UNCLASSIFIED

AD NUMBER

AD848899

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM

Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; 27 Dec
1968. Other requests shall be referred to
the Unisted States Naval Ordnance
Laboratory, White Oak, MD, 20910.

AUTHORITY

NOL 1ltr, 15 Nov 1971

THIS PAGE IS UNCLASSIFIED




ane

_._..“..,,
I
,v.‘
d"'

SETBACK-SPIN SIMULATOR FOR 5~INCH
AIR GUN
(Fina! Daslign Teik Report)

N N O l 27 DECEMBER 1968

UNITED STATES RAVAL CRORAKCE LABORATORY, WHITE DAK, MARYLAMD

/ 209/ &

V
This document is sblect totpecial axport contiois
and sach traranittul to forelgn governmants or

NOLTk 68-219

,, foreign natlonais may be made only wirk rilor
ot approval of NCL.

-

Y TR

it e
I o Lot

RNt

[t S0
Ty

TP MY TR

=




* DISCLATMER KOTIC

THIS DOCUMENT IS BEST
QUALITY AVAILABLE. THE COPY
FURNISHED TO DTIC CONTAINED
A SIGNIFICANT NUMBER OF
PAGES WHICH DO NOT
REPRODUCE LEGIBLY.




NOLTR &4-219

SETBACK-8PIN SBIMULATOR
FOR 5-INCH AIR GUN
(Final Desiyn Task Ruport)

Prepared byt

V. F., DeVust
Environment Simulation Division

ABSTRANT: Described is a removable adaptor that ic used in the NOL
5-inch Air Gun to produce spin acceleration simultanecusly with set-
back acceleration. The adaptor consists of a rifled breech hlock and
a test vehicls with a l-foot long spin accelarator (spiraled drive
shaft)., Wwith ths adaptor, the 5-inch gun can impart a peak setdack
acceleration of 20,000g, a peak spin acceleration of 240,000 :ad/nccz,
and a spin velocity of 50 rps to a S-pound payload.

U, 8. NAVAL ORDNANCE LABORATORY
WHITE OAX, MARYLAND
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SETBACK-8PIN S8IMULATOR POR S5-INCH AIR GUN
(Final Design Task Report)

The Setback-8pin Simulator is the second of thres facilities author-
ized for development undar Office of Naval Matarial Task MAT 03L 204/
099 02 Ol Problem 010, Work on the first, designated as the "VHg
Impact Test Set', was completed and is reported in NOLTR 68-158,

Work on the third, the "Sstback-8pin Test Set", was terminated on
complation of the feasidility study; the need anticipated for testing
fuse components irn production 4id not materializa, and it was later
dstermined that gun-shock simulation at low velocity is inadequate
for most design testing. Noteworthy results of the feasidility study
aro included in Appendix AX. The Setback-gpin Simulator extends sig-~
nificently the cepability of the NOL 3-inch Air Gun and the state-of-
the-art in the simulation of artillery projectile shock., This report
conplates work on this task.

The author acknowladges the contributions of Mr. J. W. 8imkins of the
Product Ingineerin~ Department who was responsible for most of the
simulator design e.fort,

E. P, SCHREITER
Captain, USN
Commander
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INTRODUCTION

1, There has long been a need to simulate in the labdoratory the
combined effects of setback and spin accelerations produced in artll-
lery projectiles, In the past these snvironments have bsen invasti-
gated separately. Ths setback environment has baen simulated using
air guns (ref. (a)). For the most part, efforts in simulating the
spin environment hava been restricted to using accurately controlled,
motor-driven, high velocity spinners for purposes of studying the
performance of spin-actuated devices., Limitad spin-accelesration
invastigations have Leon conducted using jury-rigged apparatus; how-
ever, no permanenc facility exists for producing the spin accelera~
tions encountered in surface gun firings. The setback-ipin simulator®
combines in one test the effects of setdack and spin accelerations.

¢. The NOI, 5-inch air gun is used to similate other effects of
high-g shock not necessarily associated with artillery projectiles.
For this reason the setback-spin simulator was designed to be used
interchangeably with existing gun equipment; no changa had to he
made in the existing S-inch air gun design,

3. Before reaching the decision to design the sudbject simulator,
feasidbility studies on two explosive typs setback-spin simulators
were conducted at the Naval Weapons Ladoratory, Dahlgren, Virginia.
Noteworthy results of the studias are summarized in Appendix A. Also
presented in Appendix A is a brief summary of a study conducted on
the design of u setback-spin test set,

DESCRIPTION

G§§§§&L

. The simulator as adapted to the $-inch gun, figure 1, has the
capabilii - of attaining a 20,0009 setback acceleration, a 240,000-
rad/sec’ -ngular acceleration, and a 50-rps spin velocity. 1Its pey-
load capacity for the above parameters is 5 pounde. The test vehicle
tare weight, including the spin accelerator, is 10 pounds.

