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1.0 SUMMARY

A series uf‘tests were. conducted to define the chiaracteristics of
ASF 11 Ride Truck Assemblylincluding joint slop, friction and stifiness,
Loading to the truck asgcmbly included vertical toad to simulate the
car/éoal loading coﬁbincd with lateral or moment loading that resulted
in desired .truck deflections for the various phases of testing. All
seven test coﬁditions were successfully cémpletcd with load and deflec-
tion data being collected. No attempt is made in this report to reduce
the applicable data other than to provide computer plots. The Dynamics
an& Loads Analysis Section will utilize the test data for_computer mode 1

correlation.

AN
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2.0 TEST SPECIMEN

The test specimen was an ASF 11 Ride Truck Asscmbly supplicd
to Martin Marictta Corporation by the Louisville and Nashville Railroad.
The ride truck assembly was equipped with Brenco 6X11 roller bearing
assemblics. |

The ride truck assembly appeared to be fairly new as very
little wear was present on the bolster to body center plate contact
arca or on the wheel to rail contact area. Photo 1 shows the ride truck
assembly as received. Photo 2 is a close up of the Solstcr cup.area
showing rust and scale present in the as received condition. For test-
ing the area was buffed and cléaned to the condition shown in photo 37
Aléo shown in photo 3 arc wear marks in the bolster cup rim from body

center plate rivet contact.
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3.0 TEST SETUP AND LOADS

Twe major te#tiné fixtures were required to.cumpletc the
testing of the ride truck assembly. The fabrication of these test
fixtures and sctup of the test phases is documented on MMC drawing
LABLOO7045 that is included as Appendix B of this report. Phases 1
through 5 were conducted with the ride truck assembly in the normal
operating position. Phases 6 and 7 werc conducted with the ride truck
assembly in an iﬁverted position.

Since it was desirable that the lateral and moment loading

he cyclic with o controllahle amplitude and Erequéncy, 4 BOrVo=
controlled loading system was incorporated. The system consisted of
a 5000 psi hydraulie supply pump, two 50,000 pound hydraulic actuators,
two 20,000 pound load cells, tﬁo 15 gallon/minute Moog servo valves, two
Bristol recorders, a function génerator and contrel panel.

A sine wave form loading was controlled by setting the desired
load (amplitude) and frequency with the function gen=rator and control
panel (photo 4). The load cells were used for feedback in the load lines
so that the Moog servo valves (photo 5) could control the desired loading.
Two Bristel strip recorders were used for displaying and recording the
cyclic loading.

The vertical load was applied in three increments for all
phases of testing. These increments were 20,000 pounds (light car
simulation), 50,000 pounds, and 100,000 pounds (full car simulation).
The cyclic-loading had a maximum amplitude of 110,000 pounds with fre-

quencies of 0.25 cycles/second and 0.50 cycles/second. The sequential
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operations section of fhe Test Procedure, Appendix A of this repart,
documents the specific loading combinations during the different phases
of testing.

For Phases 1 through 5, the hopper car loading was simulated
using one vertical load line loading the bolster through a body center
plate welded to a load fitting. Photo 6 shows the body center plate as
it was welded into the load fitting. The rust and scale were buffed from
the plate to provide a clean interface surface., Lateral and moment
loading was introduced into the bolster utilizing a crosé beam welded
to the body center plate load lug as well as two fittings welded to the
opposite ends of the bolster. Photo 7 shows a close;up of the bolster
end fittings while phéto 8 shows the lateral load fittings as well as the
ride truck assembly in place on the test fixture used for Phases 1 through
3. Photo 9 showﬁ the lube pads that were used in thé testing of Phases 1
through 5. Photo 10 shows the bolster load lug fitting under the bolster
with the vertical preload load line universal and load cell in place. 1In
photo 11, the.wheel chocks used to prevent rolling of the wheels in Phases
1 through 5 are shown waided in place. These chocks were used on all four
wheels for the testing.

Phase 1 testing was accomplished using only the bolster ver-
tical preload loading. No lateral or moment loadihg was imposed on the
ride truck assembly. This test was conducted Lo measure the bolster sus-
pension spring stiffness and bolster damper characteristics. Photos 8
and 11 present the-setup for Phase 1.

Phase 2 testing combines both bolster vertical loading and

cyclic lateral (#Y axis) loading. Photo 12 presents the servo control
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sys;em and vertical load liné used in Pﬁases 2 through 5, Phasc 2
conducted to measure the lateral bolster to side frame slop and lateral
side frame to axle slep and friction. Photo 13 pPresents the setup.

Phase 3 combines bolster vertical loading with cyclic
longitudinal (+X axis) loading. This test was conducted to measure the
longitudinal bolster to sideframe slop and sideframe fo axle frictjion.
Wood blocks were requifed to prevent rotation of the bolster loading lug.
Phote 14 presénts the setup.

Phase 4 combines bolster vertical loading with cyclic moment
(1My) loading. Wood blocks were required to prevent rotation of the bolster
loading lug. This test was conducted to measure the rotational charac-
teristics of the suspension/damper. Photo 15 presents the setup.

Phase 5 combines bolster vertical loading with cyclic
moment (#Mx) loading. The purpose of this test was to measure the sug-
pension spring/damper characteristics. Photo 16 presents the setup.

For Phases 6 and 7, the ride truck assembly is inverted and
supported on the bolster/body center plate interface by a column, The
vertical loading is introduced into the ride truck assémbly using two
hydraulic load lines with one at the center of each wheel/axle assembly.
The bolster is fixed from vertical motion by the supnort column so as
vertical loading is applied, the sideframes and wheel/axle assemblies
move downward to compress the suspension springs. Photo 17 shows the
ride truck assembly in the inverted position on the support column.

Also shown is the servo loading system used only for Phase 6 testing.

