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EXECUTIVE SUMMARY

This report describes the development of a horizontal impact sled for the National Institute
for Aviation Research located on the campus of Wichita State University. The
development period dates from first inception in 1985 to late 1992 when the laboratory
Y began accepting commercial clients. The two principal sources of funding for this

v development project were the Federal Aviation Administration (FAA) and the Kansas

v Technology Enterprise Corporation (KTEC).

The system consists of a test sled equipped with upper and lower probes which slides
along two horizontal rails. The sled is propelied by compressed air by means of two

. horizontal cylinders of different diameters. A single cylinder is used for a test. The sled is
£ capable of attaining initial velocities of approximately 40 feet per second in a distance of
\ . approximately 60 feet, followed by a short coasting distance before impact, and finally the

controlled impact pulse. The arresting mechanism consists of several mild-steel straps
e pulling through a roller cage by the sled probes. The sled is capable of providing a peak
S deceleration pulse of 15 to 35 g's within an 8- to 48- inch displacement and a 60- to 180-
SERe millisecond time period.

The design and fabrication contract was awarded on October 17, 1988, and the successful
bidder was Via Systems Inc., Goleta, California, under the supervision of Mr. Acen
Jordan. Mr. Jordan, as of 1988, had developed several horizontal sleds for automotive
industry clients. There were several items that preceded the fabrication contract that bear
mentioning. First, it was decided that a massive sled reaction mass had to be provided to
prevent any potential runaway sled from damaging a nearby 20-inch water line on the west
side of the laboratory building. This decision required the approval of several agencies
and interested parties. A second item involved replacement of the sled supporting concrete
trench arising from a failure to satisfy the geometric specifications for the horizontal
alignment of the sled trench and rails. The sled installation was deiayed untii August 1990.

The principal equipment that was acquired for the laboratory include a KODAK™
EktaPro™ 1000 high-speed digital television recording system, a 64-channel digital data
acquisition system manufactured by DSP Technology, Inc., Fremont, CA. The laboratory
has developed several template systems as well as test fixtures that are used in seat
certification tests and a wide array of dynamic transducers and instrumentation for data
acquisition. The laboratory also acquired four Hybrid Il Anthropomorphic Test Dummies
(ATD's), two of which are fully instrumented. A high intensity overhead lighting system
was developed consisting of six rows of 5000-Watt quartz halogen fixtures in a
semicircular umbrella shape over the sled impact area. Each row contains some 12

T fixtures resulting in a maximum of 168,000 Watts of illumination. These 72 fixtures are
B computer controlled in groups of six each, resulting in an incremental value of 9000 Watts
for each relay controlled increment.
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INTRODUCTION

The National Institute for Aviation Research (NIAR) horizontal impact sled is a
deceleration test system capable of providing a peak deceleration pulse of approximately
35 g’s over an 8- to 48- inch displacement. The fundamental purpose of the impact sled is
to establish a test laboratory capable of performing tests in accordance with the Federal
Aviation Administration (FAA) cabin safety air regulations, specifically seat/restraint
performance. Basically, seat dynamic performance dynamic standards require a triangular
deceleration pulse with peak values between 15 and 35 g's and time durations between 60
and 180 milliseconds.

The dynamic system consists of a sled equipped with upper and lower probes which slides
along two “srizontal rails. The sled is propelled by compressed air by means of two
horizontal cylinders of different diameters. A single cylinder is used for a test. The sled

is capable of attaining initial velocities of approximately 40 feet per second in a distance of
approximately 60 feet, followed by a short coasting distance before impact, and finally the
controlled impact pulse. The arresting mechanism consists of several mild-steel straps
pulling through a roller cage by the sled probes.

The horizontal sled is housed in the Impact Dynamics Laboratory, room 109, in the NIAR
laboratory building on the campus of Wichita State University. An overview of the
laboratory complex is shown in figure 1.




FIGURE 1. LABORATORY OVERVIEW




1985-1990 DEVELOPMENT PERIOD

The genesis for the National Institute for Aviation Research and in particular the
horizontal impact slec occurred in 1985, The local commercial aircraft manufactures
(Beech, Cessna. LearJet) were faced with new Federal Air Regulations (FAR) relating to
seat design ard they encouraged Wichita State University to investigate the possibility of
developing a laboratory where such seat designs could be tested in accordance with FAA
criteria. The basic specifications for the National Institute for Aviation Research crash
simulator were drafted in early 1988. There were several revisions to these specifications
suggested by interested individuals and potential vendors. The design and fabrication
contract was awarded on October 17, 1988, and the successful bidder was Via Systems
Inc., Goleta, California, under the supervision of Mr. Acen Jordan. Mr. Jordan, as of
1988, had developed several horizontal sleds for autometive industry clients.

The 1988 Kansas Technology Enterprise Corporation (KTEC) grant served as a major
impetus for this activity. The grant was subject to the restriction that the funds could only
be used to purchase equipmient. Ultimately these funds were used to purchase the -
KODAK™ High Speed TV System, the Hybrid II dummies, the data acquisition system,
seat load cells, and the overhead high intensity lighting system.

There were several items that preceded the fabrication contract that bear mentioning.
First, it was decided that a massive sled reaction mass had to be provided to prevent any
potential runaway sled from damaging a nearby 20-inch water line on the west side of the
laboratory building. This decision required the approval of several agencies and
interested parties. A second item involved replacement of the sled supporting concrete
trench arising from a failure to satisfy the geometric specifications for the horizontal
alignment of the sled trench and rails. The sled installation began in August 1990.

The impact laboratory development was performed under the guidance of Dr. Walter
Bembhart, Professor of Aerospace Engineering, whose affiliation started during the
summer of 1989. The administrator for the project was Dr. John Hutchinson, Director of
Operations, NIAR.

The first major acquisition of the laboratory was a KODAK™ EktaPro™ 1000 high
speed digital television recording system in June 1989. September 1989 saw the first
FAA proposal for continued development of the impact dynamics laboratory. This
proposal involved Dr. Bernhart, Dr. Marc Herniter, Assistant Professor of Electrical
Engineering, and Dr. Howard Smith, Professor of Aerospace Engineering at The
University of Kansas.

Mr. Richard Chandler served as a most valuable consultant in this development activity.
The proposal was awarded in January 1990.

Dr. Hemiter was charged with establishing the draft specifications for a data acquisition
systemn. Dr. Herniter and Dr. Bernhart visited several sled facilities in the Detroit area in
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January 1990 in support of this task. In April 1990, a request for quotation was issued
with a system manufactured by DSP Technology, Inc., Fremont, California, serving as a
desired standard. The initial specifications for a overhead lighting system were drafted
during the spring of 1990.

In April 1990, a position description for a sled manager was issued and several applicants
were interviewed for this position. The Impact Dynamics Laboratory was indeed
fortunate to acquire Mr. Joseph Miichell for this position in July 1990.

The horizontal impact sled was installed during late August by Mr. Jordau and other VIA
personnel and four acceptance tests were conducted on August 31, 1990. This period also
saw the first graduate student atfiliated with the laboratory. This student was Mrs.
Marilyn Henderson, who was charged with the responsibility of transferring and plotting
data acquired on a 2-channel digital oscilloscope. This mode of operation, although slow
and laborious, was the only means of displaying test data until the DSP data acquisition
system was operable in June 1991.

The fall of 1990 was spent in establishing the design and specifications for a template
system for the sled as well as the required basic dynamic transducers and instrumentation
for data acquisition. Mr. Mitchell began the task of acquiring Hybrid I Anthropomorphic
Test Dummies (ATD's) as well as the first draft of the sled protocol and safety measures.
It is noteworthy to mention that this protocol documentation has gone through several
revisions, the lastest version entitled "Horizontal Test Sled: Technical Order, June 1993,"
is included as appendix A of this report and was authored by Mr. Mitchell.

The impact dynamics laboratory was also most fortunate to acquire Mr. Juan Rodriguez, a
second graduate student in October 1990. Mr. Rodriguez has been continuously affiliated
with the laboratory and has performed numerous tasks associated with the sled
development. His first assignment was to develop the fabrication drawings for the sled
template structure and ballast plates, which were completed and submitted for
competitive bids in November 1990. In December. Mr. Rodriguez and Mr. Manoj
Rahematpura visited the Civil AeroMedical Institute (CAMI), Oklahoma City, OK, to
establish the basic geometry and features of the test fixtures to comply witli FAR Parts 23
and 235.
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The template structure was installed in January 1991, and the DSP data acquisition
system was delivered on April 8, 1991. This period was spent in prepanng sketches of
seat test fixtures, preparing the umbilical cord for the sled, and shop drawing preparation
of the overhead light support system.

The first meeting of the Impact Sled Advisory Committee was held on March 23, 1991.
Representatives from University of Kansas, Beech Aircraft, Cessna Aircraft, LearJet,




Boeing, and the FAA were present. The discussion centered on the status and goals of the
laboratory. Discussions related to the FAA required triangular pulse shapes were
explained with the concept shown in Figure 2. Deceleration Pulse Analysis. When the
velocity and deceleration are plotted vs. displacement, it is seen that the velocity is
reduced to one half of its initial value when the sled has traveled 5/6 of the total permitted
displacement, thus the concept of strap pull through must be employed to reduce the
velocity to zero in the remaining 1/6 displacement. The ordinate labeled Normalized
Force is approximately prcportional to the deceleration.

Mr. Richard Chandler visited on June 6, 7 to discuss a suggested test program that would
enhance the pulse shaping capability of the laboratory. The suggestion was to conduct an
extensive static test program that would include steel straps being completely pulled
through the roller cage. DSP Technology representatives visited the laboratory on June
13,14 to instruct the staff in the appropriate use of the data acquisition system.
KODAK™ representatives visited the laboratory on June 10, 12 for training sessions.
During these sessions, resolution evaluations of representative 1000 frame/second total
absolute motion views were conducted. Thus, while the resolution provided by the 240
horizontal and 192 vertical pixel count is excellent for viewing the event, it fails
capture the fine detail associated with a seat element approaching collapse or other
structural failure phenomena. The KODAK™ EktaPro™ 1000 system is an excellent
device for an immediate slow motion review of the test. It also has the added capability
of down loading the captured event to a standard VHS video format. KODAK™ also
announced that a sled mounted imaging head was being developed which would provide
considerable improvement in resolution of the relative motions occurring on the sled.

The static test program was performed in August and September 1991 with
approximately 100 tests which involved the two strap thicknesses, three strap widths, and
four different stance values between the clamp and roller cages. In addition,
approximately 3G tests were conducted with the straps being pulled through the roller
cage in an attemnpt to match the force vs. displacement characteristics associated with a
triangular temporal pulse. The static test program was conducted by Mr. Juan Rodriguez
and Mr. Karl Petzold, who joined the project in August 1961. The static test data was
presented in the September progress report. The remainder of the fall 1991 semester was
spent in synthesizing these test data and a geometric model of a strap pulling though the
roller cage into a pulse prediction capability. The data base for this effort has improved
with each succeeding test and has culminated ir the document entitled, “An Overview of
Procedures in the Impact Dynamics Labcratory, June 1993.” The document is included as
appendix B of this report and was authored by Mr. Petzold and Mr. Rodriguez.

