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Abstract 
An impact test technique using the 35-ft centrifuge located in Area III at Sandia 
National Laboratories in Albuquerque, New Mexico is described. An Accident 
Resistant Container was thrown into a hard target at impact velocities of up to 
425 ft/s using the tangential velocity of the centrifuge. The dynamics of motion in 
a curvilinear path, design considerations and limitations, hardware, target setup, 
release mechanism, and instrumentation are discussed. 
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Nomenclature 
V general velocity(ft/s) 

V,. velocity component in radial direction (ft/s) 
VD velocity component in angular direction (ft/s) 
r radius measured from center of centrifuge rotation to ARC unit (ft) 
0 angular displacement of centrifuge (radians) 
a general acceleration (ft/s2) 
w angular velocity of centrifuge (radians/s) 
Bg gravitational acceleration (32.2 ft/s2) 
CG location of center of gravity of test unit 
G a/Bg (dimensionless) 



High-Velocity Impact Testing of 
an Accident Resistant Container 

Using a Large Centrifuge 

Introduction 
The Area III 35-ft centrifuge at Sandia-Albuquer- 

que has the capability to achieve a rotational velocity 

up to 15.2 rad/s, which corresponds to a maximum tip 
tangential velocity of 558 ft/s (380 mph). This velocity 
regime (0 to 380 mph) is convenient for releasing test 
items from the moving arm into a hard target. Test 
costs are relatively inexpensive when compared to 
other methods of impact testing, and a multitude of 
tests can be performed in a short period of time once 
the experiment is set up. 

The impact idea is not new for the 35-ft centri¬ 

fuge. In the early 1970s the centrifuge was used to 
release Accident Resistant Containers (ARCs) into 
various hard targets at velocities of 275 ft/s (180 

mph).1 
A renewed interest in ARC designs with more 

stringent survivability constraints created a need for 

more ARC impact testing. The Trident II Warhead 
Division 5153 at Sandia National Laboratories de¬ 

signed a new Accident Resistant Container which 

required impact testing up to 425 ft/s (290 mph) into a 

hard target to verify its structural and functional 
adequacy.2 

It is the purpose of this paper to describe the new 
test parameters and techniques of ARC impact centri¬ 
fuge testing, which are substantially different from 
previous ARC testing. New fixturing and different 
release circuitry and mechanisms have improved the 

test technique. The report will also show once again 
that impact testing using the 35-ft centrifuge is a 

feasible alternative to other impact test techniques. 

The general velocity equation in vector notation 
and polar coordinates (Figure 1) for a moving particle 
in a curvilinear path is as follows: 

V = r ri + rMi (1) 

where 

V.=r 
V, = r0 

VTOT = W + v?)172. 

Since r is constant before the unit is released, then 

V,=0 
V, = r0 . 

Hence, 

V = r6 0i . (2) 

In the postrelease condition, it is assumed that 

•initial ;= "tangential 
= w 

i 

and therefore, 

V^ct ss re . (3) 

It may be further noted that 6 is rotational veloci¬ 

ty (i), and therefore impact velocity is given by 

V = TW. W 

Dynamics of Motion in a 

Curvilinear Path 
In analyzing the ARC experimental setup, it is 

important to understand the governing equations of 
motion as applied to ARC centrifuge testing. 

Taking the derivative of the general velocity equa¬ 
tion (1) above gives the acceleration components (Fig¬ 

ure 2) in Eq (5): 

a = (r - r02) r, + (r0 + 2r0)0i . (5) 



Note that 

r == Acceleration along radius in the ab¬ 

sence of change of 9 
. 

—r02 = Normal component of acceleration if r 

were constant as in circular motion 

(centrifugal accel) (8 is due to fact 

that system is rotating). 

r§ = Tangential acceleration which parti¬ 
cle would have if r were constant, but 
in only a part of acceleration due to 
change in magnitude of Vo when r is 

variable (0 is zero at constant rpm) 
2r0 == Comes from two effects: 

a) change in magnitude of V( due to 
change in r 

b) change in direction of V,. 

