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N

. ABSTRACT’

o

. A study was made to determine The feasibility of using the
energy of propellapt 'to perform a pereutangous imoculation (ad-
ainister medication through the skin without an gneisien). A PAD
porcutaneous unit was desggned, fabricated, and tested tn the labe

’ oratory. This unif was 3~3/8 in. long by ?/8 in. dtametar, It was
< e powered by a mod8fied T14E2 glectric ignitios element, &nd used &
. 0.0081 inch diameter sapphitre mozzle., Twenty fizings wete made in
. the laboratory, demgnatrating thg feastbility of this PAD parcu-
taneous inoculator.

It is recommended that continued studies and testing be per=
formed to perfect and make available an aufomstic PAD percutaneous
inoewlation unit fogx field usee
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FOREWORD

The gesearch work described in thls report was pexrformed by the
Frankford Arsenal, U.§. Army Munitiofs.Command, Philadelphia,, Penna.,
and wag sponsored by the U,S.Aymy Reseaxch Office-Durham, Durham,
¥s €4+ The work was accompilshed under Army research psoleet grdeg
AROD N-6-62, dated 3% January 1962, Br. Shetwoosd Githens, Jr., Deputy
Ghief Scienittst of the Axmy Reseagch Qffice was the projeet, officee,

The geseagch program was comdueted from Yanuary 1962 te July 1982,
and vas csreied out by the Pitman<dunn Labaratories, Reseageh and De-
velopmeat Group, Frankford Atsenal, uader the direction of My. Charxles
J. Litz, Iz, projeet engineer and chief investigaror.

Contributors ware:

Mze R, Donnatd, Peankford Agscnal, Philadelphta 37, Pa.

Mr. P, Rerney, Fgankford Agsenal, Philadalphia 37,. Pa.,

Mr, T, McNally, Frankford Arsenal, Philadelphta 37, Pa,

Mr. L., Stiefel, Frankford Arsenal, Phtladelphia 37, Pa.

Mr. A, Ismach, Medical Equipment Development Laboratory,.
Fort Totten, Flushing 59, Long Island, N. Y,

Lt Co! E. 1. Buegehee, Medteal Corps, Waltex Read Army-Instftute
of Reseaych, Washington 25, D, C.

Capt Ta.Cardigen, mgwal -Cotps, Walter Reed Army Instifute of
Research, Washington 23, 0. Co
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*See REFERENCESe

" ¥NTRODUYCTION

51

e sdminiskratier of medicagien thygugh the skin (bHoth Rie
epddermts and deriis) ‘ato the subcutaneods tissua, witheut s ine
clsten, s known as percyfangeus fepguiation and hag deen used by °
medtcal personnel for some time, Tn such inoculatigns, the medis
eatfon 18 foxced &hwough 3 emall hozzle dplaced pext Lo the skin
or eptdermis} which dixeqts the ltquid medicaticn (ato a {tne jet,
enadling skin penetgation. Recently, tha Medieal Equipment Des
velopmenat tabogatory (MEPL), Fort Tetken, Wew Yogk, has devalopad
end satisfageorhly smonsteated, and mavw ustes a hand-hald, hy-
draglicalldy 1mad-d, aleetrically powvegedy r;wally operated ine
jeetion zun td anotulake grovps of people.tD® A medicattonel s .
fnjeetton device such ag this, but vhich wontd function auvtgmate
feally and effectivaly asiminisrer medication peveutaneously,
would!have deflnita advantages in both ficld sexvica and space
tiavel, ’

"

¥rankiord Arsenal pevsonncl congeived the {dea of employing
epnventional soltd propellant as @ primagy source of epewgy for
such 3 deviee, Based on thi=z eoncept, 8 patent disclesuye was
tspucd and a techoteal pxopess! was drafeed and forverded o the
V.5, Aty Reseaach Office=Duzham €ARORY for considexations Sub=
sequently, AROD authorized Fgankford Argenal £0 study such 8 device
by, astablishing Research Bgeject Neha62, ®PAD for Pexcutancous
inoeudaeign. ‘

At the request of AR(DP, Frankford Arsens] pavsoanc? from the
Propelisnt Actuated Devices Diviston wisited the Walter Reed Atmy
Institute of Researeh, Washingiem, 8, C,, and digcussed tha project
with medical persennel. Af thae efme ¢ g pointed out dy the
madieal pessonnel that a PAD peredtancovs isjection unit wisich
€ould be worn strappad to the body ef the soldier in tha Lleld
and whi¢h would sense thg prasenge of nexve gas and agtomatically
fnscee atropine inte the agldier umder the nepve gas attack, would
tave definite advantages and cowld gaim wide uea, 1§ purfactaed..

