECD 6?4FE3T"
é:¥: 5_ , 0&%@ @f Raceipﬁ of aire$%ive
u - fﬁe' Dote Phsos Bogun : .
4 6. Date Phase Cempleted
1} | L S
gl - ~'P§%&ic,
|
i W?mm
|
T ) L '
W 6. ‘DBS@@ZPTI@N O IT3US TE@TED-
ﬁJf Fava pewders have been tirod in tha maval ?r@ving G?o&aa
| blowens gun, sach through a charge temperalure range of L5°F ¢
L - 12Q°F, ALY charges were gseorvide loaded ang wsed the Mk. 13~1
: primer which hid boen modified o fire eloctrically only. The
!
' The campooiﬁian and geomatry of the»propell&ht graino uander aiea
t . eubsion will be found in 4Appendin {4)s ?&ble& I and Ii.
I S DEuCRE?TKGR OF TEST SOUTRMENT: -
; 3
' control ond recording unitd,- an& blowont Bun are sompletely
| _deneribod in rgfe?enca (§)°, e .
8. paecmuuan* o ,
{ " Pive rounds of each powder were fired a% each charge tempera~
i ture, moking o toval of 75 reunds (excluding some minfireo and
.8 vepoat rounds). The blotroup gun was eonditiencd %o the charge
: Ej %emperatura with the cooling and heating mquipment degeribed in
s \ refe?ence ;g}s
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Ballistic Toot of Exparimental Pro ellogta
- in the 59738 Galibor Bloweut Gun

u'.monoqaaaounnuuanmwdm«—n-s;:@:bn

9, HAESULTS AND nzscusszom:

_ a. The thres gage ehannela havo been deaignated aa &y, B, and
€y A being tho gage channel 3 ingheg from Lhe base off the cavtridge
&b, B tho middle gage channel 14 inches from the boge, and C the
channel nearest the mugcle ohd of tho chamber and 25 inches frem
the bases. Thé position of the gago channols and tho primer ave
phoim in Figure 2, Appendix (B). Thé pecting of the caso im the
blovout gun ic indicaved in Figure b, Appendix (B). The primer

Mk, 13¢1 is shoun in Figur@ 3, Appsnéix {m).

~ be The channel & eurves £ar EX 6659 and EX 6696 at 120°F,
FPigures 23 and %8 Appendix (C), were the omsothest of oll the
curves obteined for the powders fived ot this charge temperatuﬁe.
They are almost completely free of oscillationse. EX 6659 shous
a gtep just prior to maximum preosure. The NH and Cordite WiI®
pouders, NPFB-23) 4nd EX 6381, (. igures 7 and 10, Appendiz {C)),

dlae exhivit the gams type of oten; altheugh mois promcunced. The
curve of channel A for BEX 6688 (Figure 16, Appendix (€)) indicates
g sudden increasé in the rate of change of precsure from 0.5 to
1.0 milliseconds after indicated rupture of the disc. The curve
~also is not as smacth 48 thoose for tho other LW wool prowsllents.
Channels B and C curves are similar for all powdeérs at 120°F and
exhibit more oscillations than these for Channel A. In this .
respectp EX 6688 showed the lasgest amplituds of oscillati@nee .

Co” Ail the curves ghowed improvemenu at a charge tsmpe@ature
of 90°F over those for 120°F, The irregularities mentioned above
were s8till in evidence far NPPB-234 and EX 6688 (F;gures & and 15,
Appendix (C)). However, the step just prior to maxiimum pressure

- presented in the channel A curves Pop EX 6381 and EX 6659 a% 120°8F

disappeared at 90°F (Figures 9 and 12, Appendix (C)). In addition,
the channel A curves for EX 6381, EX 6459, and EX 6696 exhibited a
step in the low pressure region 500 o 1500 lbs/in (Figures 9 Ldp

~ and 17, Appendix (C)) st this tempeyaturem

de At a charge temperature of B5°F, the curves were supéerior
in émoothness to those for the higher temperatures, and the irregu-
larities on the channel 4 curves specifieally mentioned in para-
graphs (a) and (b) are not in evidence. It was found that two of
three rounds with EX 6696 misfired. In these two rounds, the .
powder grains around the primer had been partially ignited and
scorched,
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y-T The 1n%a?vals from pwim@? bloWenﬁ %o steny of pregours
- and £ron ptort of precours ¢ mBXinGy prescure becans PIrogrels
aivoly smaller ps tho charge tempogotuso incresssd (Teble FIL,
Appendiz (A)), The greatont veriation of theos imtervals vith teme
peraturs vas found with ths Cﬁ?dﬁﬁc “1® propellant EX 6361. The i
’ vaplotion in the visie interval Srem priner bloweudr t¢ momimum .
' pregouse over the chaprge ¢empera§mre £3ngo 45 the omalisot Foy
. UPPB«234: - Contidering only the events ay the roar of the. ahamber»
the time imtervalo for $he other four propellants ineresse fpom an
average value of 7.3% milliceconds ot 120°F to 19.12 niiliseconds
at 45°F, while tho inercage fo¥ WPFB«234 416 6,82 to 9.11 milli~
geconds veepeciively. For all of the propallaa%ﬁ a% each chargs
%amper&ture the interval Zroem svart of pregoure Lo mAximum Pregoure

; becan nrogrcsaive;v g@aﬁlor from the resr 2o %he front of the ‘ :
I chamba?e‘. , : _ ) . ]

AT

c.h/}'._; e

2k i
Qé-ﬁlﬁﬂ? Vs

i3

a,.q;o'. Ha ‘II-\\‘

£ A plot of tha noRinun Prosoures, av@rage& ovoTr th@ three
_ shannelo, vorous ceharge tomperature for the povdors firod is ghewn g
y 1 in Pigurs 1, Appondiz (B}« Tho eurve for HPPB=23L 1ndicatoe a : o
i , liu@af yalahi»%ahip @ver +he charge %emperature range fireds S A