5. As shown in figure 2, the adaptor consists of two assemblies:
a2 chamber block (also referred to as bresch block) and a test vehicla
equipped with a spin acceleratcr (spiraled drive shaft), The breech
block provides the chamber for the accelerating air charge as well as
the release valve for firing the test vehicle. It also contains the
*Throughout this report "adaptor" and "simulator" are used

interchangeably,
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rifling in which the spin accelerator ghaft travels, The test

vehicle holds the test item (fuze or fuze component). The epin
ancraluratnr ahaft & r1n1ﬁ1v attarnhad A tha rarnk ~f tha taat uvaki~la

and travela with it durinq firing. Details of the simulator compo-
nents are descrided in the following paragraphs and are numerically
xeyed to figure 2,

When asgembled in the 5-inch air
758T6 aluminum, forms an air chamber
The block also contains air ports and

of 0,108 cubic foot.volumo.
a recessed seat that is part of the air valve for firing the test
vehizcls — the other part of the air valve is the test vehicle base,

7. R ING RING (I 2). Pirmly attached inside the chamber
block is a r pteel ring. Rifling is uniform at 7.5 degrees per
inch (n/2 radians psr fcot), Rssentially, the rifling consists of
four keys equally spaced inside the steel ring. The ring and che

chamber block remain fixed during firing.

8, OR (I 3). The spin accelerator is a 2-inch
diameter ~to0t long ow shaft fabricate~ from 758T6 aluminum,
The shaft contains spiraled grooves that imatch clcosely the rifling
Keys in the chamber block ring (see Item 2), The shaft threads into
the back of the test vehicle and ramains fixed to the vehicle.

PIN

9. T CL ITEM 4). Bxcept for the spin accelerator
(Item 3), est vehicle used in the simulator is the same as that
used in conventional tests run in the 5-inch air gun when the air
valve release is used — the cun also has a diaphragm release mecha-
r.ism which is used 1ntc:chlngeably with the air valve system, The
vehicle is bored out 2-1/8 irches in diameter by 7-5/8 inches deep
to receive fuze assemblies or fuzse components, The leading portion
of the bore has a 2-3/8 - 12 R,H, thread.

OFPERATION PRINCIPLE

AIR VALVE PIRING

. e S5-inch air gun is operated with two types of release
systems. The one moit often used, because of its high peak-sghock
efficiency, is the shear-diaphragm release — the release is
described in reference (a). A second system, an air valve ralease,
is used when more precise command firing is desired or when a longer
shock pulse rise time is required, The air valva release system
produces a peak acceleration that is approximately €62 percent of
that ottained with a shear-disphragm release system under otherwise
identical firing conditione, The air valve systam was selected for
usa with the simulatcr because the rise time of the shock pulse pro-
duced is much closer to the rise time of gurface gun ahocks than is
the rise time of tha Ailaphragm system shock. The pulge rise tims of
the diaphragm release is approximately 100 us; that of the air valve
relsase i3 approxinately 1 ms.
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11. The simulator release cperates on a quick-opening valve
principle., As shown in figure 2, the base of the tast vehicla and
thg 534t CI Ielées LAn tlie Clhaniuer L1Uus cuntalning the alr ports
make up the air valve mechanism, Tha air charge used to accelerate
the test vehicle is stored in an annular chamber around tha chamber
block and exerts a static force around the test vehicle through the
alr ports, The force 1s balancad since O-ring seals prevent pres-
sure from acting behind or ahead of the vehicle.

12, To fire the test vehicle, high preesure air i3 suddenly
released behind the vehicle through a separate valve (see blow-off
air chamber, figure 2). The pressure Adrives the test vehicle for-
ward until the back O-ring seal uncovars tLhe air ports, allowing the
air charge around the vehicle to escape, The prassure then acts
against the back cof the vehicle and accelerates it down the barraei,

TEST VEHICLE MOTION

13. Linear ani angular accelerations of the test vehicle cccur
simuitanecusly as the vehicle is fired and are proportiocnal for the
first foot of travel, €ince the spin accelerator grooves ars uni-
formly spiraled at one-guarter turn (n/2 radians) per foot, the
relationship between angular (a) and linear acceleration (A) is

- s 1
@ = Agverage X I X T X T #¢

2

16.1 n Aavcrage rad/sec

CALIBRATION

SETBACK (LINEBAR) ACCELERATION

14, calibration of the 5-inch air gun using continuous reading
ascelarometers poses many problems. Closed gun firings 4o not easily
lend themselves to current state-of-the-art, hard-wire instrumenta-

tion which is the best technique for obtaining acceleration-time data.

