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SUMMARY

The six-inch vertical impact facility was activated at AFAMRL in 1977. The
vertical impact facility assembly consists of a pneumatic-hydraulic actuator, a
20-foot rail system, specimen carriage, and several support elements compli-
mented by instrumentation, operation and safety instructions, and data-reduction
systems. This report describes the operating principles of the vertical impact
facility and provides 11lustrations to assist the reader in the definition of
actuator configurations, selection of acceleration and deceleration metering
pins, and establishment of operating conditions. The carriage specimen-mounting
pattern and specimen weight 1imits are provided as criteria for the design of
test fixtures. A demonstrated performance table permits comparison of test
results as a function of input parameters for several actuator configuations.
Statistical results demonstrate the high degree of repeatability of the vertical
impact facility's performance.

The acceleration waveforms may be developed using formula coefficients, or
by the manufacturer's nomograph and thrust-displacement curve. A Tist is
provided of physical inputs to change in order to obtain a desired change in
resultant performance parameters.

The pneumatic circuitry of the operator's console is diagrammed to

j1lustrate control and flow of the nitrogen supply. Accelerometers, data
transmission, sfgnal conditioning, data recording, and quick-look data display
equipment are documented along with the timing control which coordinates the
activation and collection of the electrical, electronic and motion picture
photographic coverage. An illustration is provided of one type of off-board
photographic coverage.

Salient elements in the operation of the facility operator's and safety
monitor's stations during automatic control, manual test mode, or autofire
testing are discussed to emphasize operating rational and safety requirements.

Maintenance s discussed with concern for instructions, documentation,
safety, tools and equipment, performance intervals, procedures, and the per-
formance of signature tests. The appendices of this report document operating
instructions and safety precautions for each of the operators during set-up
and operation of the test facility and for a program that requires the rapid
return of the test specimen to the principal investigator following the test
event.
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INTRODUCTION

The Vertical Impact Test Facility is located in the Air Force Aerospace Medical
Research Laboratory (AFAMRL) at Wright-Patterson Air Force Base, Ohfo. This
vertical impact facility is one of a family of impact facilities at AFAMRL used
to investigate human impact exposure 1imits and conduct exploratory research and
development of impact protection equipment. The vertical impact facility is
also used to conduct impact tests of small equipment components, such as
instrumentation transducers, and to evaluate the dynamic response of impact-
attenuating materials.

The vertical impact facility is capable of a maximum thrust of approximately
40,000-pound force at a 2-inch displacement and approximately 20,000-pound force
at a 10-inch displacement. This device is one of a series of pneumatic-
hydraulic accelerators, described as 3-inch, 6-inch (1a), 12-inch, and 24-inch
HYGE shock testers designed and built by CVC Products, Incorporated, formerly
known as Consolidated Electrodynamics Corporation. The 6-inch HYGE, the largest
of the series that is vertically oriented, has the ability to utilize both
acceleration and deceleration metering pins. The deceleration pin permits
control of the terminal portion of the acceleration profile.

Background

Until 1969, Air Force impact investigations were carried out jointly by the
Aeromedical Research Laboratory (ARL) at Holloman Air Force Base, New Mexico,
and the Aerospace Medical Research Laboratory (AMRL) at Wright-Patterson Afr
Force Base, Ohio. ARL was responsible for most of the crash-injury research
and carried out this function using a 1inear deceleration track known as the
Daisy Decelerator as its primary facility. In September 1960, a 6-inch
vertical impact facility was added to the ARL impact facilitfes (2). The ver-
tical impact facility was made operational in May 1961, and on 22 December 1961

- the first human subjects were tested. AMRL concentrated its research on

ejection-seat safety and provided the interface between the aerospace medical

community and the systems development programs handled by the Aeronautical

Systems Division, also at Wright-Patterson Air Force Base. AMRL test facilities

:$re vertical drop facilities which are useful for studying ejection accelera-
ons.

With the deactivation of ARL, the 6-inch vertical impact facility, the subject
of this report, was dismantled and shipped to the Wright-Patterson facility. A
suitable foundation was constructed, and the facility base plate, 20-foot ver-
tical ratls, cariage system, and control system were installed. Necessar
changes to the pneumatic control system were accomplished between August 1;75
and November 1976. The first test was conducted in March 1977.
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General Facility Description

The §-inch vortical impact facility is shown in Figure 1. The four major com-
ponents of the facility are:

(1) 6-1inch vertical actuator, 20-foot rail system, specimen carrfage,
and support elements

(2) Instrumentation system

(3) Operation and safety systems

(4) Data reduction systems

The vertical pneumatic actuator produces a single-event impact profile according
to a predetermined acceleration-time profile which is imparted to the specimen
carriage. It, in turn, is constrained to move upward on the vertical rail
system,

The instrumentation system provides the means to collect and record data on the
impact environment and test-article responses. It is designed to handle many
different types of transducers.

The operation and safety systems provide the actuators for safely operating the
facility and for activating the electronic master clock which controls and
synchronizes :he operation of the trigger pressure solenoid valve and all other
subsystems.

The data reduction system provides several means for storing and processing the ?f{ﬁfﬁi}
collected data for subsequéent documentation. Some of the reductions are handled i
o2-11ne with the impact event, while others are designed for post-test examina-
tion.

The following sections describe the operational details and guiding philosophies
behind each of the systems and the interrelations among them. Subsequent sec-
tions and appendices will describe mechanical maintenance requirements, detai}
local operating instructions, and discuss briefly pertinent computer programs.

ACTUATOR AND CARRIAGE SYSTEM L

General Operating Principle

A diagram of the vertical impact facility system is shown in Figure 2. The
system consists of the HYGE actuator, specimen carriage, and a pair of rail
columns. The actuator produces upward thrust by means of differential gas
pressures acting on opposite faces of a thrust piston in a closed system
envelope consisting of two or more cylinders and a mount base. The thrust
piston assemblage includes a thrust column and a selected acceleration metering
pin. The top cylinder is first pressurized (set pressure) forcing the thrust
piston and a captive orifice seal O-ring down against the acceleration orifice




Figure 1. Six-inch Vertical Impact Facility. System Site Installation.
7
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Actuator

plate (A) and (E). The specimen carriage is brought into contact with the
thrust column, and carriage brakes are pressurized. The bottom cylinder is then
pressurized (load pressure); however, this pressure is effective against the
thrust piston only across the area of the acceleration orifice (B). Gauge
pressure ratios normally used are 5:1, 5.5:1, and 6:1 (load gauge pressure:set
gauge pressure). These ratios ensure static pre-test conditions. The theoreti-
cal maximum load gauge pressure is determined from balanced force calculations
utilizing absolute pressures multiplied by the relevant areas.

A start-up (trigger) pressure is introduced into the very small volume between
the bottom of the thrust piston and the top of the acceleration orifice plate.
This pressure is sufficient when added to the pressure at the acceleration ori-
fice to exceed the opposing pressure causing the thrust piston to move upward
(C). The acceleration orifice seal becomes unseated, permitting the bottom
cylinder pressure to spread across the bottom face of the thrust piston. The
flow of the bottom cylinder high-pressure nitrogen is metered through the annu-
1ar ring created by the acceleration plate orifice and the vertically contoured
face of the accceleration metering pin. This contoured. face is responsible for
the resultant acceleration waveform that is generated (D).

The acceleration phase of the event terminates when the specimen carriage
separates from the thrust column. At this point the carriage velocity is maxi-
mum and its acceleration displacement is complete. The upward velocity of the
carriage is brought to zero using a pair of carriage brakes that bear against
each vertical rail column. The thrust piston assemblage continues to move
upward after carriage separation. The adiabatic compression of the top cylinder
of nitrogen quickly stops the upward velocity of the piston assemblage; at this
point the piston experiences a deceleration that is approximately six times as
great as the positive acceleration shared earlier with the specimen carriage.

A deceleration metering pin is added to the thrust piston assemblage when an
abrupt rate of decay of the acceleration-time profile is desired. A second top
cylinder and a second orifice plate are also added to the system envelope. The
second orifice plate is used as a deceleration orifice. The deceleration medium
is hydraulic fluid (F).

Figure 3 illustrates various 6-inch actuator assembly configurations. The
Series 6100 configurations utilize the acceleration metering pin and orifice.
Series 6400 configurations utilize, in addition, the deceleration metering pin S
and orifice and the hydraulic deceleration medium. The Series 6600 configura- el
tion (HY-6601) is a variation selected by AFAMRL personnel. Figure 4 is a REDRSAINSE
detailed illustration of the HY-6407 shock actuator assembly. This figure shows T
all items of the most complicated system assembly and is provided to serve as a [ } ®
reference to nomenclature used within this report. ST
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The inside diameter of all cylinders is six inches. The cylinders are 12, 18,
and 37 inches long with a wall thickness of % inch. The thrust columns are 15,
27.5 and 40 inches long by 2 inches diameter.

The load pressure chamber consists of the volume of the bottom cylinder below
the acceleration orifice plate together with the internal volume of the double
mount base and any parallel connected cylinder(s). The set pressure chamber
consists of the volume of the cylinder(s) in which the thrust column is located.

The thrust piston is limited to travel within the length of one cylinder. The
Series 6100 and 6600 configurations use only one set pressure cylinder. Piston
travel is between the top of the acceleration orifice plate and the top cover of
the set pressure cylinder. The Series 6400 configurations use two set pressure
cylinders separated by the deceleration orifice plate. Piston travel is between
the two orifice plates. The shortest possible thrust column is used for the
desired configuration to help minimize the weight being accelerated during the
jmpact. The column is threaded into the top of the thrust piston and extends
through the set pressure cylinder, or cylinders, through the cylinder cover and
threads into a cap. The cap butts against the bottom of the specimen carriage,
both ;n the ready stage and during the positive acceleration stage of carriage
travel.

Figures 5 and 6 illustrate the avajlable acceleration and deceleration metering
pins. Figure 7 illustrates the dynamic components of the actuator. The locking
collar is used when the No. B-262141 deceleration metering pin is not used. A
selected acceleration metering pin shoulders against the seal plate and is
threaded into the bottom face of the thrust piston.