Phase 6 testing combines bolster vertical loading with

racking eyclic loading. The purpose of this test is to measure the
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PHOTO 15: PHASE 4 TEST SETUP - + My CYCLIC LOALING
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lozenge mode characteristics. The line of daction of the racking loading
1s through the Z-axis so that no rotation of the ride truck results, The
interface between the body center plate and bolster is dry, that is, no
lube pads were used during Phase 6. Photo 18 prescrnts the setup,

Phase 7 testing was conducted to measure the breakaway torquc
at the Interface bctween the body_ccnter platc and bolster. BRBoth the
lube and non-lube condition were Lested. Bolster vertical loading was
introduced using the two vertical load lines and the tension load in the
load lines perpendicular to the bolster lateral axis was increased until

bolster rotation was observed. Photo 19 presents the setup.
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4.0 INSTRUMENTATION

Instrumentation utilized in this test included load cells for
monitoring applied loads; deflection transducers for monitoring
relative deflections of the ride truck compenents; and recording cquipement,

Load cclls were used in each hydraulic load line to monitor all
applied loads. These load cells are calibrated to a known applied load
with a resulting voltage output. This voltage signal was recorded on
magnetic tape and Leets and Northrup polar plots and also was used as
feedback for the servo system. Photos 10 and 12 show the load cell used
in Phase 1 through 5 testing to monitor the vertical preloading. Photo
13 shows the location of the load cell used in the lateral and moment
load lines. Photo 17 shows the load cells used for Phases 6 and 7 ver-
tical loading load lines.

Two types of deflection transducers were used for monitoring
relative deflections of the ride truck. The output from these transducers
is a continuous DC voltage that had been calibrated to a knpwn deflection.
Linear variable deflection transducers (LVDT) and Structure's Lab deflec-
tion transducers (SLDT) were utilized. MMC drawing LAB1007045, shects 14
and 15, (Appeﬁdix B of this report) show the nominal location of the
transducers. The accuracy of the LVDT is 30.010 inch while that of the
SLDT is 10.030 inch. A tension load on the transducer represents a
positive (+) deflection, while a compression load represents a negative
(-) deflection. Photos 13, 14, 20 and 21 show typical deflection trans-
ducer installation. Tables 2 and 3 of Test Procedure MCR-74-436, were

completed and give actual deflection transducer location for all phases
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of testing. These tables are included in the Test Log portion of Appendix

N

A,

Recording equipment used in rhis test included two Bristol
strip recorders, four Leeds and Northrup polar plotters, and a low leve]
analog to digital recording system. The Bristol strip recorders (Photo 4)
were used in the servo control system to record the cyclic load line out-
put. The Leeds and Northrup (L&N) polar platters (Photo 18) were uscd to
record the load cell outputs from all other load lines. The low level
analog to digital recording system was used to record all loading and
deflection data on magnetic tape. Each channel of data was rceorded 100
times each second. A computer printout of the data was then made from

the magnetic tape.
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5.0 TEST RESULTS

The results of the ride truck assembly testing is prescnted
in both ploté and tabular Aata. For Phases 1 through 6, therc arc 234
plots included. Graphs of load plotted against deflection for particnlar
deflection transducers are presented rather than the raw computer tab run
data. The data collected for Phase 7 testing was the breakaway torque
of the bolster/body center plate interfacg cup for both lube and non-
lube“conditions.

The vertical axis of all graphs presents the apblied load in
pounds while the horizontal axis presents the resulting deflection for
a particular deflection gage. The time the data collection was started
is in the lower left corner of the plot. The deflectionlgage identifi-
cation number is listed on the bottom of the page; for example, D9X10.
A positive deflection représents tension on the deflection gage while
a negative deflection results from compression. Sheets 14 and 15 of
MMC drawing LAB1007045, Appendix B, gives the gage locations. The legend
in the upper left corner indicates which load cell is being plotted.
Above the legend is the title of the test phase followed by the date
the test was conducted,

Figures 1 through 4 present the plots resulting from Phase 1 testing.

The vertical loading (LCO1l) was increased and data collected in four in-
cremeﬁts; 20,000 pounds, 50,000 pounds, 75,000 pounds and 100,000 pounds.
Data was continuocusly recorded as the vertical loading was freely allowed

to return to zero. The offset from the initial loading represents
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friction preéent suspension system. Plots are presented for deflection
‘gages D9, Dlo, Dil and D12. No significant deflections were rccorded on
any other gages.

For Phases 2 through 6, the deflection giges were system
calibrated and zeroed becfore each phase of testing was condﬁcted. No
dttempt was made to return the ride truck assembly to the initial nominal
or zeroed position between loading increments. Therefore, shifts in the
plots for various gages may be noted throughout the plots presented and
do not effect the local hysterisis or friction characte:istics.

Figures 5 through 58 present the plots from Phase 2 testing.
Those gages with significant deflections are Dl through D6, D15, D16 and
D18, fhe cyclic 1ate}al load applied in the +Y axis to the holster&was

110,000 pounds. The plots presented are figures 5 through 13 for 20,000
pound vertical loading with 0.50 Hz lateral cyclic loading: figures 14
through 22 for 20,000 pound vertical loading with 0.25 Hz lateral cyclic
loading, figures 23 through 31 for 50,000 pound vertical loading with
0.50 Hz lateral cyclic loading, figures 32 through 40 for 50,000 pound
vertical loéding with 0.25 Hz lateral cyclic loading, figures 41 through
49 for 100,000 pound vertical loading with 0.50 Hz lateral cyclic loading,
and figures 50 through 58 for 100,000 pound vertical loading with 0.25 Hz
lateral cyclic loading.

For Phase 3 testing, only gages D9 through D12 registered
significant deflections and these deflectionslresulted from the vertical
loading rather tﬁan the cyclic lateral loading. Since the data from Phase
1 defined the suspension system characteristics using deflections from

gages D9 through D12, the decision was made by the technical director
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that no plots were rcquired for Phase 3.
Figures 59 through 94 present fﬂe piots from Phase 4 testing.