During this test period, a bartered exchange with Cessna Aircraft Co. was developed
wherein they could place selected products on these sled trial tests in exchange for their
fabrication of the warped seat track test fixtures. Load cells for the test fixtures were
purchased by the NIAR.




Mr. Richard Chandler visited the laboratory on December 16,17, 1991, to resolve several
problems associated with establishing a velocity profile by integrating the acceleration
traces in accordance with the provisions of two applicable aerospace standards:

SAE AS8049 AEROSPACE STANDARD (1990-07)
Performance Standard for Seats in Civil Rotorcraft

and Trensport Airplanes

APPENDIX A: Procedure for Evaluating Impact Pulse Shapes

SAE J211 OCT88 Instrumentation for Impact Test

1992 DEVELOPMENT PERIOD

Early in January 1992, a numerical integration code was written to integrate the
deceleration pulse from the initial launch time to the pulse completion. This code was
written by Dr. John Hutchinson and Mr. Mitchell. This code replaced some ill fatzd
cffort to develop a velocity measuring sysiem by attaching some 80 to 100 magnets to the
sled carriage which served to trigger a stationary Hall Effect device providing a discrete
set of pulses measured in microseconds. The system performance proved to be very
erratic which was attributed to the occasionally skipping of one or more of the magnets
during the pulse deceleration period.

The NIAR inijtiated a series of weekly meetings staring with the new year. These
meetings included most researchers who would ultimately use the sled as well as the sled
development personnel. One positive outgrowth of this activity was the incorporation of
a simple adiabatic expansion mathematical mode! of the pneumatic system which was
suggested by Dr. Steve Hooper, Associate Professor of Aerospace Engineering. The
frictional parameters in the model have been tuned to the sled behavior to the extent that
it is used to calculate the acceleration time to propel the sled to the desired initial velocity
of the pulse. and then permitting a shozt time interval of non-accelerated motion
immediately prior to the impact. The mode! is described in appendix B, Section 4.5.

Dr. Steven Skinner, Assistant Professor of Electrical Engineering joincd the impact
dynamics laboratory effort for the spring semester and summer 1992. Dr. Skinner was
assigned the tasks of establishing a computer controlled comrnon time base for the entire
system. The goal was to utilize a separate personal computer as a clock to supply trigger
signals to the various passive devices as needed. These include the DSP data acquisition
system, the KODAK™ high speed TV system, the overhead high intensity lighting
system, the pneumatic system, and the velocity trap.

Mr. Chandler attended one of the weekly me=tings in February. The KODAK™ high
speed TV system was one item of discussion where Mr. Chandler suggested that the
position of one imaging head should be permanently located and perhaps protected by a




steel cage. He also indicated that a white backdrop inscribed with a grid pattern produce.
parallax problems and lie recomumended a simple drop cloth with the NIAR logo and a
number, time and date identifier for the test. A tentative pricing schedule was also
discussed. The Cessna Aircraft Company conducted some side facing seat tests during
February and March [992.

The structural support system for the high intensity overhead lighting system was erccted
during March. A 180 millisecond test was attempted that required a sled travel of
approximately 48 inches. This excessive stroke permitted the upper probe to depart from
its constraint system and caused some damage to the prot. The internal adjustment
system for the probes was a continuously threaded 1.25 inch diameter rod which had
buckled. A decision to replace this threaded rod adjustment with a more positive
procedure of simply bolting the inner and outer probes together at 2- inch intervals. This
modification does require more time to change the probe length; however, experience has
shown that the probe lengths are changed infrequently

During April 1992, a status report was prepared for the FAA quarterly briefing scheduled
for April 22, 23. During this briefing, it was announced that the DSY data acquisition
system would be upgraded from 48 to 64 channels, 60 of which would be strain gage
amplifiers, and a preliminary fee schedule for the laboratory had been developed.
Representative pulse shapes were also presented.

The month of May found the laboratory engaged in a series of tests with clients that gave
the NIAR facility the opportunity to utilize the yaw and roll fixture, the seat load cells, the
instrumented Hybrid II dummies, evaluation of the head injury criteria (HIC) and other
data. Fortunately, these tests aiso revealed that the DSP data channels associated with tne
rigid body sled motions were improperly filiered. The SAE J211 calls for a Channel
Class 60 filter for these data with a 9 to 24dB per octave rolloff above the cutoff or corner
frequency, FN. The DSP eight-pole Butterworth filters have a rolloff of approximately
48dB per octave above the cutoff or corner frequency which is somewhat in excess of the
J211 requirement. This created a time shift of the peak accelerations between the Class 60
and Class 180 filtered traces.

This problem was presented to Mr. Tim Lewinski of DSP Technology. Fortunately, DSP
maintains active membership on the SAE Safety Test Instrumentation Standards
Committee which had appointed a New Filter Corridor Task Force Subcommittee to
sddre  his specific problem. The subcommittec met four times between November 1951
and June 1992. Mr. Lewinski forwarded the most probable recommendation of the
subcommittee which was implemented by the NIAR in early July. This filter concept was
reviewed with Mr. Richard Chandler in late July and he recommended that the laboratory
provide this description to both clients and test approval agencies. The published
statement was as follows:




The NIAR utilizes a data acquisition system manufactured by DSP Technology Inc.,
Fremont, CA. This system utilizes analog presample filtering followed by a 12 bit analog
to digiial conversion. The FN, or corner frequency of the 8-pole Butterworth presample
analog filter is set to 2900 Hertz for a sample frequency of 10,000 Hertz. This is well
below the Nyquist frequency and exceed the recommendations of SAE J211, Sections 9.1
and 9.2. These data are then processed by a 2-pole Butterworth digital filter utilizing both
a forward and backward pass to eliminate the phase shifts that are characteristic of all
recursive (nonsymmetric) filters. This operation will serve to eliminate the time shifts in
the filtered data. The double pass operation is also equivalent to a 4-pole filter and is
consistent with SAE J211, Section 9.4.1. A CFC-60 filter requires a FN value of 100
Hertz, while the required value for a CFC-180 filter is 300 Hertz. The recommendations
of the SAE New Filter Corridor Task Force is to increase the FN frequencies by 25 per-
cent, resulting in 125 Hertz for CGC-60, 375 Hertz for CFC-180, and 2062.5 Hertz for
CFC-1000. These recommended FN values are used in the NIAR digital filter codes.

When the aforementioned DSP upgrade was instailed in early October, the modified
DSP software, IMPAX, included these recommendations, and is fully described in
Section 5.9.1 of appendix B.

In July 1992, the laboratory was experiencing some cable fraying problems in the
pneumatic propulsion system. The laboratory was inoperative for several weeks awaiting
replacement nonfraying cable replacements. This down time was also utilized to modify
the lower probe by replacing the threaded rod adjustment mechanism with the identical
bolted mechanism used on the upper probe in March 1992.

The high intensity overhead lighting was completed in late September 1992. The system
contains six rows of 5000 Watt quartz halogen fixtures in a semicircular umbrella shape
over the sled impact area. Each row contains some 12 fixtures resulting in a maximum of
108,000 Watts of illumination. These 72 fixtures are computer controlled in groups of
six each resulting in an incremental value of 9000 Watts for each relay controlled
increment.

Dr. Skinner modified the existing control panel to include all of the time triggered
functions with master control by a second PC identified as Computer B which executes
the sofiware code CRASHYV and is fully described in section 5.7 of appendix B.

The Small Aircraft Manufacturers Association (SAMA) utilized the laboratory in
December. The tests were coordinated by Dr. Steve Hooper.




1992 DEVELOPMENT PERIOD

During January 1993, several dynamics laboratory personnel attended a FAA short course
on aircraft seat testing. The activity was conducted at CAMI by Mr. Van Gowdy and Mr.

Steve Soltis.

The laboratory tested several seats manufactured by ERDA on Feb. 3,4. These tests were
coordinated by Mr. Steve Soltis. Several seat cushion tests for SAMA were also
conducted.

A new and revised sled template was ordered in April. This new template structure will
be machined from a single 2-inch-thick 2024 aluminum plate. The template will be
approximately 4 inches wider and will weigh approximately the same as the existing
template system. The most significant change is replacing the existing 17 pieces with but
three structural elements. In addition, a yaw template was also ordered that will
accommodate three abreast seating,

An Advisory Committee meeting was held on May 5, 1993. Mr. Chandler and several
industry representatives were in attendance. The laboratory status was reviewed by Mr.
Mitchell and Dr. Bernhart

Mr. Mitchell stressed the point that the past laboratory staff consisted of himself as the
only full-time employee, two graduate research assistants, and onec undergraduate
assistant has now been expanded to three full-time employe=s and six graduate and
undergraduate research assistants. The VITA of the present staff members are given
below. He also pointed out that the safety and protocol issues have been documented in
the form of appendix A, and the laboratory operation maaual has been developed as
appendix B. Mr. Mitchell also identified a laboratory deficiency in the form of a limited
high-speed photometric data acquisition capability. The laboratory staff are currently
examining the latest high-speed TV capabilities as well as high speed film systems.

Dr. Bernhart also emphasized that the laboratory has a need to begin the development of a
transducer and dummy calibration capability conforming to the published requirement for
ATD's. The Committee suggested that the laboratory could offer dummy calibration as

part of its customer service.




CONCLUSIONS

The objective of thus program was to develop a honzontal impact test sled capable of
performing certification tests of arcraft seats and other components. The laboratory has
had six clients since Augast 1992 for vanious test programs. The NIAR billed cost of
these programs 1s approximately $155,000 to date. Three of these have been FAA
observed certification tests. The laboratory 1s currently (June 1993) conducting tests of
wheelchair restraining systems in transportation vehicles. This test activity requires a
rectangular deceleration pulse and the laboratory personnel have developed the
appropriate strap configuration for this condition. These demonstrated capabiliiies
suggest that pnmary objective has been satisfied.
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1.0 INTRODUCTION

1.0.1 PURPOSE:

This Technical Order establishes practices for the uniforin operation of the Impact
Dynaimics Laboratory. It provides guidelines within which the laboratory will be operated.
This publication also provides step-by-step instructions for the accomplishment of all
phases of the HITS operation.

1.02 SCOPE:

This Technical Order is applicable to the Impact Dynamics Laboratory operated by the
National Institute for Aviation Research.

The procedures and criteria contained in this Technical Order are based upon the VIA
Systems HITS Operational Manual, revised 10/90.

1.03 SAFETY:

The keynote for the design of the Impact Dynamics Laboratory was personnel safety. The
incorporation of numerous safety devices and concepts was based largely on this
consideration.

1.0.3.1 Responsibility -

For a safety program to work, every person must assume the responsibility. Althcugh the
Lab Manager is the responsible agency for safety, ali personnel must take responsibility for
practicing and enforcing the safety program.

