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1.0 INTRODUCTION
i . '

1.1 BACKGROUND
The Rail Dynamics Laboratory (RDL) at the Transportation Test Center (TTC) near 
Pueblo, Colorado has been designed and developed by the Federal Railroad Administration 
(FRA) to provide a laboratory in which basic studies in the areas of wheel/rail 
interaction, truck and suspension system design, vehicle body response, safety 
standards, etc., can be performed in a safe, controlled and economical environment.
The Vertical Shaker System (VSS) is the first phase in the development of the RDL.
The primary purpose of the VSS is the study of sinusoidal excitation of rail vehicles to 
determine their structural dynamic characteristics. The VSS consists of four vertical 
hydraulic shakers capable of driving two axle sets of a rail vehicle, having wheel loads 
up to 40,000 pounds, to a sinusoidal environment at magnitudes representative of 
vertical track profiles. Wyle Laboratories was responsible for the design, engineering, 
fabrication and system integration of the VSS and for the conduct of an acceptance 
and a performance demonstration test program.

1.2 SCOPE
The objectives of the VSS Demonstration Program were to demonstrate VSS 
jDerformance and capabilities and to train the RDL operational personnel in its use.
A test plan was developed that incorporated a trailer-on-flatcar (TOFC) as the test 
specimen designated for use during the test. Prior to testing, analytical models of 
the TOFC were developed to aid the structuring of definitive test procedures. Based 
on the results of response analyses performed using these analytical models, shaker 
force parameters, vehicle limit check requirements, and instrumentation types were 
identified.

A six Week test and training program was performed using as the test specimens three 
configurations of the TOFC. During the conduct of the test program, data and information
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were obtained that allowed for the demonstration and evaluation of:
• Excitation system capabilities
• Range of allowable input regimes
• Control system performance 
9 Operating procedures
• Data acquisition system adequacies
• Data analysis capabilities
• Maintenance procedures.

Results of the VSS demonstration and evaluation are presented in this Part I of 
the Demonstration Program report. Part II will include a description of the analytical 
model development of the TOFC configurations, documentation of the associated 
time domain computer program, test data used to verify the analytical models of the 
TOFC configurations and a description of the process of verification.

✓
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2.0 TEST PROGRAM

2.1 OBJECTIVES
The objectives of the Demonstration Test Program (DTP) were to operate the VSS 
under various loading conditions in order to evaluate its capability, to train the 
RDL personnel in its use, and to obtain test specimen data for use in analytical 
model: verification.

2.2 CONFIGURATION DESCRIPTION
Testing for the DTP was conducted on a Pullman Standard 89 foot 4 inch flatcar in 
three different load configurations. These configurations are shown in Figure 2.2-]. 
The flatcar was positioned on the shaker system such that vertical excitation was 
introduced into the B-end truck at the wheel/rail interface.

2 . 2.1 Configuration 1
This configuration consisted of an unloaded Pullman Standard 89 foot 4 inch all 
purpose flatcar serial number TTAX973295. It was equipped wifh two ASF ride 
control trucks with 33 inch wheels and two Pullman Standard Model 5 trailer hitches. 
The weight breakdown for the flatcar is listed in Table 2.2-1. For configuration 1 the 
hitches were in the lowered positions arid the truck ramps at each end were in a 
vertical or over the road position. The couplers at each end were not restrained 
from movement.

2.2.2 Configuration 2
Configuration 2 was the fully loaded flatcar. It consisted of the flatcar defined in 
section 2.2. I loaded with van and platform trailers as shown in Figure 2.2-2. The. 
weight breakdown for configuration 2 is listed in Table 2.2—1.

2.2.2.1 Van Trailer
The van trailer was a Trailmobile Model AHA, Serial Number L32820. It was 
loaded with 49,825 pounds of sand bags on pallets as shown in Figure 2.2-3. The
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CONFIGURATION 2

FIGURE 2.2-1 TEST CONFIGURATIONS



TABLE 2.2-1 WEIGHT SUMMARY 

FULLY LOADED FLATCAR

FLATCAR STRUCTURE 52,561 lb

FLATCAR TRUCKS 17,239 lb

INSTRUMENTATION 100 lb 69,900 lb (Configuration 1)

VAN STRUCTURE 9,098 lb

VAN TANDEMS 3,157 lb

LADING (SAIsID BAGS) 49,825 lb
62,080 lb*

PLATFORM STRUCTURE 10,293 lb

PLATFORM TANDEMS 2,707 lb

LADING (LEAD WEIGHTS) 48,980 lb
61,980 lb*

TOTAL 193,960 lb* (Configuration 2)

* Actual Weighed Values
82,900 lb (Configuration 3)

-5-



V



VAN TRAILER

FIGURE 2 . 2 - 3  TRAILER CONFIGURATIONS
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sand bags were loaded in the van on 1 7  pallets, two abreast with a single pallet at 

the rear. The sand bags were uniformly distributed on the pallets to a height of 

approximately three feet. The weight breakdown for the van trailer is listed in 

Table 2 . 2 - 1 . ;

2 . 2 . 2 . 2  Platform Trailer

The platform trailer was a Trailmobile model P4 1 T, serial number L3 2 8 2 1 . It was 

loaded with lead weights and cribbing weighing 4 8 , 9 8 0  pounds as shown in Figure 

2 . 2 - 3 . Two lead weights, weighing approximately 2 3 , 0 0 0  pounds each, were loaded 

oh 1 2  by 1 2  inch cribbing and secured to the bed of the trailer by steel cables. The 

weight breakdown for the platform trailer is listed in Table 2 . 2 - 1 .

2 . 2 . 3  Configuration 3

Configuration 3  consisted of the flatcar with an empty platform trailer loaded on the 

B-ehd as shown in Figure 2 . 2 - 1 . The hitch at the A-end of the flatcar was in the 

retracted position. The weight breakdown for configuration 3  is listed in Table 2 . 2 - 1

2 . 3  TEST SUMMARY

2 . 3 . 1  Component Tests

Several component tests were desired prior to starting the VSS testing of the flatcar. 

These tests were designed to measure spring constants, stiffnesses, and damping of the 

component parts of the flatcar, van trailer and platform trailer. The tests would have 

provided the RDL operational personnel an opportunity to run component tests and 

would have yielded more coefficients for use in the development of the analytical 

models. A series of tests were to determine the static deflection of both the van and 

platform trailers under load and are described in Appendix A .
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2 . 3 . 2  TOFC Vibration Test

The TOFC configurations were subjected to sinusoidal sweep tests of various 

amplitudes with a controlled input based on displacement. Input motions 

were controlled with all shakers in phase for the excitation of the vertical 

modes of the test specimen. Torsional and roll modes were excited by 

controlling the right side shakers 1 8 0  degrees out of phase with the left side 

shakers. Discrete frequency dwell and decay tests were performed at specimen 

resonant and other selected frequencies with control at several input amplitudes.

The input waveform was commanded to terminate at maximum or zero displacement

thus allowing damping characteristics to be obtained through the analysis

of vehicje response decay traces. A test log with a detailed listing of all

the sweep tests performed including level, frequency range, and magnification

f a c t o r  (Q) values is contained in Appendix C . Also in Appendix C

is a complete listing of all dwell and decays performed. The listing shows

frequency, amplitude and type of test (dwell, high speed record, or decay),

2 . 3 . 3  Test Levels

The test procedure called for a minimum and a maximum sweep test level

for each configuration. The minimum test level, a starting value, was

increased to the maximum level of until the established specimen response

limits were exceeded. In all cases the specimen limits would not permit

the actuators t o  be exercised to the maximum test level. The maximum level

attainable was different for each configuration and each is summarized in

Appendix B. The solid lines in Figures B-l through B- 6  represent sweep levels

and the circles represent dwell ievels. The curves in Appendix B are presented

as summary curves and in each case represent an envelope of the sinusoidal

sweep tests performed over the frequency ranges identified. The time durations

for the sweep tests were variable depending on magnification factor (Q ). Since

data is not acquired at every frequency during d digital sweep the number of frequency

points is established based on system damping (magnification factor) to assure that

the resonance frequencies are identified within 9 7  percent of the peak value.
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2 . 3 . 4  Test Duration

An estimate of total test time was made by a post test analysis of the run log. The 

time for each sweep was based on the approximations in Table 2 . 3 - 1 . The dwell test 

time was assumed to be one minute per dwell run. Table 2 . 3 - 2  summarizes the 

resultant estimate of total test time. An estimate was also made for the cmount of 

test time spent at ^ 0 . 5  Hz of the first flatcar bending resonance which varied 

with configuration and the total number of cycles accumulated at the first bending 

resonance. This data provided flatcar fatigue life information.

2 . 4  TRAINING

Another objective of the DTP was to train the RDL operational personnel in the 

operation of the VSS. During the testing of the first two configurations, RDL 

operating personnel worked directly with their Wyle functional counterparts and 

observed the operation of the VSS. After the successful completion of testing of the 

second configuration, the structural integrity of the VSS was demonstrated and hands-on 

training of the RDL operational personnel was initiated. RDL personnel accomplished 

all test operations during the final two weeks of testing with Wyle acting as only a 

requestor and monitor of activities. Daily meetings were held to evaluate performance 

and review operational procedures. During the hands-on training phase of the test 

program, the RDL operating personnel were exposed to the total system operation.

The RDL operating personnel performed system maintenance, data reduction analysis and 

test setup and teardown of all three TOFC configurations. The data reduction analyses 

were performed with added classroom training given in the use of the updated features 

of the software described in Section 3 . 4 . 3 . As a demonstration of proficiency in 

operating the VSS, RDL personnel were requested to perform a series of tests on the 

final test day* The request specified the test configuration and time constraints 

which were to be met. The inputs consisted of in-phase and out-of-phase sweeps with 

a given spectrum level, and a series of dwell and decay runs at specified amplitudes and 

frequencies. All the tests were Satisfactorily performed as requested. Upon the completion 

of the test program the RDL operational personnel had demonstrated their ability to 

operate the VSS.

-1 0 -



TABLE 2.3-1 APPROXIMATE SWEEP TIMES

T0  
.  50

1 . 0

2 . 0

5 . 0

680.
APPRE5X1 MAI 

FR0M

rE SUE 

SELI  

T0 SE

:e p  t i m e  i n  s e c o n d s

ZCTED FREQUENCIES  

3.ECTED FREQUENCIES  

AS A FUNCTION 0 F  0

' ~  i

1 2 0 0 520

1 55Q 9 7 0 4 50

1 7 7 0 1090 57 Q 12Q

2.<
1 0 . 187 Q 1 190 67 0 22Q 100 )

2 0 . 1 9 5 0 1270 75Q ijO Q 180 8Q

*oin 2 03Q 1 35Q 8 30 33 Q 26Q 16Q 8Q

100 2 1 0 0 142Q 9 0Q 45Q 33Q 2 3 0 1 5Q 70

2 00 2 1 6 0 148 0 9 6 0 51 Q 39 0 . 29 Q 2 1 0 1 30 ,6Q.

FR0M . 2 0

oin• 1 . 0 2 .  0 5 . 0 1 0 . 2 0 . 5 0 . 100

- 1 1 -



TABLE 2.3-2 ESTIMATED SPECIMEN TEST TIME

TI ME -  HOURS

SWEEP DWELL

Total At 1st Resonance* Total At 1st Resonance*

Configuration 1 2 . 6 0 . 3 2 . 2 0 . 3

Configuration 2 4 . 6 1 . 1 2 . 7 0 . 8

Configuration 3 1 . 5 0 . 1 1 . 6 . 0 . 5

TOTAL HOURS TESTED 1 5 . 2

HOURS AT RESONANCE 3 . 1

*Resonance is defined as peak response frequency + 0 . 5  Hz for both in and out 
of phase testing.
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3.0 SYSTEM EVALUATION

3 . 1  OPERATIONS

3 ;  3. 1 Tes t  S e t u p

3 . 1 . 1 . 1  Setup and Teardown

The vehicle setup procedure consisted of moving the vehicle from the service track 

to the test pit support track. Moving the unloaded flatcar was accomplished as shown 

in Figure 3 . 1 - 1  by utilizing the two overhead cranes at the RDL to lift the flatcar 

up and onto the test pit support track. The trucks at each end of the flatcar were 

chained to the flatcar body to keep them in place during this operation.

The loaded trailers were placed on the flatcar as shown in Figure 3 . 1 - 2 . The

trailers were positioned on the flatcar with each landing gear fully extended. Each

hitch Was then moved into place and tightened around the trailer kingpin. Both

landing gears were raised about two inches off the flatcar deck. The A end of the

flatcar secured in place by blocking each wheel of the truck as described in Section 3 1 . 1 . 2

The setup procedure of the flatcar was performed once during the test program. The 

trailers were loaded and unloaded for configurations 2  and 3 . At the end of the test 

program the flatcar was removed from the test pit track using the same procedure 

outlined above.

3 . 1 . 1 . 2  Vehicle Installation

The vehicle installation procedure was performed only on test days and consisted of 

moving the flatcar forward on the support track to the shaker heads and securing the 

flatcar prior to testing. In detail the bridge rails between the support track and actuators 

were moved into place, the A-end truck intermediate block was removed and the

-13-
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flatcar moved to the forward permanent block. The flatcar was moved forward.by 

forklift and once in place, the wheel liftoff switch was checked. The last step 

prior to testing was to remove the bridge rails. This process was reversed each day • 
after completion of testing.