Significant deflectiéns were recorded on gages D9 through D12, D13 and

Dl4 and plots for those gages are includeh. A moment QfMy) cyclic-load-
ing was applied to the ride truck assembly. Each plof includes the ioad/
deflection data for the two load cells producing the cyclic moment. The
Plots presented are figures 59 through 64 for 20,000 pound vertical
loading with 0.50 Hz cyclic moment loading, figures 65.through 70 for
20,000 pound vertical loading with 0.25 Hz cyclic moment loading, figures
71 through 76 for 50,000 poﬁnd vertical loading with 0.25 Hz cyclic moment
loading, fipures 77‘throu§h 82 for 50,000 pound vertical loading with 0.50
Hz cyclic moment loading, figures 83 thfough 88 for 100,000 pound vercical
loading with 0.50 Hz cyclic moment loading, and figures 89 through 94 for
160,000 pound vertical loading with 0.25 Hz cyclic moment loading.

Figures 95 through 154 present the plots from Phase 5 testing.

’Significant deflections were recorded on DI through Dé and D9 through

Di2 and plots only for those gages are presented. A cyclic moment (4My)
loading is applied to the ride truck assembly. The load/deflection plot
for the two load cells against each applicable deflection gage is included
on each plot, The plots presented are for 20,000 pound vertical loading
figures 95 through 104 at 0,50 Hz cyelic moment loading and figures 105
through 114 at 0.25 Hz cyclic moment loading, for 50,000 pound verrtical
loading figures 115 through 124 at 0.25 Hz cyclic moment loading and
figures 125 through 134 at Q.50 Hz cyclic moment loading, and for 100,000
pound vertical loading figures 135 through 144 at 0,50 Hz cyclic moment |

loading and figures 145 through 154 at 0.25 Hz cyclic moment loading.
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Phase 6 ﬁesting required three separate runs to complete. These
runs are designated 6-1, 6-2 and 6-3. Significant deflections were ro-
corded on gages D1 through D16 and D19 through D22. For Phasc 6-1,
Figurcs 155 through 174 are for 100,000 pound vertical loading with
+10,000 pound eyclic racking loading applied at 0.50 Hz. For Phase 6-2,
Figures 175 through 195 are for 20,000 pound vertical loading with +10,000
pound cyclic racking loading applied at 0.50 Hz. Phase 6-3 presents plots
from additional testing at 20,000 pound vertical loading with reduced
cyelic racking loading. Figures 195 through 214 are plots for +2,000
pound cyclic racking loading at 0.50 Hz and Figures 215 through 234 are
plots for +5,000 pound cyclic racking leading at 0.50 Hz.

It should‘be noted that no lube pads were used for Phase 6
testing and that there was no rotation or translation between the bolster
anﬁ the body center plate during the testing.

- Phase 7 testing was conducted to determine the breakaway torque
between the bolster and body center plate for both the lubed and non-
lubed condition. Each test was conducted with 20,000 pound, 50,000 pound
and 100,000 pound vertical loading. A tension couple with a moment arm
between the loads of 106.24 inches was continuously increased until the
bolster rotated.

Table 1 presents the data collected for the lubed condition of
the bolster/body center plate interface. Inspection of the lube pads
after testing showed that the pads were not fully compressed to fill the
available bearing area so that during the testing the breakaway torque

measured would be between the metal and lube pad.
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7--Bolster/36dy Center Plate Lubed Condition

35

Run | Total Lateral Lead {(lbs). Breakaway Torque
No. | Vertical (LCA3+LCP4 )% (53,12)
Load (1bs) Lc@a LC@4 (in-1b)
1 20,320.. 154,80 144,00 15,900,
2 20,240, 126,80 140,80 14,200,
3 20,080 123,20 127.60 13,300.
4 50,040, 156.40 162.80 16,950,
5 50,160, 146,00 154,00 15,950,
6 49,880. 184,00 193,60 20,050,
7 99,600, 253.60 265,60 27,600,
8 99,760. - 226,00 237;20 24,600,
9 99, 840, 224,80 238.80 24,600,
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Table 2 presents the data colleéted for the non-1lubed condition.
Inspection of the bearing area after testing showed definite metal
scratches at the high spots between the bolster and body center plate.
This indicates that point loading rather than complete surface area

bearing was present.
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Table 2. Phase 7-~Bolster/Body Center Plate Non-lubed Condition
Sg? 5::i§cal - Lateral load (lbs) Breakaway Torque W
Load (lbs) LCg3 LBl (LCﬂ?IEf?E;*(SB.lz)
1 20,680, 262.00 244,00 26,880, -
2 20,380, 374,00 352.00 38,560.
3 20,320, 376,00 370,00 39,630,
4 20,040, 570.00 586,00 61,400,
5 50,480, 698,00 696,00 74,050,
6 20,360, 790.00 780,00 83,400,
7 100,160, 1256.00 1286.00 135,030.
8 | 100,080, | 1292,00 | 1338.00 139,700,
9 100,160, 142400 1460.00 153,200.
10 100,320, 1402,00 1438.00 150,860,
11 99,920, 1384,00 1424,00 149,160,
12 20,560, 954,00 970.00 102,200,
13 20,180, 386,00 590.00 62,470,

37
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6.0 CONCLUSIONS

The data collected.duriﬁg these series of tests are sufficient
to describe the joint slop, friction and stiffness of the ASF 11 ride
truck assembly,

A general observation that can be made is that as the vertical
loading on the ride truck assembly was increased, the resulting relative

deflections between the components decreased,
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DESCRIPTION QF TEST

Test Objective = The basgic objective of this test is to define the joint

free play, sliding friction system flexibility, and linear and non-linear

characteristics of an ASF 11} ride truck assembly. Ride truck assembly

load and deflection characteristics as well ag friction loss characteristics

of the body center plate to bolster interface will be determined.