Since r is constant, both the first and second 

derivatives of r are zero. Also note that at constant 

rpm, the second derivative of 0 is zero also. Therefore, 
the general acceleration equation simplifies to: 

a = r (<92) 
. 

Substituting &) for 0 in Eq (6) gives 

a = r (c.2) 
. 

These two simple velocity and acceleration equa¬ 

tions, (4) and (7), are used as the basic design parame¬ 
ters for setting up the ARC experiment on the centri¬ 

fuge. 

- r 

- COORDINATE SYSTEM 

r, = RADIAL (NORMAL) UNIT VECTOR 

0, = ANGULAR UNIT VECTOR 
A = MOVING PARTICLE 

Figure 1. Coordinate System 

(6) 

(7) 

; PATH 

a r = r' - r 6 2 

Figure 2. Acceleration Components 

Design Considerations 
The hydraulically driven 35-ft centrifuge has the 

following design capabilities and limitations: 

Maximum Speed (faired) 

Maximum Speed (unfaired) 
Payload Limit 
Dynamic Load Limit 
Maximum Normal Acceleration 
(1800-lb payload @ 35 ft) 
Overall Length of Rotating Arm 
Radius (center of rotation to 
payload bay) 

15.2 rad/s (145 rpm) 
8.4 rad/s (80 rpm) 
10,000 Ib 

450,000 G-lb 
245 G's 

56ft 
35.5 ft 

. 20.5 ft Radius (center of rotation to 
counter weight end) 

The ARC experiment had a design impact velocity 
of 425 ft/s, which corresponded to a centrifuge rota¬ 

tional velocity of 108 rpm. At a 37-ft test radius, the 

entire payload would see up to 148 G's before release 
of the test item. At 148 G's, the dynamic load limita¬ 
tion on the machine limited the entire payload weight 
to 3000 Ib. 

With the above design constraints, a fixture was 
designed such that the container could impact the 
target axially, longitudinally, and at a 45° angle of 
attack. The fixture also allowed the unit to rotate 
about its CG, so that a normal impact would occur on 
the hard target (Figure 3).1 
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December 1972. 

Figure 3. Free-Flight Environment of the Test Item 

Hardware 

ARC Unit 
The 85-lb quarter-scale ARC unit was a 12.770- 

in.-diameter cylinder that was 26.996-in. long. There 
were three Endevco accelerometers (model 7270A) 

mounted within the main warhead cavity of the con¬ 

tainer, with one instrumentation cable coming out the 
side of the canister (Figure 4). Ten feet of instrumen¬ 
tation cable were wound in "accordion" style so that 
the cable would not break until after impact. 

Centrifuge Fixture 
The centrifuge variable angle fixture (Figure 5), 

designed specifically for the quarter-scale ARC, has 
the capability to withstand a 220-G load with a 100-lb 
container mounted to it. (Reference 3, Figure 6, and 
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Figure 4. Quarter-Scale ARC 
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Figure 6. Plan View of Centrifuge Variable Angle Fixture 

KEVLAR STRAP 

ARC Unit: 

Target Area 
The amount of mass required to prevent the im¬ 

pact target from moving was determined from an 
impulse-momentum relationship. Hence, an impact 
target (Figure 7) consisting of a reinforced concrete 
block 5 X 2 X 12 ft (-18,000 Ib) faced with a steel plate 
4x8X2-in. (~2600 Ib) was designed to absorb the 
impact loads of the ARC. Of course, the CG of the 
impact mass was difficult to hit with the container, 
and bracing of the block was required to keep the 
block from rotating during every shot. 

A major concern in the target area was the re¬ 
bound of the ARC into the path of the rotating 
centrifuge arm. It was possible that the ARC could be 

"batted" oui of the 48-ft-diametor bullpen that sur¬ 
rounds the centrifuge. Hence, three catcher sandboxes 
(12x12x1 ft) were placed on the ground in front of 
the impact area to absorb some of the rebound energy 
of the container. 