1.04 IMPACT DYNAMICS LABORATORY SUB-SYSTEMS

A. Horizontal Impact Test Sled (HITS)

B. Data Acquisiticn System

C. Anthropomorphic Test Dummies (ATDs)
D. High Speed Camera System




1.1 NOTICE OF PROTOCOL

Impact Dynamics Laboratory
National Institute for Aviativn Research
The Wichita State University

The keynote for the design of the Impact Dynamics Laboratory was persomnel safety. The
incorporation of numerous safety devices and concepts was based largely on this consideration.
The intent of the visual safety waraings (OSHA 1910.25 AND 1910.144) is to promote immediate
attention to the hazard areas within the laboratory.

For a safety program to work, every person imust be safety responsible. Although the Lab
Manager is the responsible agency for safety, all personnel must take responsibility for practicing
and enforcing the safety program.

This Notice of Protocol establishes practices for the uniform operation of the Impact Dynamics
Laboratory. It provides guidelines within which the laboratory will be operated.

The Laboratory Manager will exercise sole command over all functions, procedures and operations
during the test program launch phase.

All personnel, active on the test or observing it, will be restricted to designated safe areas in the last
moments before launch. No deviation authorized without the explicit consent of the Laboratory

Manager,

In the event of a HITS system fzilure, no one will leave their designated safe area until the
laboratory has been declared safe. This declaration will be made by the Laboratory Manager, At
that time, all non-essential personnel will be escorted from the laboratory.

A LAB STATUS light assembly will be situated near the main entrance to the laboratory whenever
a test program is in progress ar periodic maintenance is being performed. The lab status light
assembly is a three-bulb light panel: green, yellow and red. [Each light, when singly lit, will
indicate the current status of the propulsion system and level of lab safety to be observed.

The GREEN light indicates a no~-activated propulsion system. Under the GREEN light, lab
operations, to include periodic maintenance (visual and 7-day), payload preparation/loading and
payload inspection, may proceed with an emphasis on safety.

The YELLOW light indicates an activated, SAFE propulsion system. Under the YELLOW light,
lab operations, to include periodic maintenance (30-day), mating of payload to launch station and .
lab subsystems preparation, may proceed with a heightened safety awareness.

The RED light indicates an extreme hazard condition exists within the lab: initiation of test
program launch sequence. Under the RED light, all lab personnel, clients and observers are to
assemble within their designated safe area. No one will be allowed admittance to the lab without
the direct authorization of the Laboratory Manager.
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.11 GENERAL CAUTIONS:

The following cautions are presented here to provide additional guidelines for the proper
operation of this laboratory:

[ CAUTION DO NOT INSTALL WASHERS ON DECELERATOR
COLUMNS. They will ghatter under load.

l CAUTION DO NOT BOLT DOWN AIR TANKS. Should motor break
loose, there will be no rigidity in manifolds; tanks will mce; less
probability of manifold shearing and a vast amount of ccmpressed air escaping into the
laboratory.

{ CAUTION i The proper placement of motor cables along cable guideway:
small motor cables to the inside of large motor cables.

CAUTION ] UNLESS OTHERWISE STATED, torque all grade 5 bolts to 60
ft. Ibs; all grade 8 bolts to 90 ft. Ibs.

CAUTION Replace all worn or damage bolts with the proper grade bolts (i.e.
grade 8 with grade 8).

CAUTION | Track crossing is accomplished by way of removable walkways.

CAUTION | All loading operations of payloads exceeding 70 lbs must be
accomplished by two people or with the material handling

gantry.
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2.0 TEST PROGRAM

[  WARNING

THE SLED PROBES ARE
NO STEP
AREAS.

2.1

Activate the Lab Status Light Assembly to GREEN.

2.1.1 Test Article Preparation

Insure carriage is positioned within designated loading zone.

2.1.2

Position gantry and payload directly above carriage payload platform. Lower payload
onto platform. Insure probes and probe attach points are not struck or otherwise
disturbed.

2.13

Secure payload to platform using proper hardware.

2.14

Position sled and payload to the rear of the decelerator station with the aid of a come-
along device. DO NOT ALLOW LOWER PROBE TO EXTEND OVER THE CABLE

REEL ASSEMBLY. Figures 1, 2, 3, 4 and 5 are to be used as references for the
following preliminary probe alignment checks.

2.14.1

Refer to Figure 2: Very carefully and with the aid of the come-along device, pull the sled
probes into the decelerator station. Observe the lower probe as it passes over the cable
reel assembly. Insure adequate clearance. It may be necessary to position a person in the
decelerator pit in such a manner that their vantage point is directly facing the lower probe.

Inadequate clearance requires immediate correction. Sce: Probe Alignment, Lower.




el T
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2.14.2

Refer to Figures 3, 4 and 5 If necessary, retract carriage from decelerator station. Now
observe the upper probe as it enters into the decelerator station. Correct alignment of the

vertical position is indicated by the flat sole of the upper probe shoe engaging the flat

surface of the decelerator station. Probe shoe bevel contacting decelerator station bevel is

an indication of a low vertical probe alignment and requires- immediate correction. See;
robe Alignment

2.1.43

Refer to Figures 4 and 5. Reposition sled to rear of decelerator station. Insure sled is
positioned laterally against south rail. Again observe the upper probe as it enters into the
decelerator guideway. Any indication that the upper probe is trying to yaw, left or right,

requires immediate correction. See: Probe Alignment. Yaw.

NOTE

Realignment of either probe
requires repeat performance
of Section 2.1.5.




2.2 DECELERATOR PREPARATION

NOTE: For models with dual
decelerator systems.

2.2.1 Changing the stance: moving the decelerator cages

[ WARNING |

A 300 Ib. capacity bracing device
(sawhorse) must be in place
underneath the lower decelerator
columns during all maintenarnce and
adjustments. Placement of bracing
device should be at CG of columa.
(CG indicated by biue dot)

Refer to Figure 6: The lower decelerator cages are held in place by two screws threaded
into the Jdecelerator plate and by a slot and key on the rear edge of the base plate.

This allows the cages to slide along the decelerator plate without having to be otherwise
supported. When sliding the cages and their reaction columns, care should be exercised to
keep them square to the decelerator plate, as otherwise the key could disengage from the
slot and allow the cage assembly to fall.

22.1.1

Remove the transverse allthread rod assembly.

22.12

Pump up the hydraulic rams so that the slides on the cages are fully in.

2.2.13

Loosen and remove the screws holding the cage to the decelerator plate.

22.14

Loosen the four (4) screws holding the forward end of the reaction columns to the
reaction beam.




{ CAUTION

Do not remove
these screwsl!

2215

Loosen the heavy counter nut on the threaded portion of the reaction column.

22.1.6

Slide the cage/reaction column assembly into the new position.

2217

Secure the cage :0 the decelerator plate with two screws.

22138 |

Adjust the length of the reaction column at the threaded portion so that it engages the
reaction beam properly. It may be necessary to lubricate the column clamp assembly at
the r-action beam interface to allow easier adjustment (use vaseline or similar lubricant).
2.2.19

Fully tighten the screws clamping the reaction column to the reaction beam. Make sure
that column and reaction beam are square to each other.

2.2.1.10

Fully tighten screws securing the cage to the decelerator plate. DO NOT OVER
TORQUE.

2.2.1.11

Repeat operation on opposite cage. Make sure the stance is symmetrical. Replace the
transverse allthread rod and tighten the nuts as follows:
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2.2.1.12 Allthread Rod Installation

Run up the inside nuts to the cage and tighten one of them 1/8 turn to pre-load the
alithread rod. Run up the outside nuts and tighten with wrenches. Make sure ailthread
does not turn while tightening the nuts.
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2.2.2 LOADING TBE DECELERATOR

22.2.1.

Check that the transverse allthread rod is in place and the nuts are tight. Check that cages
are tightly secured to decelerator plate. Check that breech screws are tight.

2222

Release hydraulic pressure and allow cage slides to go out as far as possible.

2223

Slide band in from the roller cage sici2, allowing minimum of six inches of band to stick

out past the clamp cage.

2224

Adjust the position of the band so that it is symmetrically distributed about the width of
the rollers of the roller cage and the columns of the clamp cage. Use wood or metal

gauges or supports as necessary to a-complish this.

| DANGER |

After perforining Steps 2.2.2.5 and 2.2.2.6,
DO NOT REMOVE HYDRAULIC PRESSURE
from jacks until ready to unload decelerator.
Lack of hydraulic pressure will result in total
failure of decelerator station.

2225

Pump up the hydraulics on the roiler cage until the timing marks on the

aligned.

2226

lower slide are

Pump up the hydraulics on the clamp cage until the timing marks are aligned.
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2.3 VSDI: Optical Sensor Xositioning
2.3.1
Refer to Figure 7. Loosen Optical Sensor Unit slide rail retaining bolt, but do not remove.
232

Slide sensor along rail to insure ease of adjustment. Lubricate rail with WD~40 (or
equivalent) if necessary.

2.3.3
Position sled at rear of’ decelerator station so that the upper probe engages the decelerator
steel straps.

234

Slide sensor into position. The velocity reading must cccur within the final 1 inch of sled
travel prior to engaging the decelerator straps. This places the sensor to the rear of the
target blade,

235

The target blade should be centered within the center of the sensor gate. This will allow
for vibration or shock motion that may be transmitted to the target and reduce the
possibility of the target striking the sensor body.

23.6

Check that the target blade is fastened securely; straight, not bent, twisted or otherwise
damaged.

23.7
Hand tighten the sensor slide rail retaining bolt.
2.3.8 VSDI Operational Check

Tum unit ON. Press RESET. Display should read "—.-0" ms., and the READY light
should be ON.

23381

Pass a pencil, or other narrow object quickly through the optical beam. The display of the
VS200 should now read some value of time in milliseconds. The READY light should be

A-13




- ST

OFF. For the V5200, any furthur attempt to cut the optical beam should not disturd the
time reading.

23.8.2
Push RESET to rezero the unit and set the logic. The unit is now ready for operation.
2383

In operation, the readout is the time that the target blade takes to pass through the
optical beam. Since the beam is very small (0.010"), the transition time required to
switch the beam is very short. In addition, electronic pulse shaping is used to shorten
the switching risetime. It is important that the optical slots be kept clean to preserve
the sharp switching characteristics. Velacity is obtained by use of the formula:

V=dt

or velocity, V, equals distance traveled divided by time where the units of V and d are
the same. If a 1 inch target blade is used, velocity in inches per second is obtained by
dividing the time in seconds into 1 inch. Any unit system of velocity can be obtained
by simply expressing the width af the target blade in the appropriate units.
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2.4 PRE-LAUNCH CHECKLIST

{  WARNING |

Insure non-used propulsion system is entirely disarmed.
Entirely disarmed is defined as no charge on the tanks
and not disconnected to launch control panel.

{ NOTE |

The carriage should be
positioned at the
loading zone.
2.4.1 Pre-launch Inspection

Decelerator is correctly loaded; hydraulic valves are closed; and hydraulic jack handles are
in the raised position.