3. 1 .1 .3  Vehicle Restraint

3 .1 .1 .3 .1  Flatcar -  Once the flatcar was on the shaker heads as shown in Figure 

3 .1 -4 , the A-end truck was restrained in the longitudinal direction to keep the 

flatcar in position during testing. This was accomplished by placing a block at 

each wheel and wrapping chains between each axle and the vehicle support structure. 

The slack in the chains was removed. A schematic of this longitudinal restraint 

system is shown in Figure 3 .1 -3 .

3 .1 .1 .3 .2  Trailer Restraint System -  During the testing o f configurations 2 and 3,

a passive restraint system incorporating the overhead crane was used to prevent excessive 

rolling of the test specimen and to keep the trailer tandems in position on the flatcar. 

Before out of phase testing started on configuration 2, chains were wrapped arOund 

each trailer axle as in Figure 3 .1 -5  and tied to the flatcar body. The chains had about 

2 inches of slack to allow for relative motion between the trailer tandems and the 

flatcar. For configuration 3 the overhead cranes were not used. The restraint systems 

were never activated during this test program.

3 .1 .1 .4  Pre and Post Test Measurements

A series of pre and post test measurements were made on each trailer to document the 

diameter of the kingpiris and the tire pressures. This data is contained in Appendix D. 

The trailer kingpin measurements showed no change. Tire pressures were initially 

set at 85 psi with the exception of the one flat tire. No significant variations 
appeared.
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3 .1 .2  Test Conduct Procedure

3.41.2,1 Test Schedule
The DTP was completed within the required six week time period as shown in 

Figure 3 .1 -6  with the accomplishment of all objectives. The testing of configuration 1 

used the first three weeks of the program due to scheduled holidays, formal classroom 

training of RDL operators, and VSS problems. The second configuration was completed 

in two weeks and two days with much time again spent in classroom training and in 

solving system problems. The third and final configuration was completed with one 

day of test effort due to the experience gained by RDL personnel in planning, setting 

up, and running during the previous testing.

3 .1 .2 .2  Test Procedures

A daily test procedure evolved during the course of the test program. The most 

efficient procedure consisted of starting hydraulic oil warm-up at 0700 hours, taking 

oil samples at 0800 hours then performing instrumentation calibration and unloaded 

shaker testing. A daily test review briefing, each morning, was found to be an 

effective means o f  communication among the cognizant personnel and provided the 

opportunity to discuss problems and/or requirements. Daily detailed test plans, 

including punched computer control cards for frequency sweeping and lists of dwell 

frequencies and amplitudes, proved to be conducive to timely testing.

The time required for setup, teardown and troubleshooting of the system provided the 
motivation to schedule a twelve hour day whenever testing was being conducted. Work 

continued until the objectives for that day had been accomplished. The trend toward 

greater VSS efficiency throughout the six weeks of the program is illustrated by the 

data given in Table 3 .1 -2 .
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3.1.2.3 Limit Check Summary
Limiting the response of selected accelerometers on the test specimen is possible 
through the VSS limit check capability. The limit check is performed by the computer 
which automatically shuts down testing if a preset limit is exceeded more than the 
specified number of consecutive times. Limit checking is performed on the raw data 
signal, thus high frequency spikes may shut the system down. Because the limit 
check values were inifially set too low, configuration 1 testing required as many as 
eight attempts before a successful run could be completed. Better selections for the 
limit check values were made for the later configurations and shutdowns were not as 
frequent. It was ajso found that by setting the number of consecutive occurrences 
at three the problem was significantly improved. A summary of the limit check values 
used is contained in Table 3.1-1. The table depicts only the maximum values used 
as in many cases much lower values were selected initially and had to be increased.
Those channels specified as critical channels in Table 3.1-1 are those which were most 
sensitive in the TOFC system and which if lowered slightly would cause a system shutdown

Channel 108 Was a pressure switch which was used to shutdown the system should 
the flatcar wheels liftoff the shaker heads. During the entire test program this switch 
caused shutdown only once. This occurrence was intentionally repeated three times 
and, while not visually verifiable, established the validity of the pressure switch 
operation.

3.1.2.4 System Efficiency
One of the products of the Demonstration Test Program was to debug the VSS. As 
can be seen from Table 3.1-2, during the last week of testing a good percentage of 
the hours available for testing were spent in actual testing.
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TABLE 3.1-1 LIMIT CHECK CHANNELS
Maximum Values

C hannel

N o .

C onfiguration  1 C onfiguration 2 C onfiguration  3

In-Phase O u t_of-phase In-Phase O u t-o f-p h a se In-Phase O u t-o f-p h a se

5 7 5 g (1) 3 g  (3) 3 .0  g (3 )* 2 .5  g (3) 5 g ( 3 ) 3 .0  g (3)

66 5 g (1 )* 3 . 7  g (3) 3 . 7  g (3)

71 1 .2  g (3) 1 .0  g (3) 1 .2  g (3) 2 .0  g (3)

73 1 .0  g (3) 2 .0  g (3 )

81 3 .7  g (3)

89 3 .6  g (1) 2 .5  g (3) 2 .5  g (3) 1 .0  g (3) 2 .5  g (3) 1 .3  g (3 )

102 25 rad /s e c ^ (3 )* 15 ra d /s e c ^ (3 )*

108 0 .2 5  in (1) 0 .2 5  in  (1) 0 .2 5  in  (1) 0 .2 5  in  (1 ) broken broken

115 2 g (1) 2 g (3 )* 1 .5  g (3) . 4 .3  g (3 )* 1 .5  g (3) 2 g  (3)

118 1 .8  g (1 )* 2 .0  g (3 )*

119 2 .0  g (3 )

126 1 .3  g (3 )*

127 1 .5  g (3) 2 .5  g (3 )*

*c r iH c a l channels
( )  indicates number o f consecutive occurrences
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T A B L E  3 . 1 - 2  S Y S T E M  E F F I C I E N C Y

Week
Hours 

Scheduled 
For Testing

Hours Required 
For Setup and Teardown

Hours 
Available 
For Testing

Actual
Hours
Tested*

1 28 12 16 4

2 36 16 20 8

3 33 12 21 1.5

4 40 16 24 7.5

5 46 . 20 26 2.5

6 41 20 27 15.5

*These represent the hours the machine was up and ready to test. The hours the 
machine was running were less.
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3.1.2.5 System Problems
System problems with the VSS occurred during the test program which resulted in 
the loss of several test days. Each problem was identified and corrected during that 
day and normal test operations were allowed to continue the next test day. In summary 
these problems included a broken accumulator bladder, a leaking "O" ring in the 
shaker hydraulics, and a leak in the pilot accumulator. Each repair required only aI
replacement part. In addition, the RDL facility hydraulic pump power supply went 
down for a day.

3.1.3 System Maintenance
Several of the more important of these maintenance procedures are included; in 
particular, as shown below, those relating to the daily operation of the system.

• Actuator and journal bearings are checked out by determining 
the resistance areas of the oil film in the bearing (no resistance 
indicates metal to metal contact and a problem).

• Hydraulic system line and flex hoses are visually inspected 
for evidence of leakage.

• Oil.samples are taken from both hydraulic supply systems 
to verify oil cleanliness.

• Calibration checks are performed on the ADACS scanner and 
signal conditioners/data channels.

• Operational checks are made on the computer system to 
determine if various system components are capable of operations 
as expected. This check could be the performance of a 
computation from a magnetic tape copied from a sample program 
deck from the card reader.

If the VSS is not operated at least one day each week the hydraulic system should 
be powered up and the oil circulated through the modules until a temperature of .120 F 
is reached and maintained in circulation for one hour.
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3.2 CONTROL SYSTEM
The VSS consists of four excitation hydraulic shakers with the associated control 
and monitor systems. This system is designed to provide vertical harmonic excitation 
to one end of a rail vehicle equipped with conventional two axle trucks.

Each of the four shakers consists of a high performance, electronically-controlled 
servo valve, a high force actuator and bias system assembly, a stationary structural 
assembly and the plumbing and components to support these items. The excitation 
modules are shown in Figure 3.2-T.

The electronic control and the dynamic shakers perform as a completely integrated 
electrohydraulic vibration system. The control system provides closed-loop displacement 
control of the wheel/rail interface at each shaker. A primary objective in designing 
the control system was to provide wide bandwidth control of the actuators while 
StiM maintaining adequate system stability. Wide bandwidth performance (3 db 
down at 40 Hz) has been achieved on the VSS. This performance significantly exceeds 
the Statement of Work (SOW) design requirements for the VSS and assures that the 
shakers will accurately respond to displacement commands with minimal harmonic 
distortion at the wheel/rail interface.

Figure 3.2-2 shows a schematic diagram of a control channel for one of the VSS 
shakers. The analog control subsystem consists basically of the analog controller and 
the associated instrumentation required to provide closed-loop displacement control 
and monitoring of the VSS electrohydraulic shakers.

The VSS is operated from the VSS test console located in the RDL control room. This 
console contains all necessary equipment required to perform the functions shown in 
Figure 3.2-3. In addition, closed-circuit television is included in this console for 
visual observation of the test area. The VSS control console is shown in Figure 3.2-4.
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FIGURE 3.2-2 EXCITATION MODULE CONTROL SYSTEM SCHEMATIC



FIGURE 3.2-3 VSS CONTROL SYSTEM SCHEMATIC
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3.2.1 Control System Design Objectives
As previously mentioned, a major design objective was to obtain wide bandwidth 
performance of the actuators. More specifically, it was required that the transfer 
function of each shaker be flat, within ̂ 2 db, to 20 Hz and 3 db down, within 
±2 db, to 30 Hz. In addition, the dynamic excitation capability requirements were

• Displacement: greater than 1.9 in. up to 1.75 Hz
' • Velocity: greater than 22 ips from 2 Hz to 20 Hz
* Acceleration: greater than 8.3 g's from 20 Hz to 30 Hz

Aside from the design objectives associated with meeting the basic performance 
requirements above, several other basic considerations entered into the control 
system design:

The controls design should assure adequate system Stability under 
all operating conditions.
It should minimize system sensitivity to noise.
The control system should provide damping of the piston/oil 
column resonance and structural resonance.

3.2.2 ' Control System ImplementationIThe V5S control system is designed to provide displacement control of the shakers, 
i.e. a given input voltage command provides a known piston displacement. To 
achieve wide bandwidth performance while still maintaining good shaker response 
fidelity with respect to the input commands, closed-loop feedback control is 
used. The feedback scheme utilizes a combination of slave displacement, shaker 
piston displacement, and shaker feedback acceleration as shown in Figure 3.2-2.

A brief description of the shaker servo-valve, is helpful when discussing 
implementation of the control system. The servo-valve is an integral two-stage 
hydraulic amplifier driven by a linear electro-magnetic signal transducer similar to 
an electro-dynamic vibration exciter or loud-speaker. The voice coil of the signal
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transducer is directly attached to the first stage or pilot stage of the hydraulic servo
valve. Axial motion of the pilot stage ports hydraulic fluid to drive the slave stage 
of the servo valve assembly.
The second stage slave valve is also a symmetrical, four-way, closed-center spool 
valve and is analogous to the actuator piston of the shaker. The slave, or power 
stage> is capable of instantaneously controlling 200 gpm hydraulic fluid flow to the 
actuator cylinder. The slave valve, unlike the pilot valve has no positioning springs 
and its position is proportional to the integral of the pilot valve position. The 
position of the slave spool is dynamically sensed by a position feedback transducer 
(LVDT) and this signal is used to form the "inner loop" feedback. Without this . 
"inner-loop" around the pilot-slave stage, the simplified transfer function between 
the valve input and slave1 valve position would appear as an integrator and gain.
The corresponding "open-loop" response for such a configuration is unacceptable 
since the response amplitude decreases with frequency. Providing slave valve 
pbsition feedback around the pilot-slave stage effectively moves the slave pole 
(integrator) from the origin (zero frequency) out to some higher frequency thereby 
providing a constant amplitude versus frequency response out to some predetermined 
break frequency. This break frequency is dependent upon the feedback gain used 
in this loop. This linear response, however, is obtained at the expense of lowering

■ ithe overall forward-loop-transfer function gain of the control system.

Similarly, piston displacement is utilized as an "outer-loop" feedback signal. 
Increasing the outer-loop piston displacement feedback gain increases the system 
bandwidth while decreasing system stability. The system stability is compromised 
because the lightly damped piston resonance poles cross over into the right half ; 
plane as the exciter displacement gain is increased. The no load piston hydraulic 
resonance for the VSS system has a natural frequency of ~ 60 Hz with a damping 
ratio of 0.1 percent of critical.
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To Increase the system bandwidth and still maintain system stability, piston acceleration 
feedback was employed. The use of piston acceleration feedback increases the 
damping of the exciter oil column hydraulic resonance thereby allowing larger 
exciter position feedback gains to be used.

Figures 3.2-5 and 3.2-6 illustrate the system characteristic root movements as the 
slave (inner loop) and the acceleration feedback gains are adjusted. As the slave 
displacement feedback gain is increased, the bandwidth of the servo-valve (inner 
loop) increases as is indicated by the inner loop root locus. The nominal slave 
loop roll off frequency used is 80 Hz. For the control system configuration associated 
with the characteristic root locations shown in Figure 3.2-6, increasing the outer 
loop piston displacement feedback gain will increase the system bandwidth, however, 
the system stability margin will be decreased. Because of the interactive effects 
between feedback gain adjustments and the characteristic root movements of the 
control system, various simulation artd stability studies were conducted to arrive at 
the basic control system configuration.

