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1.0 INTRODUCTION

1.1 BACKGROUND o |

The Rail Dynamics Laboratory (RDL)-cIf the Transportation Test Center (TTC) near

. Pueblo, Colorado has been designed and 'developed by the Federdl Railroad Administration
(FRA) to provide a |cL'.>orofo'ry in which basic studies in the arecs of ‘wheel/rdil i
interaction, fruck and suspensfon system desigh, vehicle body response, scfefy‘ '
standards, etc., can be performed in asdfe, controlled and economical envnronmenf

The Verflcal Shcker 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 d'ynamic‘chéracferisfics'. The VSS consists of four vertical .

. hydrcuiic shakers capable of driving two cx|¢ sets of a rail véhicle, having wheel lpdds ‘
up to 40,000 pdunds, to a sinusoidal environment at mdgnitudés represenf'a_f’iye of |
vertical track pro’Fi“les Wyle Ldboroforfes was responsible for the deéign engineéring,
_-fcbrlcahon and system -integration of the VSS and for the conducf of ‘an occepfcnce

-and a performance demonstra’rlon test program .

1.2 SCOPE

The objectives of the VSS Demonstration Progrcm were to- demonsfrcfe VAN
performcmce and copabilities and to train the RDL operahonql personnel in l'l'S use.

A test plan was developed that incorporated a fraller-on—flofcar (TOFC) as- fhe fesf -
. specimeén designated For use during the test. Prior to testing, cn_clyhcol models of -

" the TOFC were devélobed to aid the s’rrbéfuring of de‘finifivé'fé.’sf'proéedur‘eS’.' Based
on fhe"resuvlts of response ‘analyses perFormeJ using these ana'y’ricdl mode'ls’,"-sh‘cker
force parcmefers, vehlcle hm:f check requirements, and lnsfrumentc’rlon fypes were ’

|denf|f|ed

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



were obtained that allowed for the demonstration and evaluation of:

' Excif,o’lﬁon system capobilifies‘

o Range of allowable input regimes

- e  Control system performance

e Operating procedures |

‘» Data acquisition system cdéquccies

e Data analysis capabilities

e Maintenance procedures.
Results of the VSS demonstration and evaluation are presented in this Part| of .
the Demonstration Program report. Part It will include a descrlphon of the cnolyﬂcel
model development of the TOFC configurations, documentation of fhe associated
time domain’ computer program, test data used to verify the analytical models of fhe

TOFC configurations and a descrlphon of the process of verification.



2.0 TEST- PR{OG RAM

2.1 OBJECTNES | |
" The ob|ecf|ves of the Demonsfrchon Test Progrom (DTP) were 'to’ opercn‘e fhe VSS
under various locdlng condlhons in order to eva|ucte its ccpablllfy, to frcun fhe o

RDL personnel inits use, cnd to obfam tesf spemmen dofc for use in analyti col

modelﬂverlﬂcmlon. _

2.2 : CONFIGURATlON DESCRIPTION

Teshng for the DTP was conducted on a Pullmqn Sfcundcrd 89 foot 4 mch flatcar in- |
three different load configurations. These conflgurohons are shown in Figure 2.2-] .
The flatcar v-wds_bdsf_f-'ionéd‘ on the shaker sysfem_ such that vertical excitation was = . l

introduced into the B-end truck at the wheel/rail interface.

2.2.1° Configuration T

‘This conflguraﬂon consisted of an unloaded Pullman Stondard 89 foof 4 mch all
- purpose flatcar serlcl number TTAX973295 "It was equipped with fwo ASF rlde _
“control trucks with 33 inch wheels and two Pullman Sfcndcrd Model 5 ’rroller hlfches
- The welghf breokdown for fhe ﬂcfcar is lls’red in Table 2. 2— . For conﬁgurchon 1 the -
hitches were in the lowered posmons and the truck ramps at each end ‘were in a
vertical or over the road position. The-_<:0up|e_rs at each e»ndv were not restrained

from movenient. " -

2.2.2 . "Configuration 2 -

Configuration 2 was the fully loaded flatcar. |t consisted of the flatcar deﬁ'n'e'd in
' secflon 2.2:1 |ooded with.van and plafform trailers as shown in Flgure 2 2-2. The

v welght breakdown for conf!g_urchon 2 is listed i m( Table 2.2-1.

" 2.2.2.7 Von Trailer -
The van frmler was a Trcnlmoblle Maodel A] 1A, Serlal Number L32820. It was L
loaded with '49,825 pdtjhds 'c_sf sand bags on pallets as shown in-Figure 2. 2-3. The
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CONFIGURATION 1




 CONFIGURATION 2 *

FIGURE 2.2-1 TEST CONFIGURATIONS.



. TABLE 2.2-1 WEIGHT SUMMARY

* FULLY LOADED FLATCAR
 FLATCAR STRUCTURE . 52,561 Ib

' FLATCAR TRUCKS ~ 17,2391b

INSTRUMENTATION . 1001b . 69,900 Ib " (Configuration 1)

VAN STRUCTURE . 9,098 Ib

© VANTANDEMS - 3,1571b

LADING (SAND BAGS) 49,825 1b |
A e | © 62,080 Ib* -

PLATFORM STRUCTURE = 10,293 Ib
PLATFORM TANDEMS 2,707 Ib

" LADING (LEAD WEIGHTS) 48,980 Ib o
o ' 61,980 lb*
TOTAL © 193,960 Ib* (Configuration 2)

S 82,900 Ib (Configuration 3)
*Actual Weighed Values P L
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sand bags were locded in the van on 17 pallets, two dbreast with a single pallet at
~ the rec(. The sand bags were umformly distributed on ’rhe pqllefs to a helghf of
cpproxfnﬁcfely ‘fhree feet. The weight breakdown for.the van f_r_cller is listed in

Table 2.2-1.

R 2.2. 2 .2 Platform Trcller

E The plafform trailer was a Trailmobile model P4]T serlcl number L32821 It was
Toaded wnth |ecd welghfs and crlbbmg welghmg 48,980 pounds as shown in Figure |
2.2-3. Two lead welghfs, weighing cpproxumofely 23,000 pounds eoch were loaded
on 12 by 12 inch crlbbmg and secured to the bed of the trailer by steel cables.  The
weight breakdown for the plcfform"rrdiler is listed in Table 2.2-1. v'

2:2.3 . ConflguranonB

Conflgura’rlon 3 consisted of-the flatcar wnfh an empfy plafform fraller looded on the -

B-end os shown in Figure 2.2-1. The hlfch af the A-end of fhe flatcar wos in the

refrqcfed position. The welghf breakdown for configuration 3 is ||sfed in Toble 2.2=1. -

2.3° ~ ° TEST SUMMARY

2.3.1 = Componenf Tests

Several componenf tests were desnred prlor to starting the VSS feshng of the flatcar.
These tests were deS|gned to measure sprlng constants, stiffnesses, and damping of the
component parts of the flatcar, van trailer and platform trailer. The tests would 'hcve '
provided fh.é' RDL,opefd'ﬁ'onvql personnel an opportunity to run ‘comportler.if. tests and
would have’ yielded more coefficients for use in the development of: the dndlyfic’l’al '
models. A -s‘e“ries of tests were to défer-mine' the static d.eAflecf.ion of beth the van and

platform trailers under load and are described in Appendix A.



2.3, 2 TOFC Vibration Test

- The TOFC conflgurq’nons were subjected to sinusoidal sweep tests of various

cmphtudes with a confrolled input bosed on dlsplccemenf. Input motions

Awere controlled wnfh all shakers in phase for the excxfcn‘lon of the ver’rlccl
modes of the test specimen. . Torsional and roll modes were excited by . - -

A confrollmg the right side shakers 180 degrees out of phase wn‘h the left 5|de
shakers. Discrete frequency dwell and decay tests were performed at speamen '
resonant and ofher selected frequencues wnh control at several mpuf amphtudes. |
The input woveform was commanded to terminate af maximum or zero dlsplccemenf
thus allowing dcmpmg characteristics fo be obfamed fhrough the analysis

of vehicle response decay traces. A test log with a detailed listing of all
the:sw'eep fésf; performed: including Ievel; freq'uehcy range, and magnifiécﬁon' .‘

factor (Q) values i§ contained m Abpendix C. Also in Appendix C" | '

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

fréquén’éy;'om;");lifude and type '_of test:(dwell, 'High' speed record, or decdy_);

2.3.3 ° TestLevels | .

The test procédure called for a minimum and a maximom swéep‘fesf level -

'f'or' each configAUraﬁon'. The minimum- test level, a starting value, was -~ - =
increased to the maximum level or until the established specimen res'ponsé '
fimits were exceeded. - In all cases the specimen limits would not pei’mi"r.

| the actuators to be exercised to the ‘maximum test level. The maximum lével -

attainable was different for each configuration and each is summarized in“- .
Appendlx B. The SO|ld lines in Figures B~1 through B-6 represenf sweep levels
and the circles represenf dwe” levels. The curves in Appendlx B are presented
as summcry curves and in each case represent an- envelope of fhe sinusoidal
sweep tests performed over the frequency ranges identified. The time durations

. for the sweep tests were vancble dependmg on magmflccmon factor (Q). Since

data is not ocquured at every frequency durmg a digital sweep the number of frequency .

points ‘is esfcblish‘ed'basedv on.S)isf'em' damping (magnification factor) to assure that

the resonance ‘frequen'ciés are identified within 97 percent of the pedk: value.



2.3.4  Test Duration

An estimate of total test time was made by a pos’r test analysns of the run log. The
time for each sweep was based on the c:pproxmchons in Table 2. 3-1. The dwell fesf
time was- assumed fo be « one mlnufe per dwell run. Table 2.3-2 summarizes the -
'resulfcnf estimate of total test time. An eshmofe was also made for the cmoun’r of
test time spent at £0.5 Hz of the first flatcar bending resonance whlch varied

with conflgurchon and the total number of cycles cccumulafed af fhe first bendmg

resonance. Thls data prowded flatcar faflgue life information.

2.4 TRAINING | | |
Another objective of the DTP was to train the RDL operational personnel in the
qpercfion_ of the VSS.: Ddring the testing of the first two configuratiens, RDL

" operating personnel worked "'direc‘fliy- with fheir W}/Ie functional countérparts and
- observed the opefdfidn of the VSS.’ Aftef the successful completion of feefing of the

. second conﬁgurdhon ; the structural integrity of the VSS was demonstrated and hands-on
training of fhe RDL operational personnel was initiated. RDL personnel accomphshed
all test’ operahons during the final two weeks of testing with Wyle dcting as only a
requestor and monitor of activities. Dally meetings were held to evaluate performance
and review operational procedures. Durmg the hcnds-on training phase of the test

program, the RDL operchng personne! were exposed to fhe total system operation.

The RDL operqhng pelsonnel performed. sysfem malntenance, dafc reduction analysis and '

test setup and teardown of all three TOFC conf’gurahons. The'data reduction anquses
were performed ‘with: added classroom fraining given'in the use of the updated features
of the software described in. Section 3.4.3. Asa demonsfrahon of proﬁcnency in
-operatmg ‘the VSS, RDL personnel were requesfed to perform q series of tests on the:
 final fest day.' The request’ spec1f|ed the test configuration and time: cons-h-alnfs A
which were to be met. The ihpufs consisted of in-phase and'ouf-o’f-pvhcxse sweeps with

a glven spectrum level, and a series of dwell and decay runs ai- specnfled amplitudes and

' FrequenCIes A|| the tests were sahsfccforlly performed as requested. Upon the completion

of the test progrom the RDL operchonal personnel had demonsfrafed their- Clblll‘l'y to

_ operofe the VSS.

10~



TABLE 2.3-1 APPROXIMATE SWEEP TIMES

APPREXIMATE SWEEP TIME 1IN SE_C@NDS-'

TO
.50| 680 - S
FROM SELECTED FREQUENCIES
1.0]120Q| s2a o o
T¢ SELECTED FREQUENCIES
2.0{155a{ 97Q| 45Q .
AS A FUNCTION OF Q
5.0/177Q|109¢e| 570! 120 : K
. ‘ T oze
10. {1870 (1190 67Q | 22a| 10@Q o 3
20.195a|1270 | 750! 30@; 18@| 8@
50. |203Q {1350 | 83Q: 33Q| 26Q | 160 | 8Q
100 |2100Q (1420 | 90a@ | 4sa| 330} 232 {150 | 7@
200 |216Q {148Q | 960 ; 51| 390 | 29a | 210 {130 | 6@
50 1.0 2.0 5.0 10. 20+ 50. 100

1 FrROM .20
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TABLE 2.3-2 ESTIMATED SPECIMEN TEST TIME.

TIME - HOURS

SWEEP - DWELL
Total At Ist Resonance* Total At Ist 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 B 0.5
TOTAL HOURS TESTED . 15.2

HOURS AT RESONANCE 3.1

*Resonance is defined as peak response frequency + 0.5 Hz for both in and out
of phase testing. : -

~12-



‘3.0 . SYSTEM EVALUATION

3.1 OPERATIONS
3.1.1 - Test Setup -

SC T B Setup and Teardown _

The vehicle setup p(ocedﬁre consisted of moving the vehicle from the servfcé ,fArack.‘
to the test pit §upporf track. Moviné the unloaded flatcar was occom.plished as shown
| 'in. Figure 3.1-1 by utilizing the two overhead cranes at the RDL to lift the flatcar

up and onto the fest 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 Iodded trailers were placed on the flatcar as shown in Figure 3.1-2. The
trailers were po;sifioned on the flatcar with each landing gear fully exterided. Each
hitch w&s then moved into place and tightened around the trailer kingpin. Both A
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. Af 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 procedufe was performed only on test days and ‘Aconsisfed 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 wes moved forward. by
forklift and once in place, the wheel liftoff switch was checked.v Thé 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 VehiclAe Restraint

3.1.1.3.1 ,.El_alc_;_gl - 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 -
ftatcar in p"oﬁition during testing. This was accomplished by placing a block at

.each whe.e[ and wrapping chains between each axle and fhe'v{ehiclé suppoﬁ structure.
The slack in the chains was removed. A schematic of fhislongif'Udi"nal ré;sfraihf' S | o 3

system is- shown in ngure 3.1-3.