The initial portion of the contoured face of the acceleration metering pin below
the seal plate is responsible for the rate of onset of the acceleration profile.
Of the tests accomplished throu?h February 1979 (170), the rate of onset was
complete within a 0.2-inch displacement for 60 percent of the tests. The rate
of onset was complete within 0.5 inch for 85 percent of all tests and within 1.0
inch for all tests. When it is used, the deceleration metering pin is located
on top of the thrust piston, around the thrust column. It {s efither threaded to
the top shoulder of the thrust piston for the No. B-262141 pin or clamped to the
top of the thrust piston by a locking collar for the No. B-261840 pin. The
deceleration orifice plate is positioned with its contour down for the No.
B-262141 pin or with its contour up for the No. B-261840 pin. The hydraulic
deceleration medium must be maintained above the top of the deceleration
metering pin at the level specified by the manufacturer. When the system is
operated with the dual metering pins, the final acceleration stage has the
thrust piston forcing the hydraulic fluid through the deceleration orifice. In
this case, the net f?ow area s controlled by the vertical contour of the
deceleration metering pin. Back pressure through the hydraulic fluid, acting
against the top face of the piston, provides rapid controlled deceleration of
the internal actuator components (lag.




ACCELERATION METERING PINS.

FIGURE 5.
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Water-pumped nitrogen is used in all pressurized segments of the vertical
: accelerator system, including the carriage brakes. Cylinders of the 1A type
I (2200 psig) are used. The properties of nitrogen insure against dieseling, per-
mit the use of a selected petroleum-base hydraulic fluid medium, and allow the
use of Buna O-ring seals. The internal hydraulic fluid serves three functions:
(1) it acts as the deceleration medium when the deceleration metering pin is
employed; (2) it acts as a lubricant between the inner wall of the set pressure

= cylinder and the O-ring and phenolic bearing of the thrust piston (a minimum
. height of % inch of hydraulic fluid (approximately 0.2 liters) above the top of
the thrust piston is recommended); and (3) it decreases the effective height of

the set pressure cylinder when added in excess of the minimum lubrication quan-
tity. This in turn reduces the acceleration stroke displacement affecting the
acceleration time base, peak velocity, and peak acceleration. The additional
we}ght of hydraulic fluid also affects the total acceleration and deceleration
weights.

"
lk

A small chamber is required to provide passage for the start-up trigger pressure
medium. The actual chamber used is staged in three segments. The first segment
is pressurized prior to a test and extends up to an electrical solenoid valve.
The second segment starts at the output side of the solenoid, fastens to an
entrance port on the side of the acceleration orifice plate, and continues
through drilled and joined holes in the plate to an exit hole on the top of the
plate. The entrance port has a tee fitting with a cap on the dead end. The cap
has a 0.040-inch-diameter hole on the top to eliminate a possible slow pressure
buildup in this segment due to in-flow leakage prior to activation of the
acceleration event. (A slow pressure buildup will eventually result in an
actuator autofire.)

The third and final segment, referred to as the trigger pressure chamber, con-
sists of the chamber bounded by the top of the acceleration orifice plate, the
bottom of the thrust piston, and the inside diameter of the 6-inch cylinder up
to the thrust piston O-ring. The start-up trigger pressure gas is allowed to
flow through the second segment chamber and into the third segment chamber after
the acceleration event has been initiated by the electronic timing control which
opens the solenoid valve. The actual physical acceleration event for the thrust
piston assemblage and carriage starts at a nominal thirty milliseconds after the
electronic start.

-
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TABLE 1. VERTICAL ACTUATOR PHYSICAL PROPERTIES

.0AD CHAMBER THRUST CHAMBER SET CHAMBER
Net Area (sq in) 3.14 28.27 25.13
Maximum Pressure 2000 3000 3000
(psiqg) (Surge) (Surge)

The thrust chamber is the volume created between the acceleration orifice plate
and the bottom of the thrust piston when the piston is displaced during firing.
This volume includes the trigger chamber. The volume of the thrust chamber is
at the expense of the set chamber volume. The maximum pressure listed for the
set chamber is the peak surge pressure allowed during thrust column deceleration
(3). The set chamber area is the full inside area minus the cross sectional
area of the thrust column. The area given for the load chamber is the orifice
area through which all load gas must pass to be effective against the full
thrust piston surface area. These area values yield area ratios of 8.0
(set/load) prior to firing and 0.89 (set/thrust{ during the acceleration pulse.
These values state in theory that the absolute pressure in the load chamber may
be 8.0 times the absolute pressure in the set chamber without causing an auto-
fire, and an absolute pressure in the thrust chamber of 0.89 times the absolute
pressure will cause the thrust column to move. In practice, the autofire ratio
is approximately 6.2. Consideration of the absolute ambient pressure found in
the trigger pressure chamber drastically lowers the theoretical autofire ratio.
Other factors affecting the autofire ratio include operating pressures, seal
base geometry, friction of piston and thrust column bearings and seals, brake
pressure and friction, and total accelerated weight.

The following operating trigger pressures have been empirically developed:

Load Pressure (psig) Trigger Pressure (psig)
to 149 100
150 - 199 150
200 and above 200

When the trigger pressure is below 70 psig, the valve activation is delayed more
than 30 milliseconds. When the trigger pressure is above 300 psig, the solenoid
valve action is erratic.
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Carriage

Figure 8 illustrates the specimen carriage and portions of the rail column. The
| specimen carriage platform and two 6-inch-high carriage stiffeners are fabri-
: cated from 2-inch-thick magnesium plate; the 10-inch-high rail-to-rail stiffener
from 2.5~inch-thick magnesium plate, and the carriage brake housings and tube
: supports from magnesium. The platform underside is counterbored, and the stiff-
: ening members drilled to minimize weight. The carriage resonant frequency is
: designed to occur in the range of 800-1000 hertz. Modification and repairs have
I Towered the resonant frequency to the range of 550-700 hertz. The assembly
weighs 87.5 pounds, including TFE bearings, bearing retainers, support tubes,
brake pistons, seals, and linings with an additional 5.6 pounds added by X-, Y-,
and Z-axis accelerometers and an instrumentation cable box. The cross-brace
modification attached to the bottom end of the support tubes and pinned to the
bottom center of the carriage stiffener weighs 8.1 pounds.

The carriage platform has a flat mounting surface that is 30 7/8 inches long by
18 inches wide. Test specimens are secured to the carriage platform using a
suitable combination of bolt holes with both bolt hole circles having eight bolt
holes. The small circle is 8 inches in diameter, and the large circ?e is 16
inches in diameter. Four additional bolt holes are located at the corners of an
11 x 19 7/8-inch rectangle. A1l bolt holes utilize 3/8-24UNF x 11/16-inch
inserts.

RCRROR' J |

The carriage brakes are located in pairs on opposite sides of each 3-inch-
- diameter rail column. Brake~liner material is 1.50-inch-diameter phenolic con-
- toured to the 3-inch-diameter column and pressed into the brake piston. To
i assure equal pressure on each of the four brake pistons, the brakes are
s pressurized from a common valve and branch 1ine. A single flexible high-
- pressure hose 16 feet in length travels with the carriage during the impact and
deceleration event. Brake pressure is set manually prior to the impact event.
Minimum brake pressure is dictated by the pressure necessary to prevent the
carriage and its test specimen from falling downward following the completion of
the upward travel of the carriage and specimen. A brake pressure of 75 psig is
sufficient to decelerate and hold the carriage assembly without a test specimen.
A deceleration of 3.5 G is the minimum deceleration that has been experienced
during testing. Maximum brake pressure is dictated by the pressure necessary to
stop the carriage and its test specimen in the rail length remaining after the
acceleration phase is completed. Using the HY-6601 profile with the 20-foot
rail system results in an approximate net rail length of 152 inches in which to
decelerate the carriage. A test with the HY-6601 profile to 163.5 G peak and a
maximum velocity of 72.2 feet/second using a 200-psig brake pressure resulted in
a 104-1nch deceleration displacement at an average of 9.3 G deceleratfon.

Inftial tests at low acceleration levels (5 to 12 G) revealed that the
acceleration-time profile included a vibration with a frequency of 55 hertz.

Two mechanical considerations were suspect: (1) the thrust column cap was not
centered against the bottom of the carriage, and (2) the accelerated movement of
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the carriage was coupled to a side-to-side (Y-axis) movement of the support

.tubes and the lower bearings/bearing retainers. The contact eccentricity was

due to the impracticality of assuring a "flat" contact between the cap and
carriage. Data from the previous facility installation indicated a similar
situation had existed, and several attempts were made to correct it using
elastomers as an interface between the cap and carriage. The cap surface was
remachined, but contact was not improved. A 20-mil flat depression was machined
into the top surface of the cap and then filled with molten lead. The lead
mound was then machined flat to within 10 mil of the top edge of the depression.
The area of contact between cap and carriage was greatly improved by this
method. A temporary cross brace was also installed which pinned the bottom end
of the support tubes to the bottom center of the carriage. These modifications
proved to be effective in eliminating the 55-hertz vibration. Therefore, a
permanent cross brace (Figure 8) has been used for all subsequent tests below 20
G acceleration.

Rail System

The Type HY-6004 rail system (le) inclues the one-inch-thick foundation

plate, two each box support legs with foot assembly, top cross beam assembly,
and two each three-inch-diameter rail columns. The overall system height is 20
feet.

The foundation anchor bolts were located using a template during the pouring of
the foundation. After the foundation was cured, the template was removed. The
plate was positioned around the anchor bolts and leveled with a precision level.
The air spaces beneath the plate were eliminated by grouting. The rail system
components were assembled and raised into the upright position, all nuts and
washers were hand tightened, the top cross beam was removed, and the carriage
assembly was lowered over the ends of the two rail columns. The beam was then
reassembled and the entire system, with carriage, was secured. The bottom end
of each rail column has a captive base nut constrained by a roll pin, a base
hub, and the counterbored bottom face of the foot assembly. The carriage was
used as a spacer between rail columns during final assembly.