Figure 3.2-6 illustrates the acceleration feedback outer loop root locus for increasing 
acceleration feedback gains. The nominal pole locations associated with the 
controller gains used during the demonstration program are indicated in Figure 3.2-6.

These gains are a compromise between the need to decrease system sensitivity to 
instrumentation noise and the need to maintain system stability. The system was found 
to be sensitive to instrumentation noise at high acceleration feedback gains.

3.2.3 Control System Performance
VSS performance is discussed in terms of dynamic excitation capabilities and fidelity. 
The VSS performance capability measurements were performed and obtained during the 
DTP.' ,
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3.2.3.1 Dynamic Excitation Capability
The sinusoidal dynamic excitation capability for all four unloaded shakers operating 
simultaneously exceeded the requirements below:

• Displacement: greater than 1.9 in. up to 1.75 Hz
• Velocity: greater than 22 ips from 2 Hz to 20 Hz
• Acceleration: greater than 8.3 g's from 20 Hz to 30 Hz

This dynamic motion capability envelope is shown in Figure 3.2-7. With the high 
bandwidth control system gains used during the DTP, the system transfer functions 
for each shaker exceeded the SOW requirements. The SOW required that the gain 
versus frequency be within ±2 db to 20 Hz and 3 db down, within 3:2 db, at 30 Hz.

Figure 3.2-8 shows typical dynamic excitation capabilities measured for one of the 
shakers. A comparison of the transfer functions for all four shakers is shown in Figure 
3.2-9 and 3.2-10. A comparison of the phase measurements between all shakers is 
summarized in Table 3.2-1.

3*2.3.2 System Distortion
Deviation of an output signal from the command signal waveform is a measure of 
system distortion. Minimization of system distortion in terms of control system design 
requires that the gain and phase be independent of frequency over the frequency band 
within which the signalenergy lies. As shown in Figure 3.2-10, the gain and phase 
characteristics achieved with the control system design are compatible with minimum 
system distortion. This can be seen quantitatively in Figure 3.2-11 which compares 
a typical command sinusoidal input waveform and the output displacement waveform.

A more qualitative comparison of system distortion can be obtained by inspection of two 
statistical functions: (1) the probability density function as presented in the form of a 
histogram and (2) power spectral density (PSD). The following data was obtained for 
a typical test run during the DTP. Table 3.2-2 summarizes the basic statistical 
properties for the sample record of piston displacement shown in Figure 3.2-12.
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PISTON DISPLACEMENT PER DRIVE SIGNAL PISTON DISPLACEMENT VS FREQUENCY(SHAKER 1) (SHAKER 1)

(SHAKER!)
PISTON ACCELERATION VS FREQUENCY 

(SHAKER 1)
FIGURE 3.2-8 TYPICAL DYNAMIC EXCITATION CAPABILITY
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FIGURE 3.2-9 COMPARISON OF TRANSFER FUNCTIONS (20% FLOW) 
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T A B L E  3 . 2 - 1  M E A S U R E D  A C T U A T O R  T F  P H A S E  V E R S U S  F R E Q U E N C Y

The Loop was closed with the "Wide Bandwidth" gains.

EXCITATION
FREQUENCY

CLTF PHASE* 
ACTUATOR 1

CLTF PHASE 
ACTUATOR 2

CLTF PHASE 
ACTUATOR 3

CLTF PHASE 
ACTUATOR 4

MEASURED 
DEVIATION 
ABOUT THE 
MEDIAN PHASE

5 Hz -12° -12° -15° -12.2° + 1.5°
10 Hz -29° -27° -28° -26° + 1.5°
20 Hz -70° -59° -65° -58° + 6.0°
30 Hz -117° -99° -116° -99° + 9°
40 Hz -50° oC

O
C

OT -151° -133° "+ 9°

* CLTF = > Closed Loop Transfer Function
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FIGURE 3.2-11 TYPICAL TIME HISTORY OF DRIVE SIGNAL 
VS SHAKER DISPLACEMENT
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T A B L E  3 . 2 - 2  V E R T I C A L  S H A K E R  S Y S T E M  P E R F O R M A N C E  S U M M A R Y

ADJUSTED (NULLED) AMPLITUDE VALUES
Actuator Minimum Maximum.

1 -.4582 .4598
2 -.4511 .4529
3 -.4596 .4615 -

4 -.4555 .4582

BASIC. DATA

Actuator Minimum Maximum Mean Variance Skewness Kurtosis
1 -.4785 .4395 -.0203 .1055 -.0003 1.5091
2 -.4694 .4346 -.0183 .1029 .0027 1.4973
3 ' -.4517 .4694 .0079 .1057 .0046 1.4989
4 -.9828 .4309 -.0273 .1041 .0049 1.5004

NOTE: DATA WAS ACQUIRED AT 363 SAMPLES/SECOND, THE ABOVE RESULTS ARE FROM THE 
ANALYSIS OF APPROXIMATELY 1.5 SEC OF DATA
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FIGURE 3.2-12 ACTUATOR 4 - PISTON DISPLACEMENT RAW DATA (5.467 Hz)
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The probability density function can be used to distinguish between sinusoidal and 
random data. For a pure sinusoid, this function appears as a sharp edged, dish
shaped Curve with a Kurtosis of 1.50. A typical histogram for actuator displacement 
Is shown in Figure 3.2-13. As can be seen, the piston displacement histogram very 
nearly resembles that for a pure sinusoid indicating negligible distortion. The frequency 
composition of the piston displacement signal can be determined from it's PSD 
as shown in Figure, 3.2-14. Only the fundamental drive signal appears at 5.5 Hz 
with no other measurable frequency components and therefore no distortion.

A statistical evaluation of the piston acceleration as shown in Figure 3.2-15 was 
also obtained from the same data as above. Since the shakers are displacement controlled 
rather than acceleration controlled, the piston accelerometer output is not ds clean 
as the piston displacement signal. In addition, the piston accelerometers are 
sensitive to a 1200 Hz dither signal superimposed onto the servo-valve drive signals.
The affects of this dither signal are discussed in the following paragraph.

The piston acceleration PSD is shown in Figure 3.2-16., As with the piston 
displacement PSD, the fundamental drive signal is quite apparent at 5.5 Hz. Up 
until 60 Hz which is well past the 30 Hz frequency range of basic interest, other 
apparent frequency components are at least two orders of magnitude less than the 
drive frequency. At 60 Hz, the lightly damped piston resonance shows up; however, 
it is still an order of magnitude less than the drive signal. Beyond 60 Hz, the most 
pronounced frequency component occurs at approximately 135 Hz. This component 
is attributed to aliasing of the servo-valve dither signal which is set nominally at
1200 Hz. '

Aliasing or frequency folding occurs when a signal is sampled with fewer than two 
points per wavelength. Since the above data was sampled at a rate of 363 samples 
per second with no cut-off filter, the 1200 Hz servo-valve dither signal will cause
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FIGURE 3 .2 -1 4  ACTUATOR 4 -  PISTON DISPLACEMENT POWER SPECTRAL DENSITY

1



I
•KCOI

0
A i 0

—r

il
'll
-I

f!t
*

0
i •' l !1

\ '•

-1

- 2

■t1\ 1

0

I : 
!•• •"";

i .3! !h
I "

Is!*'

'1 I • *
f.

if 1IV
J  ■

r l t

it.
i. i

>t'l

if
"> * ?: -i't

f il ‘ 1.1
,1 <

Li
i W : K\

f i ■
“ ; ■ •! s
i - ’

/ I
■

li

h:-r

!■ il1

‘ I l f v  M  W ' n i

Frequency -  H e rtz

1' i U

I

FIGURE 3 .2 -1 5  ACTUATOR 4 -  PISTON ACCELERATION RAW DATA



aliasing problems. For a sampling interval h of (1 /363 ) seconds, the folding frequency

dr cu t-o ff frequency is:

f  ' = - = ! - =  181.5 Hz
c 2h

Then for 0 ^ f  ^ f  , the frequencies above f which w ill be aliased with f are: 
c c

(2 f i f ) ,  (4 f  ± f )  . . . (2nf i f )  
c c c

If the dither signal were set exactly at 1200 H z, a strong frequency component vyould 

be expected at 111 H z. In Figure 3 .2 -1 6 , a strong accelerometer dither component 

occurs at approximately 135 H z. This corresponds to a dither signal of 1224 H z.

Since the calculated dither signal is within 2 percent of the expected servo-valve  

dither, the strong frequency component at 135 Hz can be attributed to valve dither. 

Likewise the intermediate frequency component at approximately 83 Hz is most like ly  

caused by aliasing of the pilot-slave valve resonance expected between 600 and 700 

H z.

3 .2 .3 .3  Shaker Cross-Coupling

During the DTP, a test was conducted for the purpose of evaluating actuator cross- 

coupling effects. This test was performed with configuration 2 . Cross-coupling data 

was obtained by exciting two shakers while simultaneously commanding the other two 

to remain at n u ll. Shaker cross-coupling is then proportional to the transfer function 

between the Input displacement and the response at the null position.

The following command profile was used to drive shakers 1 and 2:

•  Displacement: 0 .2  in . from 1 to 4 .8  Hz

•  V e lo c ity : 6 Ips from 4 .8  to 15 Hz

•  Acceleration: 1 .5  gls from 15 to 30 Hz

The achieved response for shakers T and 2 is shown in Figure 3 .2 -1 7 ,
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NOTE: SAMPLING RATE WAS 363 SAMPLES/SECOND.. ACCELEROMETER DITHER AT 
1200 HZ WILL THUS.ALIAS BACK IN T O  THE LOWER SPECTRUM.

: FIGURE 3 .2 -1 6 . ACTUATOR 4 -  PISTON ACCELERATION POWER SPECTRAL DENSITY



FIGURE 3 .2 -1 7  ACHIEVED RESPONSE OF ACTUATORS 1 A N D  2
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Shaker cross-coupling was evaluated in terms of the overall stiffness with which the 

undriven shakers were able to maintain while being commanded to n u ll. The inverse 

of this stiffness is a measure of the external force cross-coupling coeffic ient. Shaker 

stiffness was calculated as shown below:

^ _ L (piston AP ) (piston area) ] +  l  (effective mass) (piston acceleration)J lb
piston displacement in .

Piston displacements for the undriven shakers 3 and 4 are shown in Figures 3 .2 -1 8

and 3 .2 -1 9 . The maximum piston displacement resulting from the external cross-

coupling forces is .001 inch. The calculated shaker stiffness is shown in Figures 3 .2 -2 0

and 3 .2 -2 1 . The minimum stiffness based upon these calculations is approximately

2 .6 3  x 10^ lb- / i n .  The calculated hydraulic oil column stiffness based upon a
* 6

measured bulk modulus of 131,783 psi is 1 .79  x 10 Ib /in . Since the maintained 

shaker stiffness exceeds the oil column stiffness, the cross-coupling effects are minimal.
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FIGURE 3 .2 -1 8  PISTON DISPLACEMENT FOR ACTUATOR 3

53



FIGURE 3.2-19 PISTON DISPLACEMENT FOR ACTUATOR 4
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CONFIGURATION 2, CROSS COUPLING SINE SWEEP> ACTUATORS 1 AND2, RUN 75

FIGURE 3.2-21 CONTROLLED.ACTUATOR STIFFNESS FOR ACTUATOR 4
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3.3.1 Requirement’s
Instrumentation was installed on the TOFC test specimen to measure acceleration, 
displacement, angular acceleration, strain, and force. The instrumentation was 
divided into three groups. The first group was VSS control instrumentation installed 
on the shakers for input control and monitoring functions. The second group was
Ensco instrumentation which was installed on the specimen for the FRA TOFC t

■ ' ' ■ . . . . ! program to follow the DTP. The third group was Wyle instrumentation installed on
the test specimen to obtain additional data for use in analytical model verification.
The run log in Xppendix C contains a written description of those changes made to
the instrumentation during the course of the test.