3.1.1.3.2 Troiler Restraint System - Dufing the testing of éonfigurqfiéns, 2 and 3,

a passive resfrq‘int system incorporating the overhead crane was. used to prevent excessive
rolﬂliAng of the test ‘specAimen and to kéep the trailer tandems in position on the flatcar.
Before out of phase testing started on coﬁfig‘urafion 2, chains were wrc:pped around
“each trailer axle- as in Figure 3. 1-5 and tied to the flcféar‘body. 'T_He chains had about
2 inches of slack to allow for relative motion between the ’nia_iier' 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 ‘Pl.-e'Aand Poéf T'est Measurements - ‘

A series of pre and posf test mecsuremem‘s were made on eoch fraller to documenf the
dlamefer of the klngpms and fhe tire pressures. This dcfa is confcu ned in Appendlx D.
The fraller kingpin measuremenfs showed no change. Tire preSsures were lnlflc“y A ' -
sef af 85 psi wi fh fhe excephon of fhe one flaf tire. No sngmﬁcanr varlaflons . ) -

oppeaned . ‘ X | R _ g i
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3. 1.2 Test Conduct Procedure

3.1.2.1 - Test Schedule

The DTP was completed within the i-equii-ed six week time period as shown in '
Figure 3.1~6 with the qcﬁomplishmenf. of all objectives. The testing of configuration 1 :'
. used the first three weeks of the program due to scheduled holidays, forrnc‘:liclassroom
fraining of RDL operators, cﬁd VSS problems. The second confngrdﬁb_ﬁ was compll.eted
in two weeks and two ddys with much time again spent in classroom fraining and in |
sdlving system 'prob.Iems. The third and final confiéuraﬁon was completed with one

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

up, and running dUrlng the previous fesfmg.

3.1.2.2 Test Procedures

A daily test procedure evolved during the course of the test program. The most.
efficient procedure consisted of sfcrflng hydraulic oil warm-up at 0700 hours, fuklng
oil samples at 0800 hours then performlng instrumentation cahbranon and unloaded
shaker testing. A daily test review briefing, each mommg, was found tobe an -
effective means of communication among the cognizant personnel cn_d“provi'ded the
oppdrtmni'ff to discuss problems and/or requirements. ' Daily detailed fest 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 froublesh.oofing of the system provided the
motivation to schedule a twelve hour day whenever testing was being conducted. Work
continued until the pbiecfiv_es fqr fhcf.d_ay had been accomplished.. Thei trend féwdrd '
grec:fér. V'SS efficiency throughout the six weeks of the pr‘ogrcm, 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 éémpufer
“which qufomaficdlly shuts down_ testing if o'préef limit is exceeded r_ﬁoreﬁ than the -
s'pec‘ified number of consecutive times. Limit checking is performed on the raw data
signal, thus high frequency spikes may shut the system down. Because the Iim_if

check values were ~inifié”y set too low, configuration 1 testing required as rhdny as
eight attempts before a successful run could be completed. Beﬂ'ér selections for the
limit check values were mcde for the later configurations and shufdowns were not as
‘frequent. It was also found that by setting the number of consecuﬂve occurrences
cf_i"hree the problem was significantly improved. A summary of the limit che_ck values
Use_d is contained in Table 3.1-1. The table depicts Qniy the mdximum values used

as in many cases much lower values were selected initially and had to be increased.
. Thosé‘ channels specified as critical channels in Table 3. 1-1 are those which were most

" sensitive in the TOFC S)’i,sfer'n’ and-which'if lowered slightly would cause o 'sysfer'n"'shudeWn.‘_

Channel 108 was ’dlpre'ssu're switch which was used -foAshufdown fhé‘sy.éfe'r:n should

' the Flatcar wheels liftoff the shaker heads. During the’ enhre test program this switch
- caused shutdown only once. This occurrence was' mfenhonol ly repeated three times
and, while not vnsuall_y verificble, established the validity of the pressure 'sw1fch B

operation.

3.1, 2.4 Sysi‘em Efficiency ~ _
One of fhe producfs of the Demonsfrchon Test Program was to debug the VSS As’
can bre seén from Table 3. 1-2, durmg the~ |asf week of teshng a good percentage of

: fhe hors cvcllcble for fesflng were spenr in actual testing."
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TABLE 3.1-1 LIMIT CHECK CHANNELS

Maximum Values

Channel Configuration 1 Configuration 2 Configuration 3
No. In-Phase Out=of-phase In-Phase Out-of-phase In-Phase | Qut-of-phase
57 59 (1) 3g(3) 3.0g@)* | 2.5g(3) 59 (3) 3.0 (3)
66 5g (1)* 3.7¢ (3) 3.79 (3)
71 1.2¢g (3) 1.0g (3) 1.2g (3) 2.0g (3)
73 1.0g (3) 2.0g (3)
8l 3.7g(3)
89 3.6g (1) 2.5¢ (3) 2.5g(3) 1.0g (3) 2.5g(3) 1.3g(3)
102 25 rad/sec2(3)* 15 rad/sec2(3)*
108 0.25 in (1) 0.25in (1) 0.25in (1) 0.25in (1) broken broken
115 2g (1) 2g (3)* 1.5g(3) 4.3¢g (3)* 1.5g (3) 2g(3)
118 1.8g (1)* 2.0g (3)*
119 2.0g (3)
126 1.3g (3)*
127 1.5g@ | 2.5g(@)*

*critical channels
() indicates number of consecutive occurrences
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TABLE 3.1-2. SYSTEM EFFICIENCY

Hours - ' Hours‘ Actudl -
Scheduled Hours Required Available  Hours
‘Week  For Testing For Setup and Teardown For Testing Tested*
I 28 12 16 4
2 36 16 | 20 8
3 33 | 12 21 1.5
4 40 16 ' 24 7.5
5 46 20 2 2.5
& 4 20 f 21 155

*These represent the hours the machine was up and ready to test. The hours the

machine was running were less.

iy



3.1.2.5"  System Problems

System problems with the VS$ occurred ddring the test program which resulfed"in'

fhe loss of several test days. Each problem was ldenflﬁed and corrected durmg fhcf _
day and normal test operations were allowed to conhnue the next test day In summary
these problems included a broken cccumulcfor blcdder, a leaking "O" ring in-the
shaker hydrauhcs, and a ledk in fhe pllof dccumulator. Each repclr required only a
r_eplcc_:emgnf pan‘. In addition, the RDL fccnhfy hydrcullc pump power supply went

down for a day.

3.1.3 Syéfem Maintenance

Several of the more ir_npbrfanf of these maintenance procedures are included; in
particular, as shown below, fhos>e rélofing to the doily opercfipn of the sysfém.
) Acruafor and journal bearmgs are checked out by determining
- the résistance areas of the oil film in the bearing (no: res:sfqnce
indicafes etal to metal contact and a ‘problem).
e :'Hydrcullc sysfem line and flex hoses are:visually inspected
 for ev:dence of teakage. - | |
‘o - Oil. scmples are taken from both hydroullc supply sysfems '
to verify oil cleanllness.
° Cchbrahon checks are performed on the ADACS scanner and
' 11v'5|gncx| condlfloners/dafc channels. '
. Operational checks dre made on the computer system to
' determine if various syéfém'componénfs are 'ycc‘:p"db'lé of operations
as 'expééf'ed" .This' check could be the pérfbrmdnéé éf"d. e
compufcmon from c| magneflc fope copled from a. sample program .
deck from’ fhe card reader.
If the VSS is. not operafed at least one day each week the hydrauhc sysfem should
be powered up and the oil circulated through the modules. until a fempercfure of . ]20 F

is reoched ond molntalned in cnculoflon for one hour.
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3.2 . CONTROL SYSTEM _
The VSS consists of four excitation hydraulic shakers with the associated control
" and moni_for"sys’rems. 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.shckers consists of a high joerformcnce electronically-controlled
servo valve, a high force actuator and bics system assembly, a sfohonary struchral
assembly and the plumbmg and componenfs to supporf fhese items. The excrfanon
‘modules are show_n in Figure 3.2-1.

The eleetronie control and the dynamic shakers perferm as a complefely integrefed' ‘
elecfrohydrau:lic vibraﬁonnsyﬁem. The control sysfem provide's closed-loop- displ acerﬁen"r'
confrol of the wheel/rcll interface at each shaker. A primary ob,echve in designing
the control sysfem was to provide wide bandWIdth control of the actuators while -

still maintaining odequofe system stability. Wde bandwidth performance (3 db

 down at 40 Hz) has been cchleved on the VSS. This performance srgmflccnfly exceeds '
;{;fhe Statement of Work (SOW) design requuremem‘s for the VSS and assures that fhe
shakers will accurately respond to dlsplccement commands wrfh minimal harmonic

dlsfomon at fhe wheel/rcul mferfcce.

Figure 3.2-2 shows a schemchc dlagrom of a control channel for one of the VSS
shakers.  The andlog confrol subsysfem consists basically of the analog controller and
the assocmted msfrumenfchon required to provide clésed- loop dlsplccemenf confrol

“and’ monlforlng &f the VSS: elecfrohydrouhc 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 corisole for

visucl'observdﬁon of the test aréa. - The VSS control console is shown in'FigUre 3.2-4.
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3 2. l | Control System Des:gn Objectives

As prev:ously menhoned a mo|or design objective was to obtain wide bondwmlfh
performonce of the actuators. More specnﬁca”y, it was required that fhe trcnsfer
func‘rlon of each’ shaker be flat, within + 2'db, to 20 Hz and 3 db down, wH'hm
J—2 db to 30 Hz, In addition, ’rhe dynomlc excitation capability requnrements were:
e Dlsplacemenf. - greater than 1.9 in. up to 1.75'Hz
“0‘ Velocify: o greofef than 22 ips 'f‘rorn 2 Hz to 20 Hz

‘& Acceleration: greater than 8.3 g's from 20 Hz to 30 Hz

Aside Fro.rnfhe design obie.cfi'\)es _associcfed with meeting the basic perfo‘rmcn'ce
requuremenfs above, severol other basic consnderuflons enfered into fhe confrol
“system de5|gn " . ‘ _ |
| ’ The confrols deS|gn should assure odequofe sysfem stoblhty under o

Call opercflng condmons.

e } It should minimize sysfem sensmvny to noise. )
{o' | The confrol sysfem should prowde damplng of fhe plsfon/OII )
i column resononce and sfrucfurol resonance. . -
3.2.2 | Confrol Sysfern.l'mplemenfaﬁ‘on '

The VSS confrol' sysfem is designed to provide displacement conf_fol of the shakers,
e a giv’en-fnpuf voltage command provides a known pisfon di‘spiocemenf To. -
»ochleve wide’ bandwndfh performance while shll mcunfolmng ‘good shcker response
fldell’ry with respecf to.the mpuf commcnds, closed- loop Feedbock control is -

used. The feedback scheme utilizes o combination of slcve d|sp|ccemenf shcker _

plsfon dlsplacemenf cnd shaker feedback occelerahon as shown in Flgure 3.2-2.°

A brief descrlpflon of the shaker servo—volve, is helpful when dlscussmg g
|mp|emenfcf|on of fhe confrol system. The servo-valve is an mtegrol two-stage
hydraulic amplifier drlven by a linear. elecfro-mqgnehc signal fronsducer snmlldr to

an electro~dynamic vnbrchon exciter or loud-speaker. ‘The voice coil of the 5|gno| '
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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—WCuy, closed-center spool |
valve and is anologou‘s to the actuator piston of the shcker. The slave, or poWe’r"
stage; is capable of msfcnfaneously controlling 200 gpm hydraulic fluid flow to the
actuator cyll‘nder. The slave valve, unlike the pilot valve has no positioning sprlngs
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
l(LVDT.) and this signdl is used to form the "inner loop" feedback. vWifho'.u'r this

i

"inner-loop" around the pllof-slcve stage, the simplified fransfer function befween o

fhe valve mpuf and slave valve position would appear as an mfegrofor and gain. -
Thev correspondmg 'open-loop" response for such a conflgurahon is unaccepfcble
since the response amplitude decreases with frequency. Providing slave valve
position feedback around the pilot~slave stage effectively moves »fHe slave pole
(in'regrafor) from the origfn (zero frequency) out to some 'highe'r frequency thereby
providing a cons’;cnf amplitude versus frequency response out fo some predetermined
bréak frequency. This break frequency is dependent upon the feedback gain u'sec:i
in this loop. This linear response, however, is obtained at the expens'e of |oWeri’ng

the overall forward-loop-transfer function gain of the .cpnfrol system.
Similarly, piston displacement is utilized as an "oufe'r-loop" feedback signal. I

. Increasing the outer-loop piston displacement feedback gdin increcses the sysfem; -
bandwidth while decreasing system stability. The system stability is comp’rpmlsed!;-
because the lightly damped piston resonance polés cross over into the right half I
plane as the exciter displacement gain is increased. The no load piston hydrouliic

resonance for the VSS system has a'natural frequency of % 60 Hz with-a domplng

ratio of 0.1 percent of critical.
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" To increase the system bandwidth and still maintain system stability, piston acceleration
feedbcek was employed. The use of piston acceleration feedback increases: the
_dampingl_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 lllusfrcfe the system charccferlshc roof movements as the .
slave (mner Ioop) and the accelercmon feedback gains are cd|usfed As the slave -
'. 'dlsplccemenf feedback gcln is increased, fhe bcndw1dth of fhe servo-valve (inner
_loop) increases as is indicafed by the inner loop root locus. The nominal slave
. loop roll off frequency used is 80 Hz. For the control system configuration cxssocmfed
with the characteristic root locations shown in Flgure 3.2-6, increasing the outer
.. loop piston displacem‘eh_f' feedback gain will increqSe,fhe'sySfem'b_a'ndwidfh, however, V'
the system stability mai'gin will be decreased. BeéoUse of the infercéﬁvé 'e?FeCfs
" between feedback ¢ gain cd|usfmenfs cnd the characteristic root movemenfs of fhe -
, con’rrol sysfem various simulation and sfoblhfy studies were conducfed fo arrive af

'fhe bcsuc confrol sysfem conflgurahon.

