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Objective KSC-TA-11539 @/

As the result of the STS-127 and STS-133 Hydrogen Vent Arm Leak, a
team was developed with a specific purpose to assess the physical
kinematic and dynamic interactions between: the Quick Disconnect
(QD) “sealing surface” probe of the QD Body, the Ground Umbilical

Carrier Plate (GUCP) and the External Tank seal during the installation
process (OMI T-1147).
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KSC-TA-11539 @’

« How does the build-up of centerline misalignments (concentricity) of the
QD probe and Carrier Plate relative to the ETCA effect the sealing
interface?

Scope of effort:

* Does the sealing surface engage uniformly?
« What is the contact sealing surface area?

 What pressure is exerted between the QD probe and ETCA sealing
surface?

« Does the interface self-align?
« How much concentricity offset will the system tolerate?

« What is the QD Probe, QD Body and Carrier Plate displacements and travel
paths during a typical installation?

 What are the effect of the QD Guide Pins during the installation process?

* Does the Bellows probe act as a self aligning ‘spring’ or more like a ‘solid
pipe’? If so, is there a transition point?
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GH2 Vent Interface KSC-TA-11539
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GH2 Vent Interface KSC-TA-11539
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Approach: Photogrammetry KSC-TA-11539 @
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Approach: Photogrammetry KSC-TA-11539 @’

During the installation process:

« Advanced photogrammetry was identified as a way to track the
motion of the QD and Carrier Plate relative to the ET seal

« The Carrier Plate was installed in different positions (quantified
with concentricity tool) and with different washer restraint of the
carrier plate feet

« The QD probe centerline offset was quantified by the USA Optics
Lab utilizing a Coordinate Measurement Machine (CMM)

« The ET test fixture position was determined using the CMM and
Photogrammetry to establish the overall coordinate system

« Existing CAD models were positioned using the photogrammetry
displacement data, CMM and concentricity tool to map the
positions and displacements of this process

« Each component was developed into a CAD model, marked with
visual targets, and given its own datum (x, y, z). The components
were then placed in an overall coordinate system and tracked
during the installation process
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Approach: Photogrammetry KSC-TA-11539

Columbia Accident Investigation
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Approach: Photogrammetry

Camera Package

rlign|spesd video caff
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Approach: Photogrammetry KSC-TA-11539

*The hidden ETCA seal and QD probe were imaged utilizing a custom
fabricated device called the “spider”

Probe

Seal
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Approach: Photogrammetry KSC-TA-11539

« Advanced
photogrammetry tracked
the ‘Dots’ and ‘Calibrated
Targets’ on the fixed
ETCA tank test stand, the
Carrier Plate and the QD
body to determine their
change in displacement
and rotation during the
installation process
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Approach: Optics Measurement of Offsets ksc-ta-11539

Test 14 GUCP offset, best fit, QD 180° clocking, feet restrained with

washers

QD =0.034 @ 9:07
(13.949

Before

GUCP = .024 @ 9:00 (0°)

Max Offset
12 t0 6 0.002
11t05 0.014
10 to 4 0.023
0 to 3 0.024
B to 2 0.018
7to 1 0.010

Resultant GUCP and QD combined = 0.010
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Approach: Test Configurations

KSC-TA-11539

Test 9 - “Best Fit”
Offset 0.012 @ 9:00
GUCP Unrestrained

Test 11 - “Worst Fit”
Offset 0.083” @ 9:00
GUCP Restrained

Test 13 - “Worst Fit”
Offset 0.087” @ 9:00
GUCP Restrained

12

4 Guide Pins
Removed
@ 0.45”

Test 10 - “Worst Fit”
Offset 0.078” @ 9:00

Test 12 - “Worst Fit”
Offset 0.080” @ 9:00
GUCP Restrained

12

Test 14 - “Best Fit”
Offset 0.010” @ 8:00
GUCP Restrained

12
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Approach: Photogrammetry Data KSC-TA-11539

