@ SOUTHWEST RESEARCH INSTITUTE®

6220 CULEBRA ROAD = POST OFFICE DRAWER 28510 » SAN ANTONIO, TEXAS, USA 78228-0510

MULTIPHASE FLOW SECTION (210) 684-5111 o hitp://www.swri.org
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July 31, 2003

Mr. John Calvert

Mailcode VB-A4

NASA Kennedy Space Center
Kennedy Space Center, Florida 32815

Subject: Quick Look Test Report, SDRL 010
STEREO Tank Spin Tests
SwRI Project 18.06404, Contract NAS1003002

Dear John:

This letter constitutes the Quick Look Test Report, which is the project deliverable SDRL 010,
and serves as a cover for the Test Log, SDRL 008.

Test Synopsis

The STEREO spin tests were split into two phases in accordance with the test plan. The sweep
tests were conducted between June 23, 2003 and July 7, 2003. The steady sine dwell tests were
conducted between July 14, 2003 and July 25, 2003.

Test Data

The sweep test data are summarized in the graphs in Attachment A. All of these tests were
conducted at a spin rate of 114 rpm over a simulated nutation frequency range of 5.7 rpm to
102.6 rpm. The raw data were processed in a Mathcad® program in which a tracking filter was
used to highlight the amplitude of the oscillating forces and torques at select frequencies. The
results of the filtering process are presented here in the form of graphs produced in a Mathcad®
worksheet. There are five graphs for each of the seven tank fill levels tested. The fill level for
each set of graphs is indicated in the top right corner of each page in Attachment A. For example
“FL=71" corresponds to the 71.2% fill level.

A sample of the steady sine dwell test results is found in Attachment B. These graphs show the
load amplitudes computed from the raw data for both the rigid deadweight and the tank test
article for only the 114 rpm spin rate. The results for the 106 rpm and 123 rpm spin rates are
similar and are not shown for the sake of brevity.

Both the sweep and the steady sine dwell test results follow the expected trend with respect to the
simulated nutation frequency (e.g., upper drive shaft speed). There is possibly a low amplitude
resonance at fill levels greater than 61% at a frequency equivalent to 75% of the spin rate.
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Closure

The features of the data that are presented here will be more fully investigated as the data
processing continues and the slosh model parameters are deduced. The data processing methods
developed earlier for the CONTOUR Spin Tests, including the resonating oscillator, can be
applied to these data.

As always, you can contact me at 210-522-3519 or sgreen@swri.org, to discuss any questions
you have with this report. The many technical questions that exist at this time will be the focus
of the continuing data processing efforts here and will certainly be the topic of conversations
between SwWRI and NASA-KSC.

Sincerely,

< 4

\.\._ :) (_ - ":}C\/\—\

Steve Green

Mechanical and Fluids Engineering

APPROVED:

J. Christopher Buckingham
Manager, Multiphase Flow

STG:tw
Enclosure

cc: J. Sudermann, NASA-KSC
D. Deffenbaugh, SwRI
R. Bass, SWRI
F. Dodge, SWRI
D. Walter, SWRI
R. Burkey, SWRI
S. Domine, SWRI



Attachment A
STEREO Sweep Test Data
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Attachment B
STEREO Steady Sine Dwell Test Data



Tank Test Results
Speed = 114 rpm, FL=71.2%
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Deadweight Test Results

Speed = 114 rpm, FL=68.7%
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Deadweight Test Results
Speed = 114 rpm, FL=66.2%
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Deadweight Test Results
Speed = 114 rpm, FL=63.1%
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Deadweight Test Results
Speed =114 rpm, FL=61.1%

80.0 ! ;
i ;
|
70.0 ‘ ,
! |
| |
60.0 1
=
a
£ 500+ ‘
@ | I
=1 H
g | :
o | :
': 40.0 -
° |
§ i
o 30.0 i
=
(-]
[T
20.0 -
!
!
10.0 -
.-_'-_"—-——-._ 4'-'__?__._———9_‘_._——“
0.0 - - :
60.0 65.0 70.0 75.0 80.0 85.0 90.0 95.0 100.0 105.0 110.0
Upper Motor Spead rpm
Tank Test Results
Speed = 114 rpm, FL=61.1%
100.0 i 7 -
s ; |
i i [
90.0 ! ’ | . -8—Fr
—o—Ft
S - 1 —A—Fz
80.0 B i —a-Mr
6\"“:\_ ; | —o— Mt
8| | i
g " NN |
T | & TSmO |
£ w0 ! .
g. i \‘\ ‘_\
=3 . b o
o
; i {‘ \\\ i =8 b
£ 400 ‘ T S
8 | e
S i | : _
30.0 ’ i
20.0 ; ‘ -
| : 1
| |
10.0 : . . . - - e "
: | | !
0.0+ - : . m : i
60.0 65.0 70.0 75.0 80.0 85.0 90.0 95.0 100.0 105.0 110.0
Upper Motor Speed (rpm)
Mr. John Calvert B-5 July 31, 2003

NASA Kennedy Space Center SwRI Project No. 18.06404



Force (Ibf) or Torque {in*lbf)

Force (Ibf) or Torque (in*lbf)

Mr. John Calvert
NASA Kennedy Space Center

Deadweight Test Results
Speed = 114 rpm, FL=58.6%
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Deadweight Test Results
Speed = 114 rpm, FL=56.1%
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SSTR Integrity Inspection

The SSTR is an assembly of many structural elements that is subjected to large oscillating loads
during its operation. Periodic inspection and maintenance of the SSTR is required to maintain in
a safe operating condition.