Uaing this type of instrumentation the test vehicle must bs fired
toward the transducer cable. This is at best a hit-and-miss opera-
tion, However, by using mechanical gages as backup instrumentation
and by making judicious use of the known parameters of shock (firing
preasure, energy, computed vehicle velocity, etc,) it has been pos-
sible to calibrate the 5-inch air gun for setback acceleration with
acceptable accuracy (less than +5 percent error).

ANGULAR (SPIN) ACCELERATION

15, Measurament of angular acceleration using commercial shock
transducers and hard-wire instrumentation was nct attempted, ToO
raecord angular acceleration it is necessary tc mount the shock trans-
ducer tangentially on the test vehicle and transverse to setback
shock. <Commercial transducers cannot record with any acceptable

e S
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accuravy* any shock containing high amplitude ard high frequency

LTANSVerss sooponsonts such 2s thet corntained 4n the Goinch air gun

setback shock, Angular acceleration was computed using linear accel-
eration data and way measured with the WOX-SA Angular Copper-Ball
Accelsromater, referance (cj.

gag;g%g:;gg gfgunxg
« Continuous recording had been run originally on a 9,75-pound

tect vehicle using the air valve release system but containing no
spin accelerator, Oscillograms of the shocks recorded are shown in
fiqure 3. The same shocks ware also measured with a 2180-Hz, Mod 3
Copper-Ball Accelerometert®— a relatively Jecw frequency accelerometer
was selected in order to measure the peak of the fundamental pulse
(air gun shocks contain high frequency components)., The peaks meas-
ured continuously were 67 percent of theoretical; those maasured with
the copper-ball accelerometer were 85 pesrcent of theoretical or 25
percant higher, The dazata are compared in figure 4,

17. The mechanical gags measursments described in paragraph 16
were repsated on an ll-pound satback-spin simulator vehicle to deter-
mine whethar epin acceleration and drag significantly resduced linear
peak acceleration. Tha sethack-spin vehicle measuremsnts were within
4 parcant of ths nonspin vehicle on the high side, figure 5.

PERFCORMANCE

18, To meet most artillery projectile requiraments the original
goals for the setback-spin simulator were 25,0009 and 250,000 rad/sec?
or higher, The prototype eimulator falls slightly short of these
goals. The acceleration levels, howsver, can be increased if the
efficiency of the gun is increased, Alternataly the levels can be
increased by increasing the chamber volume., This will necessitate
the langthening of the present gun barrel, Also, the simulator can
be easily adapted to diaphragm coperaticn which will increase the
efficiency. B8ee paragraph 22 for alternate design propoeals.

19, Because of apin accelerator space limitations (i foot of
travel), ths angular acceleration duraticn of the test vehicle is
relatively short -- approximately one-quarter of the linear accel-
eration &Quration, This results in & spin velocity of S0 rpe. Cur-
rently there are no requirements to test at higher spin velocity;
however, if higher spin is required this may be accomplished by
increasing the spiral angle of the spin accelerator,

20, The mechanism for combining linear and angular acceleration

is relatively simple and provides a positive means of determining
levels of angular acceleration if the linear acceleraticnh is known,

- e i P G N W A S S S G T R SR S R et wm e T e e ot N am S e S e S e S AR R N AP A R - —

*signal error in commercial transducers is discussed in refexsnce (d),

*tcge reference (d) for dascription of iccalaromaters,
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CONCLUDING COMMENTS

21, The success achieved with the prototype simulator haas showm

Mabr wd €1 d o mme m trmad Aammemabd il dm awmamtR vanra md e aiimae A @l
FRA* W P N S ) ﬁA)‘: AR~ YN -0 - \—v‘t!ruh---—hl - AL W e e - - ek e b Rkl - - —

late the ef{acts of artillery projectile sghocks. But thers still
remain some problems tc be solvaed in air guns to improve simulaticn.
The shccks produced ghould be longer in duration and the spin
velocity should be higher. Such effects as torsional chatter and
barrel slap shiculd be simulated along with setback and spin
acceleration,