2.4.2

Both transverse alithread rods are in place and secured.
243

Emergency decelerators are in place.

244 |

Decelerator reaction coiumns are aligned and secured.
2.4.5

Propulsion systems main pressure control vaives (south pit - 2 ea.) are closed (handles in
up position).

246

Air pressure in propulsion control system is at 60 psig. If not correct, adjust regulator at
compressor output.




247

Propulsion control valves (south and north pits) are closed.
2438

Arming control valves (south and north pits) are closed.
24.9

Carriage probe rollers (upper and lower) are free to turn. Both probe feet are in place and
secure.

2.4.10
Tow cables are clear and in the grooves of the sheaves.
2.4.11

V3DI sensor is correctly positioned. If incorrect, see Section 2.3, VSDI: Optical Sensor
Positioning for instructions.

2.4.12

Load decelerator(s) with steel bands. INFO: The steel band requirements are dictated by
the test requirements of the applicable FAR.

2.4.13

Positicn sled and payload at launch station using the capstan and motor.
2.4.14 Winch Operating Procedures

Attach tow cable to tow-point located aft section of sled.

24.14.1

Wind cable around capstan in such a manner that the cable enters the capstan from below;
winds around capstan four times; and, exits from above.

24.14.2

With cable wrapped loosely around capstan, turn on motor.
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2.4.14.3

Firmly grasp cable with both hands. Pulling the cable taut will cause cable to tighten
around capstan, which in turn will pull sled slowly toward the launch station. Relaxing the
pull on the cable will cause the sled to stop.

Halt the sled twelve inches in front of the launch station.

2.4.15 PROPULSION CONTROL SYSTEM CHECK

AT THIS TIME, PERFORM THE ATPROPRIATE PROPULSION SYSTEM
CONTROL CHECK, SECTION 2.4.15.1 OR SECTION 2.4.15.7.

2.4.15.1 Auxiliary Propulsion System
Connect Auxiliary controls (grey) to launch panel.
2.4.15.2

Open auxiligry main pressure control valve.
2.4.153

Pressurize air storage tank to 20 psi.

24,154

On launch control panel, set DELAY for 5 seconds.
24.15.5

Initiate launch sequence; activat» FIRE switch at Lab Manager's command.
24.15.6

After completion of check, lock FIRE switch.
2.4.15.7 Main Propulsion System

Connect Main controls (yellow) to launch panel.
2.4.158

Open main main pressure control valve.
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2.4.15.9

Pressurize air storage tanks to 20 psi.

2.4.15.10

On Launch control panel, set DELAY for 5 seconds.

2.4.15.11

Initiate Launch sequence; activate FIRE switch at Lab Manager's command.
2.4.15.12

After completion of check, lock FIRE switch,

2.4.16

Deactivate the launch station safety switch - Safety OFF.

24.17

Attach yoke (small for propulsion south, Jarge for propulsion north) to sled yoke attach
point. Secure with red, threaded grade 8 bolt.

| DANGER {

Failure to comply with the next step
could result in system damage
or personnel injury.
2.4.18
Secure remaining yoke to lower attach point of launch station with grade 8 bolt and nut.

2.4.19

With the aid of winch, pull sled into launch station. Activate safety switch (safery ON).
Turn on SAFETY light assembly. A green light should be visible.

2.4.20

Disconnect and stow winch cable.

A-18




2.4.21 Launch Station Probe Alignment Check

Refer to Figure 8. Slide Probe Alignment Fixture into place. Upper probe should clear
upper surface of fixture while lower probe should clear lower surface of fixture. If any
doubt exists about probe alignment, return sled to decelerator station and reaccomplish
Section 2.1.4.

AT THIS TIME, THE PAYLOAD SHOULD BE APPROVED FOR TEST, PAYLOAD
AND SLED IN CORRECT LAUNCH POSITION; SAFETY PIN IS ENGAGED,; AND,
SAFETY INDICATOR IS GREEN.




2.5 LAUNCH CHECK LIST

[ NOTE |

At this time, all lab personnel, clients and observers
are to assemble within their designated safe areas.

2.5.1

Lab status light to RED.

2.5.2

Oren propulsion system main pressure control valve (handle down). Non-used propulsion
system main pressure control valve remains closed (handle up). Pressurize tanks; stabilize
at requisite firing pressure; monitor pressure setting by observing transducer digital meter.

If tank pressure does not stay within preset liimits, activate veut switch. Insure
system SAFETY is on. De-pressurize tanks for a zero pressure reading.
Troubleshoot and correct system pressure malfunction. Repeat Pre-Launch
Inspection, Section 2.4.1.

253

Start Launch sequence to include:

2.5.3.1

Arming System,

2.53.2

Safety OFF - indicator is RED, aural warning tone activated.

2.533

Activate data acquisition system and cameras.

2534

Unlock FIRE switch,




2.5.3.5

Activate FIRE switch. Once sled is under way, engage SAFETY: Green indicator on,
aural warning tone off.




2.6 POST-LAUNCH CHECKLIST

2.6.1

Arming and propulsion control valves are closed (automatic).

2.6.2

Remote safety is ON. Observe visual indicator at launch station -GREEN light ON, aural
warning OFF.

2.6.3
Launch control panel FIRE switch is locked out.
2.6.4

Propulsion cylinder is de-pressurized (automatic). Monitor pressure system digital meter
for zero tank pressure. Activate VENT switch on control panel, if necessary.

2.6.5
Emergency decelerators are intact, in place and NOT in contact with carriage probe.
2.6.6
Unlock lab entrances, LAB STATUS light to YELLOW.,
2.6.7
Perform the following inspections IAW Section 4, Inspection Checklist:
2.6.7a Sled Carriage Shoes
2.6.7b Sled Rails and Civil Work
2.6.7¢ Decelerator Station
268
Clear all discrepancies prior to next run.

2.6.9

LAB STATUS light to GREEN.
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2.7 UNLOADING THE DECELERATOR

[ NOTE |

To unload the decelerator, the sled carriage
must be withdrawn so that the probes are
clear of the decelerator.

2.7.1

Release hydraulic pressure on roller cage and clamp cage. Push slides of both cages out as
far as possible.

2.7.2

Loosen and remove the transverse allthread rod. Do not remove maintenance straps until
ready to remove allthread. This strap will prevent lower allthread from dropping to pit
floor.

{  CAUTION |

The breech bars of the lower decelerator will swing dgwn!
The guide roller of the lower decelerator is heavy
and will fall if not supported.

2.73

Loosen and remove the screws holding or securing the breech bars on the roller and clamp
cage and swing them out of the way.

2.74

The upper decelerator band(s) may now be removad by lifting them straight up. The
lower decelerator band(s) will be extracted downward. It should be held and guided down
to avoid jamming,.

2.7.5
Check all rollers for function, clean any slag, dist or particles accumulated in the cages.
Close and secure breech bars and reinstall the transverse allthiead rod IAW installation

instructions.

Rev: 06.03/93 L
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3.0 SYSTEM MAINTENANCE
3.0.1 Daily Maintenance
Most of the maintenance on the system consists of keeping it clean and rust free. The
track rails are the obvious item, but they are easy to clean and inspect. More critical is the

length of the bore of the propulsion cylinder, which is very difficult to inspect for
cleanliness and rust. Preventative measures to keep the cylinder in proper condition are:

1. The use of dry air for propulsion.

2. Occasional cleaning and lubrication of the tow wire
ropes with a dryer/lubricant such as WD-40 or
equivalent.

3. Avoid long periods of system inactivity.

3.0.2 Replacement Parts
Parts that wear out or decay in operation are as follows:

- Bearing inserts or the carriage probe rollers

- Bearing inserts of the cage -ollers

- Plastic shoes of the sled carriage

3.03

The bearings of the various rollers should be replaced as they wear out. This wear is
relatively fast, especially if pulse profiles at high force levels are used.

The bearings should be replaced when diametrical clearances of more than .030 inch
are observed.

3.0.4 Bearing Replacement

Bore out the old bearing on a lathe, until it is sufficiently thin to be collapsed inward with
a screwdriver or chisel, then pull it out. Replace it with a new one.

3.0.5 Bearing Specifications
All bearings are powdered metal plain bearings, oil filled, SAE 841 bronze.
Dimensions:

Nominal; 1.25ID x 1.50 OD x 2.00 long
Typical: Eagle-Picher, EP 202432
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3.0.6 Plastic Shoes

The plastic shoes on the sled carriage should be replaced when they have become only
.380 inch thick.

3.0.7 Track/Shoe Clearance
Track/shoe clearance (gap) on all positions should be maintained at between .04 - .06 inch
(see Figure 9). The clearances should be maintained with spacers between the shoe and

the mounting surface. Note: As shoes wear, they may be surfaced and spaced out as
necessary to maintain the maximum clearance.

Rev: 06/03/93
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4.0 PERIODIC MAINTENANCE INSPECTIONS (PMI)
n PURPOSE: Inspections are scheduled tnaintenance routines designed to verify sytem
e integrity. It is a preventative maintenance program to insure a high state of reliability for
£ the laboratory; reliability in performance and safety.
4.1 VISUAL INSPECTION

The time interval for this inspection is WEEKLY. Accomplishment of this inspection is to
be recorded in the HITS Labor-tory Log.

Discrepancies are to be corrected prior to any test program payload preparation,

4.1.1 : n erator -

Roller surfaces should be free of rust, nicks, or cracks.

412 Sled Rails -

Rails should be free of rust, nicks, cracks, or Delrin r.csidue.

413 Wire Ropes-

g

!l; s

- Wire ropes should be free of rust. Be mindful of any fraying of the wire rope strands.
4.1.4 Recl Assembly -

o

Ez Reel Assembly should be free of nicks, cracks and other surface blemishes.

4.1.5 Hydraylic Jacks -

Hydraulic Jacks end caps should be tightened snugly. Inspect for hydraulic fluid leaks.

4.1.6 Gantry-

Gantry structure is to be intact with no loose or missing parts.
4.1.6.1 - Trolley -

Trolley is free of rust, nicks and cracks. Trolley is mounted securely to I-beam and moves
freely along I-beam.




4.1.6.2 - Hoist -

Hoist mechanism is clean and free of foreign matter. Chain is free of rust, nicks and
cracks.

4.1.6.3 - Wheel Assemblies -
Wheel treads are free of cracks and any foreign matter that would in any way hinder the

free movement of the wheels. The wheel locking mechanisms are free of rust and foreign
matter and operate properly.

4.1.7 VSDI

VSDI is in place and exhibits no external damage to sensor or display unit. Target blade is
in place and undamaged.

4.1.7.1

Check all cables and zonnectors for corrosion, bent or missing pins, cracked connector
shells, fraying, cuts and missing parts.

4.1.7.2
Check that all screws, washers and nuts are in place and serviceable.

4.1.8  Allthread Rods

Allthread rods, including nuts and washers are free of corrosion, rust, and other foreign
matter.