Objective
The objective of this inspection procedure is identify any structural integrity anomalies and

electrical wiring problems in the SSTR. The maintenance of the moving components (e.g., belt
tension, lubrication, slip ring condition), safety device verifications (e.g., emergency stop
switches, overspeed switches), and sensor calibrations are covered by separate procedures.

Inspection Freguency

This inspection shall be conducted no more than one month prior to conducting test activities in
the SSTR and no less frequent than once per year. Passing all criteria of this inspection is
required before the SSTR can be operated for test activities.

Inspection Record Archiving

The record generated by this inspection process shall be maintained by the SSTR SwRI Project
Manager and delivered to the SSTR KSC Project Engineer. The record shall be reviewed at the
next SSTR Test Readiness Review immediately after the inspection date..

inspection Criteria

This procedure includes the visual inspection of the SSTR structural elements in the areas of
surface conditions, weld integrity, and fastener integrity. This procedure also includes the visual
inspection of the SSTR wiring and wiring connections. The following guidelines shall be used by
the inspector for this procedure.

Surface Condition
Visually inspect for general condition of the metal surface or paint condition. Light,
localized oxidation of structural components is acceptable. Heavy corrosion that could
reduce the strength of the component or other wise impair its operation will require that
component to be repaired or replaced prior to SSTR test operations. Especially note the
following:

¢ Presence of corrosion.

e Level of corrosion (Is the corrosion localized or overall?; light or heavy?, Color?).

« Paint integrity.

s Cracks at fastener holes and other interfaces between components.

Welds
Visually inspect the overall condition of all welds. The SSTR shall not be permitted to
operate if any weld has evidence of cracking that is detected by the unaided eye. The
inspection shall include the condition of the weld material and the base material
immediately surrounding the weld in the following areas:

» Weld termination points (if any).

o Weld throat.

* Weld toe.

Fasteners
Visually inspect the overall condition of all fasteners. The SSTR will not be permitted to
operate if any fastener is compromised in accordance with the conditions listed here

» Heavy corrosion on visible surfaces of the screw and nut.

« Distorted fastener head or nut or bent fasteners.

» Heavy corrosion on washers and other load distribution devices.

1of7
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» Shims must be intact and firmly in place where used.
¢ Torque stripes on Dynamometer fasteners must be in place.

Wiring
Visually inspect the overall condition of all wiring connections, cabling, and junction
boxes. Especially note the following.

+ Condition of the insulation, wire nuts, and ground connections inside the motor
junction boxes.

¢ Condition of the contactor thickness, wire terminations and strain reliefs in the
high voltage slip ring on the Lower Drive Shaft.

e Presence of rub strips in feed-throughs and the condition of wires passing
through feed-throughs.

« Condition load cell amplifier connectors and cabling to the Dynamometer.

« Condition of wiring entering the instrument slip ring housings and encoder
housings.

« Condition of wiring in the motor controliers and motor power disconnect boxes
and the condition of all cabling and conduit between the motor controliers and the
motors. Also note the condition of the cabling between the overspeed swithch
and the overspeed switch controller.

Problem Dispensation

Problems of unsafe conditions identified by this inspection shall be resolved or corrected prior to
conducting SSTR test activities. The level of problem review and the resolution process for each
inspection areas are described here.

Surface Condition

Light and localized corrosion is acceptable. Heavy and general corrosion shall be
repaired or mitigated before SSTR testing is allowed. Engineering judgment of the level
of corrosion is acceptable. The resolution of a heavy corrosion condition shall be
reviewed by the SSTR SwRI Project Manager and the SSTR KSC Project Engineer prior
to acting on the resolution method. '

Welds

SSTR test operations will not be permitted if a crack is visually detected in any weld. The
resolution of a weld crack shall be reviewed by the SSTR SwRI Project Manager and the
SSTR KSC Project Engineer prior to acting on the resolution method.

Fasteners

SSTR test operations will not be permitted if a fastener is heavily corroded or deformed.
Light surface corrosion is permitted but heavy corrosion is not permitted. |f any fastener
or washer does not meet the respective inspection criteria, it shall be replaced as soon as
possible with a new part of the appropriate type and strength rating. The replacement of
the affected device shall be noted in the inspection record and reviewed with the SSTR
SwRI Project Manager.

Wiring

SSTR test operations will not be permitted if there are any exposed wires, missing wire
nuts, or frayed insulation in the motor junction boxes, high voltage slip ring, or the motor
controller housings. All feed throughs must provide for protection against rubbing for the
contained wires. Exposed wiring is permitted at the data acquisition terminal block on the
Spin Table. The cabling and conduits for all wiring between the motors ands the motor
controllers must be sound and free of kinks or abrasions.
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- SSTR Operating Log
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