22, Future effort ashould be directed “oward achieving the above
goale, The proklem is not considered a difficult one; essentially
{t meanes incraasing firing pressure by about 25 percent and doubling
chamber volume., The present 5-inch air gun has only about 50 feet
of barrel; extending its length to 200 feet would greatly increase
its efficlency. Wwith the longer barrel, in-bore rifling could be
used and extanded to 4 faets this would increase considaradbly the
spin velocity and acceleration capability of the gun, OCne achems
for producing torsional chatter and harrel slap is to increase the
cleavance between the spin acceleratcor and :14fling ring and between
ttie gun bore and test vehicle,
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Appendix A
SUMMARY OF PFEASIBILITY BITUDIES

A-1, TFeasibility studies were conducted as part of the design
effort for both the Setback-8pin Simulator and the Setback-3pin Test
Set, 8tudies on the simulator were conducted at the Naval Weapons
Laboratory, Dahlgren, using a 3"/50 gun; studies on the test set
were conducted at NCL using a sub-scale model,

GUN STUDIRS

A-2, e initial propesal for a setback-spin simulator suggested
the use of axplosives to accelerate the test vehicle (projectila).
Feasibility tests were run on a 3"/50 qun system using standard pilot
sjection cartridges in a special adaptor and using reduced charges in
standard cartridges to accelerate the test vehicle (modified 3';50
projectiles).

A-3, For the first series of tests a Mk 3 Mod 1 pilot ejection
cartridge was adapted to a 3%/50 cartridge and a test vehicle was
made up from a standard 3"/50 projectile, The inert charge was
removed from the projectile and the engraving band was pregrooved to
match the rifling, The cartridge case and test vehicle had the same
fixed ammunition configurations as standard 3%/50 rounds. The
assambly is shown in figure A-l. The cartridge sslaected for the
test had a rated energy output of 64,000 ft-1b and a rated nominal
peak pressure output of 20,000 pei.

A-4, Three shots were fired using the cartridges., Results of
the tests were negative. Gas blowby in the gun was sxcassive for
the limited energy of the cartriidge. The highest vehicle velocity
achieved was 220 fps or about 20 percent of ths minimum design objec-
tive for an adequate setback-spin simulator, Alac, the setdback shock
measured was an order of magnitude lower than that measured in 5"/54
and 5%/38 guns, reference (e).

A-5. In the seccnd series of tests standard 3"/50 ammunition
with inert projectiles and reduced charges waaz used., By limiting
vehicle velocity to about 1000 fps it was estimated that gun blast
could be reduced sufficlently to permit gun firings in the open at
NQL.

A-6, Five tests were run using charges ranging fzom 17 percant

to 25 percant of full, Velocities ranged from 981 fpe to 1273 fpas —
full churge velocity is approximately 2800 fps. In the opinion of

A-1
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WE.D Main Range personnel, gun biast at 981 fps wag nc louder than
that normally produced by a high powared rifle: howevaer, at reduced
charge the peak dreech pressure at the lower valocities dropped to

lasa than 20 narrant Af ful)l charaa ‘Tha rafucad nrassiraas wara ~on-

sidersd to be too low to achieve ndcqu&te peak acceleration for
fatbaak-gpin simulation,

A-7. The principal disadvantage in using explosive: to accel-
erate test vehicles, aside Zrom safety and noise considerations, is
gas dlowdy. There is no practical way to meal rifled guns for effi-
cient eperation at reducad charge. The only alternative would be to
oparate adove 50 percent of full charge; however, the cost of pro-
viding a noise darrier for the gun and higher capacity recovery
favilitias would be prohibitive. As discuased in the body of the
z:port, this schome was absndoned in favor of one using compressed
air.

TRST sgg S8TUDIES
A-B, e Setrack-5pin Test Set proposed for development suggested

the use of colliding vehicles to provide maximum impact velocity
changs over a limited travel 4istance and to absorb impact loads
betwawn colliding masses instead of with maessive foundations or
seismie platforms, B8uccess of the proposed method dapended chiefly
on the feasibility of releasing two test vehicles simultaneocusly,
To study the performance of a mechanical release for the vehicles
and other design features, a one-eighth scale, working model of a
prototype test set was designed and constructed. Figure A-2 shows
the dasic test set design and lists its principal parts,

e e R —— T -

A-9, Briefly, the prototype design shown proposes the use of
shook aord, part no. 9 (rubbar bands in the model), to propel the
tast vehiclss and a common drive shaft with opposing s>rew threads,
part no, 18, to cock the system. The lead screw was driven Dy a
small electric motor and a gear reducer, part no., 1l9.