High-speed cameras were mounted for orthogonal 
views of the angle of attack of the unit. A 2000- 
frames/second (fps) camera was mounted on the over¬ 
head bridge crane structure, and a second 2000-fps 
camera was mounted on top of the bullpen wall. An 
overall camera set at 400-fps monitored the entire 
impact area. A real-time videotape of tlie event was 
recorded for each sliot, and a videotape of impact 
testing is available. 
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TECHNICAL DATA SHEET 

HOLEX SERIES 2800 GUILLOTINES 

DESCRIPTION 

The HOLEX 2800 Sonei Guillotine* are small, propellant actuated cuttin9 device* . The unit it electrically ini¬ 

tiated and a propellant charge drives • piston with a wedge-shaped knife through the cable, hose or bolt loca¬ 

ted in the guillotine opening. The severance of the cable, lube or bolt is clean and practically silent. The unit 

does not give off shrapnel in operation, and may be fired without a cable or tube in the opening without dan¬ 

ger of fragmentation. The HOIEX Model 2800 Guillotines are classified as "Class C" Explosives and may be 

shipped by either Air Express or Air Freight as well as by surface transportation. The 2800 Series Guillotines 

are * simple, reliable, efficient and safe unit for accomplishing rapid severance of mechanical units. Tho 

significjnt chjracterittics of these units are given below. 
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Figure 8. Holex Cable Cutter Data Sheet 
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It should be noted that the previous ARC test 
parameters (1970s) were slow enough (~1 revolution 
per second, rps) to allow the operator to energize a 

toggle switch between revolutions. However, the new 
ARC system was turning at nearly 2 rps, and the high¬ 
speed cameras had to be started 1 revolution before 
impact to allow the cameras to come up to speed 
before filming the impact shot. Hence, a different 
method of release was designed. 

To release the ARC unit at a specific location, a 

precise method of determining the position of the arm 
was needed. To do this the incremental shaft encoder 
on the centrifuge was used. This optical encoder, 
model number H25E-SS-6000 made by BEI Electron¬ 
ics, puts out 6000 counts per revolution (± 1 count) 
plus one reference pulse per revolution. Note that the 
encoder is normally used to determine the rotational 
velocity of the centrifuge while operating. The encoder 
is adjustable, however, on the shaft of the centrifuge 
and therefore the reference pulse can be changed to 
match the release point of the ARC unit. The exact 
release point of the ARC unit, plus the delay time of 
the Holex cable cutter, was determined and the refer¬ 
ence point of the encoder was adjusted to match this 

point. The reference pulse was then fed to a timing 
counter that was used to start the high-speed cameras 
and to activate the firing circuit for the Holex cable 

cutter. The timing counter was activated by the facili¬ 

ty operator when the centrifuge was at the speed 

requested by the test consultants. Once the timing 
counter was activated, it caused the high-speed cam¬ 
eras to start the first time the centrifuge arm passed 
the release point, and activated the firing circuit for 
the Holex cable cutter the second time the centrifuge 

arm passed the release point. 
To compute the delay time in the timing system, a 

Nicolet high-speed digital scope, model 2090, was 

used. The reference pulse, at the encoder, was fed to 

one channel of the scope, and a break wire that was cut 
by the Holex cable cutter was fed to the second 

channel. The system was activated by the reference 
pulse, which was recorded on the first channel, and the 
Holex cable cutter fired which in turn cut the break 
wire, giving a second pulse that was recorded on the 
second channel. The difference in the two pulses on 
the scope represented the actual delay time in the 

complete circuit, including the long lead lines and the 
propagation time of the explosive charge in the Holex 
cable cutter. This time delay turned out to be approxi¬ 
mately 5.5 ± 0.5 ms. Because of the monetary expense 
involved in using an actual Holex cable cutter for 
circuit time delay determination, only 5 trial runs 
were made. The release time was very repeatable, but 

inherent noise problems caused by the long lead lines 

and the old slip rings were of a large enough voltage 
amplitude to cause the SCR to go into conduction 
accidently. This in turn caused a spontaneous firing of 
the Holex cable cutter. There were three such inci¬ 

dents in the ARC test series. It was felt that this 

problem could be solved in the future by optically 
coupling the timing circuit and the firing circuit. 