Figure 3.2- 6 |||usfrafes fhe dcceleration feedback outer |oop root locus for i mcreasmg
_ accelerahon feedback gmns. The nommal pole locations associatéd with the

com‘roller-golns used durlng the deonnsfrcmon program dre indicated in' Figure 3.2-6.
These gains are a compromise between the need to decreasé system sensitivity to-
instrumentation noise and the need to maintain system stability. The system wasfound

© to'be sensitive fo instrumentdtion noise at high dcceleration feedback gains.™ -

i 3.2.3 Ce_n"rroll:Sysfe'm"Perfe'rmclnce

VSS performance is discussed in terms of 'dyﬁcunic excitcfipn capabilities and fidelity.
The VSS performance capability measurements weré performed and obtained dvuring the

- DTP.
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3.2.3.1 Dynamic Excifcinn.Capabilify
'The sinusoidal dynamic excitation capability for all four Unlocded shakers operohng
smulfcneously exceeded the requirements below:
e Displacement: greater than 1.9 in. up to 1.75 Hz
e Velocity: ~ greater than 22 ips from 2 Hz to 20 §H‘z‘
e Acceleration:  greater than 8.3 g's from 20 Hz to 30 Hz

This dynamic motion ccpcbilify envelope is shown in Figure 3.2-7. Wifh the high’ |
bandwidth control sys'rem gains used during fhe DTP, the sysfem transfer functions .
for each shaker_ exceeded the SOW requnremenfs The SOW required that the gain
versus‘l'r'_requency be within £2 db to 20 Hz _chd 3 db down, within =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 AF.igL‘Jré
3.2-9 and 3. 2 10, A comparison of the phase meosuremen’rs be'rween all shokers is-

summarized in Toble 3.2-1.

3:2.3.2 System Disforfion

Deviation of an output signal from the command signol waveform is a measure. of
system distortion. Minimization of system distortion in terris of control system deﬁign
~_requi"res that the gain and phase béindependenf of frequency over fh’e Fr;eqdenc.y band
within which fhe>signa|"enei—gy lies. ‘As shown in Figure 3.2-10, fHe .g'ciﬁ ond\p'Hdse ‘
characteristics achieyéd with the é:on-trbl system design are compatible with minimum

- system distortion. This can be seén qdaﬁfifoti_ve|y in Figure 3.2-]A]'which' cé‘rripdres

a typical command sinusoidal input waveform and the output displacement waveform. -

A more quolifcfiv_e comparison of system distortion can be obtained by inspection of two
statistical functions: (1) the probability density function as présénfed in the form of a
histogram and (2) pbwer specfrc.:l density (PSD). The following data was obtained for . -
a typical test run during the DTP. Table 3.2~2 summarizes the basic statistical

prOpérfies for the sample record of piston di5p|océmenf shown in F‘iguré 3.2-12,

- -36-



....wo..n\.o__ * »._uo_!,,

W JZ M%m& (/ww\/v ? AN AA NI VW;Q_W/\u/\A/ aw \/wm
A% O DAV A VNV ARA RIS 18
W75 4008 N AW VAN 759% 058 NN :
R T RNSEE X N A I ] RN R A 2]
b X L S%ase RO PES
25 A N NS AN X aiiedon
SN EROY
il /M/ K\vf Vo.99.94 8 /// N4 /\_ -
L AR A A KK
HOA RSSO APRHEK KA
a2 a B XX Y aAY AU VAN 0.8 /\/\/.\\V
7 e AIX, A R4 v .ﬂwﬂ\/ y :
TR VPSRRI K SN TRy K7 SRSKS K S S
240 AVEIZ AN SRR S AEPNNNLY; 3
T R B s I RS
xxxmA D I A\MA Wf\ REoNE
, 5 . U RGN NSE
| Mv/Am %X\ P, %A/VA . &\ P
,\vﬂ/mm@m V% & myww % @
MR ] S, %G
: aN X, AVAY AN AN WK XX NN N ZN A
4 ML X X B8R Lol %\vﬁyx/\//\/ /\\,&“-
& NN V2 @ TN D AVANESL % W4 VAN AVANE R
S SR R N KSR I TRISAXIS A
\ PSS 204 P ,,waww:XA\U A5 /Axxwmy
e Gta L e
N 4 7 ¢ . A : . ouo% _.....
. VﬁwW\»W. MMM/ A &wWV\A/.\\ N Mvm/vA\A 2 »N._w X
R NN I 2 NG NN 2
SRR 5|
3 N ./y./\\ 4 v/ ¢ S V1 ,yﬂ l¢ /]
(S aavaws /\\/No T M.QW N N A A=
R R S R e o N Nl remavavas)
RN 45 A PR NSO A VAP N W
/417//Lﬁ% NX,.\A vAM/ ./ Vf-.\ A\ cv J\/ V&W.WN
A o roli %\wa‘&@/ ORI e
KINC T : A 1
S AR O

. Frequency, cps.

S a37-

.FIG»URE 3.2-7 - DYNAMIC MOTION CAPABILITY E'NVEL,‘OPEV
: ~ ( Simultaneous Actuator Operation) '




_'8 8.5.

@ TV3ID

| MG 403D

-5

~7

Frequency - Hertz

PISTON DISPLACEMENT PER DRIVE SIGNAL

- (SHAKER 1)

22,7 IN/SEC
4

1

R ; 1e i . 10

Frequency Hertz
- PISTON'VELOCITY VS FREQUENCY
‘ (SHAKER 1)

" 1e

MOCAH~rD32

moc4mrovzD

(=)
-

..
Fo

-1

T )
19 . - 1o

' Fréqbéncy - Hertz

PISTON DISPLACEMENT V'S FREQUENCY
" (SHAKER 1) |

©. 30 Hz

10

16 ; ' 10

Fréquency - ,Hertz :

PISTON ACCELERATION VS FREQUENCY
: (SHAKER 1) -

FIGURE 3. 2-8 TYPICAL DYNAMIC EXCITATION CAPABILITY




—68_

w2

on

x£O w3r -

‘e . . i ey

’ W - A 1.:1 . ‘ T;z |
Frequency - Hertz .
SHAKER 2
e ._,_,_.]

” F'reqvuem;‘y - Hertz,
SHAKER 4

o2 "

»0 OI1

¢ e et ey

) Frequenc; - Hertz ®
SHAKER 1
:}
-al
Frque_ncy - Hertz '

SHAKER 3

" FIGURE 3.2-9 COMPARISON OF TRANSFER FUNCT|ONS (20% FLOW)
'NOTE: Con’rrolled dlsplccemenf equal to £ 0.5 mches




06 LT v v - -
Mg :
of —ﬂcr;nro,e < 3.
AeruiroR 2 :
.S .
s Acrunrpe S .
2t ] .
- - - ' ]
f }/._:;da i h
ot L 3 1
0 s
B 3 3
_2 - -
%! { i
BN o -3/ 3
) =3 1.
] -41 3
L R - 1
Qg &4y ong 204 3ok ’
el — ! B — 10l —ay 2% ey
16 S 10 ’ .. b0 ) 1o 10"
) - Hertz :
_Frequency S Frequency - Hertz
- FIGURE 3.2<10 COMPARISON OF TRANSFER FUNCTIONS




" TABLE 3.2-1 MEASURED ACTUATOR TF PHASE VERSUS FREQUENCY

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

TMEASURED

-50°

| | .. |peviATION
EXCITATION | CLTF PHASE* {CLTF PHASE |CLTF PHASE CLTF PHASE |ABOUT THE
FREQUENCY | ACTUATOR. 1 [ACTUATOR 2JACTUATOR 3JACTUATOR 4|MEDIAN PHASE
5 Hz a2° -12° -15° 212.2° [ 418

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° -133° | as1° | -133° +9°

~* CLTF _=_>' Closed Loop densfer Function

4]
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- TABLE 3.2-2 VERTICAL SHAKER SYSTEM PERFORMANCE SUMMARY

ADJUSTED (NULLED) AMPLITUDE VALUES

o Ac.tuofor I Mlmmum o Mo*imﬁrﬁ: -
1 | o482 4598
2 45114529
3 —4596 4615
. | |

4555 - .4582

BASIC. DATA

. Actuator - Minimum . MaXimum - Mean Varianée o Skewness | Kurtosis
o -4785  -.4395 © =-,0203 ©  .1055 -.0003 . 1.5091
2 —.4694 4346 . -.0183  .1029 .0027 - 1.4973
3 4517 4694 0079 - .1057 L0046 - 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 APPROXIN\ATELY 1.5 SEC OF DATA '
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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-

shcped curve with a Kurtosis of 1.50. A fyplcal histogram for actuator dlsplacemen’r

. is shown in Figure 3.2~ 13. As can be seen, fhe piston dlsplocemen'f hlsfogram very

nearly resembles that for a pure smusmd mdlccmng negllglbie dls’rorhon. - The frequency.

composmon of the pls’ron displacement signal can be determined from it's PSD
" as shown in Flgure 3.2-14, Only the fundamental drive sngnc‘:l appears Gt 5 5 Hz

with no other mecgurcble frequency components and therefore no distortion.

A statistical evaluation of the piston acceleration cs shown‘in.Figure 3.2-15 was

also obtained from the same data .ds above. Since the shakers are displacement controlled
rather than acceleration controlled, the piston accelerometer oufpuf is not & clean
~as the pisfon dfsplc%cemenf signal. In addition, the piston accelerometers are’ »
‘se‘hs'iﬂﬁ\?e: fo '_a 120:0’H"z dither signal superfmpesed onto the servo-valve drive signals.

The affects of this dither signal are discussed ini the ‘foll'o_wi'ng parcgrcbh.:

The piston acceleration PSD. is sHoIWn in Figure 3.2-16.. As with the piston
displacement PSD, the fundamental drive signal is q'uif’e. appdrerﬁ" at 5.5 Hz. Up
until 60 Hz which is well pest the 30 Hz frequency range of basic im‘eres’r,-’ other
apparent frequeney components are at least two orders of mcgnifude less than ’rhe
~drive frequency At 60 Hz, the ||ghf|y damped piston resonance shows up; however,
it is still an order of magnitude less than the drive signal. Beyond 60 Hz, the most
pronounced frequeney component occurs at approximately 135 Hz. This component

is cffrlbu’red to aliasing of the servo-volve dither signal which is set nommo”y at -

TZOO Hz.
Aliasing Vovr'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 sighal will cause

" -45-



-9y~

MAAIT N MEEH  UARTANCE

CHfad - 0 I HL
3 Lt aze L4203 —.LZ?’ .1941
SRR Rty
BP RS L

SYEVNESS FURTOSIS

L4 155014

= 3 ¥
= ¥ %
- ¥ ¥
.20~ % _ ¥
- * *,
- » . ¥ . ¥
- L2 Y Rz
.BaG-- , FExEAyey ¥ ¥FREEGRRS
- _ '*Kﬁi##i#%i##ft###?!*_
- S $ SEEF L RERSTEL PSS 44
fr o EESFSIFFISRRE IS ES 3 4
[ Jorm e e et e e e e e e e ————
F~ = = = ;e e e e e =~ S e e
-1% -5 9 5

" FIGURE 3.2-13 'ACTUATOR 4 - PISTON DlSPLACE'ME_NT HISTOGRAM




LV~

-
|l

-4

i

T

A£8e s an f Y

AP A S A A 1

LEER CEn aa gn o

N

Adhcd 4,

A b

* FIGURE 3.2-T4. ACTUATOR 4 - PISTON DISPLACEMENT POWER SPECTRAL DENSITY:

Ao b oS A A Y,

jLs




——— T oy —— L_
———piee e -
Ao S U > S
o e 2
R AT L S P
B -~ ..
el o L e, i
. P 2T 3. - 3
: L T e, N
—— g rge e o B PRIy o
. repr e T A e A
—— et T g 4 T ) e
A e e T .
=R : T
. N e L
A e v |
' —_— i i Y .
—— e - ) o>
Pyt e et O
———e - - .
: AT Tt : -
i TANT TN Yt - X 4 @
———— e, R e ) -]
e —— TR T o
) . by verdie o vorT ®
. PRSP own bt
— e, .. e iy . )
T L S ——————
T M [ S
————ATE.S . : s cmr— .
— ) ——
¥ . iy
e ot . e —————
' ——— . W 2
b e Eetia - . Al Bty
————ee e T 3 el
— T -t L e
— ———
AV plowmm—" 1
. ——eaem e ' 17 Averece
. ——— AR A—————nte
y — N R P e .
P =T . PP
- T B S ninintiny
e crem 7 = )
————— el v — X
- r——— - e )
STmEm L G .
— R s
Lo A~N .
: ° iingivin A h ~.lr..A|l.'
—m L . .
e T N PRI LT i
——— e PR o
—— e )
gt a mm——
——raren % ~ e e s e
R — T T -
A ——— . L areag, ———
A e PR
e e v e et e : -~
e TRE IO LS o R e .