Test Specimens - The test specimen is 2 ride truck assembly with

6 x 11 roller bearings. The truck assembly is GVP hardware that will
be tested in six differeat configurations to obtain load and deflection
data. _

The truck assembly will be tested in the as received condition
except that the brake beam and linkage assemblies will be removed.

Test Setup and Test Loads - The ride truck assembly test setup is

defined on MMC drawing LAB 1007045. Two separate test fixtures are
required to conduct the six phases of tEStlng.

Test phases one through five are conducted on test fixture LAB
1007045- 009. This fixture fixes the truck assembly so that the wheel
and axles will not move during the loading phases. Only the side frames
and bolster are allowed to deflect. The hopper car loading (vertical
preload) is introduced into the bolster utilizing a load fFitting incor-
porating a Pullman Standard body center piate and a 200,000 pound
hydraulic jack. The maximum load will be only 100,000 pounds and the
load will be monitored with a° 200,000 pound load cell. Lateral and moment
loading is provided by 50,000 pound hydraulic jacks separately or in
pairs depending on the loading phase. The maximum lateral and moment
load is only 10,000 pounds which is monitored by 20,000 pound load cells.
Figure 1 summarizes the test phases one through five,

Test phases six and seven are conducted on test fixture LAB 1007045.
For Phase six and seven testing the ride truck assembly is 1nverted on
the test fixture and supported by a column that is topped with the body
center plate. The hopper car loading is simulated utilizing two
100,000 pound hydraulic jacks with one jack attached to the center
of the wheel axle assembly. BLH 50,000 pound load cells are used in lipe

with the hydraulic jacks to measure the applied vertical forces,
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(Continued)

Phase 6 (Lozenge Mode) lateral loading is produced utilizing
two 50,000 pound hydraulie jacks_wifh oné_jack attached at the end
of the wheel/axle assembly. The jacks are positioned so that the
line of action will produce racking of the ride truck assembly without
any resulting rotation. BLH 20,000 pound load cells are utilized
to monitor the hydraulic jack léading. Maximum lateral loading
will be 10,000 pounds,

Phase 7 (Friction Test) lateral loading is produced utilizing
two. 10,000 pound hydraulic jacks with one jack attahced at each
end of the bolster. The jacks are positioned so that bolster
rotation results when sufficient torque is applied to overcome the
friction torque between the body center plate and the bolster cup.

But, 50,000 pound load cells are utilized to monitor the hydraulic
Jack loading. Figure 2 shows the loading directions for phase six
and seven testing. ‘ ‘ '

Since the lateral loading and moment producing loading must be
eyclic in nature, a serQO'control system is incorporated. Moog servo
control valves with a maximum capacity of 15.0 gal/min are used.

The desired sine wave loading signal ig genefated with a function
generator‘with the lwud amplitude and frequency set. The Load cells
provide feedback for control of rhe cyclic loading. A second hydraulie
pump is added to the Setup and a pressure reservoir and an accumutlator
are also required, Figure 3 gives the hydraulic servo system schematic,

The vertical preload will be varied for all test phases with
values of 20,000, 50,000 and 100,000 pounds being applied, and two
cyclic loadinglruns conducted at each preload level, This will result
in six load conditions for eaéh Phase of testing.

Test Instrumentatigg - Linear variable deflection traansducers (LVDT)

and structures lab deflecpion boxes (SLDB) will be utilized to
monitdr the various deflections of the truck assembly. Figure 4
summarizes the deflection gage locations while Table 1 defines
measurement direction, anticipated range, and relative deflection

being measused.
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(Continued)

A Leeds and Northrup recorder will be used to provide a continuous
polar plot of the vertical preload load line. The lateral and moment
load lines will be controlled by a function generator that will be
calibrated prior to each testing phase, Two Bristol Recorders will
be used as back up data plots for the lateral and moment load lines.

The Central Data Recording 1DS unit will be used to record

deflection transducer and load cell output data on magnetic tape,

e
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Table 1, Deflection Transducer Summary

( See MMC Drawing LABIQO7045, Sh 11 for Phase 7 )]

LOAD PHASE RANGE/
GAGE UTILIZED DIRECTION DESCRIFTION
b1,b2,D3 ltob T1.0Y Sideframe Relative to Wheel/Axle
D4,D5,D6
D7,D8 . 1 to 6 + 1.0X Sideframe Relative to Wheel Axle
D9,D10. 1 to 6 + 3.0z Bolster Relative to Sideframes
D11,D12
Di3,D14 ltosb +1,0X Bolster Relative to Sideframes
D15,D16 1l to b +1.0Y Bolster Relative to Sideframes
D17 ltos +1.,0X Bolster Relative to Ground
D18 l to 5 +1.0¥ Bolster Relative to Ground
D19,D20 -6 + 3,0X Wheel/Axle Relative to Ground
D21,D22

01 28eyg

Il ¥V 39V4g

9EY~4L ~YOR _

V/L-STET YL
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1.5 Test Record - The progress of the test will be recorded
in a written test log. The log will be Prepared by the test engineer
and will include all actions or events and the time of occurrence of
the actions or events as deemed pertinent by the test engineecr.

Photographs will be taken to document all test setups for all
phases of testing. These photographs will become part of the test
report.