3.3.2 Description
A written description of the VSS control, Wyle and Ensco instrumentation is contained 
in Tables 3.3-1, 3.3-2, and 3.3-3 respectively. These tables include the measurement 
number, location/description, type, and range setting of all the transducers used 
on the DTP. The as tested instrumentatibn locations are illustrated in Figures 3.3-1 
through 3.3-5. Figure 3.3-1 shows the instrumentation on the B-end truck which 
was driven by the shakers. Figures 3.3-6 through 3.3-8 are photographs of typical 
instrumentation locations on the trucks. Typical LVDT installations are shown in 
Figures 3.3-6 and 3.3-7. A typical accelerometer installation on the trucks is 
shown in Figure[3.3-8. The instrumentation locations on the A-end are shown in 
Figure 3.3-2. The instrumentation on the flatcar trucks was unchanged for all 
three configurations tested. The instrumentation on the flatcar and trailers varied 
depending on thfe configuration being tested. The instrumentation drawings for each 
of these configurations are shown in Figures 3.3-3 through 3.3-5. A photograph of
typical instrumentation installations on the flatcar deck is shown in Figure 3.3-9. TheJ - ■strain gauge installations are shown in Figure 3.3-10 and the trailer tire force 
measurements installations are shown in Figure 3.1-5. All the accelerometers on the

3 . 3  I N S T R U M E N T A T I O N
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11
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22232-i2526272829303132
3334353637383940
41
42
43
44
45
46
47

TYPE
PressuresPressureLVDTl.VDT

Accel
PressurePressurePressureLVDTLVDT

Accel
PressurePressurePressureLVDTLVDT

Accel
PressurePressurePressureLVDTLVDT

Accel
Piessuro

TABLE 3 . 3 - 1  C O N T R O L S  I N S T R U M E N T A T I O N

LOCATION/DESCRIPTION
Cl I 1/Piston AP( 11 1/Sysloin APCl I I- Piston IVDTCl i 1.-Sieve LVDTCll 1/VVAVETI KCM 1/Crown inpuiCM 1/Role Coil (Not iicK>ked up)CM 1/Vision AccelCM 1/Conlrol Input SigCM 1/Bios PressureCM 2,/Pir.lon A PCM 2/Syslem APCM 7/Piston I.VUTCM 2/SIove LVDTCM 2/WAVETEKCM 2/Crov/n InputCM 2/Rote Coil (Nol Looked up)CIT 7/Piston Accel CM 2/Cnntrol Inpul Sip CM ?/Bias Pressure CM 3,' Piston A P .CM 3/System A PCM 3/Piston LVDTCM 3/Slave LVDTCM 3/WAVCTEKCM 3/Crown InputCM 3/Rate Coil (Not Looked up)CM 3/Piston AccelCM 3/Control Input SigCM 3/Bias PressureCP1 4/Pisfon A PCH 4/Systcm A PCM 4/Piston LVDTCM 4/Slave LVDTCM 4/WAVETEKCM 4- Crown InputCM 4- Rule Coil (Nol hooked up)CM 4 Piston Accel (Not.hooked up)CM 4 Control Input Sig CM 4/Bias Pressure Log Co.nv In Log Conv Out to VCG Cll IX - Input (D/A)CM 2X - Input (D/A)CM 3X - Input (D/A)CM 4X - Input (D/A)Wavotek VCA

AXIS

VertVert

Vert

VertVert

Vert

VertVert

Vert

VertVert

Vert
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RANGE
5000 psi 5000 psi 3-1/2 inches 
1/6 inch 
10 volts 
10 volts 
10 volts lOg's 
10 volts 5000 psi 5000 psi 5000 psi 3-1/2 inches 
1/6 inch 
10 volts 
10 volts 
10 volts 
10 g's 
10 volts 5000 psi 5000 psi 5000 psi 3-1/2 inches 
1/6 inch 
10 volts 
10'volts 
10 volts TO g's 
10 volts 5000 psi 5000 psi 5000 psi 
3-1/3 inches T/6 inch 
10 volts 
10 volts TO volts 
10 g’s 
10 volts 5000 psi



TABLE 3 . 3 - 2  WYLE I N S T R U M E N T A T I O N

A/D INPUT CHANNEL NIO TYPE LOCATION/DESCRIPTION AXIS RANGE TRANSDUCER
' 50 Strain gage Center sill, sta 669 2000 microin/in
51 Strain grin'.: Center sill, stu. 536, right 2000 microin/in
52 Strain ga:,a Center sill, stu. 536, lei! 2000 microin/in53 Accel ('.-end Stanchion Long + 5G . ■ CQ 55
101 Ang Accel B-end Trur:l:7King Pin, Flatcar Yaw ± 100 rad/sec.
102 Ang Accel 1B—end Truck/Bolsiur Center Roll ± 100 rad/sec103 . Ang Accel Flatcar/Ccntm line-Sfci. 690 Yaw ± 100 rad/sec104 L.VDT B-end Truck/Truck Springs, left Vert. ± 3. i n.105106 LVDT Drive SignalB-ond Truck/Truck Spring, right Vert. ± 10 volts 

x 3 in.107 ■ Accel B-end stanchion Later. ± 5 G CP 37103 Switch Wheel liftoff ± 1/4 in.109 LVDT B-end Truck/Bolsler-Car Body Vert. ±3 in. -
110
111 Accel SpareB-end Truck/Center Side Frame Later. ±5 G CQ 72
112 Accel B-end Truck/Center Side Frame Long. ±5 G CP 71113 Accel B-end Truck/Center Side Frame, left Vert. ±5 G CQ 43114 Accel B-end Truck/Center Side Frame/ left Later. ± 5 G' CR 01M5 Accel Flalcar/Edgc-B-Grd . Later. ±5 G CQ 50116 Accel Flalcar/Centeri-ine-Sta. 690 Later. ±5 G CQ 06117 Accel Flalcar/Centerline-Sia. 690 . Vert. ±5 G CQ 30118 Accel F1 afear/Outboat d, Mid-span Vert. ±5 G CQ 40119 Accel Flatbed Tiailcr/Kingpin, Trailer Later. ±5 G CR 10
120 AcccI Van Trailer/lfingpin, Trailer Later. . ±5 G CP 39
121 Ang Accel Van Trailer Center Yaw: ± lOOrad/sec
122 AcccI B-end Truck/Center Side Frame Vert. ±10 G CQ 48123 7\ccel Fla.tcar/Edgc-B-End Vert. ± 10 G CQ 65124 Accel Flatbed Trailer/Kingpin, Trailer Vert. ±10 G CQ 72125 Accel B-cnd Stanchion Vert. ±10 G CQ 38126 — Accel Flatbed Traller/Suspension Vert.. ±10 G CQ 82127 Accel Van Trailur/Kingpin, Trailer Vert. ±10 G CP 56128 Accel Van Trailer/Suspension Vert. ±10 G CQ 56



T A B L E  3 . 3 - 3  E N S C O  I N S T R U M E N T A T I O N

Measurement A/D,
No. GABLE LOCATION/DESCRIPTION AXIS RANGE CHANNEL
57 5 B-End Bolster Left Vert - 5 G . 5758 6 B-End Bolster Left Long. ± 5 G 5859 9 B-End Bolster Right Vert. d5 C 5960 10 B-End Bolster Right Later. ±5 G 6061 7 B-End Axial Left Vert. ±50 G 6162 11 B-End Axial Right Vert. ±50 G 6263 8 B-End Axial Left Later. ± 20 G 6364 12 B-End Axial Right Later. ±20 G 6465 19 Flatcar Body B-End Left Vert. ±5 G 65
66 20 Flatcar Body B-End Center Vert. ±5 G 6667 21 Flatcar Body B-End Center Long. ±5 G 67
68 23 Flatcar Body B-End Right Vert. ±5 G 6869 24 Flatcar Body B-End Right Later. ±5 G 6970 44 Van Trailer Right Rear Vert. ± 5 G . 7071 45 Van Trailer Right Rear Later. ±5 G 71
72 46 Van Trailer Front Center Vert. ± 5 G 7273 47 Van Trailer Front Center Later. ±5 G 7374 48 Van Trailer Front Center Long. ±5 G 74.
75 49 Van Trailer Left Rear Vert. ± 5 G 7576 Not used 76
77 1 A-End Bolster Left Vert. ±5 G 77
78 2 A-End Bolster Left Later. ±5 G 78
79 13 A-End Bolster Right Vert. ±5 G 79
80 14 A-End Bolster Right Long. ±5 G 80
81 3 Van Trailer Center Vert. ±5 G 81



T A B L E  3 . 3 - 3  E N S C O  I N S T R U M E N T A T I O N

Measurement
No. CABLE LOC ATI O N/D ESC RIPT10 N
82 15 . A-End Axial Right
83 4 A-End Axial Left
84 16 . A-End Axial Right
85 17 Flatcar Body,A-End Left
86 18 Flatcar Body A-End Left
87 25 Flatcar Body A-End Right

.88 27 Flatcar Body A-End Center
89 -;: 28 Flatcar Body Center
90 33 Platform Trailer Right Rear
91 34 Platform Trailer Right Rear
92 35- Platform Trailer Front Center
93 36 Platform Trailer Front Center
94 37 Platform Trailer Front Center
95 38 Platform Trailer Left Rear
96 39 Platform Trailer Center
97 30 Van Tire Pressure (right)
98 31 Van Tire Pressure (left)
99 29 Platform Tire Pressure (Right)
TOO 32 Platform Tire Pressure (Left)



(Continued)

AXIS

V ert.
Later.
Later.
V ert.
Later.
V ert.
V ert.
V e rt...
V ert.
Later.
V ert.
Later.
Long.
V ert.
V ert.
Vert..
V e rt.
V ert.
V ert.

RANGE -

± 5 0  G  
± 20 G  
i  20 G  
± 5  G  
± 5  G 
± 5  G  
± 5 G  
± 5 G  
± 5  G  
± 5  G  
± 5  G  , 
± 5  G  
± 5  G  
± 5  G  
± 5  G
40 .000  lbs
40 .000  lbs
40 .000  lbs
40 .000  lbs

A /D  ■ 

CHANNEL

82
83
84 

. 8 5
86
87
88
89
90
91
92
93
94
95
96
97
98
99 

100
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van trailer were mounted under the trailer body to the frame structure as shown in 
Figure 3.3-TJ, except for the triaxial accelerometers at the front end of the 
trailers which were mounted as shown in Figure 3.3-12. The pressure switch used 
to detect flatcar wheel liftoff is shown in Figure 3.3-13 along with one of the actuator 
piston accelerometers.

The instrumentation numbers on the platform trailer were changed between configurations 
2 and 3. It was necessary to use the instrumentation cables at the B-end of the flatcar 
to connect the flatbed instrumentation when the platform trailer was moved from the 
A-end to the B-end. Thus configuration 3 has a new set of channel numbers for the 
platform trailer.

The data is analyzed by correlating a response channel to a reference channel and 
calculating an amplitude and phase angle, relative to reference, for the response channel 
The reference channel used for the DTP was always channel 5, the control signal; 
Depending bn the orientation of the accelerometers, any two accelerometers can be 
moving in the same direction and have a phase relationship of either zero or 180 degrees. 
Thus it is necessary to know how the accelerometers were mounted when analyzing 
the phase angle data. Using the piston head accelerometers as a reference, any 
vertical accelerometer moving in the same direction will have a phase relation as 
specified in Table 3.3-4. Also shown in Table 3.3-4 are the phase relationships of 
all the accelerometers mounted in the lateral and longitudinal directions.

The location of each transducer was measured and is summarized in Table 3.3-5. All 
distances have been referenced to the center of the flatcar deck.

3.3.3 Summary and Future Application
After the instrumentation had been set-up and checked out, the only problems that 
occurred during testing were associated with the LVDT rods bending and breaking. The
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TABLE 3.3-4 ACCELEROMETER PHASING *

VERTICAL ACCELEROMETERS LATERAL ACCELEROMETERS
Accel. Phase Accel PhaseNo. Relationship No. Relationship
Input Reference 69 Reference
57 0° 60 0oCO
59 0° 63 0°
61 0° 64 0oCO

62 0° 71 ooCO

65 0° 73 ooCO

66 0° 78 0oCO

68 0° 83 0°
70 0° 84 00 o o

72 0° 86

0oCO

75 0° 91 0o00

77 0° 93 0°
79 0° 107 0°
81 0° 111

0o00

82 0° 114 0°
85 0° 115 oo• CO

87 0° 116 0°
88 0° 119 ooCO

89 0° 120 0o
90 0°
92 0°
95 0°
96 0° LONGITUDINAL ACCELEROMETERS
113 0°
117 0° 67 Reference
118 0° . 53 0oCO

122 0° 58 0°
123 0° 74 180°
124 ooCO 80 0oCO

125 CO o 0 94 0oCO

126 0oCO 112 0°
127 CO O 0

128 CO o o

*f:or motion ofgiven accelerometer movingin same directionas reference.
- 7 6 -



TAB LE  3 . 3 - 5  T R A N S D U C E R  C O O R D I N A T E  L O C A T I O N S

COORDINATE LOCATION (INCH)
TRANSDUCER

NO. X Y Z
Flatcar deck center 0.0 0.0 0.0

50 0.0 133.0 -30.0
51 -20.5 0.0 -30.0
52 20.5 0.0 -30.0
53 2.5 477.0 42.0
57 43.4 396.5 -20.0
58 . 43.4 395.0 -19.5
59 -43.4 396.5 -20.0
60 -43.4 395.0 -19.5
61 49.4 428.5 -21.0
62 . -49.4 360.5 -21.0
63 49.3 434.0 -19.5
64 -49.9 366.0 -19.5
65 51.4 395.5 2.4
66 2.8 535.3 2.4
67 0 533.8 1.1

68 . -51.4 399.7 2.4
69 -50.0 396.9 1.1

70 13.0 160.5 38.5
71 18.0 160.5; 40.5
72 2.4 516.0 51,4
73 7.0 511.0 52,5
74 . 4.9 514.0 50.1
75 -18.3 160.5 38.5
77 43.4 -396.5 -20.0
78 43.4 -395.0 -19.5
79 -43.4 -396.5 -20.0
80 43.4 -395.0 -19.5
81 3.0 269.0 43.5
82 -49.4 428.5 -21.0
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TAB LE  3 , 3 - 5  T R A N S D U C E R  C O O R D I N A T E  L O C A T I O N S  ( C o n t i n u e d )