The original hoist eyebolt was removed in favor of a locally installed overhead
4:1 rope hoist with self-locking action. Inspection tools have been fabricated
to check column alignment. The rail columns are parallel to less than 10 mils.
Lugricants and cleaning solutions are not permitted on the surface of the rail
columns.

Performance

The performance of the vertical impact facility, as determined by tests that
were completed through February 1979, is outlined in Table 2. The values are
intended as a guide only. Actual performance limits will depend upon the pulse
shape being utilized and the dynamics of the test article. The maximum acce-
leration, maximum velocity and maximum acceleration displacement values that are
shown cannot be achieved simultaneously.




. configuration with a test-package weight of 40.26 pounds. Column C demonstrates
. the effect of removal of the test package. Higher acceleration levels and maxi-
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Columns A and B represent the minimum/maximum range of tests for the HY-6407

mum velocity are achieved at somewhat reduced operating pressures. Cclumns D,
E, F, and G present the minimum/maximum range of tests for the HY-6136 con-
figuration with extremes in test-package weight between D-E and F-G. Note the
identical operating pressures for columns D and F along with the difference in
acceleration values attributable to the test-package weights. Columns H and I
represent the minimum/maximum range of tests for the HY-6601 configuration.
Columns J and K display the difference between HY-6601 and HY-6134; two configu-
rations are identical except for the load chamber volume.

The three basic pulse shapes produced by the vertical impact facility are the
half sine, trapezoidal (or square), and the sawtooth. These shapes are produced
by using the appropriate metering pins in combination with the required number SRR
and types of orifices. The waveforms are variations dependent on numerous e
variabtes, such as pressures. The trapezoidal waveform normally has a rate of : .
onset and a plateau duratfon time (3) greater than the half sine for like e
operating parameters. The trapezoidal rate of decay is greatly affected by Lo
whether a deceleration metering pin and orifice are installed. At the present - 2
time, six acceleration and two deceleration metering pins are available. Please o
see figures 5 and 6. -

The acceleration-time parameters for a selected accelerator assembly and a
selected metering pin resulted in the following statistical determinants:

Peak G ff?tflﬁff
Mean (X) = 31.74 Standard deviation (S) = 1.11 i

Calculated Total Time (msec)
Mean (X) = 46.08 Standard deviation (S) = 0.91

Sample Size (N) = 8

For:

.6601 R

Vertical Actuator Assembly . . . « ¢ ¢« ¢ ¢ ¢« &

ACCQ]QT&t"Oﬂ Metering P"n e o o o o o o s o o 077BBI'C"01 RSN
Load Pressure (DS1 ) e o ® & ¢ & @ @ o o o o o 0240 ‘: B
Set Pressure (psig?. - 11 ST
Weight, Total Acceleration (b). . . . . . . . .139

Support Elements

The vertical impact facility requires a nitrogen supply for operation. The
water-pumped nitrogen supply system consists of two separate manifolds, each
with three attachments for type 1A cylinders and two-stage regulators with
suitable delivery pressure range and gauges. The high-pressure supply is con-
nected to the load pressure service only. The low-pressure supply is connected
to the set pressure, brake pressure, and trigger pressure services. This
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configuration assures that the high-pressure nitrogen supply will not be used
for the low-pressure system,

Three types of hardware are incorporated into the pneumatic distribution lines
to assure safety and protect gauges. The manufacturer has incorporated an
interlock safety valve which prevents pressurization of the load chamber until
after the brakes are pressurized (1f). The valve permits some adjustment

of the minimum brake pressure necessary to open the load pressure line to the
load chamber. Four pressure snubbers have been installed within the console to
protect gauge mechanisms from pressure surges. A surge chamber/oil trap has
been installed in the set pressure line. This trap is used to prevent hydraulic
fluid from surging back through the set pressure line during the dynamic event,
thereby protecting the set pressure gauges and lines within the control console.

Three additional support items have been installed to improve area safety and
assist area operations:

(1) two pieces of 2 x 2-inch chain Tink mesh fence (the pattern of one layer
is positioned at 90 degrees to that of the second layer). The close proximity
of operating personnel to the vertical impact facility requires that overhead
protection be provided. Tension bands and bars fasten the fence to the rail and
post frame. The center of the double fence is capable of an eight-inch deflec-
tion. Operators are required to remain under this protective screen during
operations initiated with the filling of the brake pressure.

(2) two sleeved wooden platforms and add-on steps on each side of the ver-
tical impact facility. This combination puts the carriage platform just below
the standing operator's elbow for three of the four possible assembled heights
of the impact facility.

(3) a 4:1 rope hoist anchored to the roof beam above the vertical impact
facility. The hoist permits removal of the top cross beam, the carriage R
assembly, and the 1ifting of test specimens. The hoist has a self-locking and AT
:ﬁive1]action, with a safety latch on the hook. A1l loads may be lowered to

oor level.

PROGRAM PLANNING B

The investigator attempting to establish program parameters must necessarily
consider both his theoretical objectives and the practical capabilities of the
facility. Specific programs may require modification of existing equipment or
the design and manufacture of new components, principally metering pins.

Theoretical Considerations

Elements to be considered include:




1. Wave (curve) form desired.

2. Specimen weight.

3. Peak dynamic force (thrust).

4, Deceleration G vs displacement.

5. Tentative choice of values and priorities for peak acceleration,

time duration, final (peak) velocity, and displacement during the acceleration
event,

The three prominent waveforms normally utilized are:
1. Triangle

2. Half sine
3. Square wave

These three waveforms are first approximations, permitting the investigator to Do
weigh the values and priorities assigned to the physical test parameters. -
Formula coefficients for the respective curves are adjusted to convert accelera- r. ._:Q:.__, :
tion to G, displacement from feet to inches. Where: Ll

Peak Acceleration = g*G = Acceleration (ft/sec?) ~ onenn

= 32.17 acceleration due to gravity (ft/sec?) RSN

A/32.17 (nondimensional) S
(ft/sec) '

s/12 (feet)
12*S (inches)

t/1000 (seconds)
1000*T (mi11iseconds)

Final Velocity

Event Displacement

w wn << Da >
"

Total Time =

o+ —
N

"

= f(A, T) C1*A*T
f(G, t) C11*G*t

= f(V, T) = C2*V*T
= C1*C2*A*T2

]

w - -<
n

s = f(V, t) = C22%v*t
= C11*C22*G*t2




....................................................

Curve Form cl Cil1 €2 c22 fffE
Triangle 0.5 0.0161 0.5 0.006 PSRN
Half sine 2/P1 0.0205 0.5 0.006 2%
Square wave 1.0 0.0322 0.5 0.006

Estimates of the physical test parameters may also be accomplished using a
nomograph (1a).

The three principle waveform descriptions are modified to reflect practical
waveforms and to insure accuracy in verbal description.

Isosceles Triangle:
1. Triangle, with rate of onset (G/second) greater than rate of
decay (G/second).
2. Triangle, with rate of onset less than rate of decay. ,;;;;;;;
°

3. Initial peak sawtooth. ey
4, Terminal peak sawtooth. e
Half Sine:

1. One-quarter sine + one-quarter cosine.

............

2. One-half haversine + one-quarter cosine. el
Square Wave: T
1. Trapezoidal, with a triangular element at each end.

2. Trapezoidal, with a one-half haversine at the leading end and a
one-quarter cosine element at the trailing end.

These more detailed waveforms permit variation in the time allotted for each
section of the waveform, thereby altering the rate of onset and rate of decay.
A11 of the above waveforms may be reduced to algebraic-trigonometric expres-
sfons and programmed by the computer for detailed analysis and curve plots.

The total accelerated weight is determined by adding the weight of the test
package and its tie-down hardware to the known weight of the dynamic parts of
-, the facility. The weight of the dynamic parts requires a tentative selection of
" both the length of thrust column and the quantity of hydraulic fluid to be

- used. The peak dynamic force of the system is the product of peak G and total

., -

.................................
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accelerated weight. This must be increased by the addition of the force lost
internally, estimated from the auxiliary correction factor curve supplied with
the nomograph. This correction may be approximated at between 5 and 15 per-
cent of the peak force. The Theoretical Thrust-Displacement Curves (Figure 9)
(1c) are consulted to determine which actuator assembly configurations meet
the requirements of the program.

The deceleration displacement cannot exceed the difference between the height
of the rail system and the height of the test specimen at the end of the accel-
eration event. This displacement may be calculated:

VZ=2AS

V2=2%g*G*S

or

where:
Braking Deceleration = A = g * G (ft/sec?)

Practical Considerations

The computer used to perform the calculations in this report produces several
outputs for each test performed. One of these is a catalog (not included) of
summary test results which documents 32 parameters from each test. Each page of e
this catalog tabulates nine successive tests. The catalog pages may be quickly

scanned for the desired parameters. The computer may also be programmed to el
identify specific tests versus selected individual parameters within designated RN
minimum/maximum 1imits. ’

If the desired match of resultant test values cannot be found in the catalog,
the actuator operating parameters which affect the acceleration profile may be
altered. These operating parameters are:

Pin shape(s)

Total accleration weight
Set pressure

Load pressure

Ratio, Load/Set pressure
Set volume length

Load volume length

Brake pressure

Parameter Change Resultant Effects
Change from half sine to No change in G
trapezoidal Decrease velocity
metering pin(s) Decrease total time
Increase total Decrease G
acceleration weight Decrease velocity

Increase total time

27
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Parameter Change

Increase load/
set pressures

Increase load/set
pressure ratio

Increase set volume
length

Increase load volume

Increase brake pressure

Resultant Effects

Increase G
Increase velocity
Decrease total time

Increase G
Increase velocity
Decrease total time

Increase G
Increase velocity
Increase total time

Increase G
Increase velocity
Increase total time

No significant change
in parameters

INSTRUMENTATION SYSTEM

Pressure Measurements

This section describes the system measurements made to describe the impact pro-
file and monitor the vertical actuator pressures. The pneumatic system diagram

(Figure 10) locates the various components monitoring and controlling the
operating pressures between the two nitrogen supply manifolds and the several
actuator chambers and carriage brakes.