4.2 7-DAY PMI
Accomplishment of this inspection is to be recorded in the HITS Laboratory Log.
4.2.1 Compressor/Air Storage Tanks

The only launch panel connections to be made are VENT and PRESSURE for each of the
propulsion systems.

42.1.1

Pressurize air storage tanks to 40 psi.

A=27

i

5

R
e




R

u
7

42.1.2
Close main pressure control valves.
4213

Turn off electrical power to compressor.

| CAUTION

High pressure air can cause skin-penetration injuries.
4.2.1.4

Refer to Figure 10. Slowly open manual pressure relief valves 1/2-turn. Do this for the
compresso: and each air storage tank.

4.2.1.5

After compressor/air storage tanks have completely vented, close all manual pressure
relief valves.

4.2.2  Decelerator Cages, Hydraulic

Operate each decelerator cage. Insure that each cage closes and opens properly: cage
slides extend and retract smoothly with no external interference.

4.2.3 Qafety Switch, Launch Station

Refer to Figure 11. Apply power to SAFETY light assembly. Release light assembly relay
by manually retracting SAFETY pin. GREEN light should change to RED and Klaxon
should sound-off. Manually extend SAFETY pin to reactivate light assembly relay. RED
light OFF/Klaxon OFF, GREEN light on. Remove power to SAFETY light assembly.

4.2.4 Sled Rails and Wire Ropes

Upper and lower, non-painted surfaces of sled rails are to be cleaned and lubricated with a
dryer/lubricant such as WD-40 or equivalent. Wire ropes are to be cleaned and lubricated
with a dryer/lubricant such as WD-40 or equivalent.

4.2.5 Propulsion Cylinders and Controls

Cylinders and control mechanisms are to be clean and dust free. Inspect for and repair
surface blemishes.
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4.2.6 Decelerator Station Columng

Columns are to be clean and dust free. Inspect for and repair surface blemishes.
43 30-Day PMI

Accomplishment of the inspection is to be recorded in the HITS Laboratory Log.
43.1 PROPULSION SYSTEM CONTROLS

4.3.2 Auxiliary Propuision System

Connect Auxiliary controls (grey) to launch panel.

43.3

Open auxiliary main pressure control valve.

434

Pressurize air storage tank to 20 psi.

43.5

On launch control panel, set DELAY for 5 seconds.

43.6

Initiate launch sequence; activate FIRE switch at Lab Manager's command. Lock FIRE
switch at completion of test.

4.3.7 Main Propulsion System
Connect Main controls (vellow) to launch.
43.8

Open main main pressure control valve.

43.9

Pressurize air storage tanks to 20 psi.
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4.3.10
On Launch control panel, set DELAY for 5 seconds.
4.3.11

Initiate Launch sequence; activate FIRE switch at Lab Manager's command. Lock FIRE
switch at completion of test.

4.3.12

Safety propulsion system: close both main pressure control valves; turn off air
compressor; vent all storage tanks IAW Section 4.2.1.4 and Section 4.2.1.5,

Rev: 06/03/93
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5.0 CALIBRATION/ALIGNMENT PROCEDURES
5.0.1 PURPOSE

5.1  Probe Alignment, Upper
5.1.1 Alignment in the Pitch Plane: (in the decelerator area with payload installed and

secured for test).

Ascertain that the upper probe length configuration is correct, and that the inner and outer
probe casings are parallel. See Section 5.6.

5.12
Insure that all set screws and adjustment nuts are set and fully tightened.
5.1.3

Refer to Figure 12. Partially loosen upper probe's angle bracket mounting bolts but do
not remove.

5.14

Insert a 1/8 inch thick spacer between the probe guide shoe of the upper probe and the
decelerator guide-way.

5.1.5

Clamp the probe to the guide-way.

5.1.6
Tighten and torque all screws on the brackets; proceed to Section 5.4, Probe alignment,
Check.

5.2  Probe Alignment, Lower

5.2.1 Alignment in the Pitch Plane: (in the decelerator area with the payload installed

and secured for test).

3.2.2

Refer to Figure 13. Partially loosen lower probe attach point mounting bolts but do not
remove.
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5.2.3
Clamp the lower probe to the guide-way (DO NOT USE SPACERS).
524

Tighten and torque all lower probe attach point mounting bolts; proceed to Section S .4,
Probe Alignment, Check.

5.3 Probe Alignment, Yaw Plane
5.3.1 Upper Probe: (with or without payload installed).
5.3.2

Refer to Figure 12. Partially loosen all upper probe angle bracket-to-carriage cross
member mounting bolts but do not remove.

533

Clamp the probe roller cage to the lateral guide-way, with a 1/8 inch spacer, at
approximately 3 inches past the tapered section.

534

Make sure that the lateral clearance of the sled carriage shoes to the rails is all on the
opposite side of the probe lateral guide shoe by pushing the carriage sideways into the
rails.

53.5

Tighten and torque all screws. Proceed to Section 5.4, Probe Alignment, Check.

54  Probe Alignment, Check |

5.4.1 Upper Probe, Pitch

After unclamping and removing the spacer used during alignment, the upper probe should
drop down to touch the decelerator guide-way or just clear it. Ideally, the upper probe
should clear the guide-way surface by .0625 inch maximum.

54.2

Slide the carriage aft until the upper probe is in the tapered entry of the guide-way. The
upper probe may follow the ramp down for a vertical distance no greater than .032 inch.

A-32




If a greater displacement occurs, check that the sled carriage rear shoes are down on the
rail. If they are lifted up, supply additional weight to the back of the carrage. If that
cannot be done, make sure that the lower rear sled carriage shoe clearances are such that
the probe is not allowed to droop beyond the .032 inch nominal allowable. If neither
solves the problem, repeat the upper probe alignment procedure using a thicker spacer
underneath the probe guide shoe when clamping the probe to the guide-way, and utilizing
the fine-align procedures of Section 5.5,

5.4.3 Upper Probe, Yaw

Slide carriage aft and observe entry into the decelerator guide-way. A misalignment of
.063 inch towards the ramped lateral guide is the maximum allowable.

5.4.4 Lower Probe, Pitch

After unclamping the lower probe, it should drop away some and clear the decelerator
guide-way. A clearance of up to .130 incli is normal for the lower probe.

54.5 Lower Probe, Yaw

The lower probe is not readily aligned when in the retracted position, i.e when the
securing screws are at the mid-longeron position. Some alignment is possible by using
shims between it and the longerons in the forward area underneath the front cross member

of the sled. If serious misalignment exists, find the cause by checking the side thrust shoes
of the carriage, or check for bent or mis-installed longerons.

Yaw plane alignment when the lower probe is mounted in the full forward position is
accomplished by shimming only.

5.5  Probe Alignment, Upper Fine-Align

Refer to Figure ]14. Some minor misalignment can be compensated by moving the roller
head up or down (+/- .025 inch maximum).

5.5.1

After clamping the upper probe to the guide-way, loosen the roller head mounting bolts
enough to allow adjustment.

5.5.2

Make the necessary adjustments in increments of .0625 inch. Insure that the roller head is
not cocked but sits square with the guide-way.
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Tighten roller head mounting bolts, unclamp probe and recheck probe alignment.

5.54

Torque roller head mounting bolts to 85 £, 1bs.

5.6  Probe Alignment, Variable Length

Refer to Figure 15. This alignment is relatively self-explanatory. It is very important to
notice that the maximum length of the probe requires a minimum overlap of eight inches
of the outer probe casing to the inner probe casing.

5.6.1

Overall Length (OL) equals 126.19 -- is probe maximum extension.

5.6.2

To adjust the upper probe length, remove the ten 3/8' holokrome allen head bolts located
at the center point of the probe assembly.

5,63
Loosen, but do not remove, the ten inner mounting bushings.
5.6.4

Loosen, but do not remove, the four 5/16" holokrome allen head bolts and retaining nuts
located top and below of upper probe center joint.

5.6.5
Remove upper and lower support plates located within upper probe center joint.
5.6.6

Adjust the inner probe casing to the desired length. Notice that the threaded holes along
cach side of the inner probe casing allow for adjustments in 2" inciements.

5.6.7

Reinstall center joint support plates. Do not tighten the four center joint plate bolts at this
time.




5.6.8

Partially install the ten 3/8" holokrome allen head bolts. Install each bolt only enough to
sufficiently support the inner probe casing.

5.6.9

Horizontally center the inner probe casing within the outer probe casing,

5.6.10

Tighten the inner mounting bushings such that they contact but not move the inner probe
casing. When satisfied that the inner probe casing is horizontally centered, tighten the
inner mounting bushings (alternating one bushing per side) to secure inner probe casing.
5.6.11

Tighten and torque the ten 3/8" holokrome allen head bolts to 90 fi/lbs.

5.6.12

Tighten the center support bolts snugly, then snug down the center support bolts retaining
nuts,

Rev: 6/03/93
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@ Observe here for proper clearance.

Figure 3: Upper Probe Clearance, pitch and yaw.
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2.) Introduction

The impact dynamics laboratory is intended to assist industry and researchers in
the testing of articles that need to demonstrate an ability to withstand impact loads in their
working environment. Much of the emphasis is on the testing of aircraft seats that must
demonstrate compliance with federal regulations, but the facility is well suited to the
testing of any product where impact loading and performance is of concern.

The facility uses a horizontal impact test sled. The sled is accelerated up to the
necessary impact velocity and then decelerated in a manner that represents the desired
impact loading. This is known as a decelerator type sled. The decelerator system consists
of a set of rollers that are used to plastically deform a series of steel straps. By varying the
configuration of the straps the impact loading can be varied. Included in this report are the
methods used to tune the decelerator to provide a desired impact loading.

The bulk of the work in the lab has centered on the develonment of deceleration
pulses and the methods of developing those pulses. The restraining system siraps were
statically tested to attain their force versus displacement characteristics. A desired
deceleration pulse given as g's versus time can be integrated to get a force versus
displacement curve. The force versus displacement curve for the pulse is then matched by
a force versus displacement curve from a combination of straps. These methods that have
been developed over time are the result of part science and part experience. The
procedures used to create a deceleration pulse along with the procedures necessary to
perform a test are presented in this report.

Development of the laboratory began in September of 1990 when the sled was
installed. The developmental work in the lab began with static testing of the restraining
system straps, then moved into development of deceleiation pulses to meet FAA
requirements, and has now included the successful completion of several FAA cenification
tests of aircraft seats.

The impact dynamics laboratory is located at the Wichita State University,
Wichita, Kansas and is part of the National Institute for Aviation Research.
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3.) Overview of the Sled-Decelerator System

Before going into an in-depth explanation of how to create a deceleration pulse it
Is necessary to develop an understanding of the components that make up the sled system
and how they function. This will also assist in explaining some of the nomenclature that
will be used throughout the report.

The system can be thought of as having four main components. These components
are the sled, the propulsion system, the data collection system, and the restraining system.
All of these components perform together to form the horizontal impact test sled.