TRANSDUCER
NO. X Y Z
83 49.9 -366.0 -22.0
84 -49.9 -434.0 -19.5
85 51.4 -398.3 2.3
86 50.0 -395.5 1.187 -51.4 -534.8 2.4
88 -2.8 -534.8 2.4
89 2.8 1.5 2.4
90 14.3 -407.8 26.5
91 12.8 -404.8 26.5
92 5.5 -43.0 53.6
93 10.1 -43.0 54.8
94 8.3 -41.5 52.5
95 -14.3 -401.8 28.3
96 3.0 -282.5 45.5
97 (Plate Center) 35.8 154.0 2.5
98 (Plate Center) -35.8 154.0 2.5
99 (Plate Center) 35.8 -407.0 2.5
100 (Plate Center) -35.8 -407.0 2.5
101 0.0 396.0 -33.3
102 0.0 389.5 -24.5
103 0.0 151.5 -1.5
104 51.0 396.0 -20.75 to -33
106 -51.0 396.0 -20.75 to -33
107 2.5 477.0 42.0
108. 29.0 464.0 -41.5
109 -19 389.5 -14 to -26.25
111 39.5 396.0 -13.5
112 39.5 396.0 -13.5
113 -39.5 396.0 -13.5 .
114 -39.5 396.0 -13.5
115 50.0 531.5 0.0
116 0.0 154.5 -1.5
117 0.0 154.5 -1.5
118 49.1 . 4.0 0.0
119 1.5 -128.0 49.5
120 0.0 326.0 44.5
121 0.0 271 44.5
122 39.5 396.0 -13.5
123 50.0 531.5 0.0
124 1.5 -128.0 49.5
125 2.5 477.0 42.0
126 0.0 -535.5 51 .0
127 0.0 326.0 44.5
128 0.0 57.0 42.0
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lateral measurement of the truck wheel motion was deleted due to the rod breaking 
problem and the long delivery time to obtain parts for a workable design. The 
proposed design change was a spring loaded core extension rod with a gauge roller 
tip as shown in Figure 3.3-14, however, delivery of this system did not support the 
DTP schedule. The two LVDT's used to measure truck spring displacement were 
operational but could have been improved by incorporating a ball Joint attached to 
the fixed extension rod holder as shown in Figure 3.3-15. This change would have 
reduced the extension rod bending during out-of-phase testing.

The angular accelerometers on the flatcar and van trailer were installed in the yaw 
direction instead of the roll direction as planned. For future usage, these aeqeIerorrieters 
should be remounted in the correct orientation.

For purposes of future usage; the following priority is placed on the DTP instrumentation 
as to the value of the data.

Channels of greatest value:
50, 103, 104, 106, 108, 109, 117, 118, 121, 123, 124, 125, 126,
127, 128.
Channels of secondary value:
51, 52, 53, 102, 105, 107, 115, 116, 119, 120, 122.
Channels of little value:
101, 111, 113.7 
Channels of no value:
1.12, 114 ; ;■

Should similar instrumentation be used on the flatcar, it is recommended that the above 
data be used for determining which channels can be deleted if additional instrumentation 
is required in later TOFC testing.
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LVDT

NOTE: Schaevitz Engineering will custom build extension rods with your 
choice of gauging, head spring loaded with a means of adjusting for zero 
at your request.

FIGURE 3.3-14 LVDT - SPRING LOADED EXTENSION ROD



FIGURE 3.3-15 LVDT - BALL JOINT ATTACHMENT
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3.4 DATA ACQUISITION AND REDUCTION
On-line data acquisition and shaker control are accomplished through the use of 
two programs: SINE SWEEP and DWELL REAL TIME. These programs control the 
excitation signal to the shakers and record the response data on magnetic tape.

Data reduction is accomplished through the use of two off-line programs: TRANSFER 
FUNCTION ANALYSIS and DWELL ANALYSIS. These programs accept as input the
data recorded by the on-line programs. The operational software was developed by

i , . 'Wyle Laboratories for use on the Varian V-73 computer under the Varian Master 
Operating System (MOS).

3.4.1 System ’Description
The SINE SWEEP program generates a sine-wave signal whose frequency increases or 
decreases geometrically with time. The user specifies the beginning frequency, 
ending frequency, Q, and input amplitude. The frequency "sweep" is continuously 
interrupted at intervals to acquire data from the test specimen; and user determined 
limit checks are compared against the acquired data; and the sweep is terminated if 
these limits are exceeded.

; . j ■ . . . . . . . . .  . ■ . . .

The DWELL REAL TIME program commands the VSS and has the capability of making 
finite changes in frequency, amplitude and phase. On-line control of the driving 
signals is totally by input commands through the teletype. The user has control of 
the frequency, amplitude and phase, and the increment at which the requested 
frequency or amplitude is varied.

The TRANSFER FUNCTION ANALYSIS (TFA) program reduces and plots the tape 
output from the SINE SWEEP program.
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The capabilities of fhe TFA program are:
• The exact frequency and amplitude of a reference channel can be 

determined at each response point.
• - The exact amplitude and phase of up tp 127 responses of system

output channels relative to the reference channel can be determined.
• The amplitude and phase of each response channel can be plotted.
• The magnitude and phase of each response channel relative to the 

reference channel can be plotted for the transfer function determination

The DWELL ANALYSIS (DAPR) program reduces and plbts the tape output from the 
DWELL REAL TIME program.

The capabilities of the DAPR program are:
• Analysis of data can be performed as in the TFA
• The results of analysis can be plotted i
• Raw data from the tape can be plotted
• LissajoUs plots of any two data channels can be plotted.

3.4.2 Terminal Operation i" — —The real-time terminal commands for SWEEP are limited to commands which comrr)ence 
the sweep, stop the sweep, and bring the MOS back into core.

DWELL REAL TIME, however, is at every stage controlled by real-time terminal 
commands. These commands are used to:

• Set conversion scale factors > :
• Set frequency
• Set Amplitudes and phases

Set increments for frequency, amplitudes and phases
• Increment or decrement frequency, amplitudes or phases

■f-83'—



•  Specify channels for on -line  analysis

•  Request an analysis

•  Cause data to be recorded at approximately 2 5 .6  samples per wavelength

•  Cause data to be recorded at a higher speed (up to 400 samples per second)

•  Specify length of time for high speed recording

•  Specify a "freeze" angle for instant stop of the output signals

•  Cause the signal generation to stop

•  Bring the M OS back into core.

3 .4 .3  Software Modifications

The following modifications were made to the software following the in itia l d e livery .

The modifications were implemented to fa c ilita te  accomplishing the aims of the DTP.

3 .4 .3 .1  Sine Sweep

A reverse sweep capability was added to SINE SWEEP in order to be able to sweep 

from a high frequency to a lower frequency. This was necessary to allow  an 

investigation of possible changes in resonant frequency depending ori sweep direction  

caused by nonlinearities in the test specimen.

A command was added to the software to result in information being printed out about 

the frequency at which a lim it check shutdown occurred. The number printed out 

was the frequency D /A  count at shutdown. This can be Converted to frequency using 

the curve or equation in Figure 3 .4 -1 .

3 .4 .3 .2  Dwell Real Time

The capability was added to the dwell program to enable the user to record data at 

a specified sample rate up to 400 samples/seCond. However, this capability  is limited 

to 64 consecutive channels. The user specifies the starting channel and the next 

63 channels are recorded. For starting channels above 65, the software w ill wrap

around from 128 to 1 and continue recording from there.
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A capability to perform decay tests was also added to d w e ll. In this mode the user 

specifies the angle from zero to 360 degrees of the input sine wave at which he wants 

the shakers to stop their motion. The shaker then stops at this position and the high 

speed recording capability of dwell is used to record the decay time histories of the 

response transducers.

3 .4 .3 .3  Transfer Function Analysis

The TFA program was converted to the Varian VORTEX operating system for more 

effic ient operation and shorter analysis tim e.

The arithmatic operation capability of TFA was also expanded so that any number of 

channels or constants could be added, subtracted, m ultip lied , d ivided, averaged, 

or summed in any or all combinations. This capability has enabled the operator to 

reduce the data in any form that he may require for data interpretation.

After the in itia l reanalysis of the sweep data, the TFA program cart be restarted froim 

tape or disk without reanalyzing the data. This means that after the measured data has 

been analyzed once, it is possible to go back and calculate desired transfer function 

at any time with a minimum of e ffort. C apability  was also added to the sweep analysis 

to specify frequency and amplitude limits on the data to be plotted in order to expand 

a specified bandwidth for better resolution.

3 .4 .3 .4  Dwell Analysis

The DAPR program was expanded to include the capability  of analyzing the additional 

data acquired during dwell re a l t im e .: The form of this reduction consisted of time 

history plots of the high speed recording. The starting record and number of records 

to be plotted are specified by the operator, so it  is possible to look at the complete 

time history or any small portion of i t .  This capability is especially valuable when 

reducing decay traces because it is possible to look at only those cyclbs of the decay
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which are of interest. It is also possible to specify different scale factors when plotting 

the data to obtain a plot with greater definition. A ll of these capabilities ape 

entered from the keyboard by the operator during reduction and can be changed 

until exactly the plot desired is obtained.

3 .4 .4  Examples of Data Output

A ll 128 channels of the ADACS System were recorded in d ig ita l form pn magnetic 

tape for every run. This data was then reduced in several ways depending on the 

type of run being made. For the sweep runs the reductions consisted of printer 

listings of the analyzed values by frequency or by channel. An example of a 

sweep analysis by frequency is contained in Table 3 .4 -1  and one by channel is 

contained in Table 3 .4 - 2 .  In addition the data can be plotted as shown in 

Figure 3 .4 -1 .  One of the valuable features of TFA is the ab ility  to perform arithmatic 

operation between various channels and plot the data. An example of this is in 

Figure 3 .4 -2  which shows the ratio of the response at the middle of the flatpar to 

the average of the four input accelerations. For the dwell runs the data is reduced 

and tabulated as shown in Table 3 .4 -3 .  For the high speed recording, the data is 

displayed as plots of amplitude versus frequency as shown in Figure 3 .4 - 3 .  The 

amount of data plotted could be varied to obtain a more detailed plot of the data 

aS shown in Figure 3 .4 - 4 .  The high speed record portion of dwell was used both 

for sinusoidal dwells (Figure 3 .4 -3 )  and for decay tests (Figure 3 .4 -4 ) .
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TABLE 3 .4 -1  SWEEP ANALYSIS LISTING BY FREQUENCY  

TYPICAL DATA REDUCTION
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.
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TABLE 3.4-2 SWEEP ANALYSIS LISTING BY C H A N N E L

TYPICAL DATA REDUCTION

PAGE 95  1 1 - 0 6 - 7 5

CONFI GURATI ON 2 ,  LOW LEVEL S I NE SWEEP,  SHAKERS I N PHASE,  RUN '10

1 2 6 ,
FREQUENCY AMPLI TUDE

3 . 5 6 1 9 5 5 . 0 9 4 7 3 6
3 . 6 2 7  1 37. . 0 8 2 6 0 5
3 . 6 8 9 2 3 5 . 0 8 5 6 7 8
3 . 7 6 8 7 4 4 . 0 7 2 7 8 2
3 . 8 5 2 5 7 6 . 0 6 6 9 5 1
3 , 9 2 0 5 5 8 . 0 6 2 8 6 9
4 . 0 0 0 5 6 1 . 0 6 7 9 0 6
4 . 0 9 5 7 3 7 . 0 6 8 8 4 9
4 . 1 5 4 2 2 6 . 0 7 2 4 9 8
4-. 261 551 . 0 7 6 7 0 6
4 . 3 4 9 5 8 5 . 0 8 0 9 5 2
4 . 4  2 8 1 5 4 . 1 0 4 2 9 6
4 . 5 2 3 4 7 9 . 1 4 7 6 2 5
4 . 6 1 0 3 1 7 . 1 9 5 8 4 2
4 . 6 9 7 9 0 1 . 3 0 3 0 7 6
4 . 8 0 3 8 7 7 . 3 5 3 8 7 5
4 . 9 2 0 7 0 4 . 2 7 3 9 1 5
5 . 0 0 9 8 1 3 . 2 0 4 1 0 3
5 . 1  1 4 2 5 0 . 1 8 3 5 2 3
5 . 1 9 4 4 0 5 . 2 5 6 1 2 9
5 . 3 6 3 7 3 3 . 2 7 0 6 2 7
5 . 4 1 8 4 1 3 . 2 5 6 3 0 9
5 . 5 4 3 1 8 6 . 2 7 0 8 3 8
5 . 6 4 2 6 6 6 . 2 7 7 2 5 7
5 . 7 4 0 6 9 6 . 2 8 7 3 1 3
5 . 8 8 2 3 7 6 . 3 1 0 9 9 9
6 . 0 1 2 7 2 0 . 3 4 7 9 5 3
6 . 0 9 8 5 5 1 . 3 4 1 0 2 8
6 . 2 5 6 3 5 1 . 3 6 1 1 0 2
6 . 4 2 7 7 4 2 . 4 0 8 8 9 2
6 . 5 1 0 1 7 2 . 4 7 7 0 7 7
6 . 6 6 3 5 2 7 . 6 0 0 6 7 9
6 < 7 7 7 0 0 8 . 4 9 7 1 3 2
6 . 8 8 2 8 2 2 . 4 4 8 2 8 7

PHASE FREQUENCY

- 4 9 . 0 0 7 5 6 6  1 4 . 6 1 4 6 6 7
- 3 3 . 6 2 6 6 6 0  1 5 . 1 0 3 6 0 0
- 3 0 . 2 5 5 6 1 5  1 5 . 3 7 9 4 3 3
- 6 8 . 5 0 8 3 0 1  1 5 . 7 0 4 6 1 1
- 6 8 . 0 3 3 4 4 7  1 6 . 0 7 6 7 9 7
- 8 9 . 8 7 4 5 1 ?  1 6 . 4 3 2 2 0 5

- 1 0 1 . 5 1 6 6 0 ?  1 6 . 7 4 7 1 3 9
- 8 5 . 6 8 4 3 2 6  1 7 . 1 6 0 1 5 6

- 1 4 5 . 9 1 3 8 1 8  1 7 . 3 6 8 1 2 6
- 1 3 4 . 3 0 3 2 2 3  1 7 . 8 4 3 3 3 0
- 1 4 7 . 3 1 0 7 9 1  1 8 . 1 6 4 8 9 8

1 7 3 . 5 9 5 7 0 3  18 . 5 ? ? 0 4 1
1 5 4 . 7 4 5 6 0 5  1 8 . 9 8 4 1 6 1
1 2 8 . 0 9 2 7 7 3  1 9 . 3 6 3 3 9 6
1 1 4 . 7 9 8 0 9 6  1 9 . 6 6 3 4 6 7
1 0 2 . 6 4 8 1 4 5  ? 0 . 1 5 2 0 9 ?