Four pressure measurements must be monitored on the vertical impact facility to
insure accurate pulses and repeatabilty. These measurements are load, set,
brake, and trigger pressures. The load pressure is measured with two gauges.
One gauge, a 0-3000 psi, &s-inch-diameter ACCO helicoid type, is used to measure
pressures over 100 psig. The second gauge, a 0-200 psi, Z-inch-diameter
Matheson gauge protected by a pressure snubber, measures pressures under 150
psig. The set pressure is also measured with two gauges. One gauge is a 0-1000
psi, #s~inch-diameter ACCO helicoid type to measure pressures over 60 psig, also
protected by a pressure snubber. The second set pressure gauge, a 0-100 psi,
3s-inch-diameter Matheson gauge protected by a pressure snubber, measures
pressures under 60 psig. The trigger pressure is measured with a 0-1000 psi,
2-inch-diameter Airco gauge protected by a pressure snubber. The brake pressure
is measured by a 0-500 psi, #s-inch-diameter ACCO helicoid gauge. Use of dual
load and set pressure gauges permits the accurate monitoring of the respective
pressures during the venting procedure at low pressures.
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Inertial Measurements

The instrumentation system for the majority of the AFAMRL impact test facilities
is organized to use (1) the same inventory of transducers for all tests and (2) ol
a central collection center for recording the test data. The data can be stored _m_m}! -
in a variety of modes for further processing and analysis. This section SRR
describes the instrumentation system as it serves the vertical impact facility.
Data must be acquired to measure the impact environment produced and the test-
article responses, and to operate the firing controls., Three piezo-resistive
acce lerometers are mounted on the carriage to monitor the +Z axis (vertical), *Y
axis (sfde to side between rail columns), and + X axis (front to rear). An .
accelerometer is also mounted on the cap of the thrust column to monitor +Z axis e
accelerations.

. W
----------

Accelerometers used are:

47 axis  Entran EGA 125F-500-D N T

#X axis  CEC 4-202-001 L
Y axis  CEC 4-202-001 C
Thrust column Entran EGA 125F-250-D - @

To measure test article responses, transducers are selected from inventory as fﬁﬂf;fﬁlf
requirements become known. R

The impact test facility instrumentation system is configured to handle pri-
marily bridge type transducers. Included in this class are wire-wound strain
gauge ‘and peizo-resistive types, conmonly found in transducers which measure
accelerations, forces and pressures. The basic transducer channel is configured
as a seven-wire system. This conditioning cystem allows accurate excitation
voltages to be applied and calibation resistors, which compensate for line
losses, to be inserted,

Data Transmission

Transducers used to measure the impact event are individually connected to a
junction box located below the platform of the carriage. This junction box has
nine connectors with individual shielded cables paralleled as a free-hanging
cable along with a bungee snubber anchored to an overhead tie-point. These
cables are terminated in a local multi-facility patch panel. A cable consisting
of 19 paired, shielded cables is routed from the rear of the patch panel via a
box conduit approximately 150 feet to an instrumentation console in the instru-
mentation room. The selected cables are then routed for signal conditioning and
data processing.
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Signal Processing

The data signals pass through several stages of conditioning equipment prior to
recording and display. Forty signal conditioners are available for producing
the excitation voltages, inserting bridge-completion resistors, balancing bridge
outputs, and installing calibration resistors. Data signals are passed through
the signal conditioners to differential amplifiers where the data are amplified
and filtered. The amplifier output is multiplexed using FM constant bandwidth
techniques for maximum data density. The multiplexed data are stored on a
14-track analog tape recorder for playback and data processing. Data used in
the operation of this facility are filtered at 3000 hertz.

Recorder
The 14-track analog tape recorder is an Ampex FR-2000A multiband instrumentation

recorder having a recording speed of 60 inches per second, a bandwidth of
300-3000 hertz (+3 dB), and an S/N (RMS Signal to RMS Noise) of 37 dB.

Data Display
A Honeywell Model 1858 Cathode Ray Tube Visicorder is used to display data to
permit quick look and data verification., The visicorder uses light from a
fiber-optic cathode ray tube to record up to 18 simultaneous data channels on
moving photosensitive paper. A model 1883-MPD medium performance differential
plug-in module is used in each of the 18 data channels. The visicorder specifi-
cations are:

1MV-300V input sensitivity to 300V common mode

Time-interval marking

Auto-linearized for increased data accuracy

Numbered track identification

Speed 0.1 to 120 inches per second

Differential input

Frequency response--DC-5000 hertz

+0, -0.5% maximum error DC-1000 hertz

, =1.3% maximum error DC-2000 hertz

-3% maximum error DC-3000 hertz

£ 5 3

-8% maximum error DC-5000 hertz




PHOTOGRAPHIC CAMERAS AND HIGH INTENSITY LIGHTING

FIGURE 11.




Quick-look data may be obtained in either real-time data acquisition prior to
multiplexing or playback from the Ampex data recorder.

Timing Control

A timing control system provides time correlation of the electronic and photo-
metric data. The recorded time reference is 100 PPS established by an Astrodata
Model 5400 time code translator/generator. The reference time pulse train
commences at t=0 and is recorded simultaneously on a single-tape track and on
photographic film. Recorded on the same track and prior to the timing pulse
train (t=0) is a group of pulses generated at each calibration step. These
pulses are used to activate automatically the calibration sequence for the
accelerometers. The leading edge of the timing pulse, which commenses at t=0,
starts the visicorder for the data display of the test in progress. A delayed
reference mark is initiated and recorded on a single-tape track to provide a
common reference for data processing and photo data reduction. The delayed
reference mark is a preset delay of 10-millisecond increments commencing at t=0.
The delay also eliminates the processing of unneeded data prior to first motion
of the event, It takes approximately 30 milliseconds after t=0 for the trigger
pressure to start the acceleration event.

PHOTOGRAPHIC COVERAGE

Figure 11 illustrates the relative locations of photographic cameras and high-
intensity lighting system. Three Milliken 16mm cameras and seven Berkey
Cine-Queen Model 112-0356 lamps cover the acceleration and terminal locations of
the impact event. F1ilm speed is limited to 500 frames per second. (Higher
speed cameras can be adapted for use, if required.) Timing pips are placed on
the film using an L. M, Dearing Model 2-3-3R Light Emitting Diode Driver. The
pip frequency is controlled by the timing control source. The timing source is
selectable between an Astrodata Model 5400 Time Code Translator/Generator and
the AC 1ine frequency. Power for the lighting is provided by one Berkey
Colortran Converter.

The Camera, Lighting, and Timing Station provides the comparator controls for
operating the cameras, high-intensity lights, and the timing-synchronization
system. The upper section of the station contains the camera LED drive circuit.
The Tower section contains a countdown clock display, comparator thumbwheel
switches, abort indicator, override switches, manual control switches, and a
precount ready switch.

Photographic film is processed using the facilities of the Aeronautical Systems
Division.
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FIGURE 12. OPERATION AND SAFETY CONSOLE.
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OPERATION AND SAFETY SYSTEMS

R
S

N Automatic Control

.’ The operation and safety systems are a group of interrelated functions designed
to meet the requirements of controlled impact testing on the vertical impact
facility. There are five separate functions in the system.

1. Operation, performed by the facility operator,

2. Safety, performed by the safety monitor,

3. Master clock and instrumentation,

4, Data analysis,

5. Camera, lighting, and timing.

Operation and safety are the two functions required for a manually controlled
test. The final three functions are adequately discussed in other sections of
this report and in Reference 4.

System functions may be outlined in terms of who performs the specific function.
The operating instructions found in Appendix I also document which individual
performs the system-sequenced operations. The checklists actually used during
the conduct of a test are derived from the operating instructions.

The Operation and Safety Console is illustrated in Figure 12. The console con-
sists of two chassis, 50 inches high, with sloping front panels. During the
testing phase, the facility operator is positioned at the left chassis; the
safety monitor is positioned at the right chassis. The panel layout and
operating instructions are organized to assure that the two personnel do not
have "cross-over" actions once the filling of the set pressure is initiated.

1. Facility Operator's Station

The facility operator has the responsibility for the implementation of
the test requirements assigned by the test conductor and assuring proper set-up
and operation of the equipment. He is also responsible for the operation and
performance of the mechanical equipment, for recording and documenting perform-
ancgi :nd for inftiating corrective action to maintain the system in a ready
condition.

The facility operator must concentrate on the pressure gauges and
valves in the left chassis (facility operator's station) of the console during
the critical portions of a test. The pressures used are controlled solely by
the facility operator. Induced pressures have no minimum/maximum controls or
warning devices, nor are they recorded. An intimate knowledge of the pneumatic




circuitry of Figure 10 is essential, ODuring the final countdown of a test, the
facility operator must switch on (up) and hold his detent FIRE ENABLE switch to
complete the test-firing circuitry.

The four test pressures are selected by the test conductor. The facil-
ity operator must fill the pressures in the order of set, brake, load, and
trigger pressure. The set pressure may cause the orifice seal O-ring to
compress slightly. Therefore, the carriage must be checked to insure that the
carriage is in contact with the cap of the thrust piston ram. The brake
pressure is filled next in order to operate the brake interlock slider valve.
Only then can the facility operator fill the load pressure cylinder(s). Either
during the filling of the load pressure or shortly before the start of the
filling of the trigger pressure, the facility oeprator may pause and listen.
Should there be critical internal bypass leakage around critical seals, this ;
leakage may be audible (nitrogen escaping through the 0.040-inch vent in the cap **‘;;“‘”
on the trigger pressure entrance port). In this event, shut down quickly and R
vent the load pressure to prevent an autofire. The most 1ikely cause of this
audible leakage is load pressure leaking by the orifice 0-ring seal into the
trigger pressure chamber.