A-10, The tester cperatas as follows.

e

a. Two release mechanisms, part no, 17, engage the test
vehicles and are driven by a screw-threaded shaft, part no. 15, in
opposite directions to the ~~cked position shown in figure A-2.

ST ey emy e ey
— =

4
- b. A common cam shaft, part no, 16, is turned suddenly
| i to depress the release pawls, part no. 14; thus the shaft simul-
| * tanecuely releases both vehicles,

|

each other until they collide. 'The first collision occurs between
the lightwaight fuze holder, part no. 5, and ths impact vehicle. At
impact the pin holding the fuze holder, part no. 4, shears and the
holder is driven back and into the tes: vehicle., As the holder

: accelerates linearly inside the test vehiclae, two keys, part no, 3,

: projecting into the helical grooves of the holder, spin the holder.
: After impact with the holder, the impact vehicle collides with the

|
{
¢. After ths vehicles are released they accelerate toward ' ’ ﬁ
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test vehicle and the fuze holder is stopped by a lead pad, part ne., 1,
ag it strikes the rase of the test vehicle — the pad is attached to
tha bama nf tha fuza hnldar. This ramnlatas tha teat ~uvsla

A-1l1, 1In the propoeed test set design maximum velocity change of
the [uze holder was to be achieved by making optamum use of vehiclie
momentum, The proposed test set was to have vehicles of equal waight
(gross) and a fuze holder of approximately one-tenth the waeight of
the impact vehicle. The fuze holder impact pad, part no, 7, was teo
have a high impact coefficiant (coefficient of restitution) to pro-
vide maximum rebcund velocity of the holder during impact, The
principle of operation is as follows,

a. Both vehicles, accelerated by the same force, reach
the same velocity at the instant of impact.

b. At impact the fuze holder is stopped momuntarily by
the impact vehicles its velocity change at this instant is equal to
its Btriking velocity,

c., Because the impact vehicle has a larger mass (10 to 1),
its velocity changes little during impact with the holder; therefore,
it adds its remaining velocity to the velocity changs of the fuzs
holder.

d. Rebound of the holder after impact further increasss
its velocity change. The increase depends on the impact coefficient
of the colliding compcnents,

A-12., The operating principle can be described in quantitative
terms by computing the motion of the colliding masses using the con-
servation of momentum method. Plans for the full scale test set
called for vehicles of 50 pounds, witn the test vehicle carrying a
S~pound fuze holder. Vehicle valocities were to be 50 fps. The
material for the fuze holder impact pad waes to be "Delrin”, a high
strength plastic with a high (0.8) coefficient of restitution -- see
reference (£f). The equations of motion and computations for the fuze
holder and impact vehicle for the above-mentioned design parameters
a.e as followsg:

wiVy ¥ wgVg = WV, ' b wpvy ! (1)

e{vy - va) =vy' - v, (2)

where wy = 5 1b, = 50 1b, vy = 50 fps, v; = -50 fps, sand e = 0,8,
Subntituting in (w3 and (2) and solving the egquatiors simultaneously:

5 x 50 + 50(-50) = 5v, ' + 50v;'

0.8[5 = (=50)] = -v, ' + v3'

A-3

» w———— "~
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~2250 = Bvy' ¢ 50v, !

“2200 = 50V3 'o- SOV, !
-44%0 = 53v, '
v,' = -8l fps

The fuze holder velocity change is equal to its striking velocity
plus its velocity after impact or 131 fps, This is 160 percent of
the velocity possible with a single vehicle assuming zero bource.

2-13, The modesl tests ware run toc study the release action and
motion of the vehicles with high speed photography, Releases were
rmade with the cam shaft actuator, part no, 12, operatad manually at
speads ranging from approximately one-half to one second, PBEvan at
the slowest actuation time, relense of doth vehicles resulted in
impacts within one-aighth inch of dead ctenter. Vehicle velocities
were approximately 35 fps in all tests,

A=14, Results of the study clearly indicate that a mechanical
release is feasible for achieving simultansous release of high
velocity vehicles, In the full scale test set the cam shaft actuator
would normally ba actuated by a fast-acting solenoid or pneumatic
plunger and actuation time would be much faster and more positive,
Assessmant of the design and operation of the model tast set showed
gengrally that a full scale test set could be designed along the same
li?:n as the model, The salient features of the design are as
follows.