Loading data will be manually recorded in the test log for cach
phase of testing. b

1.6 Test Equipment List - The following equipment will be

utlll?ed during the phases of truck testing. Usage of the equipment

is as defined on MMC drawing LAB 1007045 and this test procedure,

QTY ITEM

1 200,000 pound Regent hydraulic jack

2 100,000 pound Regent hydraulic jack

2 50,000 pound Regent hydraulic jack

1 200,000 pound BLH load cell

2 50,000 pound BLH load cell

2 20,000 pound BLH load cell
-2 2,000 pound BLH load cell
12 Linear variable deflection transformer (+ 1.00 inch)
10 Structure Laboratory Deflection Box (+ 3.0 inch)

2 Bristol Recordep

1 Hydraulic pump no. 1

1 Hydraulic pump no. 2 (Servo control system)

4 Leeds and Northrup recorder

1 Function generator HP No. 33004

2 Moog servo control valve ~ Model 73-234-8R13

1 Servo control console

1.6.1 Verify that all equipment and handling hardware are in calib-

ration and will remain inp calibration during testing.
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Preparations - Either truck assembly may be used for this test. The

brake beams and linkages must be removed from the ctruck assembly
prior to testing,
Pretest (Load Phages 1 through 5)

Verify the test area is ready for test ariLcle and test fixture is
fabricated per MMC Drawing LAB 1007045.

Install truck assembly in test fixture as defined on MMC Drawing LAB
1007045 for Load Phase 1.

Install all equipment associated with load line 1 as defined in MMC
Drawing LAB 1007045. '

Install deflection transducers as defined in Figure 1 of this test
procedure and sheets 14 and 15 of MMC Drawing LAB 1007045,

Record the dimensional coordinate location on Table 2,

Proof test Load Line 1} hydraulic system to a proof pressure of

1000 PSI above maximum operating pressure (Proof load to 6000 PSI

tension load),
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Table 2, Defleccion Transducer Coordinate Location

(Record after transducer installation)

PAGE A 14

Page 13

(Phage 1 through 5)

TRANSDUCER, X Y A
D1 +34, 00 Ll A
D2 440 56 e 0.0
D3 - 2 . 0O —_ S5
D4 ~+ 34,00 _— + 15 (O
D5 +49.%0 —_— O
D6 - 24 .00 + 1567
D7 - - 32 .50 OO0
D8 — +3/:.56 OO
D9 +7. 62 ~45,3/ R
D10 - 7.7 . k=T WA —_—
D11 +7.75 +45, 25 —
D12 —-7.75 +44.87 E—
D13 e— —44, 35 ~+12. 75"
D14 — 143,75 | 10, /2
D15 3.0 — #/3,78
D16 OO —— +/3.62
D17 — —=[.25 | 14,00
D18 A — /.00 JE— ~ 16,78~

¥ Fee. PHASE B omouy

X = .00 i~
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2.3 Sequential Operations {(Load Phase 1)

1.
2.
3.

P

oy L

10.

11.
i2.

13,
14,
15,

16,
17.
18.
19,

Secure Low Bay Cell A test area per paragraph.J.l.

Review test personnel resﬁﬁnsibility.

Verify Load cell and deflection transducer system calibra-
tion and zero setting. '

Verify CDR readiness.

Record subzero data (Mag. tape and manual)

Increase hydraulic pressure on load line ] until 20,000
pound tension load is maintained (theoretical pressure is
1000 PSI with L & N reading of 1.00).

Record 20,000 pound data (Mag. tape and manual),

Increase hydraulic pressure on load line 1 until 50,000
pound tension load is maintained (theoretical pressure is
2500 PSI with L & N reading of 2,50).

Record 50,000 pound data (Mag. tape and manual).

Increase hydraulic pressure on Load Line 1 until 75,000 pound
tension load is maintained (theoretical pressure is 3,750
PSI with L & N reading of 3.,75).

Record 75,000 pound data (Mag. tape and manual).

Increase hydraulic pressure on Load Line 1 Until 100,000
pound tension lead is maintained (theoretical pressure is
5000 PSI with L & N reading of 5.00).

Reéord 100,000 pound data (Mag. tape and manual).

Start continuous CDR record (Mag. tape only),

Open hydraulic pressure line and let tension load reduce to
zero.

Stop CDR record and allow Load Line 1 stabalize,

Record zero data (Mag. tape and manuél).

Inspect truck assembly for any evidence of structural change.

Phase 1 loading complete.
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2.4 Sequential Operations (Load Phuses 2 and 3)

1. Proof Load, Load Line 2 to pressure of 1000 PSI above maximum
operaling pregsure (proof load to 3000 PSI tension and com-
pression).

2. Verify test setup is per MMC drawing LAB 1007045,

3. Secure Low Bay Cell A test arca per paragraph 3,1,

4. Review test personnel responsibility,

5 Verify servo control system 1s ready for sine wave éycl;c
loading operatidn..

6. Verify load cell and deflection transducer system calibration
and zero setting,

Vefify CDR readiness,

8. Record subzero data (Mag. tape and manual).

Increase hydraulic pressure on Load Line 1 until 20,000
pound tension load is maintained (theoret1ca1 Pressure is
1,000 PS1 with L & N reading of 1.00) .

10. Activate servo control System to provide sine wave cyclic
loading on load line 2 + 10,000 pounds amplltude with a
rate of 2.0 seconds/cycle,

11. Record 20,000 pound data (Mag. tape and manual).

12. Adjust servo control system to provide sine wave cyclic
loading in load line 2 of + 10,000 pounds amplitude with
a rate of 4.0 secnds/cycle,

13. Record 20,000 pound data (Mag. tape and manual).

l4. Increase hydraulic pressure in Load Line L until 50,000
pound tension load is maintained (theoretical pressure is
2,500 PSI with L & N ready of 2.50).

15. Adjust servo control system to provide sinewave cyclic
loading On Load Line 2 of + 10,000 pounds amplitude with a
rate 4.0 seconds/cycle,

16. Record 50,000 pound data (Mag. tape and Manual).’

17. Adjust servo control system to provide a sine wave cyclic
loading load line 2 of + 10,000 pounds amplitude with a rate

of 2.0 seconds/cycle,
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2.4 (Continued)

18. Increase hydrauLic pressure in Load Linc 1 .until 100,100
pound tension load ig mdintained'(theoretical pressure is
5,000 PSI with L & N reading of 5,00). ’

19. Adjust servo control system to provide sine wave cyclic
loading on Load Line 2 of t 10,000 pounds amplitude with a
rate of 2.0 seconds cycle,

20. Record 100,000 pound data (Mag. tape and manual).

21. Adjust servo control System to provide a sinewave cyclic
loading on Load Line 2 of *+ 10,000 pounds amplictude with
a rate of 4.0 seconds/cycle.