[

2. Safety Monitor's Station .

The safety monitor has the responsibility for the implementation of
safety requirements, assuring proper set-up and monitoring of safety conditions.
He is responsible to see that only authorized personnel are in the test area and
to correct any violation of safety. Because the large majority of functional
operations depend on the human operators, several critical functions are
assigned to both operators. However, the safety monitor has the principal
responsibility for all safety functions. This includes assuring that the
carriage assembly is physically against the top of the thrust column cap prior
to the impact event, and checking that the carriage assembly and test package
are cleared of loose hardware. The safety monitor also assists the facility
operator with items of pre-test start-up and post-test shutdown.

The safety monitor communicates with the remote instrumentation opera-
tor, thereby permitting the facility operator to concentrate on the pressure
gauges and valves. The safety monitor also performs the electrical/electronic
switching, including switching ON the facility patch board cabinet. Each opera-
tor must switch on ?up) and hold his respective detent FIRE ENABLE switch to
complete the test-firing circuitry. -

Manual Test Mode

The manual test mode is used when the automatic test mode is not desired. Use
of the manual mode makes it extremely difficult to obtain instrumented test ~
results. The start of the event becomes so uncertain that the time-based data -
would be unnecessarily long. .




The manual mode is used under two conditions: (1) the first test of the day,
usually performed to exercise the facility (Instrumented results are not
required, the test specimen may not be mounted on the carriage, and load and set
pressures may be very low compared to pressures required for the instrumented
tests.) and (2) when an autofire test is desired.

The abbreviated test sequence is:

1. Facility operator - Fill to selected set, brake, load, and trigger
pressures, in sequence.

2. Safety monitor - Switch the firing mode to MANUAL.

3. Both operators - Switch on (up) and hold the detent FIRE ENABLE
switch.

4, Safety monitor - Push in MANUAL FIRE momentary-on switch.
Autofire

The autofire method of testing does permit the use of pressure ratios (load/set
pressures) higher than those normally employed. Also, it is advisable prior to
the start of a sequence of tests to determine empirical autofire pressure ratios
over the range of aniticipated set pressures for the specific assembly being
utilized. As reported earlier, the autofire pressure ratio has been noted as
low as 6.2. The necessary test sequence is outlined in MAINTENANCE.

DATA REDUCTION SYSTEMS
Requirements

The purpose of data reduction is to reduce and process collected data to derive
specific characteristics of interest in each test. This may require either
quick data reduction to allow decisions to be made on test progression, or
complex evaluations such as vector summations. The data reduction systems uti-
1ized at the impact test facilities provide capabilities in both areas.

Quick Look

Quick-Took data are required on programs to assure that the desired data are
being collected and that expected trends are being achieved. This usually
involves examination of analog waveforms for peak G attained, and acceleration
pulse duration. The Honeywell visicorder is used to record these analog traces
from a test. The traces may be done real time with the test or by playback
immedfately after the test is completed. The visicorder record can be produced
within ten minutes after the test.
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Data Processing

Detailed examination of special-purpose integrals requires lengthy post-test
processing. The first sequence of events is to process analog data directly
from the tape recorder to produce digitized punch paper tape with a
corresponding tabulated printout. This assembly of equipment includes a
T1$e<D:ta 1923/30 Time Series Analysis System with a DEC PDP 11/15 computer and
a Teletype.

A Hewlett-Packard 9830 computer system (Figure 13) is used for the second

sequence of data processing. It uses the BASIC programming language, and memory
size is 7904 words. The assembled equipment includes an alphanumeric keyboard,

printer, multicolored plotter, optical paper tape reader, digitizer mainframe

gng platen with cursor, and two cassette transports for storage of programs and
ata.

The optical punched paper tape reader reads-in the acceleration-time data. The
data are integrated to provide both the velocity and displacement of the speci-
men carriage, including the early portion of the deceleration (braking) stage.

A multitude of test parameters are entered via the keyboard, including string -
data with alpha characters. Program routines are used to select specific points
of interest within the data (i.e., time and displacement at peak G) and to
calculate secondary data (i.e., mu, braking coefficient of friction). An exten-
sive routine then calculates the rate of onset (G/second) and rate of decay for
the acceleration-time profile per the outline of MIL-S-9479B (USAF) (5).

Output is in the form of both printed data via the printer and graphs utilizing
the plotter. A sort routine is used to select 32 resultant test parameters and
to file automatically the parameter values in the locally maintained catalog of
test results. This catalog is stored on cassette and may be retabulated by a
separate program. The data from each test found in several programmed matrices
may be stored on cassette files, if desired.

The computer is also used to perform the design of required acceleration
metering pins. The program has been successfully used for both the impulse
accelerator (24" HYGE) (4) and the vertical impact facility.

MAINTENANCE

The locally maintained vertical impact facility manual contains a section
entitled maintenance instructions. These instructions are continuously updated
as experience dictates or as judgment suggests. The instructions may also be
temporarily altered to provide a "best fit" for a specific test program or a
vertical actuator assembly configuration. The instructions include supplemen-
tary documentation, safety precautions, equipment required, maintenance
performance intervals, and procedures.
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The supplementary documentation is derived in part from Reference 1. Included
are the manufacturer's installation, maintenance and operating manuals, along
with drawings and parts lists. Also incorporated are titles of operation and
maintenance manuals of several supportive equipment facilities. Local
engineering drawings of modifications and additions are also catalogued.

The listing of required equipment includes the hydraulic fluid utilized,
reference to all O-rings required, special inspection tools, miscellaneous
expendable supplies, and sundry maintenance tools.

The maintenance performance intervals are specified in one of three manners:
(1) a thorough initial checkout of the system each time the mechanical profile
is altered for a new program, (2) selected maintenance at the conclusion of a
pre-selected number of tests, or (3) pre-selected time intervals varying from
one month to one year.

The maintenance procedures include the vertical actuator assemblies, specimen
carriage, 20-foot rail system, the control console, nitrogen supplies and mani-
folds, area safety and security devices, and recommended performance validation
tests. The maintenance items include excerpts from the manufacturer's operating
and maintenance instructions integrated with local instructions derived from
experience gathered from similar facilities. The conditions of dynamic and
static seals, hydraulic fluid levels, the safety interlock valve operation, and
the condition of teflon bearings and brake pistons are all critical and are
detailed individually. Rail spacing and condition are checked periodically.

The rail columns must be kept free of rust and gouges, and free (dry) of
solvents and lubricants. Control console gauges are removed yearly for calibra-
tion by the Wright-Patterson Precision Measurement Equipment Laboratory (PMEL).
A1l pneumatic lines and valves are leak checked following reinstallation of the
console gauges.

Three performance vaidation tests are detailed.

1. Normal sequenced test, instrumented 90-day intervals and initial
checkout of a new program profile. Perform a standard instrumented test per
existing checklists and operating instructions.

2. AUTOFIRE test, non-instrumented, 90-day intervals and initial checkout
of a new program profile. Performed following the normal sequenced test. Use
carriage without a test specimen. F1i11 to SET PRESSURE of 50 psig. Fill to
BRAKE PRESSURE of 100 psig. Then slowly increase the LOAD PRESSURE until
AUTOFIRE occurs. Note and record LOAD PRESSURE. Determine and compare pressure
ratio: LOAD (ABSOLUTE)/SET (ABSOLUTE).

3. "Signature" test, instrumented. The purpose is to provide a small
group of "signature" test profiles to be performed at intervals to establish a
time-based history of the vertical impact facility performance. Collected com-
parison data may reveal changes in performance characteristics. These tests may
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be performed at initial profile setup, at scheduled maintenance intervals, or
Jjust prior to disassembly of a setup. Due to the large possible selection of
variables, only a few tests will be defined as a “signature* test, based upon
developing test quantities.
Signature No.l
HY-6601

Acceleration Metering Pin No. 77881-C-01

Deceleration Metering Pin No. - none

Hydraulic Fluid - 0.2 Liters

Weight - Carriage with instrumentation only %;:;;;_,
Load Pr - 480 psig ;ifi§7;¥;
Set Pr - 80 psig PO

.........

Brake Pr - 125 psig PRI
Trigger Pr - 200 psig A
Test Numbers - (Catalog all)

A maintenance log documents disassembly and reassembly of vertical actuator con-
figurations, changes in metering pins and hydraulic fluid levels, and other
changes affecting system performance. Also logged are changes in support equip-
ment, malfunctions and corrective action.

Electrical, electronic, and instrumentation maintenance requirements for the
total impact facility are documented in Reference 4.
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APPENDIX I - A
1. TITLE: 6" HYGE Vertical Impact Facility - Facility Operator's Operating
Instructions.

2. PLRPOSE: To establish standard operating procedures for the Facility
Operator to assure proper setup and operation of the test facilty equipment.

3. SCOPE: This instruction outlines in detail the functions to be performed
in the different phases of operation.

4. SUPPLEMENTARY DOCUMENTATION: Reference Section 2, MAINTENANCE
INSTRUCTIONS.

5. HAZARDS AND PRECAUTIONS:

5.1 A11 personnel working in the test area must be cautioned about the
proper use of the test facility and safety measures to be taken.

5.1.1 The test facility must not be approached when Brake, Load,
and/or Trigger pressures are being filled or are up to desired operational
pressure,

a. Wear protective hard hat when vertical actuator is
being pressurized.

b. Maintain orderly, safe work environment

c. Handle high-pressure nitrogen cylinders with extreme
caution.

d. Check carriage assembly for loose bolts, tools, etc.,
prior to filling to selected load pressure.

e. Check that the carriage assembly is physically against the
top of the thrust column.

f. Check that the brake-pressure hose, instrumentation cable,
and tape measure are clear of obstructions.

6. EQUIPMENT REQUIRED:
6.1 Protective hard hat.
6.2 Nitrogen supply
6.3 Tape measure

6.4 Facility Operator's Checklist
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7. GENERAL: The operating techniques and instructions outlined in this docu-
ment, when used in conjunction with the supplementary documentation, provide a
means of assuring consistent, reliable performance of the vertical impact
facility as well as the safety of personnel.

