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NEW LANL GROUP M-7 TWO-STAGE GUN:
DOUBL&DIAPHRAGM AND WRAP-AROUND GAS BREECHt

Stephen A. Shef!leld and A. Richard Martinez
Los Alamos National Laboratory

Grou M-7, MS P952
rLos A amos, NM 87545

Abstract

A new twstage gun is being installed in a high explosive testing facility at Los Alarnos
National Laboratory for the purpose of sllbjecting insensitive high explosives to controUed
projectile impacts so that shock-to-detonation transition can be studied in detail, This
gun haa been patterned after guns designed by A!~’ Stilp at Ernst Mach Institut (EMI) in
Reiburg and Wintersweiler, Germany. Several cha ,ges were made to adapt the design to
our needs, The gun has a 100-mm diameter pump tube and 33-mm and SO-mm diameter
launch tubes; both pump and launch tubes are 7.1 m long. We plan to use only helium
M the reservoir gas. Large hydraulic clamps hold the gun together in three places during
a shot; these are located on both sides of the transition section and at the breech, These
clamps make gun conversions to different setups relatively simple, i.e., the two-stage g~m
can be converted into a single-stage gun. A gaa breech h~ been designed which can be
operated in either wraparound or double- diapbragrn mode with a maximum operating
pressure of 15,000 psi. Twostage gun calculations indicate that in the gas breech con-
figuration, projectile velocities up to 4 km/s can be obtained using helium in both the
breech and the reservoir. The gun has been fabricated and is being installed at the present
time, Testing is expected to begin in early 1993 if the startup difficulties do not become
cxceasive.

Introduction

A new twmstage (TS) gas gun is being installed at the gas gun high explosive test

facility located at DF-Site at the Los Als.rnos National Laboratory, The primary p~lrljose

for this gun facility is to perform rcscruch and characterization studies on the initiation

nnd detonation of high explosive mutcrials. An exi~ting 7!2-mm bore eingle-stage (SS) gus

gun capable of projectile v~locitics up to 1,5 km/~ io rcmtincly wed as the driver ~ystcln

for high explosive cxpcrimcnts ‘. The Iimst used diaglmstic technique is n magnetic pn.rticlc

velocity Rystcm with which in-sitil pnrticlc velocity histories nre mcmur(xl, Gmlgc pnclqyw

arc avnilable that provide up to 10 lllc~~~lr(’lllt!l~ts, each ut n differcrit Lagrrmginn posit ion,

in a singie cxpenmcnt, 13y nmdyzing the wmvcforiIlkr carefuhy, rmction rntcs during high

explosive initiation can bc cstillinlr(lm
.-. —. .— .—-— —-. -.. ——
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The SS gun system haa proven valuable in studying conventional high explosive mat-

erials over the past ’20 yeara. However, it is not capable of producing the projectile

velocities required to initiate insensitive high explosives (IH E) such as 1,3,5-triarninm2,4,6-

trhitrobenzene (TATB) or homogeneous liquid explosives such as nitromethane. Because

of this a program to design and install a TS gun capable of providing higher projectile

velocities was undertaken ~veral years ago. After making trips to a number of TS gun

facilities in the United States, Canada, l%mce, and Germany, we decided to use the gun

daign developed by Alois Stilp at the Ernst Mach Institut (EMI) in Freiburg, Gcm]any.

In %ct our gun is a near copy of the convertible TS/SS gun located at the EMI rsmge2 in

Wintersweiler, Germany, “south of Rciblug.

The Stilp design employs two large hydraulic clamps to clamp the transition section

during a shot. One clamp join~ the transition section anti the pump tube and the other

joins the transition section anu launch tlibe. Large interlocking “bayonet” ama.ngements

on the end of the tramiticm section (extcmal) and inside the hydraulic clamp (internal)

allow for interlocking the two pieces before the clamps are pressurized to about 10,000

psi when preparing to shoot. The use of these clamps adds considerable versatility to the

overall gun design, i.e., this allows it to be setup sa a SS powder gun, R SS gaa gun, or

a TS powder gun. The Stilp design includes 30-, 40-, and 50-rn.m diameter launch tubes,

a 100-mm diameter pump tube, e SS powder breech, a TS powder breech, and a SS gns

breech. Sealing the joints in the high pressure region at the output of the transition section

is done with metal delta-ring seals also dmigned by Stilp3,

We modified the design to include a third hydraulic clamp on the breech cnd of the