-48-

—

FIGURE 3.2-15 ACTUATOR 4 - PISTON ACCELERATION RAW DATA




: oll.icsing prob'le‘m.s.‘ For a scmphng interval h oF (]/363) seconds, the fpldlng frequency
or cut—off frequency is: .
A 1 4
_ 'Fc s T 181.5 Hz
Then for 0 =f Sf the frequenc:es above f which will be aliased with f are:

@f xf), (4 F if) (2nfcif)

IF the dither signal were set exactly at 1200 Hz, a sfrong frequency component would -
be expected at 111 Hz. In Figure 3 2-16, astrong accelerometer dither componem‘
‘occurs at opproxumately 135 Hz. Thls correspcnds to a dither signal of 1224 Hz.

" Since the c':ql,culafed dither signal is within 2 percent of the expected servo-valve
dither, fhe'sfrong frequency component at 135 Hz can be attributed to valve bd'ifher.
Likewise the intermediate frequency component at approximately 83 Hz is most likely
caused by chasmg of the pnlof-slcve valve resonance expected befween 600 and 700

. Hz.

3.2.3.3  Shcker Cross-Coupling -

A.During fhe‘D_-TP, a test was conducted for the purpose of evaluating actuator cross—-
coupling effects. - This test was performed with c‘o'nfigwcfion 2. Cross=coupling data
wcs~‘obfcined by exciting fw_b shakers whil‘e',simulf'arleousiy co.mmchdihg the other two
to remain at nully Shaker cross—coupling is then proportional to the transfer function

between the input displacement and the response at the null position. -

"’The followmg command proflle was used to drive shakers 1 cmd 2:
e Dlsplacemenf 0.2 in. from 1'to 4.8 Hz

° Veiocny_ 6 ips from 4.8 to 15 Hz |

e Acceleration:  1.5gls from 15 to 30 Hz

The cchleved response For shakers Vand 2 is shown in Figure 3. 2 ]7

~49-
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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 null. The inverse
of this stiffness is a measure of the external force cross-coupling coefﬁmenf Shaker

stiffness was. calculcfed oS shown below:

_ L (pis.’ron AP ) (piston area) 1+ [ (effective mass) (pis’roﬁ acceleration)) b
piston displacement: » in.

Piston displacements for the undriven shakers 3 and 4 are shown in Figures 3.2-18

and 3.2-19. The maximum bisfon digpldcemenf_resulfing _'frém the exferﬁql cross—
coupling forces is .001 inch. The calculated shaker stiffness is shown in Figures 3.2-20
and 3.2~ 2] The minimum stiffness based upon these calculations is approximately |
2,63 x ]O lb /in. The calculated hydraullc oil column stiffness bosed upon a

- measured bulk modulus of 131 783 psi is 1. 79 X 10 Ib/in. Since the mcmfolned

shaker stiffness exceeds fhe oil column shffness, the cross—couphng effects are minimal.

52—
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3.3 - INSTRUMENTATION

3.3.1  Requirements

lnsfrumenfcflon was installed on the TOFC test specimen to measure cccelerahon,
dlsplccement angular cccelerc’rlon, s’rrcun, and force. The instrumentation was

~ divided lnfo three groups. The first group was VSS control msfrumenfcflon msfclled
on the shakers for mpuf control and monitoring functions. The second group was
.Ensco msfrumenfchon which wes installed on the specimen for the FRA TOFC [ '
progrom to follow fhe DTP. ‘The third group was Wyle instrumentation msfa”ed on
‘the test specnmen to obtain additional data for use in analytical model verlflcahon.
The run log in Appendlx C contains a written description of fhose chcnges 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 respéc'fiv'el'y 'These tables include the measurement -
number, Iocahon/descrlphon, type, and range setting of a|| the transducers Used '
on the DTP. The as tested insfrumentation locations are illustrated in Figures 3.3-1

" through 3.3-5. .Flgure 3.3~ 1 shows the instrumentation-on the B~end truck’ whlch

was driven by the shakers.- Flgures 3.3-6 through 3.3-8 are photographs of fyplcal
instrumentation ! locchons on.the trucks. Typical LVDT msfallahons are shown in”
Figures 3.3-6 ond 3.3-7. A typical accelerometer installation on the ‘tracks is

: shown in Flgure'3 3- 8 The instrumentation locations on the A-end are shown in

‘ Flgure 3.3-2. The instrumentation on the flatcar trucks was unchcnged for all

three conflgurahons tested. The msfrumenfohon on fhe flatcar and trailers varied
dependlng on the conﬁgurahon belng tested. The instrumentation drawmgs for each "
of fhese conflgurahons are shown in Figures 3 3-3 through 3.3- 5 ~A photograph of-
typical lnsfrumePfaflon installations onthe flatcar deck is shown in Figure 3.3-9. The
strain gauge msfo”cflons are shown in Figure 3.3~ ]0 and the trailer: flre force '

measurements msfclldhons dre shown in Figure 3.1-5. All the dcce!eromefers on the

1
i
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- MEASUREMENT

A D INPUT

N~ O Q@ NOO s W —

) L) W

o0 N O O

L 2 OV SV IR O%]

>
I\}ﬁ(D\O

-

>

E&ERE

LN
~N

TYPE

Pressre
(NTURATITS

LVOT
LVDY

" Accel

Pressure
Pressure
Pressure
LVDT
LVDT

Accel

Pressure
Pressure
Prossure
LvDT
LvDT

Accel

Pressure
Pressure
Pressure
LVDT

LVDT -

Accel

Prossure

TABLE 3.3-1 CONTROLS INSTRUMENTATION

LOCATION/DESCRIPTION AXIS

CCH U Tiston AD

CH L System AP . : :
Cli 1rbiston LVDT ' Vert
CH O Stave LVDT ' Vert
CH 1L'WAVITIK

CH 1/Crown lijul

CH 1/Rate Coil (Not hooked up)

CH 1/Piston Accel © Vert
CH 1/Control Input Sig '

CH 1/Bias Pressure

CH 2/Piston AP

CH 2/System 4P :

Cli 2/Piston LVDT : Vert

Cit 2/Slave LVDT » Vert ‘

CH 2/WAVETEK

Cil 2/Crown Input

CH 2/Rate Coil (Not hooked up) -
CH 2/Piston Accal : . Vert
CH 2-Control Input Sig -

CH 2/Bias Pressure

CH 3/ Piston A P

CH 3/System A P

CH 3/Piston LVDT : ' Vert

CH 3/Slave LVDT Vert
CH 3/WAVETEK

CH 3/Crown lnput :

CH 3/Rate Coil (Not hooked up) :
CH 3/Piston Accel Vert
CH 3/Control Input Sig

CH 3/Bias Pressure

CH 4/Piston A P

CH 4/System AP

CH 4/Piston LVDT Vert

CH 4./Slave LVDT Vert

CH 4/WAVETEK

CH 4. Crown lnput S

CH 4. Rate Coil (Not hooked up) o
CH 4 Piston Accel (Not hooked up) Vert.
Ctt 4 Control Input Sig

Ctl 4 Bias Pressure

Log Conv In

Log Conv Qut to VCG

CH 1X = Input (D/A)

CH 2X - Input (D/A)

CH 3X - [nput (D/A)

Cll1.4X = Input (D/A)

Wavetek VCA

-58-

RANGE

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

10 g's.

10 volis
2000 psi
5000 psi
5000 psi
3-1/2 inches
1/6 inch

10 volts -
10 volts -

13 volts

10 g's.

- 10 volts -

5000 psi
5000 psi
5000-psi - .
3-1/3 inches
1/6inch
10 volts

10 volts

10 volts
10 g's -

10 volts.
5060 psi
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TABLE 3.3-2 WYLE INSTRUMENTATION
A/D INPUT , o _
CHANNEL NO TYPE LOCATION/DESCRIPTION . . AXIS RANGE TRANSDUCER

50 Strain gorje  Center sill, sta 667 2000 microin/in
51 . Strain goge Center sill, sta. 536, right 2000 microin/in
52 Strain gone  Cansr sill, wta, 534, left ~ 2000 microin/in } ,
53 Acced - Brend Stanchion : Long +5G Co CQ 55
101 hog fccel Beend Trocdi King Pin, Tatcer “Yaw + 100 rad/sec '

102 Ang Accel T Beend Trock/dotiier Center Roll 1 100 rad/sec

103 Ang Accel  FlatearCenteslina-Sta, 690 Yaw + 100 rad/sec
104 LVDT B-and Truck/Truck Springs, left Vert. 3 in.
105 Drive Signol _ + 10 volts
106 VDT B-end Truck/Truck Spring, right Vert. 3 in. _
107 - Accel ~B-e¢nd stanchinn ' Later. +£56G CP37 -
108 Switch Viheel liftoff ) + 1/4 in, ’ '
109 LvDT B-end Truck, Balster-Car Body  Vert., £3in.
110 Spare _ -
1 Accel 8-cnd Truck/Center Side Frame - Later. +5G caQ 72
112 Accel ‘B-end Truck/Center Side Frame Long. +5G CP 71
113 Accel B-end Truck/Center Side Frome, left Vert, £5 G CQ 43
114 Accel " B-end Truck/Ceniter Side Frame, left Later, £5G © CROI
115 Accel Flatcar/Edge-B~Lrd Later. £5G ‘ CQ 50
116 Accel Flatcar/Centeriine~Sta, 690 Later. £5G CQ 06
117 Accel Flatcar/Centerfine-Sia. 690 . Vert. +5G - CQ30.
118 Accel Flatcar/Qutboaird, did-spon . Vert. +5G ' CQ 40 -
119 Accel Flatbed Trailer/Kingpin, Trailer Later. S £5G CR 10

- 120 Accel Van Trailer/Kingpin, Trailer Later, . =5G 9 CP 39
121 Ang Accel . Van Trailer Center ‘ Yaw: x 100rad/sec :
122 Accel B-end Truck/Cerier Side Franic Vert, +10G CQ 48

123 Accel Flatcar/Edge-B~Tnd Vert, +10 G .. CQ 65
124 Accel - " Flatbed Troiler/Hingpin, Trailer Vert, £10G ) cQ 72
125 Accel B-cnd Stonchion Vert. =10 G CQ 38
126 — Accel Flathed Trailer/Suspension Vert. . =10 G - CQ 82’
127 Acce! “Van Trailer/Kiongpin, Trailer Vert. £10 G CP 56 -
128 Accel "Van Trailer/Suipension ‘Vert.

210G CQ 56 -
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TABLE 3.3-3 ENSCO INSTRUMENTATION

Measurement ' ' | A/D

No. CABLE - LOCATION/DESCRIPTION - - _ AXIS RANGE CHANNEL
57 5 B-End Bolster Left Vert 15G. 57
58 6 B-End Bolster Left o Long. 15G 58
59 9 B-End Bolster Right . Vert, i5GC 59
60 - 10 B~End Bolster Right : Later. =5 G 60
61 7 B-End Axial Left : Vert. =50 G 61
62 11 B-End Axial Right , ' Vert. +50 G 62
63 8 B-End Axial Left - , " Later. +20.G 63
64 12 B-End Axial Right : ' S Later. 20 G 64
65 . . 19 - 'Flatcar Body B~End Left Vert. .~ *5G _ 65
66 20 Flatcar Body B-End Center - Vert, £5G . 66
67 21 Flatcar Body B~End Center _ ‘Long. - =5G 67 -
68 23 Flatcar Body B-End Right © Vert. £5G 68
69 24 ‘Flatcar Body B-End Right Later. =5G - 69

- 70 44 Van Trailer Right Rear : Vert. +5G . 70
71 . 45 Van Trailer Right Rear . : Later. +5G ' 71
72 46 . Van Trailer Front Center ' Vert. . 25G 72
73 47  Van Trailer Front Center : ) Later. +5G 73
74 48 Van Trailer Front Center : Long. £5G 74
75 49 Van Trailer Left Rear o : Vert. =5G 75
76 N Not used ’ o o . ' : : 76
77 1 - A-End Bolster Left , : ' Vert. +5G . 77
78 ‘ 2 A-End Bolster Left _ Later. +5G 78
79 13 A-End Bolster Right ' Vert, +5G 79

. 80 14 A-EndBolster Right ) - Long. +5G . 80

- 81 3 Van Trailer Center . - : Vert. = 25 G- g1



--[9—

.86.-

.98

Measurement

" No.
82

83
85.-

87
88

89
190
91
92

- 93

S 94

95
96
97

.99 :
100 -

CABLE

15

16
17

18
25
27
28
33
34
35
36
37
38
39
30
31
29
32

‘TABLE 3.3-3 ENSCO INSTRUMENTATION

LOCATION/DESCRIPTION .

A-End Axial .Ring'

A-End Axial ‘Left

~ A-End Axial Right

Flatcar Body A-End Left -
Flatcar Body  A~End Left

 Flatcar Body A-End Right

Flatcar Body A-End Center.
Flatcar Body Center

Platform Trailer Right Rear
Platform Trailer Right Rear
Platform Trailer Front Center
Platform Trailer Front Center
Platform Trailer Front Center

“Platform Trailer Left Rear

Platform Trailer Center -

Van Tire Pressure (right)

Van Tire Pressure (left)
Platform Tire Pressure (Right) -

' Platform Tire Pressure (Left)



(Continued)

A/D -

AXIS RANGE - CHANNEL
~ Vert. +50 G .82
Later. £20G - - 83
" Later. +20G . - 84
Vert. . £5G . 85
- Later. 115G 86
Vert.  E®¥5G 74
Vert. - 25G ’ 88
"Vert. - +t5G - 89
Vert. +*5G 20
Later. +t5G ?1
" Vert. - *#5G © 92
Later. .~ =5G .93
“Long. +5G 94

Vert. *5G . 95

Vert. +5G 96
Vert.. 40,000 lbs Q7
Vert. 40,000 Ibs. 98
Vert: . - 40,000 lbs 99

Vert. = 40,000 lbs - ‘ ']00
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van trailer were mounfed under fhe trailer body to the frame sfrucfure as shown in S
Flgure 3.3- H excepf for fhe triaxial acceleromefers at the front end of the B T

A ’rrallers whlch were mounted as shown in Figure 3.3-12. The pressure sw1’rch used c »
to defecf flafcar wheel liftoff is shown in Flgure 3.3- ]3 along w:’rh one of the actuator. . - !