8. RESPONSIBILITY: The facility operator is responsible for the implemen-
tation of test requirements assigned by the Test Conductor, and assuring

proper setup and operation of the equipment. He is responsible for the opera-
tion and overall performance of the mechanical equipment, and for recording and
documenting performance. He is responsible for initiating corrective action to
maintain the system in a ready condition.

9. DETAILED PROCEDURES: These procedures are in five sections: 9.1 Facility
Setup, 9.2 Pre-Test, 9.3 Test, 9.4 Post-Firing, and 9.5 Facility Shutdown.

9.1 Facility Setup.

9.1.1 The test conductor will advise all test personnel of the time,
nature, and number of tests.

9.1.2 Replace nitrogen cylinders with gas pressures less than
200-300 psig above their respective desired SUPPLY pressures. See 7.5
Nitrogen Supplies of Maintenance Instructions.

9.1.3 Assemble required HYGE base, cylinders, orifice plates,
metering pins, and thrust column.

9.1.4 Meter required hydraulic fluid. Record quantity and height.
Then assemble required cover.

9.1.5 Check all pneumatic lines, including both SUPPLY manifolds,
for leaks. Check all flexible hoses and their fittings. See 7.4.1 Control
Console of Maintenance Instructions.

9.1.6 Complete Configuration section of 6" HYGE Test Log.
Coordinate with test conductor. Complete any remaining entries jointly with
test conductor.

9.2 Pre-Test:

9.2.1 Position the acceleration metering pin with assembled com-
ponents against the acceleration orifice plate.

9.2.2 Dip stick and record hydraulic fluid height. Cap fitting.
9.2.3 Release carriage rail clamps.

9.2.4 Lower the carriage assembly to the top of the thrust column.
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9.2.5 Secure the test package.

: 9.2.6 Secure cloth tape measure to carriage clip. Pull out suf-
! ficient length of tape. Note and record pre~test reference height.

9.2.7 Complete pre-test portion of 6" HYGE Test Log including Set,
Brake, Load, and Trigger pressures.

i 9.2.8 Switch console 120V and intercom POWER to ON.
| 9.2.9 Begin to wear hard hat.
9.2.10 Advise all test personnel of readiness to pressurize system.

; 9.2.11 Open low-pressure manifold cylinders, regulator and supply
d valve; set regulator delivery pressure.

9.2.12 Open high-pressure manifold cylinders, regulator and supply
valves; set regulator delivery pressure.

2 9.2.13 Open console LOW PRESSURE and HIGH PRESSURE SUPPLY valves;
o readjust manifold regulators.

9,2.14 FILL to select SET PRESSURE and close valve.

ﬂg 9.2.15 Check to assure that the carriage assembly is physically
against the top of the thrust column. Check rail clamps.

9.2.16 Clear carriage assembly and HYGE assembly of loose hardware.

9.2.17 Check that the BRAKE PRESSURE flexible hose, instrumentation
cable and tape measure will be free of obstruction as they travel with the
carriage assembly.

9.3 Test:

CAUTION: DO NOT exit from under the protective overhead screen until the
post-firing phase of operations.

9.3.1 FILL to selected BRAKE PRESSURE and close valve.

9.3.2 FILL to selected LOAD PRESSURE and close valve. {Load
pressure, maximum € 6 x set pressure)

9.3.3 FILL to selected TRIGGER PRESSURE and close valve.

9.3.4 Check that console instrumentation panel firing mode switch is
to AUTO.
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9.3.5 Advise all test personnel that all pressures are up and of
readiness to activate countdown START switch. Wait for all affirmative
replies.

9.3.6 Instruct the Safety Monitor to activate the countdown
AUTOMATIC FIRE-START switch to COUNTING.

9.3.7 Upon hearing from the Instrumentation Operator that the count-
down is in progress, switch on (up) and hold the detent FIRE ENABLE switch.

9.4 Post-Firing:
9.4.1 Release and cover the detent FIRE ENABLE switch.

9.4.2 Check that the carriage assembly brakes are holding
adequately.

9.4.3 Record the final height of the carriage assembly.

9.4.4 VENT the LOAD PRESSURE and TRIGGER PRESSURE to return the
thrust column to its initial position.

9.4.5 VENT the BRAKE PRESSURE to lower the carriage assembly and its
test package to the top of the thrust column. Keep one hand on the BRAKE
PRESSURE FILL valve. In the event that the carriage begins to descend too
rapidly, open the FILL valve (and close the VENT valve). (The carriage will
also descend rapidly if the BRAKE PRESSURE is allowed to decrease below the
value ne;essary to activate the Safety Intertock Valve located in the
console.

9.4.6 Check that the carriage assembly is physically against the top
of the thrust column.

9.4.7 Close the BRAKE, LOAD, and TRIGGER PRESSURE VENT VALVES.
9.4.8 Complete the 6" HYGE Test Log.

9.5 Facility Shutdown:
9.5.1 Remove the test package, if required.

9.5.2 VENT the SET PRESSURE to zero psig. Close the SET PRESSURE‘
VENT valve.

9.5.3 Check both SUPPLY manifold regulator gauges to determine that
each SUPPLY has a minimum of 200-300 psig above the next respective specified
operational pressures. Note remaining pressure on individual bottle tags.
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Close both manifold cylinders. Vent the high-pressure manifold line through
the console HIGH PRESSURE SUPPLY FILL and VENT valves; close the console HIGH
PRESSURE valves when venting is completed. Vent the low-pressure manifold
line through the console LOW PRESSURE SUPPLY FILL and VENT valves; close the
console LOW PRESSURE valves when venting is completed. Close both manifold
regulators and supply valves.

9.5.4 Vent all lines indicating residual pressure in the sequence of
LOAD, TRIGGER, SET, and BRAKE.

9.5.5 Inform Principal Investigator of test results and provide any
additional data requested.
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APPENDIX I - B

1. TITLE: 6" HYGE Vertical Impact Facility - Safety Monitor's Operating
Instructions.

2. PURPOSE: To establish standard operating procedures for the Safety
Monitor to assure satisfactory test area safety.

3. SCOPE: This instruction outlines in detail the functions to be performed
in the different phases of operation.

4, SUPPLEMENTARY DOCUMENTATION: Reference Section 2, MAINTENANCE
INSTRUCTIONS.

5. HAZARDS AND PRECAUTIONS:

5.1 A1l personnel working in the test area must be cautioned about the
proper use of the test facility and safety measures to be taken.

5.1.1 The facility must not be approached when Brake, Load, and/or
Trigger pressures are being filled or are up to desired operational pressure.

a. Wear protective hard hat when vertical actuator is
being pressurized.

b. Majntain orderly, safe work environment.

c. Check carriage assembly for loose bolts, tools, etc.,
prior to filling to selected load pressure.

d. Check that the carriage assembly is physically against the
top of the thrust column.

e. Check that the brake pressure hose, instrumentation cable,
and tape measure are clear of obstructions.

6. EQUIPMENT REQUIRED:
6.1 Protective hard hats.
6.2 TEST IN PROGRESS poster,
6.3 SAFETY MONITOR'S CHECKLIST.

6.4 Perimeter stands and webbing.
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7. GENERAL: The operating techniques and instructions outlined in this docu-
ment, when used in conjunction with the supplementary documentation, provide a
means of assuring consistent, reliable performance of the vertical impact
facility as well as the safety of personnel.

8. RESPONSIBILITY: The Safety Monitor is responsible for the implementation
of safety requirements, and assuring proper setup and monitoring of safety con-
ditions. He is responsible to ensure that only authorized personnel are in the
test area and to correct any violation of safety.

9. DETAILED PROCEDURES: These procedures are in four section: 9.1 Pre-Test,
9.2 Test, 9.3 Post-Firing, and 9.4 Facility Shutdown.

9.1 Pre-Test:

9.1.1 Locate test area intercom at Safety Monitor's Station; make o
operational, . e

9.1.2 Make hard hats available.

9.1.3 Place TEST IN PROGRESS poster on personnel door in R112 RSt
between R112 and R112A. Place a physical barricade against personnel door. A

9.1.4 Open south door of double-door set between R112 and R112A to
permit pedestrian traffic.

9.1.5 Set up test area perimeter utilizing portable stands placed a
minimum of 15 feet from the thrust column. Interconnect stands using half-
inch wide yellow webbing.

9.1.6 Switch facility patch board cabinet power ON.

9.1.7 Wear hard hat when advised by Facility Operator that he is
ready to pressurize the system.

9.1.8 Limit pedestrian traffic to outside of test area perimeter.

9.1.9 Check to assure that the carriage assembly is physically
against the top of the thrust column. Check rail clamps.

9.1.10 Check that the carriage assembly and test package are cleared
of Toose hardware.

9.1.11 Check that the BRAKE PRESSURE flexible hose, instrumentation
cable, and tape measure attached to the carriage assembly will be free of
obstructions as they travel with the carriage assembly.




9.2 Test

CAUTION: DO NOT exit from under the protective overhead screen until
the Post-Firing phase of operations.

9.2.1 Switch the Firing Mode to AUTO.

9.2.2 Upon instruction from the Facility Operator, switch the
AUTOMATIC FIRE-START to COUNTING.

9.2.3 Upon hearing from the Instrumentation Operator that the count-
down is in progress, switch on (up) and hold the detent FIRE ENABLE switch.

9.3 Post-Firing:
9.3.1 Release and cover the detent FIRE ENABLE switch.

9.3.2 Check that the carriage assembly brakes are holding
adequately.

9.3.3 Measure the final height of the carriage assembly.
9.3.4 Switch the AUTOMATIC FIRE-STOP to RESET.

9.3.5 Stand by to assist in the return of the thrust column to its
initial position and the carriage assembly to the top of the thrust column.

9.3.6 Permit the resumption of pedestrian traffic within the test
area perimeter.

9.3.7 Record any necessary safety remarks on the 6" HYGE Test Log.
9.4 Facility Shutdown:
9.4.1 Assist the Facility Operator in shutting down the facility.

9.4.2 Remove TEST IN PROGRESS poster from personnel door in R112.
Remove barricade.

) 9.4.3 Close the south door of the double-~-door set between R112 and
R112A.