INYPIAL STUDY

A% the omget of ¢he prelect amd In the intggast of economy
{funds and ttme), 1 was declded ®o use the gapphize noszgle of the
MEDL tnisevion eun. Such 8 nezzlc was Obtaintd and became & past
of the PAD pertutamsous wntt (Figere 1).

Py

Ta adéiticn to the nozzlgy
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spagifte opekational pirameters of the hypodermig Jet Injectian
apparatus were also obtagned from MEDL. The signiflcant data oh=s
tagned are Yisted in Appendix A,

Using the 8pging ferce and the area of fhe plunger pisten, the «
pressurs developed #fihin the MEDL unit wag gemp¥iade Fhe initial
pressute 18 &100 psi; the f4mal pressure, after 0,557 ingh s&xeke,
is 433 pst. It was fpsumed that 4§ the PAD unit dewveloped the
pressure profile of the MERL unit, the required {ree etream ¥eleg-
Lty neeessary {0¥ Pezeutancous fucculatton would Be ghtaineds

Based on the sk:ve, pressgre and volume relatfenships wexe
ealeulated for p-upeliant: fox the PAD pergutanecus umig, using the
perfect @gas law and an $sentrople amalysis. Detalls of this as2le
veis are presented in Appendix %,

1

PESIGN OF COMPONENTS

Afeer the propellant amalysis (Appendix B) was cempleted, a
1abogatosy test madel of the PAD percutancous uait wag designed wish
an tniefal psopellani chamber of 0.35 tn.3, As fabxicated, the PAD
undt {Figures Py dy and &) contained a moveale piston and & €6
(°o°51~§0o3) 2aquid medtcation chamber. :

The unfe wap gesigned g0 the initial velume could be wasled by
tnsepting tingeiype slugs. To assure proteetisn of the nozale fyom &
highy peak pyastuse, 48 was decided to test fire the umtt figse’with
the Jatgea? dnmislel voluses Fer & given pxopellant cha¥ga, ths
Yapger volume would resull ¢n a smalley pressyre,

Trom the s@ress amalysis perfoimed (Appendin C), it was 2een
that the 2AD tist unit wag oversdesigned. Thus, &he need fot da=
sizning 3 smallci, morc couwpset, PAD percutapeous unit fox futuxe
wse Wap apparent,

TESTING

For the purpese of boratory testing, a2 standaxd fgnicfen
element, the TR4RD, was m8dified and vsed, Figure S §8 a crosse
scction view of the modtffcd TI4E2. By means of this modif{¢a®leén,
endigy ok Yhe standsrd TAAE2 Ignitien clement {which has a 142
erain Jesd siyphnate pallet) was pupplemented with thyee grains of
IZOO oall propellant Joaded id 2 ealtber 422 wim fixe cargridge caseq

w

.
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To accommodate this, a small aluminum sleeve, 1/8 inch shorter than
the case, was slipped over the case mouth. Th#s assembly was ghen
dipped into epoxy resin for sealing. The chemical componsition of
the propellant used is presented in Appendix D.
@

Tests were conducted using a hand-operated %mpulse genegator
(output of at least two amperes) to fire ®he fgnition elements.
Pressure-time curves were obtained us§dg a Visgeorde® and a BDynisco
(6 to 5000 psig) miniature pressure transguBese