'plsfon acceleromefers .

The instrumentation numbers ’o’n*-fhe platforrn trailer were changed be’rween;COnfigurafions'
2.and 3. It was necessary to use fhe instrumentation cables af the B-énd of the flatcar
to connect the flatbed msfrumenfaflon when the plafform trailer was moved from the

~ A-end to the B-end. ThUs conflgurahon_ 3 has a new set.of channel numbers for the .

_-platform trailer.. | o . o S ;

The data is analyzed by correlating a response channel to a reference channel and
calcula’nng an amplitude and- phase angle, relahve to reference, for the response channel
The reference channe! used for the DTP was always channel 5, the control srgnal
Depending on the orientation of the accelerometers, any two acceleromefers 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 analyzmg |

the phase angle data. Usmg 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 phclse relanonshlps of

all fhe accelerometers mounfed in fhe Iaferal and |ong|fud|na| directions. : o o

The location of each fransducer was measured ond ‘s summanzed in Table 3. 3—5 AN

dlsfances have been referenced to the center of fhe flafcar deck

3.3.3 Summary and Future Application

After the instrumentation had been set-up and checked out, the only.problems that

occurred during~fesﬁng ‘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 Phase
Neo. Relationship No. : Relationship -
{nput - Reference 69 - Reference
57 | 0° 0 180°
59 0° 63 0°
61 0° 64 180°
62 0% 71 180°
65 0° 73 180°
b6 0° 78 180°
68 0° 83 0°
70 0° 84 180°
72 0° 86 S 0
75 0° 91 180° -
77 0° 93 -0°
79 O 107 0°
51 o° 111 180°
82 0° 114 0
85 0° 115 180°
87 0° 116 0°
- 88 o° 119 180°
. 89 0° 120 - 0
90 o°
92 0°
95 0°
9% 0° , LONGITUDIN/-\L_‘ACCELEROMETERS
113 0° ‘
117 0° 67 Reference
118 0° 53  180°
122 0° 58 0°
123 0° 74 180°
124 , 180° 80 180°
125 180° i 94 180°
126 180° - 12 B
127 180° '
128 180°

For motion of given accelerometer moving in same direction as reference.
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TRANSDUCER

TABLE 3.3-5 TRANSDUCER COORDINATE LOCATIONS. *
NOLE SR At

A-end

" COORDINATE LOCATION (INCH)

NO. "’ a X Yy - 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 7 . 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 =195 -
81 - .3.0 269.00 43.5
82 -49.4 428.5 -21.0
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TABLE 3.3-5 TRANSDUCER COORDINATE LOCATIONS (Continued)

TRANSDUCER :
NO. X Yy 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 1.1
87 : -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  -20.75to =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 a 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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{ateral measurement of .f,he' truck wheel motion was deleted due fo the.rod breaking.
problem and the |on9 delivery time to obtain paris for a workable design. The
propvosed‘design change was a spring loaded core extension rod with a gqqgé‘ roller
tip as shown in Figl;'re 3.3-'-]4,A however, delivery of this system did not ‘wbport the

' DTP schedule. The-fWC; LVDT's used to measure truck spfing displcce;mé'n’r were
Opercﬁénol but could have been improved by incorporating a baill ioirff attached f_'oi -
. the fixed extension rod holder as shown in Figure 3.3-15. ‘This éhcnge 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. fufure'u'sage,. these accelerometers

should be remounted in the correct orientation, *

- For purposes of future usage; the following priority is pldced on the DTP instrimentation -

as to the value of the dafa.

-.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: -
01, 11 118.

Channels of no value:

12, 114 -
Should similar insfrumenfcﬁoﬁ be used on the flatcar, it is recommended that the above
datd be used for determining which chqnne-ls: can be deleted if additional _ihsfrumeni‘afion

" is required in later TOFC testing. -

 :_79;
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TOP VIEW

Ball Bearing Type of Fitting Permitting .
Rotational, Back & Forth or Side Ways Motion

Screws into LVDT Extension Rod ‘Lq.n>g Enough
for Adjustment ‘ :

FIGURE 3.3-15 LVDT - BALL JOINT ATTACHMENT
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3.4 DATA ACQUISITION AND REDUCTION '
On—lme dofa acquisition and shaker control are accomplished fhrough the use of -
fwo progranms: SINE SWEEP and DWELL REAL TIME. These programs control the

: excufcmon sngnol to the shakers and record fhe response data on mognehc ’rcpe

Dcfc reduction is accompllshed through the use of two off-line programs: TRANSFER
FUNCTION ANALYSIS and DWELL ANALYSIS These programs <‘,1ccep1L as input the
data recorded by the on~- ~line programs. The operational software was developed by

Wyle 'Laboratories for use on the Vorlan V-73 compufer under the Varian Master

|
Operating System (MOS).

3.4.1 . System ‘D escription

The SINE SWEEP program generates a éine-wave signal whose. frequency increases or
decreases geomefrlcclly with time. The- User specifies the begmnmg frequency,
ending Frequency, Q “and mpuf amplrrude ‘The* frequency 'sweep" Is conhnuously '
interrupted at mfervals to acquire data from the test specimen; and user ‘determined
||m|t checks are compcred agcmsf the clcqmred datd; and the’ sweep is fermmdted lf
these llmlfs are exceeded ' '

K N | |
- The DWELL REAL TIME program commqnds the VSS and hés the caqulllfy of making
finite changes in Frequency, amplitude and phase. On-line control of the driving .
signals is fotally by mpuf commands fhrough the teletype. The user has confrol of
the frequency, amph'rude and phase and the increment at which fhe requesfed

frequency or amplitude is varied.

The TRANSFER FUNCTION ANALYSIS (TFA) program reduces and plofs the fcpe
output from the SINE-SWEEP progrom.
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The copabilities of the TFA“program are:
e The exact frequency and amphfude of a reference channel can be
defermlned at each response pomr ' '
. The exccf ampln‘ude and. phcse of up to 127 responses or sysrem
| “output channels relative to the reference chcnnel can bé de’rennined
® The amplitude and phase of each response channel can be plotted.
o The mégnitude and phase of each resp_onsé channel relative fe the

reference channel can be plotted for the. transfer function determination.

- The DWELL ANALYS’S (DAPR) program reduces and pléfs rhe rape ourpur from the .
' DWELL REAL TIME progrcm. S

" The ccpcbllmes of the DAPR program are’:

e 'Ana|y5|s of data can be performed as in ’rbe TFA
e The results of cna|y5|s can be ploffed o
e Raw dafa from the tape can be ploHed

e Lissajous plofs of cmy two dofo channels-can be plofted

3.4.2 Terminal Operation

’ ’ N ' - - . ‘ 1 : - - -
The real-time terminal- commands for SWEEP are limited to commands which commence

" the sweep; stop the sweep, and bring the MOS back into core.

DWELL REAL TIME, however, is at every stage confrolled by real- time rermmal
v commcnds. hese commands are used tor ' '
| | ¢ Sef conversion scale factors + -
" Set frequency -
‘e Set Amplitudes and phases
., Set-incremients for frequency, amplitudes and phases

~® Increment of decrement frequency, amplitudes or phases
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o Specify channels for on-line anclyeis

e Request an analysis |

. Cause data to be recorded of dpproxima‘fely 25.6 scmples per wavelength
o Cause data to be recorded ot a hlgher speed (Up to 400 samples per second)
° Spemfy length of time for hlgh speed recording |

° Specn"y a "freeze” cngle for msfanf stop of the oufpuf sngnals

e Cause the signal generation to stop

" @ - Bring the MOS back into. core.

3.4.3 ° = Software Modifications

The following modlflcahons were made to the software following the initial delivery.

The modlflccmons were |mp|emented to facnlltcfe occompllshmg the aims of fhe DTP.

3.4.3.1 Sine Sweep

A reverse sweep ccpoblll’ry was added to SINE SWEEP in order to be dble to sweep

from @ hlgh frequency to d lower frequency This was necessary to allow an ‘
investigation of possible'changes in resonant frequency depending on sweep: d_njec_:fio'n -

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 d limit check shu’rdown occurred. The. number printed out
was the frequency D/A count at shutdown. Th|s can be converted to frequency usmg _

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 sdmp’l’es/set:oﬁd.’ -However, this capability is limited
_ to 64" consecutive chanriels. The usef specifies the starting c‘h.c'nne'l and ’rhe h\ex‘r e
63 channels are recorded, For starting channels above 65, the software will wrap-.

around from 128 to 1 and continue recording from there.
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A capoblll‘ry to perForm decay fests was olso added to dwell ln this mode fhe user
specnfles the ongle from zero to 360 degrees of the input sine wave at whlch he wants
‘the shakers to stop their motion. ' The shaker then stops af this posmon and the high-
_speed recordmg capablhfy of dwell is used fo record fhe deccly time hlsforles of fhe

response fransducers

-3.4.3.3  Transfer Function Analysi§ .
The TFA program was converfed to the Varian VORTEX operating sysfem for more

efficient operation and shorfer anc|y5|s hme

~ The arithmatic operq‘f‘ion capability of TFA was also expanded so that any number of
channels or consfanfs‘“ ould be added, subtracted, ~multiplied, divided, dVercged'
or summed in cny or all combinations. - Thls capability hcs enabled the operofor to

reduce ’rhe dafa in any form fhcf he may require for data mferprei'ahon. L

After the ini’ridl‘ réanclysis of the sWéep data, fhé TFA progfcm can be restarted from
tape or disk without reanalyzing the data. This means that ofter.the mecsured data hqs
¥ been analyzed once, it is possible to go back and calculate desired transfer funchon

at any time with a minimum of efforf.. Capability was also added to the sweep onclys:s |
to specify frequency and amplifﬁde limits on ’rhe.dc:fa to be plotted in order to exp.dnd

a specified bandwidth for better resolution.

3"43;1 DwellAnclysns"‘ S LR . -
The DAPR program’ was expcmded fo mclude the capablllfy of analyzlng the addl’rlonal ‘
" data acquired during dwell real time. The form of this reducfion consisted of time
history plots of the high speed recordmg. The starting record and number of records
to be plotted are specified by the operafor, so it is p055|b|e to |ook at the complefe
time history or any small portion of it. This capability is especnally valuable when

reducing deéay traces because it is possible to look at only those cyclés of the decay
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which are of interest. It is also pdssible to specify different scale factors when plotting.
_ the data to obtain a plot Wifh greater definition. All df these capabiliﬁes are
entered from the keybocrd by the operator during reduchon and can be changed

" until exactly the plot desnred is obrcmed

- 3.4.4°  Examples of Data Output | _
All 128 channels of the ADACS System were recor’de'd in digital form on ‘mc:‘gneﬁc

tape for every run. This data was then reduced in severol ways dependlng on the
type of run being. made. For the sweep runs the reductions consisted of prln’rer
||5hngs 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 oné by chonnel is
contained in Table 3.4-2. In addition the data ¢an be plotted- as shown in: A
Figure 3.4-1. ‘One of the valuable featqres of TFA is the cblhfy to'perform arifhmqﬁo
operation between various channels and blof the data. An example of this. is'in |
FigUré 3.4-2 which shows the raﬁ‘cva‘ ofjfhe response at the middle of the fidtcar to
‘the average of fhe four input accelerations. For the dwell runs the data is reduced
and tabulated as shown in Table 3.4-3. For the high speed recordmg, the data is
dlsplcyed as plots of amplitude versus frequency as shown in Figure 3.4-3." The
~ amount of data b’loh‘e’d ‘could be' varied to obtain a more detailed plot of the data
& shown' in Figure 3.4-4, Thve“h.i'gh speed record portion of dwell was used both

for sinusoidal dwells (Fig‘uré 3.4-"—3) and for decay tests (Figure'3.4-4),
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CONFIRURATION 2, HIGH LEVEL SINE SWEFP, SHAKERS TN PHASE, 54
REFERENCE ‘RESPONSF .7, RFSPONSE .RESPONSE .
qUM  FREQ. AMPL. CH, AMPI,  PHASE - CH. - AMPL, PHASE. (CH, AMPL,  PHASE
17 1,011 .980 . . o _ : S
s 3 . .306 -4,65 (% 310 ~4.65 23 ©,309 -4.54
T TR 3060 T ed a0 T R8T 08 176,067 18 033 170,44
28 L0332 170,87 38 L0220 175,52 1 24,752 - 144,88’
11 66,795 170,93 21 1A P98 176.17 31 5.054 ~155,.86
T T I I I T T 04T T 86 3T TIa L L0047 A5 ,R87 T4 003 90.87
34 .004 85,50 6. 017 AP 7T - 16 016 119,87
v , 26 015 114,67 36 0 J021 111,31 9 121 179.91
T TTTTITIT T I I T 12, 179,827 2977121 179,867 7739 T TT,1210 0 179,82 7
50 203,231 =6.82  S1 233,046 . =7,000 52 217.907  ~=7.13
53 1S =al N7 57 L0040 172,88 7 .58 L0020 =5,.79
ST TSI S gt T 020 =1 48,917 60 T L0037 1SAAY T R T L0408 162,627
% .62 T L021 165,47 63 L0055 167.79. 64 002 ~144,93
) L0288 177716 7 hhe L0422 170,66 67 002 =23,57
=T - TTERTTTTT L0480 173 AP A9 TTTTIONT <2725 7770 T o027 . 172.58°°
71 .006 158,30 72 038 171.%2 73, . .005 15A.48
[ .70 006 167,770 7S L0229 171.7% 77 L000 <159,54"
T T T T s e ey g T T 000 T TR2.65 7T TTTTTI000 YT L1280 T UT,001 0 163049 7T
. 81 031 175,59 A2 .002 -R3,98 83 S .003 ~52,04
.84 7 L,003 -124.69 A5 - .00Y - ~99,60 B ,001 143,09
- CTBTTTT UULO00YT UN15,50° 0 CRRTTTUTI007 T <2177 B9 T, 819 175,087
.90 001 - 83,48 91 004 145.6% 92 L018. 167.26
: 953 L0004 «31,04 gu - 004 =16,.68 95 - .001 -4Rr.2%
ST T T T T T g T O006 16T 90T PR, ZAT 179,317 98 708,677 170,33
.- 99 175,258 =29_.83% 0O 239.040 156,88 101 L0017 119,21
102 0 043 =uR.21 10% . 066 =49.52 104 L0000 =175,11
- NS TTTNGTY T = 027TUI06 T LONTTUISS .19 107 T T 011 0 ~10,86 7
108 002 15,77 109 000 ~t13.8% 110 (001 151.,P3
R R .01 W86 112 . L0048 174,15 113 0 ,02% 176,58
TTtTTT eI T UA0R T TI22 .51 115 T UTI0048 T 13%,.%% 116 0 - ,002 - =1.32
117 L030 161,18 118 L0200 173,60 -119 L0040 162,49
120 . .005 <=1A_.71 121 TL037 <145.11 0 122 0 - L0388 169426
ToTTnmIITIIm st 2T 08T 173,320 1240 T U014 ~5.510 125 .036 -5.48 -~
126 004 171,12 127 L033 =6.29 128 026 -6.30 .