9.4.4 Remove the test area perimeter and return to storage.

9.4.5 Collect hard hats and return to storage.
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APPENDIX I - C T
‘1. TITLE: RESTRAINT PROGRAM. . :

6" HYGE Vertical Impact Facility - Facility Operator's Operating
Instructions.

2. PURPOSE: To establish standard operating procedures for the Facility o !!; -
Operator to assure proper setup and operation of the test facility equipment. .

3. SCOPE: This instruction outlines in detail the functions to be performed in R A
the different phases of operation. R

The following instructions are used for the Restraint Program only. This o
program requires the rapid return of the carriage and test specimen to the prin-
cipal investigator following the test event. Motion-picture cameras are
utilized. The HY-6407 assembly configuration includes a deceleration metering
pin and a deceleration orifice plate. Therefore, a method is included which S
permits measurement of the hydraulic fluid prior to and between tests without i
the need to remove the cap from around the thrust column. - .9

4. SUPPLEMENTARY DOCUMENTATION: Reference Section 2, MAINTENANCE INSTRUCTIONS. P
5. HAZARDS AND PRECAUTIONS: FEESR

5.1 A1l personnel working in the test area must be cautioned about the
proper use of the test facility and safety measures to be taken.

5.1.1 The facility must not be approached when Brake, Load, and/or
Trigger pressures are being filled or are up to desired operational pressure.

_ a. Wear protective hard hat when vertical actuator is being - 9
= pressurized. T

b. Maintain orderly, safe work environment. VR

2 c. Handle high-pressure nitrogen cylinders with extreme caution.

d. Check carriage assembly for loose bolts, tools, etc., prior e
to filling to selected load pressure. T

e. Check that the carriage assembly is physically against the
top of the thrust column.

f. Check that the brake-pressure hose, instrumentation cable,
and tape measure are clear of obstructions.



EQUIPMENT REQUIRED:

6.1 Protective hard hat.

6.2 Nitrogen supply.

6.3 Tape measure.

6.4 FACILITY OPERATOR'S CHECKLIST

7. GENERAL: The operating techniques and instructions outlined in this docu-
ment, when used in conjunction with the supplementary documentation, provide a
means of assuring consistent, reliable performance of the vertical impact
facility as well as the safety of personnel.

8. RESPONSIBILITY: The Facility Operator has the responsibility for the imple-
mentation of test requirements assigned by the Test Conductor, and assuring
proper setup and operation of the equipment. He is responsible for the opera-
tion and overall performance of the mechanical equipment, and for recording and
documenting performance. He is responsible for initiating corrective action to
maintain the system in a ready condition.

9. DETAILED PROCEDURES: These procedures are in five sections: 9.1 Facililty
Setup, 9.2 Pre-Test, 9.3 Test, 9.4 Post-Firing, and 9.5 Facility Shutdown.

9.1 Facility Setup:

9.1.1 The Test Conductor will advise all test personnel of the time,
nature, and number of tests.

9.1.2 Replace nitrogen cylinders with gas pressures less than 200-300
psig above their respective desired SUPPLY pressures. See 7.5 Nitrogen Supplies
of Maintenance Instructions.

9.1.3 Assemble required HYGE base, cylinders, orifice plates,
metering pins, and thrust column.

9.1.4 Meter required hydraulic fluid. Record quantity and height.
Then assemble required cover.

9.1.5 Install a Trigger Pressure bleed (ball) valve between the
Trigger Pressure entrance-port tee fitting and the vented cap initially on the
dead end of the tee. Open the valve.

9.1.6 Check all pneumatic lines, including both SUPPLY manifolds, for
leaks. Check all flexible hoses and their fittings. See 7.4.1 Control Console
of Maintenance Instructions.




9.1.7 Complete Configuration section of 6" HYGE Test Log. Coordinate fi;ﬁl¥k;;
> with Test Conductor. Complete any remaining entries jointly with Test SRR
- Conductor.

9.2 Pre-Test:

9.2.1 Position the acceleration metering pin with assembled com-
ponents against the acceleration orifice plate.

. 9.2.2 VENT the LOAD, TRIGGER, and SET PRESSURES. Close all VENT
- VALVES. Close Trigger Pressure bleed valve.

9.2.3 Lift carriage 20-24% above thrust column. Fasten rail clamps
to hold carriage.

9.2.4 Open low-pressure manifold cylinders, regulator, and supply
valve; set regulator delivery pressure to 100-150 psig.

9.2.5 Open high-pressure manifold cylinders, regulator and supply
valve; set regulator delivery pressure to 100-150 psig.

9.2.6 FILL BRAKE PRESSURE to 100 psig.

9.2.7 Use LOAD and SET PRESSURE gauges on top of the console.
(Referred to as #2 LOAD and #2 SET PRESSURE gauges.)

-~ 9.2.8 Fill #2 LOAD PRESSUIRE to 10-15 psig. Piston assembly should
1ift off, or "pop off," the acceleration orifice plate; then continue a slow
rise.

R

9.2.9 When 1ift is completed VENT #2 SET PRESSURE. Remove cap
fitting. Dip stick and record hydraulic fluid height. Replace cap fitting.

9.2.10 Fi11 #2 SET PRESSURE to 20 psig. VENT #2 LOAD PRESSURE slowly
down to 10 psig. Maintain a 10 psi differential pressure. At approximately
four inches above the acceleration orifice plate, the piston assembly may
quickly and noisily seat on the plate. Close all FILL and SUPPLY valves.

Sy 9.2.11 VENT #2 LOAD and TRIGGER PRESSURES. VENT #2 SET PRESSURE.
) Close all VENT valves.

9.2.12 Position the acceleration metering pin with assembled com-
ponents against the acceleration orifice plate.

9.2.13 Open Trigger Pressure bleed valve.

9.2.14 Release carriage rail clamps.
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9.2.15 VENT BRAKE PRESSURE, lowering the carriage assembly to the top
of the thrust column.

WP POUUA( L
LR “'i‘ “ o0, -

9.2.16  Secure the test package.
9.2.17 Secure the necessary ballast weights.

9.2.18 Secure cloth tape measure to carriage clip. Pull out suf-
ficient length of tape. Note and record pre-test reference height.

9.2.19 Complete pre-test portion of 6" HYGE Test Log including Set,
Brake, Load and Trigger Pressures.

9.2.20 Switch console 120V and intercom POWER to ON.

9.2.21 Begin to wear hard hat.

9.2.22 Advise all test personiel of readiness to pressurize system.
9.2.23 Reset low-pressure regulator delivery pressure.

9.2.24 Reset high-pressure regulator delivery pressure.

9.2.25 Open console LOW PRESSURE and HIGH PRESSURE SUPPLY valves;
readjust manifold regulators.

9.2.26 FILL to selected SET PRESSURE and close valve.

9.2.27 Check to assure that the carriage assembly is physically
against the top of the thrust column. Check rail clamps.

9.2.28 Clear carrfage assembly and HYGE assembly of loose hardware.
9.2.29 Check that the BRAKE PRESSURE flexible hose, instrumentation
cable, and tape measure will be free of obstruction as they travel with the
carriage assembly.
9.3 Test:

CAUTION: DO NOT exit from under the protective overhead screen until
the Post-Firing phase of operations.

9.3.1 FILL to selected BRAKE PRESSURE and close valve.

9.3.2 FILL to selected LOAD PRESSURE and close valve. (Load Pressure,
maximum € 5.5 x set pressure).

9.3.3 FILL to selected TRIGGER PRESSURE and close valve.
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9.3.4

Check that console instrumentation panel firing mode switch is

to AUTO.

9.3.5 Advise all test personnel that all pressures are up and of
readiness to activate countdown START switch. Wait for all affirmative replies.

9.3.6 Instruct the Safety Monitor to activate the countdown AUTOMATIC
FIRE-START switch to COUNTING.

9.3.7 Upon hearing that the countdown is in progress from the
Instrumentation Operator, switch on (up) and hold the detent FIRE ENABLE switch.

9.3.8 Listen for camera motors to start at T-02. Should cameras fail
to start, release the detent FIRE ENABLE switch (down).

9.4 Post-Firing:
9.4,1 Release and cover the detent FIRE ENABLE switch.
9.4.2 Check that the carriage assembly brakes are holding adequately.
9.4,3 Record the final height of the carriage assembly.
9.4.4 Close the Trigger Pressure bleed valve.

9.4.5 VENT the SET PRESSURE and the LOAD PRESSURE simultaneously,
maintaining a minimum of 100 psi positive LOAD PRESSURE differential.

9.4.6 VENT the #2 SET PRESSURE to zero. Close VENT valve.

9.4.7 VENT the #2 LOAD PRESSURE to 20 psig. Close VENT valve.

9.4.8 VENT BRAKE PRESSURE to approximately 50 psig, lowering the
carriage assembly to a suitable working height. Close the VENT valve. FILL to
selected BRAKE PRESSURE and close valve.

9.4.9 Remove test specimen.

9.4.10 Dip stick and record height of hydraulic fluid.

9.4.11 FILL the #2 SET PRESSURE to 40 psig. Close FILL valve.

9.4.12 Open Trigger Pressure bleed valve.

9.4.13 VENT the #2 LOAD PRESSURE and the #2 SET PRESSURE
simultaneously, maintaining a minimum of 10 psi positive #2 SET PRESSURE dif-
ferential. Close the #2 LOAD PRESSURE VENT at 10 psig.

............
............................................................




9.4.14 Use short low-pressure blasts of #2 SET PRESSURE FILL gas, if
n?cessary, to get the thrust piston assembly to seat on the acceleration orifice
plate.

9.4.15 VENT #2 LOAD and TRIGGER PRESSURES. VENT #2 SET PRESSURE.
Close all VENT valves.

9.4.16 VENT the BRAKE PRESSURE to lower the carriage assembly to the
top of the thrust columns. In the event that the carriage begins to descend too
rapidly, open the FILL valve (and close the VENT valve). VENT to zero pressure;
close the VENT valve.