22, Record 100,000 pound data (Mag. tape and manual)

23. Reduce servo control system loads to zero.

24. Reduce hydraulic pressure in Load Line 1 to zero.

25. Record zero data (Mag. tape and manual),

26, Inspect truck assembly for any evidence of structural change.

27. Phase 2/Phase 3 loading completed,
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2.5 Sequential Operations (Load Plase 4) ‘ '

1. Proof load, load lines 2 and 3 to pressure of 1,000 PSI
above maximum operation pressure (Proof Load to 1,400 'PS1
tension and compression).

2, Verify test setup is per MMC drawing LAB 1007045.

3. Secure Low Bay Cell A test area per parugraph 3.1,

4. Review test personnel responsibility.

5. Verify servo control system is réady for sine wave eyclic
loading operation on Load Lines ? and 3,

6. Verify load cell and deflection transducer system calibration
and zero setting.

7. Verify CDR readiness.

8. Record subzeroc data (Mag. tape and manual)

9. Increase hydraulic pressure on load line 1 until 20,000
poﬁnd tension load is maintained (theoretical pressure is
1,000 PSI with L & N reading of 1.00).

10. Activate servo control system to provide sine dave cyclic
1oad1ng on Load Lines 2 and 3 of *+ 2,000 pounds amplitude
with a rate of 2,0 seconds/cycle.

Il. Record 20,000 pound data (Mag. tape and manual).

12. Adjust servo control system to provide sine wave cyclic
loading on Load Lines 2 and 3 of + 2,000 pounds amplltude
with a rate of 4.0 seconds/cycle.

13. Record 20,000 pound data (Mag. tape and manual).

l14. Increase hydraulic pressure on Load Line 1 until 50,000
pound load is maintained (theoretical pressure is 2,500
PSI with L & N reading of 2.50).

15. Adjust servo control system to provide sine wave cyclic
loading on load lines 2 and 3 of ¥ 2,000 pounds amplitude
with a rate of 4.0 seconds/cycle.

16. Record 50,000 pound data (Mag. tape and manual),

17. Adjust servo control system to provide sinewave cyclic loading
on Load Lines 2 and 3 of + 2,000 pounds amplitude with a

rate of 2.0 seconds/cycle.

18. Record 50,000 pound data (Mag. tape and manual).
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2.5 (Continued)

19. Increase hydraulic pressure on Load Line 1 until 100,000
pound load is maintained (theoretical pressure is 5,000 PSI
with L & N reading of 5.00).

20. Adjust servo control System to provide sine wave cyclic
loading on Load Lines 2 and 3 of * 2,000 pounds amplitude
with a rate of 2.0 seconds/cycle,

21. Record 100,000 pound data (Mag. tape and manual).

22, Adjust servo control gystem to provide sine wave cyclic-
loading on Load Lines 2 and 3 of 4+ 2,000 pounds amp litude
with a rate of 4.0 seconds/cycle,

23. Record 100,000 pound data (Mag. tape and manual),

24. Reduce servo control system loads to zero.

25. Reduce hydraulic pressure in load line 1 to zero.

26. Record zero data (Mag. tape and manual).

27. Inspect truck assembly for any evidence of structural damage.

28. Phase 4 Loading complete,
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2.6 Sequentcial Operations (Load Phase 5 )

1. Proof load, load lines 2 and 3 to a pressure of 1,000 PSI
above maximum operation pressure (Proof load te 2,600 PSI
tension and compression),

Verify test setup is per MMC drawing LAB 1007045.

. Secure Low Bay Cell A test area per paragraph 3.1.

Review test personnel responsibility.

oo woN

Verify servo control system is ready for simne wave cyclic
loading operation on Load Lines 2 apd 3.
6. Verify load cell and deflection transducer system calibration
and zero setting.
Verify CDR readiness.

8. Record subzero data (Mag. tape and manual).

9. Increase hydraulic pressure on load line 1 until 20,000
pound tension load is maintained (theoretical pressure is
1,000 PSI with L & N reading of 1.00).

10. Activate servo control system to provide sine wave cyclic
loading on Load Lines 2 and 3 of + 8,000 pounds amplitude
with a rate 6f 2.0 seconds/cycle.

11. Record 20,000 pound data (Mag. tape and manual).

12. Adjust servo control system to provide sine wave cyclic
loading on Load Lines 2 and 3 of + 8,000 pounds amplitude
with a rate of 4.0 scconds/cycle.

13. Record 20,000 pound data (Mag. tape and manual).

-14. Increase hydraulic pfessure on Load Line 1 until 50,000
pound load is maintained (theoretical pressure is 2,500
PSI with L & N reading of 2.50).

15. Adjust servo control system to provide sine wave cyclic
loading on load lines 2 and 3 of + 8,000 pounds amplitude
with a rate of 2.0 seconds/cycle.

16. Record 50,000 pound data (Mag. tape and manual).

17. Adjust servo control system to provide sine wave cyclic

loading on Load Lines 2 and 3 + 8,000 pounds amplitude
with a rate of 2.0 seconds/cycle.

18. Record 50,000 pound data (Mag. tape and hanual).
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2.6 (Continued)

19,

20.

21,
22.

23,
24,
25.
26,
27,

8.

Increase hydraulié pressure on Load Line ! until 100,000
pound load is maintained (theoretical pressure is 5,000 PS1
with L & N reading‘of 5.00).

Ad just servo control system to provide sine wave cyclic
loading on Load Lines 2 and 3 of * 8,000 pounds amplitude
with.a rate of 2.0 second/cycle.