TABLE 3.4-1 SWEEP ANALYSIS LISTING BY FREQUENCY

“TYPICAL DATA REDUCTION -

RUN
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TABLE 3.4-2 SWEEP ANALYSIS LISTING BY CHANNEL

TYPICAL DATA REDUCTION

PAGE 95 {1=06«75

CONFIGURATION 2% LO& LEVEL SINE SWEEP, SHAKERS IN PHASE, RUN 40

~448287

-89-

126, : - : v LOG
FRERBUENCY AMPLITUDE. PHASE FRERUENCY AMPLITUDE PHASE
3.561955 .094736  «49.007568 14.811667 .228919 -7.238281
3.627137, 082605  =33.826660 15.103600 256508 =20, R03223
3.689235 .085A78  =30.255h15 15.379433 .26A875  =29.R840332
3.768744 ©.072782  =h8.508301 15.704311 .297313 =42.7056787
3.852576 066951  =HhA, 033447 16.076797 J52RBU6  =58.575293
3,92A8558 ° .062869  ~B9.BT4S1? 16.432205 389615 =79,487549
4,000561 L067906 =101.516602 " -~ 16.747139 W505851  <110.1391460
4.095737 0688489  =B5.684326 .  17.160156 L6BABGS | -131,445557
4,154226 .072498 =14%.913818 17.368126 LHBI3713 0 176.161377
4.261551 L076706 =134.303223 17.8643330 L687374  126,052490
4,349585 L080952 ~147.310791 . 18.1A4898 492937 94.973145%
4,428154 .104296 1735.595703°  1R8.522041 .369325 69.0148404
4,523479 147625 154,7485605 1R.984161 L2h7875 51.997070.
4,610317 .195842 12R.092773 19.363294 180828 25.125977
4,.697901 303076 114.798096 19.663U67 L117299 31.466064
4.803877 .353875  102.843145 20.152092. .0R4168 2%.093506
4,920704 .273915 BB.665527 20.629250 .658494 16.,081787
S.009813 2204103 . 70.814453 20.942039 JOu7429 6,154053
S.114250 .183523 55.019531 21.396103 034551 1.748779
S.194405 .256129 57.745850 21.864670 .030550  =11.R31299
5.363733 270627 68.360107 °2.324692 L0P12R8 =13.188632
S,418413 . 258309 30.369A73 22.655312 L012994 =12,.6549012
5.543186 L .270834 2%.352051 23.%69789 .003690 ~4,650635
S.642666 271257 3.065918 P3.761177 L009235 10,R23486
S.740696 .287313 9.915771 P2U,36R301 .013579 36.528320
5.832376 .310999 2.668457 24.793091 034606 44,537109
6.012720 .347953  «10.065918 25.26AK3956 .070074 - 10,70t415
6.09855¢ .341023 =22.418457 ?5.690857 L091146 =16,574219
6.256351 3561102 =33%3.639893 26.231331 110755 =16.386963
6.127742 L408892 ~50.351562 PH.BHB2KT L167086  =78,292701
6.510172 LUTTOTT =5A.9553272 P7.394501 213573 -127.0285648
6.663527 L600679  =B6.4T714%6 28.080902 .209549 =177.099609
6:777008 497132 ~-112.075439 ?R.559105 LATT370 - 14%,943115
b.BR2822 =111.728027 29.308479 .155331 109.334473 -
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~ TYPICAL DATA REDUCTION
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TABLE 3.4-3 DWELL ANALYSIS LISTING

TYPICAL DATA REDUCTION *

CONFIGURATION 2, DWELL TEST, SHAKERS IN-PHASE, RUN S

' REFEREMCE . . RESPONSF . RESPONSE RESPONSE

RUN FREAN, AMP. CH. AMP,  PHASE CH. AMP, PHASE CH..  AMP,  PHASE
12 2,197 © 461 ' S

: o 3 L1485 . =11,.71 13 146 =10.92 23 .148  =15,.81

33 . 144 =10,10 8 L1735 166,30 18 107 =149,.54

" 28 080 16R,00 3R 115 80,16 1 122.73%4. 93,57

11 A1.535 95,59 21 . 74.319. 103.43 31 91,308 85,65
50. 2534,275 =154,07 51 P845.062 =154.28 S2 2668,329 -154.14

57. .088 =107,34 53 ".067 160,38 59 - 137 142,68
60 006 =104,.65 61 . .121 =129,34 .62 142 176,32
63 026 =68.11 64 ,.0S5 123,78 65 065 134,44
66 - .268 =172,49 67 .046 150.94 68 . . ,094 142,84
69 005 48,1t 70 215 "36.35 74 L0183 9.85
72 .239 =170,63 73 © .012 ~1S8,.00 74,108 168,97
75 221 3b.66 77 L0118 =16.46 78 4003 161,17
79 030  7.94 80 043 =34,45  81. .118 . 49,66
82 014 =-64,58 &% 010 141,91 84 w018 - 5,75
85 L015 13,20 a8k .003 ~17.03 87 - 4020 =18.65
88 .086 =150,50 89" w184 30.84 .90 .027 - 28,79
.91 010 19,55 92 <18t 28.10 93 005 =67,15
94 086 176,21 95 .028 ~26.64 96 JA060 27.11)
97 1491,687 41,53 9B 1702.R47  40.94 . 99 432,707 35,46
100: 593,160 ~ 35.62 101 S .98k  =T72.95 102 . «307 «139,09 -
103 127 41,30 tod .035. 27.31 105 463 - 40
106 012 5.13 107 .038 ~1.47 108 .002 =18.68
109 7 L0001 =118,24 110 004 37,24 111 «150 =10,48
112 «055 =169.53 113 104 98,98 114 . ,027 S57.76
115 . .019 =85,08 116 .010 . =R9,27 117 152 38,34
118 70 J179 32,21 119 ©.006 150,57 120 004 169,55
121 7 6.646 =60,49 122 .120 153,70 123 - ,261 =174,45
124 169 =140,16 125 L189 " =.93 126° .035 23,07

127 © L080 =B6.39 123 .. .328 -148.68
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" TYPICAL DATA REDUCTION
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3.4.5 Procedure for Quncklook Data Reduction

The sweep program has no provisions for real time data analysis and fo get qucklook data .
reduction requires replacing the test program in the computer with the anclysns program
before the data can be reduced. This would have resulted in unacceptable delays in
operohon of the total system and so the DTP dld not include any qUIcklook data reducflon.’
The dwell program, however, has provmons for quicklook data on up to 15 chcnnels. This
enables real time decisions to be mcde bcsed on actual data when running o dwell test.
Data reduction of sweep test dqtc can be available in a short amouynt of time if the
frequency. range and the number cf channels reduced are limited. For example,”if the
Frequeﬁcy range of 1 through 30 Hertz is used with a Q of 10 and twenty -five cHannels ’

are reduced and ploted the dita would be available in one hour.

~95-~



4.0 CONCLUSIONS

The VSS Demonstration Tesf Program was complered in the scheduled time with the

accomplishment of all objectives, The VSS was operated at various levels of amplitude
up to the résponse limit of the specimen for three différen’r loading cohdifions of the
TOFC. Asa demonstration of VSS motion capabilities, each conflgurahon was ”
subjected to verflcal (ln-phase) and cross level (our-of-phase) input af the wheel/rcnl
interface using _fhe sweep, dwell and decay control software. - RDL operational
personnel assumed 'operc’rion of the VSS during the last two weeks of the test program
and successfully demonstrated their ability to maintain and operate the VSS for

* future programs.

Effective operation of the VSS requires pretest planning dnd fhe development of a test
procedure that specnfles the mpuf levels and motion requirements for each test run-
ina days-operahon - Setup and pretest activities require a significant part of the =

| test day- and when the system is up and operating, the available test time must be
effectively utilized. Three log books were maintained (one é‘ach‘by the test direc.tor, C
control station personnel and pit operations pe/rsonnel)‘d'uring' the fésf' program to -

- |"'ecoArd‘ 'even»fs,' pfoblems, and progress. These logs proved valuable and are still being

used to reconstruct events that occurred during the test program. o

Performance capabilities of the co'nfrol sySfem were demonstrated for the three foading
conditions of the TOFC with no degrqdcﬁon. Sysfem distortion of the displacement
drive’ control was minimal for the levels of test inputs and the wide bandwidth of the
control system. The maintained actuator stiffnéss exceeded the oil column: stiffness,

fhereby obtaining a minimal structural cross—coupling effect between actuators. -
Analog data was acquired for all of the transduceis for each test run. The sensor-

types and their sensitivities, fogefher with the approprlcfe signal condmonlng, prov:ded

an clmosf frouble-free instrumentation sysfem.
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_Control, data reduction and analysis software were succés;fu_.lly ﬁs_ed inall
dvavilabl-e modes of.operqﬁon. Additional capcbilifie_s were added to the data
onalysis'progroms to allow for more User'oriem‘ed capabilities. A reverse sweep
.ccpablh‘ry was added to evaluofe possible changes in resonant frequency due to -
sweep dxrechon. The dwell program was expanded to enable the user to specify -
sampling rates up to 400 sps and to perform decay tests for the defermmaflon of
damping characteristics.. Display of response transfer functions was expanded fo
mclude several crn‘hmahc opercmons for greater uhhfy in dqfo mferprefqhon.

“These chonges were mcorporafed and verlfled during the test program and fhe subsequenf '

data reduction effort.

5.0 RECOMMENDATIONS
The VSS Demonstration Test Program prov:ded Wyle and RDL operahonal personnel

e’xperlence in total sysfem operation in support of. wbrqhon\tesf.programs. B.as'ed: '
on these experiences; the fo'lvlowing- récommendofi6h$ for the conduct of future -
fesf programs are submlﬁed a .
e  Establish wnfh the requestor an undersfcndmg of the objectives
for-the proposed test. '
e Develop a test plan that will attain the ob|echves with ciose
~-attention given fq VSS capabilities and limitations.
‘0 Review test plan with the requestor for verification of
. approdch. | |
o 'Prepare d test procedure that will maximize parc”el setup and
pretest activities. The procedure should be written with-
sufflclenf flexibility for the Test Director to- make in=test
‘ ~chonges to:effectively uflllze the system- ond test time
available. '
e  Maintain a defclled Iog book of test program events, problems and

'system performance fo assist in post test cnolysus.
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_ IAPPEN_DIX A. COMPONENT TESTS

bbri ng the §fcfvi¢.:: deflection test three sets of data were obf;ufned for each -

- trailer; .one set with the trailer loaded, one set unloaded, and a third With>
the trailer reloaded. The measurements were made at two foot intervals aléng‘
‘the side of each _frdiler and referenced to a bench mark with an established
elé\)afion of 100. The trailers were positioned on their landing gear chd
tandems. -The actual measured data is contained in pages A-4 fhrough A-

- and summarized in Figures A-1 and A-2," The summarized data has been
adjusted to zero deflection at the landing gear and tandem locations and

then normalized with respect to the unloaded condition. This results in'a
straight line for the unloaded case. The trailer deflections for each side -

are shown for both the loaded and reloaded conditions.

The meosuré'd‘deflecf‘i.ons were of small magnitudes making it difficult to get
sufficient accuracy, rhe;'efore, the data is scattered. The measured data -
indicated thof the trailers are qun'e rigid.” Comparlsons of fhe predlcfed
‘plcfform trailer deflection with measured data (Flgure A- -2) shows the'

model predicted deflections in general agreement with measured test data.



0,48

ke
o 1ad

L.