3.1.) The Sled

The sled carries the payload during the impact test. The sled consists of two
probes used to contact the straps, a template plate for mounting the payload, a set of
plastic shoes that ride the rails, and an interface box for the umbilical cable. The sled is
shown below in figure 3.1.1.

The sled template is the area of the sled where the test article is mounted. The
template has a 6" by 6" hole pattern across its usable area,

The probes, which contact the straps, are located at the front of the sled. There is
an upper and lower probe on the sled. There is a separate restraining system for each
probe. Both probes function in the same manner, so the upper and lower systems are
interchangeable.

Cable to
Amplifiers

Rail

e
k

Sled Probe
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| e———
|

Transducer
Location of Shoes Connections

Figure 3.1.1
Impact Sled




Located at the Southeast comer of the sled is the umbilical interface box, or what
is called the "blue box", which is where transducers used during the test are connected to
the data system. Each connection on the box corresponds to a data channel that has its
own signal amplifier.

At the four comers of the sled are the shoes. The shoes are small pads of Delrin
plastic upon which the sled rides.

3.2) The Propuision System

The propulsion system consists of an air compressor, a series of air tanks for
storing the compressed air, a piston and cable assembly, a series of pneumatic valves to
regulate air flow to the piston, a safety pin to lock the sled into the launch position and a
control panel. There are two separate systems. One, the primary propulsion system has a
7.5" diameter piston and the other, the secondary propulsion system, has a 4.25" diameter
piston. The sled propulsion system is shown in figure 3.2.1. Only one of the pistens can be
used at a given time.

The air compressor is located in the pit on the South side of the track. It feeds
compressed air to the tanks of the propulsion system being used. It also supplies air to the
valve controls. The compressor is turned on and off through an electrical box located on
the South wall of the pit that the compressor is located in. The compressor and its on/off

switch are shown in figure 3.2.1.
N
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Figure 3.2.1
Sied Propulsion System




The air tanks for each of the systems are located in the pits on either side of the
track. The tanks for the primary propulsion system are in the pit on the North side of the
track and the tank for the secondary system is located in the pit that contains the air
compressor, which is on the South side of the track. The three tanks for the primary
system are connected in parallel. There is a pressure transducer on the tank for the
secondary system and on one of the tanks for the primary system. The transducers are
connected to a digital meter that displays system pressure. The meter is located in the
control room. The location of the tanks can be seen in figure 3.2.1.

The pneumatic control valves are located on top of the northern most tank for the
7.5" piston system and on top of the tank for the 4.25" piston system. There are two
valves per system, the firing valve and the safety valve. The safety valve, the one toward
the West end of the tank must be opened before the sled can be fired. The firing valve, the
one toward the East end of the tank, is controlled by the fire button. This valve is open for
a predetermined time. The time this valve is open determines the speed the sled will attain
at the impact position. The location of these valves is shown in figure 3.2.1 and the
location of the switches that control the valves are shown in figure 3.2.3.

The piston and cable assembly runs between the rails in the sled trench, There are
two pipes. The top one is for the secondary system and the bottom one is for the primary
system. The piston starts at the West end of the track before a run. Air pushes the piston
downa the pipe toward the East end of the track when both sets of valves on the tanks are
opened. The result is the sled being pulled toward the impact

~t——Direction of Sled Travel

From the Tanks

Figure 3.2.2
Sled-Propulsion System Connection.




position. The connection of the cables to the sled is called the yoke. Both of the cables are
connected into the yoke that bolts onto the bottom of the sled. Where the cables enter into
the pipes there is a set of pulleys. There are two pulleys that guide the cables as they
change direction and enter the pipe. The connection between the sled and the piston and
cable assembly is shown in figure 3.2.2,

The propulsion system is run by a panel located in the control room of the lab. This
control pane! allows the propulsion system to be pressurized, vented, and allows the sled
to be fired. The control panel is shown in figure 3.2.3.

The main power switch controls all power to the panel. No operations can be
performed if the main power switch is not in the on position. The orange light located
above this switch will be on if the switch is in the on position.

The vent/pressurize switch injects air into the tanks in the pressurize position and
removes air from the tanks in the vent position. This switch has a neutral position in the
center.

The tank pressure dial on the panel is not currently used. Tank pressure is read off
a digital display to the right of the control panel.
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Figure 3.2.3
Propulsion System Control Panel

The switches on the nght hand side of the panel are all connected and are turned
on in sequence. The red light beside all four of the switches will turn on when they are in
the on position.

The arm controls switch controls power to the other three switches. It is used to
prevent someone accidentally pressing the fire button.




The arm system switch opens the first row of valves on the air tanks. These valves
are the ones closest to the west end of the lab, These valves, shown in figure 3.2.1, must
be open to fire the sled.

The next switch is for the safety pin, There is a2 pneumatically controlled pin at the
East end of the track that holds the sled in place to prevent an accidental launching. The
location of the safety pin is also shown in figure 3.2.1.

The next switch is the fire switch. It is no longer used to control the sled. Instead
there is small box, the fire box, next to the control panel that contains the fire button. The
fire button in the small box has an enable and disable switch that acts as an on/off control
for the fire button. This new fire button is connected to a computer that tiiggers the data
acquisition system, turns on the lights, and opens and then closes the firing valves.

The electrical lines that connect the switches with the propulsion system valves and
tanks are plugged into the back of the control box. There is a connection for the safety,
arm system, fire, vent and pressurize switches. There is a separate set of plugs for each of
the two propulsion.systems and only one can be used at a given time.

3.3) The Restraining Systemn

The restraining system is responsible for decelerating the sled in a manner that
represents the desired test conditions. The restraining system works by using the kinetic
energy of the sled to deform a series of steel straps. The straps are plastically deformed
when the sled probe forces them to be pulled through a set of rollers. It is this plastic or
permanent deformation of the straps that absorbs the energy of the sled. A top view of the
restraining system is shown in figure 3.3.1.

The straps are held in place on either side of where the probe contacts them. On
one side is what is called the roller cage. The roller cage contains four rollers that deform
the straps. A top view of the roller cage is shown in figure 3.3.2 and a front view is shown
in figure 3.3.3. The other side is called the clamp cage. The clamp cage holds the straps
fixed on one side.

The first roller in the roller cage is also called the idle roller. For a triangular pulse,
the peak of the pulse is achieved when the end of the shortest strap of a given setup pulls
past the center of the idle roller. At the top of the idle roller is what is referred to as the
idle roller reinforcement arm. This removable stee!l arm serves to keep the idle roller in a
vertical position when the straps push on it during a test.

The number three roller is also called the pressure roller. The pressure roller is
connected to a hydraulic cylinder. When the cylinder is pressurized the pressure roller is
pulled into the straps and thus deforms them. Once the pressure roller is drawn into the
straps it will remain in that position throughout the test. There is a linear displacement
transducer on the upper pressure roller. This transducer is used to make sure the pressure
roller is pulled back the same distance for each test.
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On the opposite side from the roller cage is what is called the clamp cage. The
clamp cage holds the straps fixed so that their only motion will be to pull through the
roller cage. The clamp cage has a hydraulic cylinder much lilce the roller cage. When this
cylinder is pressurized the straps are clamped in place and not permitted to move.

The separation distance between the roller cage and the clamp cage is called the
stance. The stance is variable and set as needed to achieve a desired test condition. The
roller or clamp cage and the adjoining support column, shown in figure 3.3.1, move either
in or out for stance adjustment.

Partially shown in figure 3.3.3 is the all thread rod. This rod runs between the
roller cage and the clamp cage. When the probe contacts the straps, the tension forces in
the straps will pull both the cages in towards each other. The threaded rod helps to hold
the roller and clamp cages apart.

/— All Thread Rod
'

1 Idle Roller
l - N Reinforeement Arm
e Idle Roller
e W W ==
R et
3‘:‘ .'?I; ._?5;3- J Strap Setup
B "I“:-.r‘..
S S| }

fngrs s
7_‘.-;?% -:r:iy J _a— Safety Strap
Wi R vd -]

\— Pressure Roller

Figure 3.3.3
Front View of Roller Cage

3.4) The Data Acquisition System

The data system collects data from the tests and stores it so that post test analysis
can be performed. The six main components of the data system are the DSP data
acquisition system, the umbilical cable, the Impax software, the DSP Plot software, a
486/33 computer, and the interface box or "blue box" on the sled. A schematic of the data
system is shown in figure 3.4.1.

The interface box is located at the rear of the sled. It is shown in figure 3.1.1. All
transducers used on the sled must be connected into this box in order for their data to be
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recorded during a test. There is one plug for each of the amplifiers in the DSP data
acquisition system. This box is also known as the "blue box" because it is painted blue.

The Impax software is what controls the data acquisition system. All transducers
that will be recorded during a test are entered into a test database. Once a transducer is
entered into this database it can be zeroed and then used to record data during a test. Data
that has been recorded by a transducer can also be processed by Impax. This processing
includes filtering raw data or converting the data to an ASCII format.

The DSP Plot software is used to plot signals recorded by Impax. Since the data
recorded by Impax is stored in its own special format, it can only be plotted using the DSP
Plot package.

The DSP data acquisition system contains the signal amplifiers and the analog to
digital converters. Each transducer that is used during a test is connected into its own
amplifier. The data is sent from the transducer to the amplifier to the converter. The
converter changes the data into a digital signal that then can be recorded and stored on the
computer that conzains the Impax and DSP Plot software. There are 64 data channels in
the data acquisition system. Sixty of the channels are of the full bridge/signal condition
type and the other four are of the op-amp type.

The 486/33 computer is located in the control room of the lab. This computer
contains the Impax and DSP Plot software. It is also the storage location of the data
collected for each test.

The umbilical cable is the interface between the interface box on the sled and the
DSP data acquisition system. There is an individual cable for each amplifier in the data
acquisition system. All of the individual cables are bundled together to form the umbilical
cable. The connection of the umbilical cable with the sled can be seen in figure 3.1.1.

DSP Daus Acquusition Systam

!": [t Analog (0 Digital
Conventars
Ca g | Umbilical Interface Box

TNEE ==

anne

T e |

Umbiical

s § Connection

i DDA and DS Pl HRHHHH"“W
Software ﬂﬂm'
Figure 3.4.1

Data System
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4.) Pulse Shaping

This section covers the steps necessary to produce a working pulse from a
theoretical one. You will be taken through the procedures that were used to generate the
pulses currently developed so that the procedures can be clearly demonstrated. A sample
FAA pulse will be used as an example. The first five parts of this section will deal with the
analytical procedures used and the remaining five will cover some of the empirical aspects
involved such as the adjustment of pulse parameters and comparisons with past tests.

~ The procedures presented in this section are performed by the codes Triangle,
Pulse, Speed, and Length. A copy of each of these codes is included in the appendix.

4.1) An Acceptable FAA Deceleration Pulse

Before going into how to construct a deceleration pulse it is necessary to know
what constitutes an acceptable pulse. The document SAE AS8049 entitled "Performance
Standards for Seats iu Civil Rotorcraft and Transport Airplanes" describes the parameters
that must be met for a pulse to be considered satisfactory by FAA standards. It also
demonstrates how to show that a particular pulse complies with these standards.