Record 100,000 pound data (Mag. tape and manual) .,

Ad just serve control system to provide sine wave cyelic
loading on Load Lines 2 aud 3 of + 8,000 pounds amplitude
with a rate of 4.0 seconds/cycle,

Record 100,000 pound data (Mag tape and manual).

Reduce servo control system loads to zero.

Reduce hydraulic pressure in load line 1 to zero,

Record zero data (Mag. tape and manual),

Inspect truck assembly for any evidence of structural damage,

Phase 5 Loading complete.
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2,7 Pretest (Load Phase 6)
2.7.1 Remove test fixture from cell A that was used for Phase 1 through
5 testing.
2.7.2 Verify test area is ready for test article and tﬁat test fixture

is fabricated per MMC drawing LAB 1007045.

2.7.3 Install truck assembly on test fixture and equipment necessary to
perform Phase 6 testing.

2.7.4 Verify installation of deflection trangducers,

2.7.5 Record ccordinate dimensions of deflection transducers on Table 3.
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‘fable 3, Deflection Transducer Coordinate Location - Phase 6
(Record after transducer installation)

TRANSDUCER X | Y z
D1 + 34,00 — +/575C
D2 +496.5 (- — - O
D3 — 39,00 — 157 5C-
D4 -F 34,00 — + /5,69
DS +49.5 — 0.0
D6 ~34. 006 — +758, 69
D7 - —32.,50 O,
D8 L +3/, SC:- o0
D9 +7. 62 -—4-'5,.3 / —
D10 —~7.87 —~4S. 7S —
D11 + 7. 75 +45,25 —
D12 — 775 +44.87 -
D13 — e TS | 4485
D14 — +4s,25" | 12,72
D15 — /.50 — +9,13

' D16 2 4SO — 2/0. 38
D17 Not vser — ——— —
D18 mMNLT vseD —— — T
D19 + 38 00 +2/,00 &L O
D20 +38. 00 —2Z/.00 O O
p21 - 38&,00 + 2/, 00 .0
D22 - 38,00 —2 /.00 O, >
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2.8 Sequential Operations {(Load Phase &)

1. Proof load the load line to 1000 PSI above maximum operating
pressure. (Proof load, load lines 1 and ? te 6000 PSI
tension and load lines 3 and 4 to 3000 PSI tension and
compression),

2. Verify test setup is per MMC drawing LAB 1007045,

3 Secure Low Bay Cell A test area per paragraph 3.1.

4. Review test personnel responsibility,

5 Verify servo control system is ready for sine wave cyclic
loading operation on load lines 3 and %,

6. Verify load cell and deflection transducer system calibration
and zero setting,

Verify CDR readiness.

8. Record subzero data (mag. tape and manual).

Increase hydraulic preésure on load lines 1 énd 2 until
10,000 pound tension load is maintained on each (theoretical
pressure is 1000 PSI with L & N readings of 2.00 ).

10. Activate servo control System to provide sine wave cyclic
loading on load lines 3 and 4 of + 10,000 pounds amplitude
with a rate of 2.0 seconds/cycle,

11. Record 20,000 pound data (mag. tape and manual).

12. Adjust servo control System to provide sine wave cyclic
loading on load lines 3 and 4 of + 10,000 pounds amplitude
with a rate of 4.0 seconds/cycle, .

13. Record 20,000 pound data (mag. tape and manual),

14. Increase hydraulic pressure in load lines 1 and 2 until
25,000 pound tension load is maintained in each. (Theoretical
pressure is 2;500 PSI with L & N reading of 5.00),

15. Adjust servo control system to provide a sine wave cyclic
loading on load lines 3 and 4 of + 10,000‘pounds amplitude
with a rate of 4.0 seconds/cycle,

16. Record 50,000 pound data (mag. tape and manual).

17. Adjust servo control System to provide a sine wave cyclic
loading on Load Lines 3 and 4 of + 10,000 pounds amplitude

with a rate of 2.0 seconds/cycle.
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2.8 (Continued)

18.
19.

20,

21,
22.

23.
24,
25.
26.
27.
28.

Record 50,000 pound data {(mag. tape and manual},

Increase hydraulic pressure in Load Lines 1 and 2 unti]
50,000 pound load is maintained on cach (theoretical

pressure is 50,000 PSI with L & N reading of 10,00 ).

Adjust servo control system to provide a cvcelic loading on
load lines 3 and 4 of + 10,000 pounds amplitude with a rate
of 2.0 seconds/cycle.

Record 100,000 pound data {(mag. tape and manual).

Adjust servo control 8ystem to provide a cyclic loading on Load
lines 3 and 4 of + 10,000 pounds amplitude with a rate of 4.0
suéonds/cycle.

Record 100,000 pound data (mag. tape and manual),

Reduce servo control system loads to zero.

Reduce hydraulic pressure to zero on load Lines 2 and 1.
Record zero data (mag. tape and manual) .

Inspect truck assembly for any evidence of structural change.

Phase 6 Loading completed.
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Sequential Operations (Load Phase 7)

1.

10.
11,

12.

13.
14,
15,
le.

17,
18.
19,
20.

Proof Load the Load Lines to 1000 PSI above maximum operating pressure,
(Proof Load, Load Lines 1 and 2 to 6000 PSI tension and Load Lines 3
and 4 to 2000 PSI tension).

Verify the test setup is per MMC drawing LAB 1007045 for Phase 7 testing,
Secure Lo; Bay Cell A test areca ber paragraph 3.1,

Review test personnel responsibility,

Verify hydraulic system is ready for Loading.

Verify Load Cell and aeflection transducer system calibration and

zero setting,

Verify CDR is ready for data record.

CDR record zero data (mag. tape and manual).

Increase hydraulic pressure on Load Lines 1 and 2 until 10,000 pound
tension load is maintained on each (theoretical pressure is 1000 P51
with L&N reading of 2.00).