2S)
0,32

1

ECTION (TIHCHE
0,24

FL
167

a.

v

VAN TRAILER DE

0.08

0.00
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 9-24-75
9-25-75
- DEFLECTIONS - VAN | S
Refer - F?e'id Book (Survey) Pg. 176 thru 183 - Engineering _
. : a Tele Ext. 265
, | | LEFT SIDE Tst 2nd
Point Elev. Elev. © Elev. Defl.  Defl.
26 103222 10328 103222 0% gl
-2 10382 103724 103722 +0°% +%!
0 103723 10822 022t 0213 %!
2 103778 103281 10324 02 027
4 - 103780 1083 103741 w00 o214
6 10374 10374 10372 02 - o222
8 103222 10322 103210 %% %2
10 103222 032 0 o2l %%
12 10322 VAL [0 <24 022l %
14 103870 103872 10387 o0z %8
% 103848 103984 1088 o238 s
18 1082 8 1022 o 10308 024 - 0957
20 £ 1022 % 10885 & 10852 020 o%%
2 & 102 7 e 3 10 020 027
A - - ik 0%8 0%?
26 103240 oL T ast 0?23 o2z
28 103222 103801 103222 o°Z 0276
30 103222 103280 10323 o4 08
32 103281 103273 103482 0222 0%
34  103%2 103283 103472 o191 gl
36 103443 103220 1% oY 022
37 BT caca. 103244 103%42 o0 02?2
F.Axle 100220 100752 . 10078 0¥ s
R. Axle - 100234 - 10028 0022 0% 098

0.K.8.M. 1 100°%(Assumed)

A-4



w .

)
N
LOADED -

F. Axle

R. Axle
C.K.B.M.

10

Elev. .

27256

103—

956

103222

103936

1039]7

901

103—

884

103—

870

10—

103322

103835

103815

105520

10322

2759

- 1032

103738

]03697

]03678
660

642

103—

10328

103610

683

103—

101442

106961

715

UNLOADED

DEFLECTIONS - VAN o A
Refer - Field Book (Survey) Pg. 176 thru 183 - Engineering

Elev.

935

10322

734

103— .

916

- 103%—=
917

103—
103906

103895

: 103887

880

1035

103869

858

10—

1348

103—
841 -

103—
103832

103820

]03810

]03797
785

103—

N5
105723

754

- 103—

10372

794

. 103—

10:959

056

101—

-]00999 (assumed elev.)

RELOADED-

RIGHT SIDE

Elev.
1057

]03938

920

103—

210

103%=

894

10322

878

- 103—

10322

103252

864
103-2?—"2

10 833

10382

103793

102780
10872
742

- 103—=

723

103—

]03702
689

670

"103—

103655

638

10322

620

103—

10550
]0:901

1002§3

— —r
N N
o | =

ok
la e = 1&G

9-24-75
9-25-75

Tele Ext. 265 -



9-23-75

DEFLECTION ELEV. FLATBED TRAILER '
Refer ~ Field Book (Survey) Pg. 168 thru 175 - Engineering =~ _

- . o B Tele. Ext. 265

LEFT SIDE o
. S I N Ist 2nd
Point - . Elev. Elev. Elev. Defl, Defl,
secto 1082 1082 103810 LI P/
36 - 1038 103221 103280 - . 1B 02!
34 B e e D 1L L) o
32 o082 103261 1088 - % olé
0 10882 X 10380 o2 el
28 1088 %2 03874 . 2 o
I 1 < L IO oY 1 A LU A L.
24 1038 104292 02 oI 0%
22 10322 02 g2 Gl o
20 Cos 0 a2 00 0%
1w 10328 10492 103252 0262 o0
16 1088 104%5 qaf7 %0 o o8
14 1022 R 2 o 8 M o
2 @ 0 F 08 2 o8 23 092
10 -§§ 10422 | ;é 104243 ég Coqed®0 0 7 08
8 10428 104242 108 Q%0
| 10420 0% 104242 (+0%18) +0%%)
4 1047 02 88 90 4%
> 108 0 10422 %8 008
0. 10490 00 104220 %l 040
=2 1042 10422 042 Q%8 08
~2-10 042 10423 104194 W22 %l
F. Axle 101810 g2t 02 %l 0932
R.Axle 101822 T 0188 102 %t 08
000

Assumed B.M. ]00———

A-6



" Point Elev.

36-10 103227

36 103228

800

34 10322

2 102

30 103532

8 103582

26 1 03§§-:i

915

- 24 103——

22 103236

20 10328
18 103282

16 104219

035

14 104

12 10499-9

104935

1OI]]0

10 115

3

6

4 104l£9
) :

0

LOADED

027
104185
2 104'8
~2-10 104123
F.Axle ]019-2—?

R. Axle ' ]O]é.?_é.

Assumed B.N. 100200

UNLOADED

DEFLECTION ELEV. FLATBED TRAILER _
Refer - Field Book (Survey) Pg. 168 thru 175 - Engineering

Elev.
]03970

]03930

103731

944

103—

]03961

]03977

991

- 103—

008

L 104——

104—

026

10422

104227

]0|060

10!070

10l085

]OIO95

]0|110

110

- 104—

10']]1
101109
118

]OIIBO

1~ 4130

104

10422

101828

1671

RIGHT SIDE

Elev.
]03780

103796

]03812

831

103

851

1103—

103878

888

103—

105703
103937

162370

103987

018

104— -

IOI033

053

04—

RELOADED

058

104—

]01093
]O4l£2

10!153

]0[162

104189

]0|l86

101292

101572
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MAXIMUM TEST LEVELS
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VELOCITY, IN./SEC,

4.0 =
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DEMONSTRATION TEST PROGRAM
CONFIGURATION 1, SHAKERS IN-PHASE

MAXIMUM TEST LEVELS

6.0 . -

2.0 -
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0.2 Hz
5.0 Hz

10 Hz

/ Dwell Points
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30 Hz
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FIGURE B-1
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VELOCITY, IN,/SEC,

10.0

DEMONSTRATION TEST PROGRAM
CONFIGURATION 1, SHAKERS OUT-OF-PHASE

- MAXIMUM TEST LEVELS

8.0 -
6.0 |

4.0 .

2.0 |
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VELOCITY, IN./SEC.

DEMONSTRATION TEST PROGRAM

CONFIGURATION 2, SHAKERS IN-PHASE

MAXIMUM TEST LEVELS

. ©
10.0 ' o
8-0. p— ' )
6.0 . . 6Oin/sec‘Ao
A - Dwell points _”° v . .
-*4:0- _" ‘ . Sweep runs .
2.0
1.0 —
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G-d

VELOCITY, IN,/SEC,

10.0

8.0
6.0

4,0

2.0

DEMONSTRATION TEST PROGRAM
CONFIGURATION 2, SHAKERS OUT-OF-PHASE
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RUN - SHAKER
NO. + CONFIGURATION "PHASING
1 1 In
2 1 In
3 1 In
4 1 In
5 1 In
6 1 In
7 ] n
8 1 In
9 .'l Out
10 - i Out
11 ] Out
12 1 Out'
13 1 Out
14 ] Out
15 - 1 In
16 . 1 In
In



FINAL
DEMONSTRATION TEST PROGRAM

RUN SUMMARY

FREQUENCY/LEVEL = = Q

SHUTDOWNS - .
COMMENTS

0.2to 1.0Hz  O.linch 1
1.0t0 3.0 Hz 0.1 inch 1
- 3.0to 4.2 Hz 0.1 inch 3.5
1.0t0 4,7 Hz 0.1 inch 10
1.0t05.3Hz  0.05inch 10%
1.0 to 8.9 Hz 0.05 inch 10
8 to 9.6 Hz 0.05inch 10
9.6t016.2Hz 3 infsec '
8to 9.6 Hz 0.05inch 10
9.6 to 30 Hz 3 in/sec
0.2t0 1.3 Hz 0.1 inch 4
1to2.1 Hz 0.linch (10
2.0t03,2Hz  O.linch 10
2.0t05.1Hz  0.linch 10
5.0t08.7Hz  0.linch ' 10
"8t09.6 Hz - 0.1 inch 10
9.6 to 12 Hz 6 in/sec
0.2to 1. Hz 0.5inch - 2~
1to4Hz 3.1 in/sec .
0.2to1Hz - 0.5inch 2
1to5Hz 3.1 in/sec
0.2fo 1 Hz 1.0 inch 2
1to3 Hz 6.2 in/sec -

Channel/Level/Occurances

Noimal

Normal

#118@ 0.1 g's (1)
#57 @ 0.5's (1)
#57 @ 1.0 g's (1)

H66 @ 2.4 g's (1)

#118@ 1.2 g's (1)
Normal

#115 @0.1 g's (1)

- #115@ 0,2 g's (1)

#102 @ 5 rad/sec? (1)
#115@0.49 (1)
F15@0.75¢ (1)
#103 @ 10 rad/sec (1)

#57 @ 2.4g (1)

Normal.

#118@ 1.89 (1)



RUN
~ NO.

20 -

18
19

2]

22 :

23

25

26

27
28

29
30
31

32

33

: SHAKER
CONFIGURATION -PHASING
' -1 In
1 In
] In ~
1 In
1 In
1 In
1 In
ER Out
'l QOut
] Qut
1 -Out
1 - Qut
3 Out
1 In
] In
1 ln
In



S | N SHUTDOWNS | |
FREQUENCY/LEVEL -~ Q_ Channel/Level/Occurances COMMENTS

210 3.1 Hz 6.2 in/sec 15 flg@1.8g(1)
2 to 3.2 Hz 5in/sec 15 #118@ 1.8 g (1) .
2'to 5 Hz 4infsec 15 Normal A
5to 6 Hz 0.3g : o .
5to 10 Hz 0.5¢ 200 Nommdl
10.to 30 Hz 3.1 in/sec
2 to 5 Hz . 4in/sec 10 Normal
5t06Hz 0.3g .
5 Hz 1g #4102 @ 25 rad/sec? (1) lmmediate
‘ shuidown
2 to 5 Hz  4infsec 10 #66@2,0g(1) -
5to6Hz © ~ 0.3g ' 5
2t03Hz _ O.linch 15 #102@ 15 rad/sec” (1)
210 4.6 Hz O.linch 15  #102 @ 25 rad/sec? (1)
2t02.8Hz  0.linch 15 #102@ 37.5 rad/sec? (1)
S109.3Hz - 3infec 15  #103@ 10 rad/sec? (1)
5to11.7Hz  3dnfsec 15 #115@ 1.3g (1)
5 to0 30 Hz " 34n/sec 15 Normal
2 to 4.2 Hz 4.infsec” 10 . #66 @ 5 g's (1) Wheel liftoff
o : S o ‘ switch (108)
' udded'
Dwell 1.0 Hz/.1in "~ ' . © . Strdin-'gages
Decay 1.0Hz/.1in -~ - _ : : (50,51, 52) added
Dwell- 1.6 Hz/ 1in _ . - o
Dwell 1.8 Hz/.1 in : . #57@2,5g(1)
Dwell 3.4 Hz/.16 in o - Fe6@2.5g (1)

Dwell 3.3 Hz/.16 in
Decay 3.4 Hz/.16 in
Dwell 4.0 Hz/.14 in
Decay 4.0 Hz/.14 in



=D

- SHAKER

“RUN
NO. - - CONFIGURATION B PHASING -
35 2 In
36 2 In
37 . ' 2 In
38 . 2 In
39 2 In
40 2 In -
‘4] 2 In
42 Out
43 Out -
44 Out = -
45 2 _ Ouj




| FREQUENCY/LEVEL

Dwell 471 Hz/.25'in
Dwell 5,0 Hz/.1 in
Decay 5.0°Hz/.1in
Dwell 5.3 Hz/. 06 in
Dwell 5.3 Hz/.1 in
Decay 5.3 Hz/.1 in
Dwell-10 Hz/.1 in

0.2 to 1 Hz

3103.1 Hz

1t02.8Hz .
1.8103.6 Hz
1.8 0 3.7 Hz

1.8t0 4.8 Hz
4,8t0 6,9 Hz

1.8 to 4.8 Hz

4.8t030 Hz

0.2to 1 Hz
1to 4,0 Hz

3 to 4.8 Hz
4,810 5.2 Hz

1 to 4,8 Hz

4.8105.2Hz

0.1 in

0.1in
0.17n

. 0.1in

0.1l in
0.1in
3 in/sec

0.1in
3 in/sec

.05 in

.05 in

.05 in

1.5 in/sec
. .05in
1.5 in/sec .

o

10
10
10

10 .

10

10

10
10

10

SHUTDOWNS
Ch&nhel/tev_e 1/Ocecurances

COMMENTS.

#66 @ 5.05 (1)

#66 @ 5.0'g (1)~

Normal

#81.@ 0.25 g (2)
#57 @ 0.5 (2)
f115@ 0.1 g (2)’
#81@0.5¢ (2)
#115@ 0.2 g (2)

Normal

Normqi
#115@ 0.1 g (2)
#119@0.15 g (2)

H19@0.35(2)

|
i
|
!
Stantion vertical
(125) and lateral

(107) added. Drive
signal (105) added. |

A end Axial left (81)

deleted, van center

- (76) moved to 81,



RUN o '  SHAKER
NO. . CONFIGURATION ~ PHASING

46 . 2 Out - -
a7 2 _ "-A.Out‘
50 2 : ,. - Out

'5]" 2 S Out
2 2. om
53 . "2_‘ ’ ' In
s 2, n

33 : 2 | lAn-



" SHUTDOWNS

__FREQUENCY/LEVEL Q@ Channel/Level/Occurances - COMMENTS
3t04.8Hz .05 in 10 #115@0.3 4 (2) oL
4.8t0 5.6 Hz 1.5 in/sec B o
3to 4.8 Hz .05 in_ 10 #119@0.5g (2)
4.8t07.8Hz 1.5 in/sec . . o
31t04.8 Hz .05 in . 10 #119 @0 .75 g (3)
4.81t07.9 Hz 1.5 in/sec 4 Sl
3t04.8Hz - .05in- 10 TH15@0.5g(3) -
4.8t0 9.9 Hz 1.5 in/séc? _ o h
303.THz - | .05in - 10 #103@ 5 rad/sec® (2) -
3+03.8Hz .. .05in 10 #71@0.6g (1) .