pump tube, This waa accomplished by duplicating the p~lmp tube/transiticm section clnll~p

system, The TS powder breech [Icsig:] WBYl~wclificd to include an external bayonet, A

schematic of our new gun setup as a TS powder gun is shown in Fig. 1, A gas hrcrch

was designed which can be substit~ltml for the powder brrm.h m our gun can opcrnte ~q

a gaa driven TS gun. Informntimi silt-rounding thi~ design i~ digcusscd in this pnpcr. A

brief description of the DF-Site gtln f~cility will bc given to provide information nhmlt tl]c

general facility setup and the type of tlimgno~tics used,

Los Alnmos DF-Site Gun l%cility Description



30 m long. An optical instrumentation room and a gun control/digitizer room are located

between the two gun buildings w that optical diagnostics have direct acceas to either of

the target chambers through wall ports. Each of these ~ms is 6 m by 7 m and of concrete

construct ion.

Single-stage gun control is accomplished using a MAC computer/LabWEW software4

based system which allows operation of the valves, pumps, etc., using the mouse to click on

symbols on the MAC screen. Embedded in the control system program logic are various

constraints that keep the operator from pressurizing the breech until EN the interlocks are

closed or km firing until all the vacuum pumps are isolated from the gun. It also contains

provisions for an orderly system shutdown if an interlock is opened or something out of

the ordinary happens. This same control system is being modified to control the TS gun;

a separate program is being developed to monitor and control its operation.

Diagnostics available at the facility, in addition to the magnetic gauging system, include

push-pull VISAR interferometry, spectroscopy equipment, electronic streak csmer~, a

conventional continuous writing streak camera, and single-frame image intensifier ( I*C)

ctuneras. These diagnostic techniques, which are used in SS gm cxperinvmts, will also be

used in TS gu~ experiments. To make this possible, the TS gun target charnbcr/catch

tank system design was only slightly modified flom that in use on the SS gun. Most of the

instrumentation setups and target managements will fit either gun.

Two-Stage Gun Design and Calculations

Since explosive initiation cxperimer)ts usually involve multiple magnetic particle ‘mkJc-

ity gauging, it was necessary to design the TS gun with the Ilmximurn diameter la{l]ldl

tube in order to maximize the expmill~cntal mrcaavailnblc for onc-dimcnsicmsl cxpcrilnrnts.

13ccause of this the Stilp design, consisting of R 100-IIml (Liwnctm p~mlp tube and a 50-111111

diameter launch tube, WM ideul. Wc have some ccmccrn abmlt the diameter mtio (pllllip

t~lbc {diameter to launch tube diameter) bricg only 2 (rnthcr thm 2,5 or Inrgm MI it i~ in

most TS guns). This may Icad to pun]p ]Jiston “*xtr\wioIl il]to the Iuunch tube during n

shot, a problem that has been rx]wrirnccd by others in the p~qt, Two transition wctiolls

were ch-wigned, one with R trmdcgr(v WI(I t.hr other with R twenty-(lqyre includwl ntiglr

transition. It is hoped timt the Iurgrr hnglc ~ulit mny help rdlcvi(itc tlw cxtmsi(m prol)lclll

if it OCCUHJ. ‘h ChOiCC [)f R 50-111111 (!ilLIIN’t(’r ]~UIM.h tUb(? IIK’[U)H W(’ lNiVt? !41WJifi(d V(’]()(”ity

for cxpcrimcntnl area. IhLWXl (m ttw rnlcllluti(ms (Iisc(lww(t bt-h)w, wr expect the TS gl~~

gun with this Itt{lnrh t~lbc to prod~wr ]m)jrctilr v(*locitim brtwrcn 1,5 A 4 kll~/~. ‘1’llis

will rdlow us to do the IHE illitinti(m rxlm-imrllt~ wc lIIIVU iii ll~i[~d,



In or&r to help us decide the exact gun dimensions, a number of calculations using

the gun cade C&doped by Charters and Smgster5 (a copy of which resides on the LANL

Group M-6 VAX) were made to estimate TS gun performance when various parameters

were changed. This code vmq previously used to calculate the performrmce of our SS gun

(calculated projectile velocities were slightly higher than those measured) so we had some

confidence in the projectile velocities it calculates.

Because we do not want to deal with the problems of using hydrogen as the reservoir

gaa and do not require the extra velocity it provides, all calculations were done with helium

as the reservoir gas. In addition all gas breech calculations were done using helium as the

breech gas. This new gun will only use helium.