Twenty firings were conduste®. APref the rth Pring, since
the peak pressure recorded was gess shafy the 3800 ¢s8, 298 ingernal
initial volume was decreased frém 0,35 $n.”° @ W30 48.% by ®agert-
ing a hollow ring into the propellafdt #hambefle €al¢ylaiifins for
the reduction of the presswte chambe® a®g pfegeted 2R dppeanddx Es
Figures § and 7 are typical gerdesnameis cesvest TdbBe I %ists the

test data obtained,

In general, the resu¥ts ®f the &ests wgy® ge@hsfafterP. Lid
the simulated inoculant was §oMecq thPfouglh e ngzzlge (Colored
water was used to simulate thg énalullfag fﬂ\ﬁ&.’ Tha SA8 ¢ate e
disassembled after each tes? and §nspeglicés $heEs %53 Po evagence
of damage to either the sapphive pfzzBe o¥ e QUbe body, and there
was no visible trace of propellant residue Sr Sin ®c@inatf®n Ghanfvap,

With one exception (where the agrzl Wms gioMedp, therg was
no propellant blow-by, indteating thap ¢lee @'sing ®n sh® pistom VY 4
satisfactorily isolated the prgpelient grsep feorn e gidicaisone
The nozzle clogging wus due to a defeggppe ®erin@ whieh pegmi®®ed
some foreign material to plug the ngzzleg WPhe mater®al wa® remgedlf
a new O-ring inserted, and the unit gen&ipusd &0 dRAGL1CW EEis®
factorily.

High speed movies (2880 [ramesfngge%dds L0 €O¥AW. Mere made of
rounds 15 through 20. On rounds 15 throygh 13, §he PAP@nit was
fired into flesh-simulsating materta® p¥aced next tg ghe nozziew
This material was a gelasin subetaqge $apppontesvely 1/& €6 292 sl
thick) normally used for smal? arms studies. @$he colored TmeeUSzA®
penetrated the gelatin material witig @ fineg needReafgks s®reaw, A
container of water placed §ehing gite gedalin material #as use® t®

receilve the excess ejected Sjwid., Figuge 8 is a godos ?hﬂig‘apﬁwm”'

of the test and shows penetrat$om 0f he Ledatin m=¢cuial ¥y C\B
PAD percutaneous medication infectes,
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TABLE I. Summary of Firing Data

Peak
Round Pressure
No. (Esigz sNotes
1 Not féeotrded 3
2 3600 2,3
3 3250
('8 2900
5 3400 4
6 3200
7 1750 5
8 3250 6
9 - 3750
v ® 8800
11 s%70
12 3358 °
13 . 3200
14 2808
13 Aok fggekicl 7
16 No® re@®orded
1y Not recamded
18 No§ receakdce
19 Nok mceated 8
20 Vot xcsmxdos 9
Nokes:

1 - Fiest egeat €4rin® wAth & wcfped ehatge, eousisting of an M52A3

W N

~1 o $n ~

L

primer, which is standard ®or ghe 28 mm round, The pistan did
net eemplege siroke Gue & fnsglrgeleqr pregsuxe,

Modified TI4E2 dgritlgnselement used &8¥ add subsequent firgngs,
An 8.04%7-inch cardboagd, Watked up Weth several thlcknesses of
paper, was pYatcg next #& the Mzz¥2 B® measure the penetration
8f the smulacctl mclfi@s5990 ¢8 mPunds 2 Chrowsh 9.

Initial velume ® prepelBags ehampa? defre8ged from ®,35 to
0.30 an.”e

Befestive plscE.

Gelatim hesh siwwlakew gscd 0P rownds & through 19,

Peessure npt redosdedg ¥nstead, hagy speed $2880 frames/secend)
fotion Pigsuld sovaxnge vag 6384 o 311 sisscquem Rests.,
Sapphic® noza¥e cirgged; pPsfenm did not egmPfete sproke,
stmugated saditasion Shudd clisstcd dmbo free aff.

"
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CONCLUSTONS
@

The feasibility of the PAD percutaneous medication inoculation
unit has been demonstrated. Thus, the basic concept as presented in
the Frankford Arsenal proposal (AROD N-61) has been removed from the
realm of abstractness,

RECOMMENDATTONS

I8 is re@ommended that studies with the PAD percutaneous unit
be cgntinued, Partéeular emphasis should be placed on improving the
performagee and safety facters of the laboratory teet model to make

it suitabge for tests on live subjects. Testing with live animals
would naturally precede personnel evaluation studies.