9.4.17 Check that the carriage assembly is physically against the top
of the thrust column.

9.4.18 Close the BRAKE, LOAD, and TRIGGER PRESSURE VENT VALVES.

9.4.19 Complete the 6" HYGE Test Log.

9.4,.20 In the event of a follow-on test, continue at 9.2.12.
9.5 Faciity Shutdown:

9.5.1 Check both SUPPLY manifold regulator gauges to determine that
each SUPPLY has a minimum of 200-300 psig above the next respective specified
operational pressures. Note remaining pressure on individual bottle tags.

Close both manifold cylinders. Vent the high-pressure manifold 1ine through the
console HIGH PRESSURE SUPPLY FILL and VENT valves; close the console HIGH
PRESSURE valves when venting is completed. Vent the low-pressure manifold line
through the console LOW PRESSURE SUPPLY FILL and VENT valves; close the console
LOW PRESSURE valves when venting is completed. Close both manifold regulators
and supply valves.

9.,5.2 Vent all lines indicating residual pressure in the sequence of
LOAD, TRIGGER, SET, and BRAKE. :

9.5.3 Inform Principal Investigator of test results and provide any
additional data requested.
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APPENDIX I -~ D

1. TITLE: RESTRAINT PROGRAM.

6" HYGE Vertical Impact Facilty - Safety Monitor's Operating
Instructions.

2. PURPOSE: To establish standard operating procedures for the Safety Monitor
to assure satisfactory test area safety.

3. SCOPE: This instruction outlines in detail the functions to be performed in
the different phases of operation.

The following instructions are used for the Restraint Program only. This
program requires the rapid return of the carriage and test specimen to the prin-
cipal investigator following the test event. Motion-picture cameras are
utilized. The HY-6407 assembly configuration includes a deceleration metering
pin and a deceleration orifice plate. Therefore, a method is included which
permits measurement of the hydraulic fluid prior to and between tests without
the need to remove the cap from around the thrust column.

4. SUPPLEMENTARY DOCUMENTATION: Reference Section 2, MAINTENANCE INSTRUCTIONS.
5. HAZARDS AND PRECAUTIONS:

5.1 A1l personnel working in the test area must be cautioned about the
proper use of the test facility and safety measures to be taken.

5.1.1 The facility must not be approached when Brake, Load, and/or
Trigger pressures are being filled or are up to desired operational pressure.

a. Wear protective hard hat when vertical actuator is being
pressurized.

b. Maintain orderly, safe work environment.

c. Check carriage assembly for loose bolts, tools, etc., prior
to filling to selected load pressure.

d. Check that the carriage assembly is physically against the
top of the thrust column.

e. Check that the brake-pressure hose, instrumentation cable,
and tape measure are clear of obstructions.

6. EQUIPMENT REQUIRED:




Protective hard hat.

TEST IN PROGRESS poster.
SAFETY MONITOR'S CHECKLIST.,
6.4 Perimeter stands and webbing.

A
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7. GENERAL: The operating techniques and instructions outlined in this docu- NI
ment, when used in conjunction with the supplementary documentation, provide a AN
S means of assuring consistent, reliable performance of the vertical impact NN
o facility as well as the safety of personnel. .

8. RESPONSIBILITY: The Safety Monitor has the responsibility for the implemen- EESERRREE

tation of safety requirements, and assuring proper setup and monitoring of Tl
: safety conditions. He is responsible to ensure that only authorized personnel Sl T
= are in the test area and to correct any violation of safety. R

9. DETAILED PROCEDURES: These procedures are in four sections: 9.1 Pre-Test, :r_.,3=w
9.2 Test, 9.3 Post-Firing, and 9.4 Facility Shutdown. S

9.1 Pre-Test:

9.1.1 Locate test area intercom at Safety Monitor's station; make
operational.

9.1.2 Make hard hats avajlable.

9.1.3 Place TEST IN PROGRESS poster on personnel door in R112 between
R112 and R112A. Place a physical barricade against personnel door.

9.1.4 Open south door of double-door set between R112 and R112A to
permit pedestrian traffic.

9.1.5 Set up test area perimeter utilizing portable stands placed a
minimum of 15 feet from the thrust column. Interconnect stands using half-inch
wide yellow webbing.

9.1.6 Switch facility patch board cabinet power ON.

9.1.7 Wear hard hat when advised by Facility Operator that he {s ready
to pressurize the system.

9.1.8 Limit pedestrian traffic to outside of test area perimeter.

. 9.1.9 Check to assure that the carriage assembly is physically
: against the top of the thrust column. Check rail clamps.

9,1.10 Check that the carrige assembly and test package are cleared of
Toose hardware.
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9.1.11 Secure the necessary ballast weights.

9.1.12 Check test package.

9.1.13 Check that the BRAKE PRESSURE flexible hose, instrumentation
cable and tape measure attached to the carriage assembly will be free of
obstructions as they travel with the carriage assembly.

9.1.14 Open Trigger Pressure bleed valve.

9.2 Test:

CAUTION: DO NOT exit from under the protective overhead screen until
the Post-Firing phase of operations. ;

9.2.1 Switch the Firing Mode to AUTO.

9.2.2 Upon instruction from the Facility Operator, switch the
AUTOMATIC FIRE-START to COUNTING.

9.2.3 Upon hearing that the countdown is in progress from the
Instrumentation Operator, switch on (up) and hold the detent FIRE ENABLE switch.

9.3 Post-Firing:
9.3.1 Release and cover the detent FIRE ENABLE switch.
9.3.2 Check that the carriage assembly brakes are holding adequately.
9.3.3 Measure the final height of the carriage assembly.

~ 9.3.4 Switch the AUTOMATIC FIRE-STOP to RESET.

9.3.5 Assist in the lowering of the carriage assembly to a suitable
working height.

9.3.6 Remove test specimen.

9.3.7 Remove cap fitting. Dip stick heiéht of hydraulic fluid.
Replace cap fitting.

9.3.8 Stand by to assist in the return of the thrust column to its
- initial position and the return of the carriage assembly to the top of the
s thrust column.

9.3.9 Permit the resumption of pedestrian traffic within the test area
perimeter.
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9.4

9.3.10 Record any necessary safety remarks on the 6-in HYGE Test Log.
Facility Shutdown:

9.4.1 Assist the Facility Operator in shutting down the facility.
9.4.2 Remove TEST IN PROGRESS poster from personnel door in R112.

9.4.3 Collect hard hats and return to storage.




APPENDIX II
6" HYGE TEST LOG
EEEEs——

Test No. Date

-
'
‘-
‘w

Project Investigator

Objective:

Wave Form Feak G Time (MSec)
Configuration:

HYGE NO. Thrust Column {Inches)
= Carriage Height, From Top of Base Plate (Inches)

Dec. Orifice No, I.D. (Inches)

Dec. Metering Pin Length From Top of Thrust Piston (Inches)
MU_STHydraulic Fluid

s

W/Contour Up/Down

(In.) Over Top of Thrust Piston/Deceleration Metering Pin
(In.) As Measured Down From Top of Top Cylinder

. (In.) Avove Deceleration Orifice

f} CAUTION: Minimum % Inch Above Top of Thrust Piston - FOR LUBRICATION ONLY

R DA

o Fluid Volume (Liter) Set Length, Net (In.)
Metering Pin Nos, Acc. Dec.
Dynamic Parts, Inc. Hyd. Fluid TOTAL WT. (Lbs.)
L Carriage Assy. + Instrmentation TOTAL WT. (Lbs,)
: Fixtures + Hardware WT. (Lbs.)
b Test Package Height (In.) WT. (Lbs.)
! Dummy/Animal TOTAL ACC. WT. (Lbs,)
Other TOTAL DEC. WT. (Lbs.)

Facility Op. Safety Monitor
Serial No. Set Pressure Read Actual (PSIG)
. Serial No. Brake Pressure Read ____  Actual (PSIG)
Serial No. Load Pressure Read Actual (PSIG)
Serial No. Trigger Pressure Read Actual (PSIG)
Peak Acceleration, G's Time Duration (MSec)
Reference Height (In.) Pretest Final Net Travel
Other: Remarks

Calculations: Analysic Programs; H-P Nos. Other
Velocity, Max. (Ft/Sec) Acc, Dispiacement (In.)
Duration (MSec) Peek G's Av. Dec. G's
Cale. Duration (10%/90%) Mu

Test No.

Reference:
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1. Consolidated Vacuum Corporation/Consolidated Electrodynamics Corporation,
Rochester, New York.

a) Bulletin No. 4-70, HYGE Shock Testers; Precision Instruments for Shock
Simulation.

b) Bulletin No. 4-75, Standard Test Methods for Mechanical Shock.

¢c) Bulletin No. 4-71-B, Installation and Operating Instructions for the
6-Inch HYGE Shock Tester.

d) Bulletin No. 4-71-A, Foundation and Services for the 6-Inch HYGE Shock
Tester.

e) Bulletin No. 4-70-D, Installation Instructions for the 20-Foot Rail and
Carriage Systems, Type HY-6004. - ‘

f) Bulletin No. 4-70-F, Installation and Operation of the Safety Interlock
Valve for the HYGE Shock Tester. ‘

g) Bulletin No. 4-71-C, Replacement Parts for the 6-Inch HYGE Shock Tester.
2. Hack, William F., HYGE Shock Test Facility at 6571st Aeromedical Research
Laboratory, ARL-TDR-62-22, Holloman Alr Force Base, New Mexico 88330,
KDZBG168 [Reptenber 1962) .

3. Installation and Operating Instructions for HYGE Shock Tester. VE No.
38326, The Bendix Corporation, June 1972,

g 4, Shaffer, John T., The Impulse Accelerator: An Impact Sled Facility for
- Human Research and Safety Systems lesting, AMRL-1R-/6-8, Wright-Patterson Air
] Force Base, Ohio 45433 !*ugust 1976) .

5. Military Specification MIL-S-9479B(USAF), General Specifications for
Aircraft Upward Ejection Seat System (March 1971).
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