a. The machine frame, part no, 18, would require no
massive emplacemant since all reaction forces are taken up by the
vehicles (are balanced).

b. The vehicles are safely contained in a closed tube,
part no. 11,

c. A large accese door, part no, 8, makes loading and
unloading of the test item sasy. Also, the access door and short
travel of the vehicles makes instrumentation of the tester much
simpler,

d., The design is compact snough for a portable test set.

e, Tha design is not restricted to setback-spin test set
applications only; it can be adapted for producing other high
velocity impact shocks,
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test vehicle and the fuze holder ia stopped by a lead pad, part no. 1,
as it strikes the base of the test vehicle — the pad is attached to
the base of the fuze holder. This completes the test cycle,

A-11, 1In the proposed test met design maximum velocity change of
the fuze holder was to ke achieved by making optimum use of vehicle
momwentum, The prouposed Lest a6t was €0 nave vehicles of cguzl weighe
(gross) and a fuze hcolder of approximately one-tenth the weight of
the impact vehicie, The fuze holder impact pad, part no, 7, was to
have a high impact coefficient (coefficient of restitution) to pro-
vide maximum rebcund velocity of the hoider during impact. The

principle of operation is as follows,

a, Both vehicles, accelerated by the same force, reach
the same velocity at the instant of impact.

b, t impact the fuze holder is stopped momentarily by
the impact vehicle; its velocity change at this instant is equal to
its striking velocity,

c. Because the impact vehicle has a larger mass (10 to 1),
ita velocity changes little during impact with the holder:; therefore,
it adds its remaining velocity to the velocity change of the fuze
holder.

d. Rebound of the holder after impact further increases
its velocity change, The increase depends on the lmpact cosfficient
of the colliding components

A-12. The operating principle car be descriked in quantitative
terms by computing the motion of the colliding mapses using the con-
servation of momentum method. Plans for the full scale test sat
called for vehicles of 50 pounds, with the teat vehicle carrying a
S-pound fuze hoclder. Vehicle velocities were to be 50 fpe. The
material for the fuze holder impact pad was to be "Delrin”, a high
strength plastic with a high (0.8) coefficient of restitution — see
raference (f). The equations of motion and computations for the fuze
Lolder and impact vehicle for the above-menticned design parameters
are as follows:

WiV, f wavg = w v, b wavy ! (1)
e(vy, - v3) =vy' - v, ' (2)
where w, = 5 lb, wg = 50 1lb, vy = 50 fps, v; = -50 fps, and ¢ = 0,8,

Substituting in (1) and (2) and soiving the cquations simultaneously:

5 x 50 + 50(-50) 5v, ' + 50vy '

1

0.8[5 - (-50)] = -vy; ' + v3!

A-3
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—2250 = 5v, ' + 50v, '

-2200 = 50v, ' - 80v,'
~44350 = 53v, '
vy ' = ~-Bi fps

The fuzc Nhwolder velocity change is equal to its striking velocity
nlug its velcecity aftear impact or 131 fps., This is 160 percent of
tha velocity possible with a single vehicle assuming zero bounce,

M3, The model tests were run to study the release action and
motion of the vahicles with high speed photography. Releases were
made wiih the cam shaft actuator, part no, 12, cperatad manually at
rpeeds ranging from approximately one-half to one second, Even at
the slowast actuatior time, releaze of both vahicles resulted in
irpacts within one-eighth inch of dead center., Vehicle velocities
wera spproximataoly 25 fps in all tests.

A~14., Results of the study clesrly indicate that a mechanical
relasawe is feas.bla for achieving simultaneous release of hijh

velocity vehicles. In tha full scale tsst set the cam shaft actuator

wouyld normally be actur ~ed by a fast-acting solencid or pneumatic
plunger and actuation time would be much faster and more positive,
Rssagspnent of the design mnd cpesration of tho model test et showed

getierally that a full scele ~ss: set could be designed rlong the same

linga as the model. Thra salient features of the design are as
tollows,

a. The :nachine frame, part no, 18, would require no
massive srplacemont since all reaction forces are taken up by the
vehicles (are »alancad).

b, The vehicles are safely contained in a closed tute,
part no. 11,

2. A large arcess door, part no, B, makas loading arnd
unloading of the test item easy. also, ths access door and short
travel cf the vehicles makes instTumentation cf the tester much

simpler.
4. The dusigrn is conpact ehnocuya for a portable test set.

. The design is not restricted to setbuck-spin test 3et

applications only; it cai. be adapted for producing other high
va'ocity inmpact shocke.
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