-
FUTURE WORK

L J
A amet such as the PAD percutaneous medication injection unit,
wwith its automatic feature, could be used in space travel or under
EBR (chempeal, biological, and radiological) conditions, For examples

R. In space travel, the nsed for an automatic, remotely ac-
t#ated, medigaspom~administering device is evident, Such & d

wow?d xgpdaec the presently self-administered unit used in space
¢sce Appe@dix F), Medications administered to personnel in space
ate designed te help offset injuries and/or uncomfortable sensations
tn #ighty and & counteract physical and psychological disabilities
resu!t‘ag srom gravitational differences or atmospherdc variations.

2. Merve gas is odorlesgi and the Army has developed a nerve
gas detecter (Appenda& €) which senses the presence of such gas,
gseunds an agarmg and causez dghts to flash. A spring-loaded hypo-
dermic meelge at®ached to a vial contalning the liquid medication
(at*epite) to offsckg the effects of nerve gas, ¥s currently avail-
abda for use an the field. &he PAD percutaneous medlicataen-injection
tngt, if incovporated wA®h such a detector (=2s discussed in Appendix
Gy oow¥d be used 4@ administer atropine gutomatically umder nerve gas
attagit, This awt®matic injection can be accomplished by means of a
radio tzamsmitter, energized by the gas sengor, and a minliature radio
reced¥Wer, aktached tp the PAD unit. On receiving the transmitted
#8gna}, the radfe recelver fires the propellant charge, causing Rhe
PAD pe®eutaneous wait to inject the atropine.

13
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APPENDIX A

TORCE-STROKE DATA FOR "MEDL" UNIT

A spring is wused as the source of energy to force a 3/8 inch
diameter piston plunger rod fexward and, subsequently, to force the
medication through the 0.00§1 inch diameter sapphire nozzle., The
spring has the %ollow&pg eharacterastics.

| Q/,..\(\{ X 5

Initial Force: 450 1b
(Pressure Developed: 4100 psi)

Force - ..

\/)\

Final Force: 50 1b

«\\ (Pressure Developed: 455 psi)
W//

0.557 in. Travel

—— action

C 3 b

0

.Aiso, in normal operation (using the spring) the urit ejects the
l..cc o§ medication into free space in approximately 0.45 second.?®

»®
L

e? b

=
Pt
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APPENDIX B

FEASTRTL.TTY STUNY., PERFRCT (FAS TAW AND TSENTROPIC ANALYSIS

Thls analysis is based on an ¢sentropic process which is a
reversible adiabatic process during whieh no heat is transferred
to or from the working substance. In the fsentropic process, the
working substance loses or gains energy as work, but not as trans-
feeie® Yicat. ¥a she acjual operasion.of the PAD unit, some heat
“all be 2@st durln@® the shrusi cycle. It is also assumed that no
ptston mgegment will be obtained from the primer during gas evo-
lugion, The inertia in the megdigation fluid, damsed by resistance
generated on its passage through the orifice, will cause the in-
12{a% 9o%me €» afi? 4# a loeked-shut manner during the time of gas
evolutdon,

From thermsdynamic chataeteristies @wf all perfect gases, the
aquatifn 8% stase ¥or amp perfect gas is
]
P® = nRT 1)

Mot &ecal gases, Equation (1) is only approximately correct
and is normally corrected for the behavior of actual gases which
age not frgctignless in their behavier and are composed of par-
ticles of finite volume. VanderWaals, Berthelot, or Virial coef-
figient equatden scehniques are normally used to do this.*

For this analysis, the approximate approach was used. Equa-
t&on €1) may be rewrgtten

PV = g(nRTv) (2)
where

inssantaneeus pressure (psa)

internal inisial volume of device (in.
propellant charge weight (%b)
prepellant &mpefus, I (in.-1b/1b)
number ®§ moles of propellent gas
®hiversa® gas constant

insta®aneous gas temperature (®°K) (volume constant)

3y

nunu

(nRT

WP Yn <

v

*See pages 2 ¢t 19, Reference 2.

15




Compute the Internal Initial Volume, V, of the PAD Percutaneous Unit.

The MEDL unit develops a peak pressure, P, of 4100 psi.