8 8 . 6 6 5 5 2 7  . 2 0 . 6 2 9 2 5 0
7 0 . 8 1 4 4 5 3  2 0 . 9 4 2 0 3 9
5 5 . 0 1 9 5 3 1  2 1 . 3 9 6 1 0 3
5 7 . 7 4 5 8 5 0  2 1 . 8 6 4 6 7 0
6 8 . 3 6 0 1 0 7  2 2 . 3 2 4 6 9 2
3 0 . 3 6 9 8 7 3  2 2 . 6 5 5 3 1 2
2 5 . 3 5 2 0 5 1  2 3 . 3 6 9 7 8 9

3 . 0 6 5 9 1 8  2 3 . 7 6 1 1 7 7
9 . 9 1 5 7 7 1  ? 4 . < 6 8 3 0 1
2 . 6 6 8 4 5 7  2 4 . 7 9 3 0 9 1

- 1 0 . 0 6 5 9 1 8  2 5 . 2 6 6 3 9 6
- 2 2 . 4 1 8 4 5 7  2 5 . 6 9 0 8 5 7
- 3 3 . 6 3 9 8 9 3  2 6 . 2 3 1 3 3 1
- 5 0 . 3 5 1 5 6 ?  2 6 . 8 6 8 2 6 3
- 5 6 . 9 5 5 3 2 ?  2 7 . < 9 4 5 0 1
- 8 6 . 4 7 1 4 3 6  2 8 . 0 8 0 9 0 ?

- 1 1 2 . 0 7 5 4 3 9  2 8 . 5 5 9 1 0 5
- 1 1 1 . 7 2 8 0 2 7  2 9 . 3 0 8 4 7 9

LOG
AMPLI TUDE PHASE

. 2 2 8 9 1 9 - 7 . 2 3 8 2 8 1

. 2 3 4 5 0 8 - 2 0 . 8 0 3 2 2 3

. 2 6 8 8 7 5 - 2 9 . 8 4 0 3 3 2

. 2 9 7 3 1 3 - 4 2 , 7 0 6 7 8 7

. 3 2 6 8 4 6 - 5 8 . 6 7 5 2 9 3

. 3 8 9 6 1 5 - 7 9 . 4 8 7 5 4 9

. 5 0 5 8 5 1 - 1 1 0 . 1 3 9 1 6 0

. 6 8 8 8 9 5 - 1 3 1 . 4 4 5 5 5 7

. 8 1 3 7 1 3 1 7 6 . 1 6 1 3 7 7

. 6 8 7 3 7 4 1 2 6 . 0 5 2 4 9 0

. 4 9 2 9 3 7 9 4 . 9 7 3 1 4 5

. 3 6 9 3 2 6 6 9 . 0  i 4 4 0 4

. 2 6 7 4 7 5 5 1 , 9 9 7 0 7 0

. 132 8 26 3 8 . 1 2 5 9 7 7

. 1 1 7 2 9 9 3 1 . 4 6 6 0 6 4

. 0 8 4 1 6 8 2 3 . 0 9 3 5 0 6

. 0 5 8 4 9 4 1 6 . 0 8 1 7 3 7
. . 0 4 / 4 2 9 6 , 1 5 4 0 5 3

. 0 3 4 5 6 1 1 . 7 4 8 7 7 9

. 0 3 0 5 5 0 - 1 1 . 8 3 1 2 9 9

. 0 2 1 2 8 8 - 1 3 . 1 4 8 6 3 2

. 0 1 2 9 9 4 - 1 2 . 6 5 9 9 1 2

. 0 0 9 6 9 0 - 4 . 6 5 0 6 3 5

. 0 0 9 2 3 5 1 0 , 8 2 3 4 8 6

. 0 1 3 5 7 9 3 6 . 5 2 8 3 2 0 -

. 0 3 4 6 4 6 4 4 . 5 3 7 1 0 9

. 0 7 0 0 7 4 1 0 . 7 0 1 4 1 6

. 0 9 1 1 4 6 - 1 6 . 5 7 4 2 1 9

. 1 1 07 58 - 1 6 . 3 8 6 9 6 3

. 1 6 7 0 8 6 - 7 8 . 2 9 3 7 0 1

. 2 1 3 5 7 3 - 1 2 7 . 0 2 8 5 6 4

. 2 0 9 5 4 9 - 1 7 7 . 0 9 9 6 0 9

. 1 7 7 3 7 0 1 4 3 . 9 4 3 1 1 5

. 1 5 5 3 3 1 1 0 9 . 3 3 4 4 7 3
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TYPICAL DATA REDUCTION

FIGURE 3 .4 -1  SWEEP ANALYSIS PLOT
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T Y P I C A L  D A T A  R E D U C T I O N

C O lir iG U P H T IG tl C , ■ HIGH  LE'JL'L S I  HE SH EEP , SHAKERS I I I  P H A SE, RUM 5 $

F IG U R E  3 .4 - 2  SWEEP A N A L Y S IS  C A L C U L A T IO N S

{
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T A B L E  3 . 4 - 3  D W E L L  A N A L Y S I S  L I S T I N G

T Y P I C A L  D A T A  R E D U C T I O N

CONFIGURATION'  2 .  DWELL T E S T . SHAKERS I N  P H A S E ,  RIJN 56

R E F E R E N C E RESPONSE RF SP ONS E RE SP ONS E
RUN F R E O .  AMP.  CH. AMP. PHASE CH AMP. PHASE CH. AMP.

12 2 . 1 9 7  . 4 6 1
3 . 1 4 5 - 1 1 . 7 1 t 3 .  1 46 - 1 0 . 9 2 23 . 1 4 8

33 . 1 4 4 - 1 0 . 1 0 8 . 1 3 5 1 6 6 . 3 0 18 . 1 0 7  -
28 . 0 8 4 1 6 8 . 0 0 3« . 1 1 5 8 0 . 1 6 1 1 2 2 . 7 5 4
11 8 1 . 5 3 5 9 5 . 5 9 21 7 4 . 3 1 9 1 0 3 . 4 3 31 9 1 . 8 0 8
50 2 5 3 4 . 2 7 5 - 1 5 4 . 0 7 51 2 8 4 5 . 0 6 2  - 1 5 4 . 2 8 52 2 6 6 8 . 3 2 9  -
57 . 0 8 8 - 1 0 7 . 3 4 58 . 0 6 7 1 6 0 . 3 8 59 . 1 3 7
60 . 0 0 6 - 1 0 4 . 6 5 6 1 . 1 2 1  - 1 2 9 . 3 4 62 . 14?
63 . 0 2 6 - 6 8 . 1  l 64 . 0 5 5 1 2 3 . 7 8 65 . 0 6 5
66 . 2 6 8 - 1 7 2 . 4 9 67 . 0 4 6 1 5 0 . 9 4 68 , 09a
69 . 0 0 5 4 8 . 1  1 7 0 . 2 1 5 3 6 . 3 5 ■7 4 ( A . 0 1 8
72 . 2 3 9 - 1 7 0 . 6 3 73 . 0 1 2  - 1 5 6 . 0 0 74 . 1 0 8
75 . 2 2 1 3 6 . 6 6 77 . 0 1 8 - 1 6 . 4 6 78 . 0 0 3
79 . 0 3 0 7 . 9 4 80 . 0 4 3 - 3 4 . 4 5 81 . 1 1 8 .
82 . 0 1 4 - 6 4 . 5 8 83 . 0 1 0 1 4 1 . 9 1 84 . 0 1 8
85 . 0 1 5 1 3 . 2 0 86 . 0 0 3 - 1 7 . 0 3 87 . 0 2 0
88 . 0 8 6 - 1 5 0 . 5 0 8 9 . 1 8  4 3 0 . 8 4 90 . 0 2 7
91 . 0 1 0 1 9 . 5 5 92 . 1 8  1 2 8 . 1 0 93 . 0 0 5
94 . 0 8 6 1 7 6 . 2 1 95 . 0 2 8 2 6 . 6 4 96 . 106
97 1 4 9 1 . 6 8 7 4 1 . 5 3 98 1 7 0 2 . 8 4 7 4 0 . 9 4 99 4 3 2 . 7 0 7

10 0 5 9 3 . 1 6 0 3 5 . 6 2 101 . 5 8 6 - 7 2 . 9 5 102 . 3 0 7  -
103 . 1 2 7 4 1 . 3 0 104 . 0 3 5 2 7 . 3 1 105 . 4 6 3
106 . 0 1 2 5 . 1 3 107 . 0 3 8 - 1 . 4 7 108 . 0 0 2
109 . 0 0 1 - 1 1 6 . 2 4 11 0 . 0  04 3 7 . 2 4 111 . 1 5 0
112 . 0 5 5 - 1 6 9 . 5 3 113 .  1 04 9 8 . 9 8 114 . 0 2 7
115 * 0 1 9 - 8 5 . 0 8 116 . 0 1 0 - 8 9 . 2 7 117 * 152
118 . 1 7 9 3 2 . 2 1 119 . 0 0 6 1 5 0 . 5 7 120 . 0  04
121 6. 6 , 46 - 6 0 . 4 9 122 . 1 2 0 1 5 3 . 7 0 123 . 2 6 1  -
124 . 1 6 9 - 1 4 0 . 1 6 125 . 1 8 9 - . 9 3 126 . 0 3 5
127 . 0 8 0 - 8 6 . 3 9 128 . 3 2 8  - 1 4 0 . 6 8

PHASE

- 1 5 . at
1 4 9 . 5 4  

9 3 . 5 7
8 5 . 6 5  

154.14 
1 4 2.68 
1 7 8 . 3 2
1 3 4 . 4 4  
1 4 2 . 8 4

9 . 0 5
i a a . 9 7
1 8 1 . 1 7

4 9 . 6 6  
5 . 7 5

- 1 8 . 6 5
2 8 . 7 9

- 6 7 . 1 5
2 7 . 1 1
3 5 . 4 6

1 3 9 . 0 9
- . 4 0

- 1 8 . 6 8
- 1 0 . 4 8

5 7 . 7 6
3 8 . 3 4

1 6 9 . 5 5
1 7 4 . 4 5  

2 3 . 0 7
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T Y P I C A L  D A T A  R E D U C T I O N

i 20

F IG U R E  3 .4 - 3  D W ELL H IG H  SPEED RECORD  S IN U S O ID A L  TIM E H ISTO R Y
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T Y P I C A L  D A T A  R E D U C T I O N

- 2601 „9 000 SECuHDS.
Cut (FIQJFhT I OH 2/ OUT-OF-FHASE DWELL AMD DECAY, RUN 66 
86

5 284 
RL 185

FIG U R E 3 .4 - 4  DW ELL H IG H  SPEED R EC O R D  D E C A Y  TIM E H ISTO RY
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3 .4 .5  Procedure for Q u ick lo o k  Data Reduction

The sweep program has no provisions for real time data analysis and to get quicklook data  

reduction requires rep lacing  the test program in the computer w ith the an alysis program 

before the data can be reduced . This would have resulted in unacceptab le delays in 

operation of the total system and so the DTP did not include any quicklook data reduction. 

The dw ell program/ how ever, has provisions for quicklook data on up to 15 channels. This 

enables real time decisions to be made based on actual data when running a dw ell test. 

Data reduction of sweep test data can be ava ilab le  in a short qmoqnt of time if  the 

frequency range and the number or channels reduced are lim ited . For exam ple, if  the 

frequency range of 1 through 30 Hertz is used with a Q  of 10 and tw en ty-five  channels 

are reduced and ploted the cbta would be ava ilab le  in one hour.
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4.0 CONCLUSIONS

The V SS  D em onstration Test Program was completed In the scheduled time with the 

accom plishm ent of a ll ob jectives,, The V SS wcs operated at various levels of amplitude 

up to the response lim it of the specim en for three different loading Conditions of the 

T O F C .  As a demonstration of V S S  motion ca p a b ilit ie s , each  configuration was 

subjected to vertica l (in-phase) and cross leve l (out-of-phase) input at the w h ee l/ra il 

in terface  using the sw eep , dw ell and decay  control softw are. RDL operational 

personnel assumed operation of the V S S  during the last two w eeks of the test pregram 

and successfu lly  demonstrated the ir a b ility  to m aintain and operate the V S S  for 

future programs.