3to4.8Hz 05in 10 "Normal
4.8t030Hz  l.5in/sec :

_Etror in Amplitude
run shutdown

0.2 to 1 Hz 0.3 in ‘ 2 N“orrhal

1t02.6Hz 0.3in 10 Fl26@1g.
1to 3 Hz - 0.3in - 10 Nomal

3to 15 Hz 6 infsec L

15 t0o 30 Hz - 1.5g

Dwell 1.9 Hz/. 14 in -
Dwell 2,1 Hz/.14 in
Dwell 2,1 Hz/.28 in
Dwell 2,1 Hz/.48.in

" Decay 2.1 Hz/.48 in



RUN
NO.

-

SHAKER

7~ PHASING

58

59

60

61

62

64

65 -

CONFIGURATION'

-2

Bare
Bare -

Bare

In -

In

Out-

AP ouf___ P



' , - . SHUTDOWNS o '
- FREQUENCY/LEVEL " Qv "Channel/Level/Occurances COMMENTS ~ " 7"
Dwell 2,6 Hz/.15 in . ‘
Decay 2.6 Hz/.15 in T -
Dwell 2.6 Hz/.3 in '
.Dwell 2.6 Hz/.5 in ' #66 @ 3 g (3)
Dwell 5.2 Hz/.1 in .o
Decay-5.2 Hz/.1 in.
Dwell 5.2 Hz/.2 in .

Decay 5.2 Hz/.2in . : |
Dwell 10 Hz/,05 in . .
1to 1.2 Hz linch - 4 - - Normal ‘ No flatcar

1.2to 11.9 Hz - 7.5 in/sec
11.9 to 100 Hz 1.5¢g

1to 1.4 Hz 1.5 inc¢h ] Normcl_ o No flatcar
1,410 27,3 Hz - 13.5 in/sec -
27.3 to 30 Hz 6g

-1to 1.4 Hz 1.5inch :. 1 Normal o ' No flatcar
1.4t027.3Hz 13.5 in/sec '
27.3 to 30 Hz bg

Dwell 2.0 Hz/.26in = o . o Stantion longi-fudinol ~.
Dwell 2.0 Hz/.5 in ~ . _ (53) added
Decay 2.0 Hz/.5 in" : ‘ . : . Paramount Picture
Dvs_/e“Z.] Hz/.5 in o : ’ ‘

| Dwell 1.3 Hz/.1in~ . = - N o »' . _ PércmoUnf Picture
Dwell 2,1 Hz/.5in . - : Paramount Picture

Decay 2.1 Hz/.5 in

Dwell 1,3 Hz/.03 in
Dwelf 1.3 Hz/.06 in
Decay 1.3 Hz/.06 in
Dwell 1.3 Hz/.1in
Decay 1.3 Hz/.1in
‘Dwell 3,1 Hz/.03 in
Dwell 3.1 Hz/,06 in
Dwell 3.1 Hz/.09 in
Decay 3.1 Hz/.09 in
Dwell 5.1 Hz/.03 in
Decay 5.1 Hz/.03 in
Dwell 5.1 Hz/.06 in -




RUN - SHAKER - | SHUTDOWNS L
NO. ~ ~ CONFIGURATION = PHASING ' FREQUENCY/LEVEL . Q'  Channel/Level/Occurances COMMENTS

66 -; 2. © Out 'Dwell 8.4 Hz/.015'in o : C
S ~ Dwell 8.4 Hz/.03 in o ' . T
Decay 8.4 Hz/.03 in -
Dwell 10 Hz/.015 in
Dwell 10 Hz/.03 in

67 L 2 : - In I to 3 Hz - 0.3in " 5 » Normal )
/ . o ‘3 to 15 Hz .61in/sec e
_ 15t0100Hz  ~ 1.5¢g . ‘ _
8 . - 2 E n .1 to 3 Hz 0.1:in 5 . Norroal ' S D Level w_;':s 1/3 that
o ; S : S - 3to15Hz 2 in/sec - : . called for in rin
_ " 15t0 100 Hz 0.5¢g. - o cards. - -
69 2 S ’ In o 30 to 15-_1-_lz . 0.5¢g 10 - Normal - ' . i Revefse- sweép scrn;e
- - : - 15to 3 Hz 2infsec - _ - level problem as
. - 3to1Hz 0.1in L ‘ C 68
70 . 2 ' o 1 to3 Hz S 0.3in .5 Normal - '
R ‘3to.15 Hz ) infse¢ - ¢ -
. . 15t0100Hz  L5g . | |
21 2 "I 30to1SHz 1.5g ~ 10 #w08 - * Lift off switch
: ~ K A 15t03Hz - - 6infsec . . . . ' fell off
' ' : -3t02.54 Hz 0.5 in L o
72 . - 2. n 0tol5Hz -~ 1.59g 10 Normal’
: S : 1516 3 Hz 6 infsec R
, _ 3t 1 Hz 03in-.
73.. 2 IR T 30tol5Hz  1.5g 10 Normal
: CoL L 15t03Hz - 6infsec = -~ - -
B © 3tol Hz 0.3in , A . ) _
74 : 2 . " Onlyl1& . 1to4,8Hz 0.2in - o ‘ #115@1.0g (3) - Cross ~coup|fng A
L e 2 moving 4,810 12.6 Hz . 6 in/sec - - : - Ctest o

750 . 2 L _dni)’ 1& 1'to 4.8 Hz 0.2in . 0. .Norma.i . : Cross coupling -
Cies oo e : 2moving ~ 4.8to15Hz  binfsec . - . . . o test -

" 151030Hz 1.5 o o . |

Only3 & lto 4.8 Hz' 0.,2in 10- #‘1'92'-@ 10rqa/s'ec2 3) Cross coupling

76 2 | _
LT ‘4'moving  4.8t0o5.9Hz  &in/sec Lo o test



)

RUN , SHAKER
NO. - CONFIGURATION - PHASING - -

77 : 2 - Only3s

SR ' "4 moving -
7 2 Out
79 2 . Qut

g . 2 : - Out
8l : 2. . - Out
. 82 2 : Out -
8 - . 2 Out
‘84 2 " Out-
85 - 2 . Out

8 . Bae ~ n
8 . 1 a o n
8 - 1 o



SHUTDOWNS

__FREQUENCY/LEVEL = Q Channel/Level/Occurances COMMENTS _
1t04.8 Hz 0.2/in 10 Normal o Cross coupling
4,810 15 Hz 6 in/sec , : > test '
15t030Hz  l.5g . | »

1ito3Hz. . 0.Fin- 10" Normal :

3to 15 Hz 2 in/sec A L -

15 to 30 Hz 0.5.g S .
1to 3 Hz - 0.2-in 10 #115@ 1.5 g (3)

3to 15 Hz 4 in/sec : .

15t021Hz  1.0g o

3to15Hz - . 4infsec ._ 100 © Normal o : : .

‘15 to 30 Hz " 1.0g ) ) ' _ . _ . . ...
30t 15Hz  1.0g 10 Normal ‘

15 to 3 Hz . 4in/sec » :
3to 1 Hz .0.21in

30 to 15 Hz 1.0g 10 Normal

15103 Hz. - 4infsec e o '
3to1Hz 0.21n s ‘. | !
2.0 to 6 Hz ~0.3in 2 ° Manual shutdown error in Wavetek i

. : : ' : ' = .'setting ‘
1.0t0 1.4.Hz 0.3 in 10 Computer glitch
o S . caused shutdown
Tto3Hz = - 0.3in~ 107 #102@ 20 rad/sec? (3)
3to 15 Hz 6 in/sec : '

15t0 17,6 Hz  1.5¢g -
Dwell 1.0 Hz/1.0'in_ ’

1103.05Hz  6.25in%sec 10 #57@3.0g (3)
Tto3.1Hz  6.25insec 10 #118@1.39(3)



6D

SHAKER

RUN ) :
NO. CONFIGURATION "PHASING
89 1 Out
90 1 Out
- 91 1 Out
192 - i B Out -
93 1 buf
94 1 Out
95 3 In
9% 3 Out
97 ‘Out



__FREQUENCY/LEVEL

0.2tol Hz : 0.3 in.
lto2.3Hz - 0.15in
2to2.3 Hz 0.151in

2ta 3 Hz 0.15 in
3to 15 Hz 2.85 in/sec
15 to 30 Hz 0.7¢g's

Dwell 1,0 Hz/.3 in

Dwell 1.0 Hz/.5 in

Dwell 1,3 Hz/.Tin"
Dwell 1.3 Hz/.2 in
Dwell 1,3 Hz/.3 in
Decay 1.3 Hz/.3in
Dwell 2.2 Hz/.1in
Dwell 2.2 Hz/.2 in

Dwell 3.0 Hz/.05 in"

Dwell 6 Hz/.05 in
Decay 6Hz/.05 in
Dwell 9.5 Hz/.02 in
Dwell 9.5 Hz/.03 in
Dwell 9.5 Hz/.07 in
Decay 9.5 Hz/.07 in
Dwell 12 Hz/.03 in
Dwell 12 Hz/,05in
Decay 12 Hz/.05 in
Dwell 20 Hz/.01 in
Dwell 20 Hz/.04 in

1to3 Hz 0.15 in.
3to 15 Hz" 2.85 in/sec
15 to 30 Hz 0.7‘9'5_

1to3Hz . 0.5in
3to 4,7 Hz 2.85in/sec

lTto3Hz . . 0.15in
3 to 15 Hz 2,85 in/sec
15t0 30 Hz ~ 0.7 g's

Q

5

5 .

5"

SHUTDOWNS

Channel/Level/Occurances

COMMENTS

Normal .
#102 @ 15 rad/sec? (3)
#102 @ 25 rad/sec2 (3)

Normal

#108 wheel fiftoff

Normal -

#127@2.59 (3)

Normal

Instrumentation
changed to
configuration 3 -

(see figure



U SHAKER

RUN , _
NO., .~ CONFIGURATION - PHASING
98 -3 In .
99 - .3 ) In
100 3 Out
0 '
L
o
101 3 In
102 3 In
103 3 In
104 3 In
105 3 Out



R IR SHUTDOWNS
_ FREQUENCY/LEVEL * : Q.

Channel/Level/Occuronces COMMENTS

Dwell 3.4 Hz/.07 in - e
Dwell 3.4 Hz/.14 in ' C

Decay 3.4 Hz/. 14 in

Dwell 3.4 Hz/.25 in

Decay 3.4 Hz/.25 in :

Dwell 4,1 Hz/.05in ~ '

Dwell 4 Hz/. 11 in’
Decoy 4 Hz/.11 in
Dwell 4 Hz/.22 in
Décay 4 Hz/.22 in
Dwell 5.3'Hz/.04 in
Dwell 5.3 Hz/.08.in

Dwell 1.3 Hz/.08 in
Dwell 1.3 Hz/. 15 in
Decay.1.3 Hz/.15 in
Dwell 6 Hz/.04.in
Dwell 6,3 Hz/.08 in
Decay 6.3 Hz/.08 in
Dwell 6.3 Hz/.15 in
Decay 6.3 Hz/.15 in

0.2t0c 1,0Hz . 0.3in 2 Normal
1 to 3 Hz 0.225in 10 #118@ 1.25g (3)
3to15Hz . .4.28in/sec : )
15t022.6 Hz - 1.05¢g .
1to 3 Hz: 0.225in - 10 Normal
3to 15 Hz 4.28 in/sec
15t030Hz  1.05g
30to 15 Hz 1.05¢g 10 Normal
15 to 3 Hz 4,28 in/sec
3to ] Hz 0.225 in
1 ta 3 Hz 0.15 in 10 Normal
3to 15 Hz . 2,85 infsec

0.7g

15 ta 30 Hz |



=D

RUN
NO

106

107 .-

SHAKER -
PHASING -

CONFIGURATION
’ 3 Out -
3 Out



- FREQUENCY/LEVEL . Q_

0.2to 1 Hz

30 to 15 Hz
15to 3 Hz
3tol Hz

0.15in . 2
0.7 gls 10
2.85 in/sec
0.15 inch

SHUTDOWNS

Channel/Level/Occurances COMMENTS

Normal

Normal




" APPENDIX D

* PRE AND POST TEST MEASUREMENTS



A Forward
B
C Right
D —»]
Trailer Flatcar
1.0 Trailer
Van Platform
Pretest Post test Pretest Post test
A 2.872 2.872 2,867 2,868
B 2.872 2.872 2,868 2.868
C 2,872 2.872 2.868 2.868
D 2,873 2.873 2.868 2.868
2.0 Flat Car
A-End B-End
Pretest Post test Pretest Post test
A 2,975 2,940 3.004 2.797
B 2,749 2,931 3.012 3.005
C
D 3.011 2,977 3.001 2.160

&



TIRE PRESSURE (PSI)

Front Axle Rear Axle
Trailer Left Right Left Right
Date/Time Van__| Flat | Quter Inner | Quter Ioner { Quter | Inner Quter lnner

11/5/75 0845 X 85 85 85 85 85 85 85 85
11/5/75 0200 X 85 85 85 Flat 85 85 85 85
11/12/75 1310 X 85 85 85 85 85 85 85 85
1315 X 85 85 70 Flat 85 85 85 85

11/13/75 X 85 85 85 84 84 85 84 82
x | 85 85 85 | Flat | 85 85 83 84

1/17/75 X 83 83 82 84 81 83 83 82
X 82 83 75 Flat 84 84 81 82

11/20/754 X 81 81 80 81 80 80 79 80
X 80 80 79 Flat 80 62 79 80

D-3
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