The modified T14E2 ignition element contains 1 gram lead
styphnate and 3 grains ball ppopellant,

The impetus, I, of this propellant combination is estimated t&®
be in the erder of 2.5 x 100 in,=1b/1b, '

Using Eqtatfon (2) and the above factors,

-
.(‘.'*100.1bJs.m2) AY] =(15¢g§§;m36,54 ;r Zﬁ) 2:50 x 10° 25:-1b/1b

o . @)g)es =0
4100

V= .58 dn>

b aRlhaak pressure and volume for a working model can be ex-
pected to ®e s@mevwhal less thath ghat calculated. This is brought
about-.sjpce there will be some heat losses from the system.: With
ghe design of the PAD test #nit (Figure 2), the pressure can be in-
creased Py decreasing the ehamber volume.

16

9)




Ryl 1N

T e W

R S

TR T e Yl

APPENDIX C

DESIEN DATA AND STRESS ANALYSIS

The adapter sleeve is a stainless steel, cylindriqal tubg with
5/8-18NF-2A external and 5/8-18NF-2B interna¥ threads on either end.
A pressure pick-off hole with 1J/8-27NPJ threads §er mounting the
pressure transducer 1s located on one side of the unit fsee Figure }).
The expected peak pressure for the test unit, whi®h was eonsgregted
for repeated firings, was 4100 psi,

For this enalysis, the disortion-energy theory gf failurg gvon °
Mises-Hencky), which is the accepted criteraa for the &esign of dule
tile materials under combined loads, such as a p#¥essure &esgse}, was
uscd.*

For a biaxial stress condition, the f8llowing equatiop atpp!.@esqD
2 A

P__ We-1
wy JOW+ D &1 |
where
°

P = maximum pressure (psi)
Y = yield strength of material (psi) (]
W = wall ratio, oD »

1D .

1
w
o |~
o

160,000
P =761

[

44,300 psi

where Y = 160,000 psi, yield stress for stainless steel,

*See page 29, Reference 3. . . ®
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The wall ratio for the PAD unit is .
\ oD 85
L T e me—— o
W o - .60 1.416 .
The maximum pressure for the adapter saeeve is
B___(18%)2 - 1
Yy /B (L4e)% + %) wane



Margin of Safety:

s o A,300 oo
=00 " 17 &

@

Length of Thread Engagement

The length of thread engagement is ealcu%aPed frgm the following
equation,*

2
3FR (C2)

L ===

Sgd

ol
]

tength of thread engagement (ine¥

maximum internal pressure (psi) L
shear strength (psi) o
major radius of female (max) (in 3

minor dfmeter of male (min) {in.) .

P
# 80

®Equation (C2) ingludes a 1.5 safety factor to at%ow §os tolerance
o and the distribagion of stress within the engagement,

# Nozzle and Firing Head - 5/8-18NF ﬂhreads_

L]
For this analysis the length of thread engagement for the
nozzle was considered the weakest member of the two 5/8-18NF threaded
'y ends. The sheay stress for the nozzle materia¥ is §0,000 psi, whereas
thegsheax®stress for the adapter sleeve maferial is 95,000 psi.

1, = _3(4100)(0.3125)2
(50,000) (9.5a68) .

= 0,0435 in, o

This design is moreg tham a¥equate. The agtual length of
tiagead engagement is 0.2§0 ineh,

. Pxecssure ofl Hele o 1¢8e2gNPT thread

» $ . 3(5100)(9.2029)2
¢ $95,909) (0.334)

= Q9,017 tm.

shls &g8cn is m¥re than adequates Fhe avtual length of
Chscad eftgagemeng is 0,92 engh,
*Seae pa?gé zy,ﬁefexence 3

Y
-
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APPENDIX D

CHEMICAL COMPONENTS OF PROPELLANT

820 Ball Propellant

Nitroglycerin
Diphenylamine
Deterrent
Graphite

Total volatiles
Moisture

Ash
Nitrocellulose®

*Nitrogen in nitrocellulose

M52A3 Primer
°
Normal lead styphnate
Barium nitrate
Acetylene black
Calcium silicide
T.N.R. (tri-nitro-resorcinol)
Gum arabic