CDR record 20,000 pound load data (Mag. tape and manual).

Increase hydraulic pressure on Load Lines 3 & 4 until 50,0 pound
tension load is malntained (theoretical pressure is 50 PSI with L&N
readings of 0.1).

CDR record 20,000 pound vertical tension load with 50.0 pound lateral

tension loading data (Mag. tape and manual).

Verify hydraulic system is ready for continuous Loading.

Verify CDR is ready for continuous recording.

Start CDR continuous record (Mag. tape only),

Increase hydraulic pressure continuously in Load Lines 3 & 4 until
bolster rotation is observed,

Stop hydraulic pressure loading.

Stop CDR continuous fecording.

Reduce hydraulic pressure on Load Lines 3 & 4 to zero.

Reduce hydraulic pressure on Load Lines 1 & 2 to zero,

21 Manually relocate ride truck assembly to start position.

22.
23.

CDR zero out all deflection transducers,

Repeat steps 8 through 22 three times.
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Sequential Operations (Load Phase 7) (Cont)

24,

25,
26.

27.

28.
29,
30.
JL.

32.
33,
34.
35.

36.

37.
38.
39.

40.
41,

42,

43,

44,
45.

Increase hydraulic pressure on Load Lines 1 & 2 until 25,000 pound
tension Load is maintained on each (theoreticul pressure is 2500 bPSI
with L&N readings of 5.00). '

CDR record. 50,000 pound loading data (Mag, tapce and manual),

.Increase hydraulic pressure on Load Lines 3 & 4 until 50.0 pound

tension Load is maintained (theoretical pressure is 50 PS1 with L&N read-
ings of 0.1), _

CDR record 50,000 pound vertical tension Load with 50.0 pound
Lateral tension loading (Mag. tape and manual),

Verify hydraulic system is ready for centinuous loading.

Verify CDR is ready for continuous recording,

Start CDR continuous record (Mag. tape only).

Increase hydraulic pressure continuously on Load Lines 3 & 4 until
bolster rotation is observed. o

Stop hydraulic pressure loading.

Stop CDR continuous recording,

Reduce hydraulic pressure on Load Lines 3 & 4 to zero.

Reduce hydraulic pressure on Load Lines 1 & 2 to zero,

Manually relocate ride truck assembly to start position.

CDR zero out all deflection transducers.

Repeat steps 24 through 37 three times,

Increase hydraulic pressure on Load Limes 1 & 2 until 100,000 pound
tension Load is maintained (theoretical pressure is 5000 PSI with
L&N readings of 10.0).

CDR record 100,000 pound loading data (Mag. tape and manual),

Increase hydraulic pressure on Load Lines 3 & 4 until 50.0 pound

tension load is maintained (theoretical pressure is S0 PSI with

L&N readings of 0.1).

CDR record 100,000 pound vertical tension load with 50.0 pound lateral

tension loading data (Mag tape and manual).
Verify hydraulic system is ready for continucus loading.
Verify CDR is ready for continuous recording

Start CDR continuous record (Mag tape only).



2.

9

Sequential Operatigns (Load Phase 7} (Cont)

PAGE A 29

Page 27

TR-1318-74

" MCR~74-436

46.

47,
48,
49,
50.
51.
52.
53.
54,
55.

Increase hydraulic pfessure continuously or Load Lines 3 & 4 until
bolster rotation is observed.

Stop hydraulic pressure loading

Stop CDR continuous recording,

Reduce hydraulic pressure on Load Lines 3 & 4 to zero.

Reduce hydraulic pressure on load Lines 1 & 2 to zero.

Manually relocate ride truck assembly to start position.

CDR zero out all deflection transducers.

Repeat steps 39 through 52 three times.

Inspect ride truck assembly for evidence of structural damage.

Phase 7 Loading completed.
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3.0 SP&CIAL CONSIDERATIONS

3.1 Safety = The safety personnel will be notified of the test
start a minimum of 24 ‘hours prior to test start. Immediacely prior
to test start, the test area will be secured to prevent access of
personnel by éccomplishing the following:

8. Inform personnel in structures lab of tesllng,

b. Rope off test area around Cell A,

c. Close door between low bay and equipment storage room.

d. Close door between low bay and high bay.

In the event of a catastrophic failure, the Security Department will
be notified to maintain the area during the following evaluation period.

3.l.i Martin Marietta Corporation supervisors are responsible for the
safety of all personnel, safe working conditions, and the melementatlon of
all applicable safety requirements,

3.1.2  All test team members and observers are responsible for adhearing
to normal safety standards and procedures. They are also responsible for
advising the test engineer of any unsafe acts or conditions observed during
preparation for or conduct of dry testing,

3.2 Facility Power Failure - In the event of a facility power failure,

the applied hydraulic loadlng is locked in must be reduced manually,
An’existing emergency power supply is automatically activated and provides
power to load readout console.

3.3 Test Setup/Specimen Failure - In the event of a suspected failure

during the test, the applied hydraulic lee ding will be reduced to zero
by means of manually operated controls. Photographs of all
failures will be taken and refined,

3.4 Test Personnel Required for Conduct of Test

1. Structures Laboratory

Test supervisor

Test engineer

L & N console

Servo control system

Hydraulic pumps 1 and 2

AZ
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3.4 (Continued)
2, Dynamics - Integrution of Speclmen bebiivior and test
requirement ‘decislons.

3. Central Data Recording - Monitor IDS console and take
data,

4. Safety (By notification)

3.5 General

1. Applied hydraulic loadiﬁg may be reduced at any time
during performance of the test at the discretion of the
test engineer. All recycles of the test load shall be
entered in the test log.

2. The sequence of testing shall be up to the discretion of

the test engineer,

o
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4.0 APPENDIX - TEST LOG

4.1 Test Log Sheets
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