There are five main requirements that must be met in order for a pulse to be -
considered successful. These are peak G level, rise time, velocity change during the rise
time, total velocity change and the velocity of the sled at impact. The impact velocity,
however is a function of the sled propulsion system so it will be dealt with separately in a
later section. A typical deceleration pulse is shown in figure 4.1.1.

Typical Deceleration Puls
AY7B.089.001 ,

FAR Part 23 Test 1Passenger
153 120ms 3184 Vo

-
t 2348 Ibs Total Sled Weight (1000 Ibs Payload)
[

Alca:]:mian,G' £

.20 L i L A 1 1 n A 1 1 R
290 295 3.00 3.05
Time,t,seconds
Figure 4.1.1

Typical Deceleration Pulse
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Two methods are valid for determining if a pulse generated in a test is successful,
The first is a simple comparison with the ideal pulse where the ideal pulse is superimposed
upon the test puise. If the test pulse is gieater than or equal to the ideal pulse, it is
considered acceptable. The second method is graphical and can be used to evaluate pulses
that are not precisely isosceles triangles. This process begins by drawing a line through the
zero G line on the sled acceleration plot. Second, a line is drawn through the maximum G
line. The G level at the maximum G line represents the peak G level for the pulse, Lines
are then constructed at 10% and 90% of the maximum G line. A line, called the onset line,
which passes through the intersections of the sled acceleration curve and the 10% and
90% lines is drawn. This line should be extended to the zero and maximum G lines. The
point where the onset line intersects the zero G line is called the time zero point of the
pulse. The time interval between the time zero point and the intersection of the onset line
with the maximum G line represents the rise time of the pulse. The rise time of the test
pulse is acceptable if it is less than or equal to the rise time of the ideal pulse. The area
under the sled acceleration versus time curve from the time zero point to a time equal to
the theoretical iise time represents the velocity change during the rise time. The rise time
velocity change should be greater than or equal to one half of the prescribed impact
velocity. The total velocity change is the area under the sled acceleration versus time plot
from the time zero point to a time equal to 2.3 times the theoretical rise time or the time
when the sled acceleration returns to zero, whichever occurs first.

If these four parameters, peak G level, rise time, rise time velocity change, and
total velocity change, are met and the impact velocity is greater than or equal to the
prescribed value, the pulse is deemed to be acceptable. Now that the definition of an
acceptable deceleration pulse is known we can proceed to develop a pulse to meet these
parameters.
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4.2) Integrating an Ideal Pulse

The first step in developing a pulse s:arts with the ideal pulse shape. This pulse will
represent the loading necessary for a particular test. The pulse will generally be given in a
G's versus time format, so the first step is to convert G's into fU/s2 and to change the time
scale to seconds. This will keep the units consistent as the pulse is integrated to get both
velocicy and displacement. The pulse is integrated to determine the displacement of the
sled past the impact position, also called the stroke, as a function of time. This information
will be necessary when we attempt to select straps and in determining the lengths of those
straps.

The acceleration versus time equation of the ideal pulse must be determined. For
the triangular pulse that we will examine, unit step functions will be used to model the
pulse. The sample pulse is shown in figure 4.2.1. This pulse is for FAR part 23 tests for
passenger seats. The pulse is defined to be an isosceles triangle with a peak of 15 G's, a
rise time of 60 milliseconds and an impact velocity of 31 ft/s.

r "I'riangular Deceleration Pulse
FAR Part 23 Test 1
r 15G 120ms 31fvs Vo
[ |____59m__.
0 [ f 1 1 (U Ifm.w i I I 3 1 Ak e { n 1
o PR %0 295 3.00
L Time,t,secands
5 | g
g | g
< -10 :' 3
i / g
s L
Pl
L

Figure 4.2.:
Ideal Triangular Pulse

Since the area under the curve represents the total velocity change or the velocity
of the sled at impact, there exists a relationship between peak G level, a, the impact

velocity, Vy, and twice the rise time or the pulse duration, t. This relationship is,

. Vo
Vo= %— - T Oruponrearranging & = 2.— (4.2.1.a,b)
T
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It is important to note that the three prescribed values for the pulse, impact velocity, peak
G level, and rise time, will not exactly satisfy the above relationship. For instance if we
input the pulse duration of 120 milliseconds and an impact velocity of 31 ft/s into equation
4.2.1.b, the peak G level will be 16.0 instead of the prescribed 15. The pulse duration will
calculate out to be 128.36 milliseconds if we input the peak G level and the prescribed
impact velocity. It has been our practice to integrate the pulse using the proper G level and
impact velocity. The pulse is then developed to meet the rise time requirement with the
extra pulse duration time occurring after the peak of the pulse.

The equation for the pulse is;

a(t) = (2%)-[4 ~u(t) +2~(t-§)~u(t--§)-(t- 7)-u(t- r)} (4.2.2)

We will now insert the relationship for ag from above;

a(z)=(4.‘i:.).[-t.u(t>+z.(t-§).u(t-§)-(t-T).u(t-ﬂ} @23)

This equation can now be integrated to get the equation for velocity as a function
of time. The initial conditions will be;
Vv
v(0)=Vo and v(zj 2° (4.2.4)
So that the velocity equation will be;

V(tj = Vo+ (2—\;—")-{42 -u(t) +2~(t-§)2 -u(t-—zz)-(t- ) uft- r):] (4.2.5)

Integrating again to obtain the displacement equation we get;

S(t) = Ve t+ (%%—)[t’ ~u(t) +2-(t--§)3-u(t-§)—(t- ) - ut- r)- (4.2.6)

Now knowing the equation for the displacement of the sled the stroke at the peak
of the pulse and the total stroke can be found by substituting t = /2 and t = 1. These
values are;

s(f)=_5_.vo.., (4.2.7) and S(r)=-§—-Vo- T (4.2.8)
2 12 12

For the 15 G pulse the stroke at the peak would be 19.9 inches and the total stroke 23.9
inches. The theoretical force versus displacement curve for the pulse can now be plotted.
In figure 4.2.2 force per unit mass, or acceleration, is plotted versus displacement for the
example pulse. The restraining system must develop an opposing force equal to the curve
shown in figure 4.2.2. If the force per unit mass values are multiplied by the weight of the
sled, the resisting force the restraining system must provide can be found.
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4.3) Selecting Straps Using Static Data

The straps in the restraining system must produce a force versus displacement
profile opposite in magnitude to that for the ideal pulse. The static tests that were
conducted in the summer of 1991 resulted in a force versus displacement curve for each of
the straps used in the restraining system. These tests were conducted at a varety of
stances ranging from 17.25 to 62.25 inches, With the aid of the static data a stance and
combination of straps that will achieve a desired pulse can be determined.

A convenient way of selecting a strap setup is to look at the load necessary at the
peal of the pulse. For our example 15 G pulse the stroke at the peak is 19.9 inches and
the resisting force the straps must provide is 15 times the sled weight of 2348 pounds, or
35220 pounds. This can be seen in the plot of the strap force necessary versus stroke
shown in figure 4.3.1.

Strap Force vs Stroke
FAR Part 23 Test 1 Pusenger
15G 1202 318Uz Vo
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sﬁ'ﬁkﬂ '_EL__.
Figure 4.3.1

Strap Force vs. Stroke

If we search through the static data until a stance is found at which 35220 pounds
can be provided at a stroke of 19.9 inches, it is then a matter of selecting a combination of
straps that will best approximate the force versus displacement profile in figure 4.3.1.

When searching for a stance, it is advantageous to start with the widest one
possible and move in from there. As stance increases the amount of strap that is pulled
through the roller cage increases. Ideally all of the straps except the safety strap should be
pulled completely through the roller cage. With a wide stance as opposed to a narrower
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one, there is a greater chance of this happening. The maximum height for any combination
of straps is seven inches. By calculating the force that seven inches of straps can provide at
the peak stroke of a pulse, it can be determined whether the pulse can be achieved for a
particular stance. For the example pulse the widest stance at which this pulse can be
achieved is 52.25 inches. For seven inches of quarter inch thick straps at a 52.25 inch
stance table 4.3.1 shows that the strap force at the peak stroke of the pulse is 48775
pounds while the necessary peak force is 35220 pounds.

Once a stance is found a combination of straps that provides the necessary
resisting force can be selected. Since there are two thicknesses of straps available, 1/4 and
3/16 inches, it must be determined if the pulse can be developed with the 3/16 inch thick
straps or if the 1/4 inch thick straps must be used. The 15 G pulse we have been looking at
requires the use of the 1/4 inch thick straps since the 3/16 inch straps will only provide
24900 pounds at the peak stroke of the pulse. Figure 4.3.2 shows curve fits of the static
data for 1/4 inch thick straps at a stance of 52.25 inches. From past experience the load

Strap Force vs. Displacement
Static Data for 1/4* Thick Strape
§2.25 inch Stecs

L

Strap Foros,To

g
—y T 1 Y1y Ty Ty

5000.0
0.0
0 5 10 15 20 25 20 3s
Straks,inches
Figure 4.3.2

Static Data for 1/4 inch Straps at a 52.52 inch Stance

the straps produce at the peak of the pulse must be slightly higher than the theoretical
35220 pounds. The amount of this overshoot has averaged 6500 pounds. This extra force
must be taken into account when selecting a strap setup. Taking this into account the peak
force we will be aiming for, including the 6500 pounds, will now be 41720 pounds.

Also important when selecting a combination of straps is the back side of the
pulse. The pulse can be thought of as having two parts, or sides. The tront side is the part
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from the start of the pulse up to the peak. The back side is the part from the peak to the
point when the pulse returns back to a zero G level. As was discussed in section 3.3 the
peak of the pulse will occur when the shortest of several straps is pulled past the idle
roller. After a strap passes the center of the idle roller the resisting force the strap provides
decreases to zero. The resisting force reaches zero when the strap is pulled completely
through the roller cage. The lengths of the straps other than the shortest one serve to
determine the shape of the back side of the pulse. It is advantageous to have the largest
number of straps possible in order to have the maximum possible control over the back
side of the pulse.

Keeping in mind the back side of the pulse, and the overshoot of the peak force a
strap combination can now be selected that will provide an acceptable first attempt at the
15 G pulse. Table 4.3.1 lists the strap forces for the 1/4 inch straps at the peak stroke. A
strap setup consisting of two 1.50" x W4" straps, two 1.25" x 4" straps and two 0.50" x 4"
straps will provide a force of 43456 pounds at the peak of the pulse. It is important to
note here that the 60 millisecond rise time is a maximum value. It is therefore
advantageous to develop a pulse that has a slightly shorter rise time in order to make sure
the rise time requirement is met. This alsc leads to a strap combination that is slightly
stiffer that what is theoretically required.