2

adl

yive

% - AB yr@vioualy ouﬁlineég ﬁnopellames EX 6381, BX 6696. and cood M
Ce BY 685D shisw siops in their chonnol & curves in tho 16w prebdsurs a1
roglon 500 to 1§00 lbo/in® (Figures 9, 12, ond 17, Appendixz (G)). TR
In roferonce (o), it woo roported Wload ond cevtain other ha&vy 4ok
metale, £yoe or in coriain of their compounds, whon added ¢o 2 .8k
roelatively cool doublo bage povder can coude that paw@er to ghew N I
' plotedus in 1%s burning rote curve at progeure of 30D %o 1500 . . -l
¥ luo/in?, dcpondins upsn the psrcemtoge contont of the metal®, . The

7 St b e e | s 2
P

i ahovs aiaaemaat as'umbstan%iatea in more detail in referonce (a)n
Lo in vhich the effects of odding omall amounts of lsad compounda from
: 0.5% %o 16.0% ore diseuopsed. Although BEX 4381 and EX 6696 contaiu
| - 0.51% Pbedy and 0.96% Pb003 reppectively, this cannot be solsiy

Tl B it i
'

| - regponsiblé for the gtep formation cinse BX 6659 does not contaiu : 10
v - ony ledd orp @%her metallic coapount. "; . . C AR T

oy

~  Fron Figure 25 Appendix ’B) it is apparent!that dhe povder
I -grefug at the chanrel A positien wiil be the first affected by the
| priner venting ahd the first indicstion of pressure should ba.on
. “%hé channel A cutve. Inibtial irregularitiés in.this icupve in ths
“low pregsure rYeglon are probably due to change in the buraning
- reve of the powder itself or pome gas phgée réaction. The oscilla-
tions oa the chonnel B and C ‘curves may be caused by the nbeve con~
ditiongs and/or the” paesing of pregsure uavea initiated by events

i

e

s e T

i w e e
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9&111@31@ ?eat er Exporimental Propealanta
iz the 5%/38 Caliderx Blawout Gun.
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P

L ' i R
aceursiag in the vieinity of the primer. From the time the prinor
vorits %o the Tirs? indication of proosurc tvhere.is an avar&ga time
of 3.12 nilliceconds duriﬁg which the propelldnt grainc sround ¢the
primer ars burning and giving off gascous produsts. Upon reaching
o eerisin snerzy isvel these gases updexrgo & rapid trancformation
‘cauging an inersace in pressoure. The encrgy released may ignite
ourrewnding grainn, which will burn rapidly, due to the higher
predoure &t vhich they are ignited. However, thowve will‘b@ a
deloy C»om the fime &£ reasticn of the geses to the ignition of
the additiomal groine, so thet the pressure-time curve will Yend
%o level off until these groins ¢ommence burning. The sbsence of
the stepe at low pressnre at charga temperatures of L5°F and 120°F
moy be exploined as £foilows. A% L5°, the goses dre being evolved,
6t a s8low c¢mough rote go that they can disteiduie themselves over
8 greater volume of the chargs. They may not reach the energy
lovel nedevcary Cor tho transformetion until after mogt, of the

. graino in the ares havs commenced burnimg. At 120°F, ¢the graias
l . ave at an initially higher potentinl cnergy level before ignitionm.
; Upon dgnition, the grdinc burn more rapidly and the gageg oerve

ve ignite other grainc more readily, which generates sufficient

st

— e

conliued veo gome ccnfiguratimn ag i poseibly tka cage for. the
QOQF ehaﬁﬁ@ ®

AT

h, The a%ep on~ the eurve just prior ‘o maxrimun nreosureg as
previously noted for HPFB-83L &t 90°F and. 120°F and EX 46381 and
EX 6659 4t 120°F, and the gharp rice in pressure just priovr %o -
woximun prosdure, for BX 6688 at 90°F and 120°F, accur f£iop about
0,5 %o 1.0 nillisccond after dice blowsut, o6 that these effecto
mey be asso¢iatéd with the rupture of the dice, Howvever, they

ray 4lso be due ¢o ths above desqribed phenomena of gae reaction
1 8% some energy levele

R Fusther inves tigations will be carried out to determine
the effect aof charge apsembly and ignition syster variatvions on
thege gteps. The effeets of this phenomenon upon the entire
ballistic cyele will alsé be studieds

3o Pour gdditional sevd of curves are tnciuded in this repov%
‘ ¢ indlcate the erder of deviations from the average valuesg of
, preaeures and times for rounds fired under the game bai;ietic COR =
- - ditions (Figures 19 %o 22, Appundix (C)). These curves were
: obtained with EX 6381 at o charge temperature of $0°F. Maximum
| . ¢ difforences of pressurss from the tabulated avernge values are

about *;%. The time intervals are generally of the same order for

any given powder under similar conditions.
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Balliotic Tegt of Experimantal Propellantyo
in the 5%/38% Calibor Blowewt Gun

'a»w-waﬂuuﬁobmﬂ-%r_r—;a-‘mowmunmmﬁ—bwn-\viﬁ

The Eiringa upon whach thic report is Yaged woro in tho
~na%ura of an eXpieratory invesﬁigaﬁien to detevmine tLho mannor in

vbieh tho wounpen vould act énd vhay information ecould bo obtained, ;f
The inaﬁ*uuentatien is undergeing fur%her refinsmentﬁ as tecte are N
eantinuede . : o o - a L
| SONELUZTONS
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