Effective  operation of the V SS  requires pretest planning and the development of a test 

procedure that specifies the input leve ls and motion requirements for each test run 

in a days operation. Setup and pretest a ctiv it ie s  require a s ig n ifica n t part of the 

test day and when the system is up and operating , the a v a ila b le  test time must be 

effe ctiv e ly  u tiliz e d . Three log books were m aintained (one each by the test d irecto r, 

control station personnel and pit operations personnel) during the test program to 

record events, problems, and progress. These logs proved v a lu ab le  and are st ill being 

used to reconstruct events that occurred during the test program.

Performance cap ab ilities of the control system were demonstrated for the three loading 

conditions of the T O F C  with no degradation. System distortion of the displacem ent 

drive control was minimal for the levels of test inputs and the w ide bandwidth of the 

control system. The m aintained actuator stiffness exceeded the o il column stiffness, 

thereby Obtaining a minim al structural cross-coupling e ffect between actuators.

Analog data was acquired for a ll o f the transducers for each  test run . The sensor 

types and their se n s it iv it ie s , together with the appropriate signal cond ition ing , provided 

an almost trouble-free instrumentation system .
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C o n tro l, data reduction and analysis software were su ccessfu lly  used in a ll

a v a ilab le  modes of operation- A dditional cap ab ilitie s  were added to the data

analysis programs to a llo w  for more user oriented c a p a b ilit ie s . A  reverse sweep

ca p a b ility  was added to evaluate possible changes in resonant frequency due to

sweep d ire ctio n . The dw ell program was expanded to enab le  the user to specify
j '

sampling rates up to 400 sps and to perform decay  tests for the determ ination of

damping ch a ra cte ristics . D isp lay of response transfer functions was expanded to.

include several arithm atic operations for greater u t ility  in data interpretation w

These changes were incorporated and verified  during the test program and the subsequent

data reduction effort.

5 .0  R E C O M M E N D A T IO N S

The V SS Demonstration Test Program provided W yle and RDL operational personnel 

experience in total system operation in support o f  vibration test programs. Based 

on these exp erien ces, the following recommendations for the conduct of future 

test programs are subm itted.

•  Establish with the requestor an understanding of the ob jectives  

for the proposed test.

•  D evelop a test plan that w ill attain the ob jectives with close  

attention given to V SS  cap ab ilities and lim itations.

•  Review  test plan with the requestor for v erifica tio n  of 

approach.

•  Prepare a test procedure that w ill m axim ize p ara lle l setup and 

pretest a c t iv it ie s . The procedure should be Written with  

suffic ien t f le x ib ility  for the Test D irecto r to make in-test 

changes to e ffe ctiv e ly  u t iliz e  the system and test time 

a v a ila b le .

•  M ainta in  a detailed log book of test program events, problems and 

system performance to assist in post test a n a ly sis .
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A P P EN D IX  A .  C O M P O N E N T  TESTS

During the static  deflection test three sets of data were obtained for each  

tra ile r ; one set with the tra ile r loaded, one set unloaded, and a third with  

the tra ile r  re loaded . The measurements were made at two foot intervals along 

the side of each  tra ile r and referenced to a bench mark with an established  

e levatio n  of 100. The trailers were positioned on their landing gear and 

tandems. The actual measured data is contained in pages A - 4  through A - 7  

and summarized in Figures A - l  and A - 2 .  The summarized data has been 

adjusted to zero deflection at the landing gear and tandem locations and 

then norm alized with respect to the unloaded cond ition . This results in a 

straight lin e  for the unloaded ca se . The tra ile r  deflections for each side  

are shown for both the loaded and reloaded conditions.

The measured deflections were of small magnitudes making it d iff icu lt  to get 

su ffic ien t a c c u ra c y , therefore, the data is scattered . The measured data  

ind icated  that the trailers are quite rig id . Comparisons of the predicted  

platform tra ile r  deflection with measured data (Figure A -2 )  shbws the 

model predicted deflections in general agreement with measured test d ata .
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DEFLECTION ELEV. FLATBED TRAILER
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0
2

RUN
N O . CON FIGURATION

SHAKER
PHASING

1 1 In

2 1 In

3 1 In

4 1 In

5 1 In

6 1 In

7 1 In

8 1 In

9 1 Out

TO 1 Out

11 1 Out

12 1 Out

13 1 Out

14 1 Out

15 1 In

16 1 In

17 1 In



FINAL

DEMONSTRATION TEST PROGRAM 

RUN SUMMARY

SHUTDOWNS
FREQUENCY/LEVEL Q Channel/Level/Occurances

0 .2  to 1.0 Hz 0.1 inch 1 Normal

1.0 to 3 .0  Hz 0.1 inch 1 Normal

3 .0  to 4 .2  Hz 0.1 inch 3.5 #118@ 0.1 g's (1)

1.0 to 4 .7  Hz 0.1 inch 10 #57 @ 0 .5 's ( l )

1.0 to 5 .3  Hz 0.05 inch 10} #57 @ 1.0 g's (1)

1.0 to 8.9 Hz 0.05 inch 10 #66 @ 2 .4  g's (1)

8 to 9 .6  Hz 
9 .6  to 16.2 Hz

0.05 inch 
3 in/sec

10 #118@ 1.2 g's (1)

8 to 9 .6  Hz 
9 .6  to 30 Hz

0.05 inch 
3 in/sec

10 Normal

0 .2  to 1.3 Hz 0.1 inch 4 #115 @0. T g's (1)

1 to 2.1 Hz 0.1 inch J O #115 @ 0.2  g's (1)

2 .0  to 3 .2 Hz 0.1 inch 10 # I02 @  5 rad/sec2 (1)

2 .0  to 5.1 Hz 0.1 inch 10 # l l 5 @ 0 . 4 g  (1)

5 .0  to 8 .7  Hz 0.1 inch 10 #115 @ 0 .7 5  g (1)

8 to 9 .6  Hz 
9 .6  to 12 Hz

0.1 inch 
6 in/sec

10 #103 @ 10 rad/sec2 (!)

0 .2  to 1. Hz 
1 to 4 Hz

0.5  inch 
3.1 in/sec

2 #57  @ 2 .4  g (1)

0 .2  to 1 Hz 
1 to 5 Hz

0 .5  inch 
3.1 in/sec

2 Normal.

0 .2  to 1 Hz 
1 to 3 Hz

1.0 inch 
6 .2  in/sec

2 #118 @ 1 .8  g (1)

COMMENTS



C
-3

RUN SHAKER
N O . CO N FIG U RA TIO N PHASING

18 1 In

19 1 In

20 1 In

21 1 In

22 1 In

23 1 In

24 1 In

25 4 • Out

26 1 Out

27 1 Out

28 1 Out

29 1 - Out

30 ' 1 Out

31 1 In

32 1 In

33 • 1 In

34 1 In



FREQ UEN CY/LEVEL Q
SHUTDOWNS

Channel/Level/Occurances COMMENTS

2 to 3.1 Hz 6.2  in/sec 15 #118 (& 1.8 g (1)

2 to 3 .2  Hz 5 in/sec 15 # 118 @ 1.8 g (1) *

2 to 5 Hz 
5 to 6 Hz

4 in/sec 
0 .3  g

15 Normal

5 io  10 Hz 
10 to 30 Hz

0 .5  g 
3.1 in/sec

20 Normal

2 to 5 Hz 
5 to 6 Hz

4 in/sec 
0 .3  g

10 Normal

5 Hz i g #102 @ 25 rad/sec2 (1) Immediate
shutdown

2 to 5 Hz 
5 to 6 Hz

4 in/sec 
0 .3  g

10 #66 @ 2 .0  g (1)

2 to 3 Hz 0.1 inch 15 . #102 @ 15 rad/sec2 (1)

2 to 4 .6  Hz 0.1 inch 15 #102 @ 25 rad/sec2 (1)

-2 to 2 .8  Hz 0.1 inch 15 #102 @  37.5 rad/sec2 (1)

5  to 9 .3  Hz 3 in/sec 15 #103 @ 10 rad/sec2 (1)

5 to 11.7 Hz 3 in/sec 15 #115 @ 1.3 g (1)

5 Jo 30 Hz 3 -in/sec 15 Normal

2 to 4 .2  Hz 4 in/sec 10 . #66 @ 5 g's (!) Wheel liftoff 
switch (108) 
added

Dwell 1.0  H z/. 1 
Decoy 1.0 H z / . 1 
Dwell 1.6 Hz/.. 1 
Dwell 1.8 H z/. 1

in
in
in
in # 5 7 @ 2 .5  g ( l )

Strain gages 
(50, 51> 52) added

Dwell 3«4 H z/. 16 in #66 @ 2 .5  g (T)

d w e ll 3 .3  H z/. 16 in 
Decay 3 .4  H z/. 16 in 
Dwell 4 .0  Hz/ .  14 in 
Decay 4.Q H z/. 14 in



0
4

‘ RUN SHAKER
NO. . CONFIGURATION PHASING

35 2 In

36 2 In

37 2 In

38 2 In

39 2 In

40 2 In

41 2 In

42 2 Out

43 ■ ■ 2 Out

44 2 Out

45 2 Out



: FREQ UEN CY/LEVEL . Q
SHUTDOWNS

Channel/Level/Occurances COMMENTS

Dwell 4.1 H z/ .25 in # 6 6 @ 5 .0 g ( i )
Dwell 5 .0  H z/. 1 in *

Decay 5 .0  H z / .  1 in 
Dwell 5 .3  H z / .  06 in 
Dwell 5 ,3  H z / .l in # 6 6  @  5 .0  g (1)
Decay 5 .3  H z / .  1 in • - 1 1
Dwell’ 10 j H z / . }  in ‘ ' : i 

i
0 .2  to 1 Hz 0.1 in 2 Normal

• i
Stantion vertical
(125) and lateral

r. ' - (107) added. Drive 
signal (105) added.d i ^ l i U I   ̂ I \JsJJ U U U w U  • i,

A end Axial left (81)/
deleted, van center 
(76) moved to 81.

3 to,3.1 Hz 0.1 in 10 #81 @ 0.25 g (2)

T to 2 .8  Hz 0.1 in 10 #57 @ 0 .5  g (2)

1.8 to 3 .6  Hz . 0.1 in 10 #115 @ 0 .1  g (2)'

1.8 to 3 .7  Hz 0.1 in 10 #81 @ 0 .5  g (2)

1.8 to 4 .8  Hz
4 .8  to 6 .9  Hz

0.1 in 
3 in/sec

10 #115 @ 0 .2  g (2)

1.8 to 4 .8  Hz
4 .8  to 30 Hz

0.1 in 
3 in/sec

10 Normal

0 .2  to 1 Hz .05 in 2 Normal

1 to 4 .0  Hz .05 in 10 #115 @ 0 .1  g (2)

3 to 4 .8  Hz 
4 ,8  to 5 .2  Hz

.05 in 
1.5 in/sec

10 #119 @ 0.15 g (2)

1 to 4 .8  Hz 
4 .8  to 5 .2  Hz

.05 in 
1.5 in/sec

10 #119 @ 0 .3  g (2)



RUN SHAKER
N O . CO N FIG U RA TIO N PHASING

4 6 2 Out

47 2 Out

48 2 Out

49 2 Out

50 2 G u t

5 1 2 Out

52 2 Out

n
i 53 2 In

<7l

54 2 In

55 2 In

56 2 In

57 2 In



SHUTDOWNS
FREQ U EN CY/LEVEL Q  Chonnel/Level/Occoronces

3 to 4 .8  Hz 
4 .8  to 5 .6  Hz

.05 in 
1.5 in/sec

10 #115 @ 0.3  g (2)

3 to 4 .8  Hz 
4 .8  to 7 .8  Hz

.05 in .
1.5 in/sec

10 #119 @ 0 .5  g (2)

3 to 4 .8  Hz 
4 .8  to 7 .9  Hz

.05 in ,
1.5 in/sec

10 #119 @0 . 75 g (3)

3 to 4 .8  Hz 
4 .8  to 9 .9  Hz

.05 in 
1.5 in/sec

10 #115 @ 0 .5  g (3)

3 .to 3.1 Hz .05 in 10 # 103 @ 5 rad/sec^

3 to 3 .8  Hz .05 in 10 #71 @ 0 .6  g (1)

3 to 4 . 8JH z 
4 .8  to 30 Hz

.05 in 
1.5  in/sec

10 Normal

0 .2  to 1 Hz 0 .3  in 2 Normal

I  to 2 .6 -Hz 0 .3  in 10 #126 @ l‘ g

■1 to 3 Hz 
3 to 15 Hz 
15 to 30 Hz

0 .3  In 
6 in/sec 
1.5 g

10 Normal

Dwell 1.9 H z/. 14 in 
Dwell 2.1 H z/. 14 In 
Dwell 2.1 H z/.28  in 
Dwell 2.1 H z / .48 in 
Decay 2.1 H z/.48  in

COMMENTS

Error in Amplitude 
run shutdown



C
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58 2 In

RUN SHAKER
NO. ' CONFIGURATION '" - PHASING

59 Bare In

60 Bare In

61 Bare In

62 2 . In

63 2 Out

64 2 In

65 - 2 -----Out

c>



FREQ U EN CY/LEVEL Q
SHUTDOWNS

Chahhel/Level/Occurbnces COMMENTS “ ' " '

Dwell 2 .6  H z / .15 in 
Decay 2 .6  H z/. 15 in 
Dwell 2 .6  H z / .3 in 
Dwell 2 .6  H z / .5 in 
Dwell 5 .2  Hz/. 1 in 
Decay. 5 .2  H z/. 1 in 
Dwell 5 .2  H z / .2 in 
Decay 5 .2  H z / .2 in 
Dwell '10,H z / .05 in

*66 @ 3 g (3)

.