Strap 1 Load, pounds
2.00" x Va" 13935.63
1.50" x V4" 10416.04
1.25"x VA" §827.80
0.50" x 4" _ 3483.91

Table 4.3.1

Strap Forces from Static Data for a 52.25" Stance

The strap combination from the static data can now be piotted against the
theoretical force versus displacement curve shown in figure 4.3.1. T'he loads of the six
individual straps are added together to determine their combined effect. The loading the
straps will provide, based on static data is shown along with the thecretical force versus
displacement curve, in figure 4.3.3. From figure 4.3.3 the overshoot at the peak stroke of
the pulse can be seen.

The data collected from all of the static tests was curve fitted. This data is
contained in the subroutine Straps that is used by the code Puise. As was previously
mentioned both of these codes are included in the appendix.
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4.4) Calculation of Strap Lengths

Once the number of straps needed is determined, the length of those straps must be
also be determined. The length that is of importance when creating a pulse is the strap
length up to the midpoint of the idle roller at the peak stroke of the pulse. For a triangular
pulse when the shortest strap of a given setup passes the point of last contact with the idle
roller the peak of the pulse is defined. We want the shortest strap from the example 15 G
pulse to be at this point of last contact with the idle roller when the sled stroke is equal to
the theoretical peak stroke of 19.9 inches. This will, in theory, put the peak of the pulse at
60 milliseconds into the pulse, the specified rise time.

To understand how to calculate strap lengths an understanding of the geometry of
a strap being pulled through the restraining system is needed. We will examine the method
currently used to calculate strap lengths using one of the straps from the 15 G pulse from
section 4.2 as an example. The current method of strap length calculation is based solely
on geometry. Any permanent deformation of the straps is not taken into account. This
method is not exact but will provide an acceptable first approximation to the necessary
strap length.

The strap length calculation will be done in three parts. The first part will be to
calculate the strap length from the center of roller number four to where the strap last
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contacts the idle roller. The second part will be from the center of roller number four upto
the center of the sled probe. The third part will be from the center of the sled probe
through the clamp cage.

Figure 4.4.1 shows a strap from the center of the sled probe through the roller
cage. Figure 4.4.2 shows the strap from the center of the sled probe up to the start of the
clamp cage.

There are several dimensions that must be identified prior to calculating the strap
length. The horizontal spacing between rollers 2, 3, and 4 is denoted by the variable £. The
value of € is 3.25 inches. The vertical separation between the centers of rollers 2 and 4 and
roller 3 is denoted by p. The value of p is 0.625 inches. The pressure roller has moved
2.25 inches from its starting position when it reaches this value of p. The radius of the
rollers is called r in the equations below. The roller radius is 1.25 inches. The stroke of the
sled is denoted by s and half of the magnitude of the stance by w. There are two contact
angles. These angles are used to determine the amount of strap that is in contact with the
rollers. These angles are denoted by y and . The strap thickness is denoted by the
variable h.

The first step is to determine the strap length from the center of roller 4 up to the
center of the idle roller. There are seven strap segments that must be calculated within this
length. Four of them, the lengths in contact with the rollers, are the same. The two lengths
of strap between rollers 2 and 3 and rollers 3 and 4, that are not in contact with the rollers,
are also the same. The remaining length is the one from the center of the idle roller to the
center of the number two roller, which is a fixed distance.

To determine the contact angle, @, we must first calculate the X and Y
coordinates of the points numbered 1 through 4. The coordinates are;

X, =r-sin(@) y,=r+h- r-cos(¢) (4.4.1.a,b)
x, =(r+h) sin(p) v, =(r+h)=(r+h) cos(p) (4.4.2.a,b)
X, = &= (r+h)-sin(p) y,=r+h-p+(r+h)-cos(e) (4.4.3.3,b)
x, = &-r-sin(p) y,=r+h-p+r-cos(p) (4.4.4.a)b)

Now using points 2 and 4 the tangent of the angle ¢ can be calculated.
_y',=y', _t+h=p+r-cos(p)=(r+h)+(r+h)-cos(p) (4.4.5)
T Xe-Xy &E-r-sin(@)=(r+h)-sin(p) o
This can be further simplified and the tangent of the contact angie ¢ can be
replaced by sine divided by cosine.
i (¢) _ sin() _ (2-7+h)-cos(p)~p
cos(p) &-(2-r+h)-sin(o)

tan(p)

(4.4.6)

If the numerator of 4.4.6 is multiplied by the cosine of ¢ and the denominator by
the sine of the angle, and the entire equation is squared, a quadratic equation for the sine
of ¢ can be developed. This equation can then be solved to determine the contact angle.

(42 +p°)-sin?(g)-2-&(2 1+ h)~sin(gp)+[(2-r’+h)2 -p’] =0 (44.7)

There will be two values of the contact angle that result from this equation. If the
Y' coordinate of the pressure roller is smaller than the Y' coordinate of either rollers 2 or
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4, the angle is the smaller of the two. The contact angle is the larger angle if the Y
coordinate of the pressure roller is greater than that of rollers 2 or 4.

Once the angle @ is determined the lengths of all of the segments inside the roller
cage can be determined. When the strap length is calculated, it is calculated at the center
of the strap. This means the radial distance from the center of a roller to the midpoint of
the strap is needed. This radial distance is;

= r+-§ (4.4.8)

rhl
The arc length of the four segments that are in contact with the rollers is;
=401, (449
To calculate the lengths of the strap not in contact with the rollers, the distance
from the center of rollers three and four to the center of the strap, at the point of last
contact with the rollers, must be calculated. These lengths are;
Xmid,, = Tmid -sin(gn) Y wid,., = Tid T+ h=r. -cos(gv) (4.4.10.3,b)
Xmig, , = &= Toig -5in() Y'mi,, = Tmig Hh=p+1-cos(@)  (4.4.11.3,b)
The length of the segments that are not in contact with the rollers can then be
found from these two points.

|
L= 2 (Vo ~Ves) + (K = Xeas,) (@412)
The length of strap between the center of the idle roller and the number 2 roller is;
1, =18125 (4.4.13)
The total length of strap from the center of the idle roller up to the center of the
number four roller is;

Loy =1 +1, +1 (4.4.14)

The next segment to examine is from the midpoint of roller number four up to the
center of the sled probe. To do this there is another contact angle, ¥, that must be
determined. The same approach will be taken to determine the angle y as was used to find
the angle ¢. For this segment the points a through d will be used. The X and Y
coordinates of these points are;

x'=w+r—r-sin(7) yl=r+h—r-cos(}/) (4.4.15.a,b)
xb=w+r—(r+h)-sin(7) yh=r+h-(r+h)-cos(;/) (4.4.16.a,b)
X, =-:;+r+(r+h)~sin(7) Y. =s-—r+(r+h)-cos(}') (4.4.17.a,b)
X, =:}1-+r+r-sin(y) y,=s—r+r-cos(y) (4.4.18.a,b)

This time the points b and d will be used to calculate the tangent of the contact
angle v.
sin(y)  Yq~Yp s-r+r-cos(y)=(r+h)+(r+h)-cos(y)

cos(7) o 7%y w+r—(r+h)-sin(7)—%-r—r-sin(r)

tan(y) = (4.4.19)

This equation reduces to a quadratic equation for the sine of the contact angle .
This equation is;




[(w’%)z +(S-(2-r+h))2J-sin2(7)
-[2-(2-r+h)-(w—%ﬂ-sin(y%[(z-wh)2—(s—(2-r+h))2]=0

Once again there will be two results returned from equation 4.4.20. If the stroke of
the sled is less than the distance 2r+h the contact angle will be the smaller of the two. The
angle will be the larger of the two is the stroke is greater than the 2r+h distance.

The two segments that represent the length of strap in contact with the rollers can
be determined once y is determined. The radial distance for the arc length calculation is the
distance from the center of a roller to the midpoint of a strap as defined in equation 4.4.8.
The total of these two lengths are;

Lh=2-y1, (4.4.21)

The coordinates of the points midway between points a and b and midway between
points ¢ and d are necessary to dctermine the length of strap that is not in contact with the
rollers. The X and Y coordinates of these puints are;

ab =WHI—r -sin(y) by =T+h =T -sin(}') (4.4.22.a,b)

(4.4.20)

cd mid, =S+ T * cos(7) (4.4.23.a,b)

=-‘l;+r+x;md-sin(7) cd
The length of the segment can now be determined from these two points.

Iy = '\/(dbn\id, = Cdmid,)z + (abmid, - abm_)z (4.4.24.a,b)

The third length in this part of the strap is from the center line of the probe to the
center of the probe roller. This distance is;

L, =.}+r (4.4.25)

The total length of strap from the center of roller number 4 up to the center line of
the sled probe is then; :
Ligw,, =litli+lg (4.4.26)
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Figure 4.4.2
Strap From Center of Sled Probe through Clamp Cage

The final lengths of strap that need to be determined are from the center of the sled
probe through the clamp cage. The contact angle between the strap and the probe roller

on this side is assumed to be the same angle ¥ as on the roller cage side.
The first segment is from the probe center line up to the center of the probe roller.

This distance is the same as equation 4.4.25.
g (4.4.27)

, =
The next segment is that in contact with the prube roller. This length is again the
length of the arc of angle y.

Iy =07 (4.4.28)
The arc at the clamp cage side has the same angle y but the radial distance is only
2.
h .
19 =.2_.y (4429)

To determine the length between the probe roller and the clamp cage, the
coordinates of the points at the center of the strap are necessary. These are the points
midway between points ¢ and f and hetween points g and h,
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ey, =W —-‘1;— r—(r +—g)~sin(}’) ef,m-dy =s—r-h +(r+—g-)-cos(y) (4.4.30.a,b)

8hoy, = -;—'sin(r) ghy =h —%- cos() (4.4.31.ab)
The length of this segment is then found from the coordinates of these two points.
2 2
o = \/(efmid, _ghmid,) +(efu'u'd. -ghmid,) (4.4.32)
The remaining length is the length of strap that runs through the clamp cage. This

length is always the same, twelve and a half inches. This makes the total length of strap on
the clamp cage side;
1

Lia,,, =la+h+lg+]1, +125" (4.4.33)

The length of strap necessary for the given peak stroke is then the total of all of the

individual strap lengths that have just been calculated. This total length is;
Strap Length = Ly, +Lyu, , + Ly, (4.4.34)

For the 15 G 120 millisecond pulse where the stance is 52.25 inches, we can
calculate the length of the shortest strap of the setup so that the peak of the pulse occurs
at a stroke of 19.9 inches. If the stance and stroke values are plugged into the above
equations the length of the shortest strap is calculated to be 89.9 inches. The angle ¢ is
45.3 degrees and the angle y is 38.6 degrees.

The lengths of the other straps in the setup must also be determined. To determine
the length of the longest strap we could put the maximum stroke of the pulse into the
above set of equations. This method, however, has not worked in practice. The above
equations tend to suggest strap lengths that are longer than the lengths that are actually
used. The spacing between succeeding straps is normally between one half an inch and one
inch. These distances are based solely on the knowledge gained from past tests. For 15 G
pulses similar t