To test the position of the release point, an audi¬ 
ble detector was connected to the reference pulse 
signal and a plumb bob was connected to the CG of the 
test item. By using this system, the exact release point 
was located by rotating the centrifuge (by hand) to the 
release point until the audible detector sounded. After 
this point was located, a distance equal to the time 
delay was added in and the new release point was 
shifted by this amount. 

Conclusion 
Impact testing at the centrifuge in Area III pro¬ 

vides a convenient method of testing the structural 
and functional adequacy of a consultant's design of a 

test item. This process, although not a new one, has 

been refined to allow higher tangential velocities and 

more accurate release points. It is a relatively inexpen¬ 
sive impact test method with a quick turnaround time. 

A major advantage to impact testing on the centri¬ 

fuge, as opposed to other impact test environments, is 

that it allows the test consultants to do an instrumen¬ 
tation precheck, once at the required velocity, before 

actually releasing the test unit. This would allow the 

consultant to abort the test without destroying the 

test item. The test item must, however, meet the size, 

weight, and velocity constraints mentioned within this 

report. 
A total of 16 actual test units were impacted into 

the target. Some of the 16 were instrumented with 

accelerometers located at the center of the warhead 

container, and others were thrown without accelerom¬ 
eters to verify the structural design of the unit. All 

information from these transducers is given in Refer¬ 

ence 2. 
The high-speed camera coverage that is available 

through Sandia's photometric division allows a de¬ 

tailed viewing of the events that occurred during 
impact of the test item into the target area. It was 
noted in the films, however, that the Holex cable 

cutter fired randomly in approximately 2 out of every 
10 container releases. This is due primarily to the 

inherent noise problems caused by the long lead lines 

and old slip rings on the 35-ft centrifuge. 
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APPENDIX 

IMPK-CHK: 

CHECKLIST FOR IMPACT FIRING AT THE 35-FT CENTRIFUGE 

BEFORE WIRING THE HOLEX CABLE CUTTER: 

___ 
1. "IMPACT FIRE TIMING PANEL"—POWER OFF 

___ 
2. "IMPACT REMOTE FIRE PANEL"—KEY SWITCH IS OFF & ARM-SAFE 

SWITCH IS IN "SAFE" POSITION 

___ 
3. 28-V POWER SUPPLY IN DOGHOUSE IS OFF 

4. WIRE CABLE CUTTER ACCORDING TO SOP #06801 8705 

BEFORE TEST 

___ 
5. TURN 28-V POWER SUPPLY ON 

(Note: This supplies power to the firing circuit in the doghouse) 

___ 
6. "IMPACT FIRE TIMING PANEL"—POWER ON AND PUSH RED RESET BUTTON 

(Note: Energizing the "IMPACT FIRE TIMING PANEL" will energize the 12-Vdc power supply. See 

schematic impact release mechanism) 

___ 
7. BRING CENTRIFUGE UP TO REQUIRED RPM. 

___ 
8. START 10-SECOND COUNTDOWN 

___ 
9. AT COUNT 10—"IMPACT REMOTE FIRE PANEL"—TURN KEY SWITCH ON 

___ 
10. AT COUNT 1—'IMPACT REMOTE FIRE PANEL"—ARM-SAFE SWITCH TO "ARM" 

(Note: When Key switch and toggle switches are both energized the 12-Vdc is applied to the remote fir¬ 

ing circuit.) 

___ 
11. AT COUNT 0—ENERGIZE TOGGLE SWITCH ON TIMING BOX 

(1ST REV. CAMERAS ARE TURNED ON) 
(2ND REV. CUTTER IS FIRED) 

AFTER RELEASE 

___ 
12. "IMPACT FIRE TIMING PANEL"—POWER OFF 

___ 
13. "IMPACT REMOTE FIRE PANEL"—KEY SWITCH IS OFF & ARM-SAFE 

SWITCH IS IN "SAFE" POSITION 

14. 28-V POWER SUPPLY IN DOGHOUSE IS OFF 
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