19

9ul3%
0.97%
2,.%0%
0.21%
1.35%2
0.89%
0.88%
84.89%

13415%

40 .0%
4L, 2%
0.8%
93.0%

" 19%
a.0%
—

100.00%

200.8%




APPENDIX E

CALCULATIONS FOR REDUCTTION OF PRESSURE CHAMBER

° L]

® Summarized herein are £a%culati@ns %o &etegmine a mew §nitial
volume, This was done to ingrease the peak chamber pressure of the
PAD unit. The average pressuye” #ecorded for §hgee firings (rounds
2, 3, and 4) was 3600 psi4 The MEDL &nit develgps a peak pressure

of 4100 psi (Appe;ndﬁix N,
For a revegsible adiabat®c (8Scmtypie) predelsy

PVK = Constamt, siurjng the change

where .
P = Pnstantaneous pressure (psi)
V = antegnad wwiume @f deviee (in.®)
K = ratio, Ep/fCvs use 2,9
(3600 psi) (.35 in,3)1.d = a9t psi)cx in.3)1‘3

360ﬂ _ 1.3
41008  Ogs

V = 0.%16 %n.?
. The internal volume ®f ¢he amyt was reduced §#6m. O35 te 0.30 !n.a
by inserting a 1/4 in®h theek holjgw ¢isk antg ghe propellant chamber,
The size of the hol®ow disk tused s $dIus&sated pelow.

Hollow Disk ¢

—L Al AN » ) -+ .375 an.2

0.375 in D ¥ 0,68 3n.
" Ypprra
%
"

1,235 .

N
\
D 3

in.

60

E.

b $209%0w Disk

The 0.60 in. D 43 the inside diameter of the interna) velume of the
propellant chamber. The 0.345 gn. D 1s the outside diameter of the
plunger pisteon.

20
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MEDICAL KIT FOR ASTRONAUTS

Dxugs are a vita? unit In the medical kit of the astronauts.

Medigine at Work, pubjigation of the Pharmaceutical Manufacture#s
Association, gadd ghat astrppages Afan Shepa¥d and Virgil Grissom
each took along four veals of drugs with hypodermic needles attached -
hangdy for prompgasel§-ddmindstratign.

The pub%®caslom note® that these drugs are des®gned® to help
offsef uncomfogtable sensations in §light, injuries, and to coun-

teract physical and psychalogacal disabilities reswlting §{rom grav-
itational differences or atmosphexrie variatigns.

The Evenlng Bul®etin

Fhiladelphia

Tuesday, November 2%, 1962 *
Dage linej Washitigeon




N TTA - r ™ T
'ECTOR. TO WARN GIs OF NERVE GAS

The Army has - developed an automatic device that can detect
deadly nexve gases in time to save the Jtves of gntended victims,
ihe meghanical-ghemigal alarm has been ordered into production,
the Army said, and should be in the hands of fighting units in a
"{ew years." The device was described as "yeasonably foolproof,"
based on ¥,000 hours af testing in various climates.

An Army spokesman said there was no nerve gas knowr e medi-
cing Wligh sM1d ng§ be detected by the automatic alarm, a 28-1b
dettice somewhat resemblfng a tape recorder,

foR R k%R

The Army dpinteg gut that a soldier would regeive a fatal dose
of nerve gas if he had tg depgnd @n hé&s own senses to degect its
presence. Nerve gases are odorlessg color¥ess, and d® not, produce
a physieal sensation ent?l the appearance @f adverse symptoms,
Then Pt 2s too late t'® put ®® masks and appl® treatment.

Eiectwic Eves Used

The &etect®r contains a tape on which a spot appears if a
nerve agent is present., An electrig eye sees ghe purplish spot,
and gauses lights td flash and horns 8 S@undg The Army said the
system would not react to any agent except nerve gas.

[

The alarm can be carried by 2 soldier, or §t can be mounted
@n an armored vehic..!e or a place at a disfance from a command post
and gphserved threfeh field glasses.

o

T: was develdped by the Army chemical® research and development

labgratorles and Asr Craft Armsments, Ync., C®ckeysville, Md‘.’

The Evening Buydlegin
Philadetphia

Tuesdayy Judy ¥, 1962
Date kine: Washington

®
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