We started with the Stilp design and then made changes to pump tube length, launch

tube length, breech volume, and launch tube diameters to determine the best design pa

raneters. Of particuht.r interest ww the effectof changing the launch tube length and

diameter on projectile velocity. Increasing both the pump tube and launch tube lengths

from 4,9 m to 7.6 m increased projectile vciocity by about 0.3 to 0,4 km/s. Decreasing

the launch tube diameter from 50 mm to 33 mm (with the projectile m=s decreased a

corresponding runount, from 200 g to 50 g) !cd to incrm.scs in the projectile velocity of

about 2 km/s.

B~cline calculations for a pow~lcr driven TS gun with the (Imign parameters ofmlr gun

were mede, Results of these calclllatiorrs rue plotted in Fig. 2. 1.3rccch pressures bccomc

higher than we want somewhtm between n 2000 and 2500 g p~wdcr charge so a maxil]lum

projectile velocity of about 4.6 k]n/s WO(ll(l bc expcctw-i for t,llis setup. Calculntiwks wm

made with a 15,000 psi gas brrech substitute+ for the powder brmw.h to NC how m gns

breech driven g In would corl)l)iu~ to the powder tlrivcn gun, It brcmne chmi that this

system w~ nearly u gcd w n ]Jow(lcr brwxh in terms of I)rojcctilc Vrlocity but the

optimwn breech volume wtts unkll(>wll, The breech voltmlc WILY vnriml hol{ling nll other

parrunctm constant, F’iglm 3 SIM)WHhow the projectile velocity chtulgm with lwvcch

vol~,mle, We pickl 1.5 fts (42,5 litvrs) w thu dr~ign vol~tllw bwIiIIw this wx*IkIwlto Iw

in the are~ where project il~: vcl(xity gnil~s fr(m illcrrnsing the VOIIIIIW vwre illilli~]id. Ill

order to crdrulate the ovcrldl prrf(]rll~ml~”c of this lmxx-1~so thnt it wnlld br col])~mrc~l to

the pow<lcr driven gun l)~v-f(~rllmll(-(1slN)wI~ i[l Fig, 2, wr Iwml t,hi~ Imvcch vol Ilinr ulltl d]

the ~pplicttble pturtmcterw IIS(*(Iill (lit! I)ow(lrr Imvw’11 cnlclllldions, Kly ~nrying the brvcrh

premlm the g~ hrrwch prrf(~rl]lmlcl’ CIWVCSIIOWili Fig. 4 WILScidr{llnt.ml, An nttrll]])tto

fq)tilnizc sotnc of thu lmrnlllt’t(trs (sll(’tl l~s rwi{m’(~irI)rt’ssllr(’ N1l(Il)istoll lllnss) ~m~(llwr(l n

crdc~ll~tcd mnxiln~lln pr(}j(~ctilc w’:(wit,y of Iil)otit 4 kttl/w, hliikillg tilt- rolul~~wis~]l~I)f.twt’(’1]



the data of Fig. 2 and that of Fig. 4 indicates that the gas breech system gives a maximum

projectile veloaty about 13% less than the powder breech, Based on this analysis a double

diaphragm gaa breech was designed,

We also did a number of calculations for a gas driven TS gun with a 33-mm diameter

launch tube. The data plotted in Fig. 5 show the projectile velocity as a function of mmr-

imum reservoir pressure (one of the important calculated numbers). Several parameters

were varied to produce this data. We expect to keep our maximum reservoir (transition

section) pressures below 200,000 psi so the data indicate that, with a projectile mass of 50

g, projectile velocities be,tween 4 smd 7 km/s will be obtained from this gas driven TS gun

setup. The~ data confirm the earlier statement that projectile velocity incrc~s of up

to 2 km/s may be attained by replacing the 50-mm dimncter launch tube with a 33-nim

diameter launch tube.

Our Final Gun Configuration

These calculations (and others not discussed) helped considerably in setting the final

gun design, using the Stilp design as a starting point. The pump tube and launch tube

lengths were increased from 4.9 to 7.6 m, the TS powder chrunber volume w incrcn-scd

from 2,7 liters to 4.3 liters, and a gas breech with a vohunc o! 42.5 liters and a 15,000

psi pressure cap~bility was designed. 13tuwd on our design, the following gun parts wxrv

purchased from Honematic Machine Corporation”: a 100-mm dia.rmter pump tube 7.6 Ill

long; threr launch tubes 7.6 mm long, two of thcm had ~ bore of 50 mm and one hml it

bore of 33 ,mn; two transition sections, one with a ten-dcgnw included angle transit ion

and the other with a twenty-rhgree included ax]gle trrmsit, ion; three huge “bayrmct tyl)(’”

hydraulic clamps; a SS powdm brcccll; a TS powflrr breech; tud tbc gas breech.