1 to 1.2 Hz 1 inch 4 ■
I .  2 to 11.9 Hz 7.5  in/sec
I I .  9 to 100 Hz 1.5 g

Normal No flatcar

1 to 1.4 Hz 1.5 inch 1 
1.4 to 27.3 Hz 13.5 in/sec 
27.3 to 30 Hz 6 g

Normal No flatcar

1 to 1.4  Hz 1.5 inch 1 
1.4 to 27.3 Hz 13.5 in/sec 
27.3 to 30 Hz 6 g

Normal No flatcar

Dwell 2 .0  H z/.26in  
Dwell 2 .0  H z / .5 in 
Decay 2 .0  H z / .5 in 
Dwell 2 . 1 H z/ .5 in

Stantion longitudinal 
(53) added 
Paramount Picture-

Dwell 1.3 H z/. 1 in Paramount Picture

Dwell 2.1 H z/ .5 in . Paramount Picture
Decay 2.1 H z / .5 in

Dwell 1.3 Hz/.03 in 
Dwell 1.3 H z / .06 in 
Decay 1.3 H z / .06 in 
Dwell 1.3 H z/. 1 in 
Decay 1.3 H z / .1 in 
Dwell 3.1 H z / .03 in 
Dwell 3.1 H z / .06 in 
Dwell 3.1 H z / .09 in 
Decay 3.1 H z / . O ?  in 
Dwell 5.1 H z / .03 in 
Decay 5.1 H z / .03 in 
Dwell 5.1 H z / .06 in



C-7

x

RUN
N O . CO N FIG U RA TIO N

SHAKER
PHASING FREQ U EN CY/LEVEL Q

SHUTDOWNS
Channe l/Leve 1/Occurances COMMENTS

66 2 Out Dwell 8 .4  H z / .015 in 
Dwell 8 .4  H z / .03 in 
Decay 8 .4  H z / .03 in 
Dwell 10 H z / .015 in 
Dwell 10 H z / .03 in

-

6 7 2 In 1 to 3 Hz 
3 to 15 Hz 
15 to 100 Hz

0 .3  in 
6 in/sec 
1.5 g

5 Normal

68 2 In 1 to 3 Hz 
3 to 15 Hz 
15 to 100 Hz

0.1 in 
2 in/sec 
0 .5  g

5 . Normal Level was 1/3 that 
called for in run 
cards.

69 2 In 30 to 15 Hz 
15 to 3 Hz 
3 to/1 Hz

0 .5  g 
2 in/sec 
0.1 in

10 Normal Reverse sweep some 
■ level problem as 

68

70 2 In 1 to 3 Hz 
3 to 15 Hz 
15 to 100 Hz

0 .3  in 
6 in/sec 
1.5 g

5 Normal •

71 2 In 30 to 15 Hz 
15 to 3 Hz 
3 to 2 .5 4  Hz

1.5 g 
6 in/sec 
0 .5  in

10 #108 Lift off switch 
fell off

72 2 In 30 to 15 Hz 
15 to 3 Hz 
3 to 1 Hz

1.5 g 
6 in/sec 
0 .3  in

10 Normal

73 2 In 30 to 15 Hz 
15 to 3 Hz 
3 to 1 Hz

1.5 g 
6 in/sec 
0 ,3  in

10 Normal

74 2 Only 1 & 
2 moving

1 to 4 ,8  Hz 
4 .0  to 12.6 Hz

0 .2  in 
6 in/sec

#115 @ 1 .0  g (3) Cross coupling 
test -

75 2 Only 1 & 
2 moving

1 to 4 .8  Hz 
4 .8  to 15 Hz 
15 to 30 Hz

0 .2  in 
6 in/sec 
1.5 g

10 Normal Cross coupling 
test

76 2 O nly 3 & 
4 moving

1 to 4 . 8 Hz 
4 .0  to 5 .9  Hz

0 .2  in 
6 in/sec

10 #102 @ lOrad/sec2 (3) Cross coupling 
, test



0
8

RUN SHAKER
N O . CO N FIG U RA TIO N PHASING

77 2 O nly 3 &

...

4 moving

78 2 Out

79 2 Out

80 2 Out

81 2 . Out

82 2 Out

83 2 Out

84 ' 2 Out

,85 2 Out

86 Bare In

87 1 In

88 1 In

% r



SHUTDOWNS
FREQ U EN CY/LEVEL . Q Channe l/Leve l/Occurances COMMENTS

1 to 4 .8  Hz 
4 .8  to 15 Hz 

, 15 to 30 Hz

0.2. in 
6 in/sec 

. 1.5 g

10 Normal Cross coupling 
test

1 -.to 3 Hz ;
3 to 15 Hz 
15 to 30 Hz

, 0.1 in 
2 in/sec 
0.5,g

10 Normal
, ........... - ,.

1 to 3 Hz 
3 to 15 Hz 
15 to 21 Hz

0 .2  in 
4 in/sec 
l .O g

10 #115@  1.5 g (3)

3 to 15 Hz 
15 to. 30 Hz

4 in/sec 
l .O g

10. Normal
. v • .

30 to 15 Hz 
15 to 3 Hz 
3 to 1 Hz

l.O g  
4 in/sec 
0 .2  in

10 Normal

30 to 15 Hz 
. 15 to 3 Hz 
3 to 1 Hz

l.O g
■. 4 in/sec 

0 .2  in

10 Normal

2 .0  to 6 Hz 0 .3  in 2 Manual shutdown error in Wavetek 
setting

1.0 to 1,4 Hz 0.3  in 10 Computer glitch 
Caused shutdown

1 to 3 Hz 
3 to 15 Hz 
15 to 17.6 Hz

0 ,3  in 
6 in/sec 
1.5 g

10 — #102 @ 20 rad/sec2 (3)

Dwell 1.0 H z/1.0 in

1 to 3.05 Hz 6.25 in/sec 10 #57 @ 3 .0  g (3)

1 to 3.1 Hz 6.25 in/sec 10 #118 @ 1.3 g (3)



r i

RUN
N O . CO N FIGU RA TIO N

SHAKER
PHASING

89 1 Out

90 1 Out

91 1 Out

92 - 1........- Out

93 1 Out

94 1 Out

nio

95 3 In

96 3 Out

Out97 3



SHUTDOWNS
FREQ U EN CY/LEVEL : Q  Channel/Level/Occurances COMMENTS

Dwell 1.3 H z/. 1 in 
Dwell 1.3 H z / .2 -In 
Dwell 1.3 H z / .3 in 
Decay 1.3 Hz/ . 3 in 
Dwell 2 .2  H z/. 1 in 
Dwell 2 . 2  H z / .2 m 
Dwell 3 .0  H z / .0.5 in 
Dwell 6 Hz/,05 in 
Decay 6+ iz/.05  in 
Dwell 9 .5  Hz/,-02 in 
Dwell 9 .5  H z / .03 in 
©well 9 .5  H z / .07 in 
Decay 9 .5  H z / .07 in 
Dwell 12 H z / .03 in 
Dwell 12 H z / .05-in 
Decay 12 H z / .05 in 
Dwell 20  Hz/.01 in 
Dwell 20 H z / .04 in

1 to 3 Hz 0.15 in 5 Normal Instrumentation

0 .2  to 1 Hz 0 .3  in 2 Normal

1 to 2 .3  Hz 0.15 in 10 #102 @ 15 rad/sec1 2 3 (3)

2 to 2 .3  Hz 0.15 in 10 #102 @ 25 rad/sec2 (3)

2 to 3 Hz 0.15 in 10 Normal
3 to 15 Hz 2.85 in/sec
15 to 30 Hz 0 .7  g's

Dwel I 1.0 H z / .3 in 
Dwell 1 .0  H z / .5 in #108 wheel liftoff

3 to 15 Hz 2.85 in/sec
15 to 30 Hz 0 ,7^ 's.

changed to 
configuration 3 . 
(see figure

1 to 3 Hz • 0.15 in, 5 # 1 2 7 @ 2 .5 g (3 )
3 to 4 .7  Hz 2 .8 5 jn /sec

1 to 3 Hz 0.15 in 5 Normal
3 to 15 Hz 2 .85  in/sec
15 to 30 Hz 0 .7  g’s



O
L

O

RUN
N O .

SHAKER
CO N FIG U R A TIO N  PHASING

98 3 In .

99 3 In

100 3 Out

101 •3 In

102 3' In

103 3 In

104 3 In

105 3 Out



SHUTDOWNS
FREQUENCY/LEVEL ; Q Chonnel/Level/Occuronces COMMENTS

Dwell 3 .4  H z / .07 In -
Dwell 3 .4  H z/. 14 in
Decay 3 .4  H z/. 14 in
Dwell 3 .4  H z / .25 in
Decay 3 .4  H z / .25 in
Dwell 4.1 H z / .05 in

Dwel 1 4 H z/. 11 in 
Decay 4 H z/; 11 in 
Dwell 4 Hz/.22 in 
Decay 4 H z/.22 in
Dwell 5 .3 tH z/.04 in . . .
Dwell 5 .3  H z / .08 in

Dwell 1.3 H z/.08 in 
Dwell 1.3 H z/. 15 in 
Decay .1.3 H z / . 15 in 
Dwell ,6 H z / .04 in 
Dwell 6 .3  H z / .08 in 
Decay 6 .3  H z / .08 in 
Dwell 6 .3  H z / .15 in 
Decay 6 .3  H z/. 15 in

0 ,2  to 1.0 Hz 0.3  in 2 Normal

1 to 3 Hz 
3 to 15 Hz 
15 to 22.6 Hz

0.225 In 
.4 .28 in/sec 
1.05 g

10 #118 @ 1.25 g (3)

1 to 3 Hz 
3 to 15 Hz 
15 to 30 Hz

0.225 in 
4.28 in/sec 
1.05 g

10 Normal

30 to 15 Hz 
15 to 3 Hz 
3 to 1 Hz

1.05 g 
4.28 in/sec 
0.225 in

10 Normal

1 to 3 Hz 
3 to 15 Hz 
15 to 30 Hz

0.15 in 
. 2.85 in/sec 

0 .7  g

10 Normal



c-n

c

RUN
N O . CO N FIG U RA TIO N

SHAKER
PHASING

106 . 3 Out

107 3 Out



• t

S H U T D O W N S
F R E Q U E N C Y /L E V E L  Q  C h a n n e l/L e v e t/O cc u ro n c e s

0.2 to 1 Hz
30  to 15 H z  
15 to  3 Hz  
3 to 1 H z

0 .1 5  in 2 N orm al

0 .7  g ls  10 N orm al
2 .8 5  in /sec  
0 .1 5  inch

C O M M E N T S



APPENDIX D

PRE A N D  POST TEST MEASUREMENTS

D - l



A

B

C

D

Forw ard

R ight

1.0 T ra il er
V a n P latform

Pretest Post test Pretest Post test
A 2 .8 7 2 2 .8 7 2 2 .8 6 7 2 ,8 6 8

B 2 .8 7 2 2 .8 7 2 2 .8 6 8 2 .8 6 8

C 2 .8 7 2 2 .8 7 2 2 .8 6 8 2 .8 6 8

D 2 .8 7 3 2 .8 7 3 2 .8 6 8 2 .8 6 8

2 .0 F la t C ar

A -E n d B-End
Pretest Post test Pretest Post test

A 2 .9 7 5 2 .9 4 0 3 .0 0 4 2 .7 9 7

B 2 .7 4 9 2 .9 3 1 3 .0 1 2 3 .0 0 5

C

D 3 .0 1 1 2 .9 7 7 3 .0 0 1 2 .1 6 0

*

D -2



TIRE PRESSURE (PSI)

Front A x le Rear A x le

T ra i er Left R ight Left R ight

D a te /T im e V a n F la t O u te r Inner O u te r In n er O u te r Inner O u te r Inner

1 1 /5 /7 5 0 8 4 5 X 85 85 8 5 85 85 85 85 85

1 1 /5 /7 5 0 9 0 0 X 85 85 85 F la t 85 85 85 85

1 1 /1 2 /7 5 1310 X 85 85 85 85 85 85 85 85

1315 X 85 85 7 0 F la t 85 85 85 85

1 1 /1 3 /7 5 X 85 85 8 5 8 4 84 85 84 82

X 85 85 8 5 F la t 85 85 83 84

1 1 /1 7 /7 5 X 83 83 82 8 4 81 83 83 82

X 82 83 7 5 F la t 84 8 4 81 82

1 1 /2 0 /7 5 X 81 81 80 81 80 80 7 9 80

X 80 80 7 9 F la t 80 62 7 9 80

D - 3

-
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