GAS Breech Design



The original gas breech design for the TS gun included only a double-diaphragm pack-

age. It was baeed on the 15,000 psi double- diaphragm breech we have routinely UA

on our SS gun for several years. After we looked carefully at the data plotted in Fig. 4,

it became apparent that breech pressures between 3000 and 8000 psi produce projectile

velocities between about 1.5 and 3.0 km/s, the rrmge where we expect most of our shots

to be done. Since a wrap- around breech design could be operated in this pressure regime,

we decided to mochfy the breech design to include a wraparound insert in addition to

the double-diaphragm insert. We had been involved with the design and fabrication of

another SS gEMgun breech which had interchangeable inserts for wrap-around amd double-

diaphragm operation~ so the breech irvsmts were b~ed on this cicsign. Cross-sectional

views of the hydraulic clamp/br&ch arrangement with the double- diaphragm insert in

place and the wrap--mound insert are shown in Fig. 6. The wraparound unit will be used

in shots where breech pressures Ilp to about 8000 psi are required. The double-diaphragm

unit will be used for breech pressures between 8,000 and 15,000 psi.

The pump piston will act as the breech valve in the wrap-around mode so an aluminum

piston back with oring seals is being designed to perform this function. The front of the

piston will be polyethylene as is normally the case. Firing the gun is accomplished by

injecting g~ bel. ”nd the piston to start it moving and uncover the breech g~ channels

that connect the barrel to the breech volume.

The double-diaphragm unit is operated by pressurizing the breech to full pressure

while the. region between the two diaphragms is maintained at half the breech pressure,

i.e., each diaphragm has half the breed pressure across it. Firing the gun in this mode is

accomplished by slowly venting the gas between the tliaphrngms, causing the breech gn.s

to ovcrpressure the first diaphragm, then the second dinphrngln, and then accelerate the

pump piston. I%e uickcl dinphragxns approximately 5--mm ttiick will he used. They will

have V-shaped grooves machined in a cross pattern. The drpth of the grooves col]trols

the burst pressure. ‘l’his diaphmgln dmign is bad cm the (Iiaphrngrns now in usc on mlr

SS gun. Tile diaphmgms arc vxpcctcd to cost about $150 cuch , so {Ising the wrap- urolllld

breech will save the co~t of din])hrngn~s.

Schedule for Gun Inst~llntion



expect this to be completed in October. The hydraulic power packs for the clamps have

been purchased but must be installed. All the various gun and building interlocks and

control points must be defined and wired to the gun control panel. A TS gun control

program must be devdoped by modifying the SS gun control program. Pressure tests (to

25,(KKIpsi) of all the gun parts will be made while they are clamped in place = they will be

on the gun during a shot. Three separate tests will be required to test all the launch tubes

and breeches. This will be done before the gun is operated. In addition a DOE required

operational readiness review must bc completed and the gun setup approved before it can

be used for routine testing. Because many things are yet to be completed, we expect to

start testing the gun in early 1993. If all goes well, IHE experimentation will begin shortly

after.
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at DF-Site including the support structure
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Figure 2. Plot of results of projectile velocity versus powder breech
char~e mass calculations for a 1S powder gun with the design param-
eter ud.icated in this paper. The launch tube waa 50-rnm diameter
and the projectile mass 200 g.
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Figure 3. Results from calculations to determine the optimum gas
breech volume. The volllme wu changed while all the other pare.rne-
tera were held constant. The gun configuration was the g~m described
in this paper. The launch tube wa~ 50-mm diameter rmd the projectile
ma99 200 g.
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Figure 4. Plot of projectile velocity versusgaa breech pressure for
the as breech (volume 1.5 ft3 driven gun described in this paper.

1 1The aunch tube was 50-mm iameter and the projectile mass was
200 g.
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Figure 5. Plot of projectile velocity versus gas breech prmmre for
the gas breech (volume 1,5 fts ) gun described in this pnper. The
launch tube was 33-mm diameter and the projectile mass was 50 g.
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Figure 6. Crosssection of the gas &ec.h/pump tube joint with the double di-
aphragm p=k=ge in place. A cross-section of the wraparound insert is also shown.