Test 14 GUCP offset, best fit, QD 180° clocking, feet restrained with
washers

1 11/16“- Before Contact
2 5/8” — Initial Contact
3 9/16”
4 1/2”
5 15/32” o
6 13/32” st | 2] [iem ] Siinecins [Popotaese 0 Guidepins
7 3/8” 0.5 |
8 5/16” 043 —e—Spider z — .
9 % with Guide Pins 04 —#—Blanking Plate Z e
10 Ys” without Guide Pins = D[fz | ,./
11 Full Engage, Poppet retracted = 035 / ~w
12 Full Engage, Poppet released E 0.2 /
13 %s” Retract, without Guide Pins E 0.15 /‘ v =
14 Ys” Retract, with Guide Pins % 0.1 /./é'/_"_—‘ * * : . —
A 505 Bellows Compression Max =0.35
o Bt .
] 2 4 6 & 10 12 14 16
State
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Approach: Photogrammetry Data KSC-TA-11539

Test 14 GUCP offset,
best fit, QD 180° B ] o [
clocking, feet restrained SergPie
with washers 015 T oemnaTies F—
R et |
1 11/16*“- Before Contact g
2 5/8” — Initial Contact L
3 9/16” 3
4 1/2”
5 15/32”
6 13/32” 1
7 3/8” e
S R R o B oy g [
9 %" with Guide Pins 08— — |
- J2 el beus Pl 0s - Vol
11 Full Engage, Poppet retracted i N :::;k::::
12 Full Engage, Poppet released g y : ‘
13 s Retract, without Guide Pins E" \\
14 Y Retract, with Guide Pins 0.2 i \\4 r_/\/ |
N . e . e~
e A = sws e, S0
0 2 = & 8 10 172 14 18
State
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Approach: Photogrammetry Data

KSC-TA-11539

Engineering Services Contract

TES'[ 14 G UCP OffS et, ‘r,ifst 2 332 U4no [ Full Engage. ||1/4 Retract,
. 0 Contact - Guidepins || Poppit no
best fit, QD 180 0.006 | ‘ release || Guidepins
1 1 0.005 +— i
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. 0.004 || emmpgmm Carrier Plate y /‘: =
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E0.00Z ()‘ o w— v
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5/8
” i 1/4 no Full Engage. | |1/4 Retract,
¢ R (F:I(r;ttact 12 13/32 Guidepins || Poppit no
7 3/8” 0 release | Guidepins H
8 5/16” -0.02
9 Ys” with Guide Pins -0.04 —
10 2" without Guide Pins B 006 o Carrier Plateyz | |
=)
11 Full Engage, Poppet retracted 2 == Carrier Plate xz
2 -0.08 ]
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Approach: Photogrammetry Test - Spider KSC-TA-11539

; ; Bell ; :
Bellows | Spider X Displacement C?)n?;\:sess Spider Y Displacement
Compress 0.02 ) Full Engage.
0.01 i | Begins Full Engage. Begins Poppit
B . []
INSTALL |Popeit REMOVAL 0 i1 INSTALL release | |REMOVAL
¢ e — i —p' < > D = < >
— — e SN
_-0.01 —0.02 = 1
c £
= -0.02 i +=-0.04
g I ~a—Tost 7 g —Test 7
g .0.03 : -a-Test 8 £ -0.06 . =g-Test 8
g : | ~a-Tost 9 § ~a~Test 9
o.-0.08 - T . -0.08
% : : Test 10 g_ —Test 10
0_005 : 1 ~—Test 11 (=) 0% ——Test 11
. i X |
1 1 —-Test 12 ~o-Test12
-0.06 v ~Test13 |-Overnight | .12 ——Test 13
1 ] Guide pins - -
.0.07 1 1 removed iy TeSt #8 g#i?,géns —Test14
. 0 First 5 10 15 20 25 30 35 2
Contact - 0 5 10 15 20 25 30 35
State (adjusted) State (adjusted)
Bellows Spider Z Displacement
0.3 Compress Full Engage.

»
»

0.25

Lt

Begins — ] POPPIt
 — INSTALL reloase REMOVAL

o
~

=
£ '
® 0.15 ‘-% : | =—e=Test 7
o ‘ -
§ =T -&-Test 8
o 0.1 : : { —=Tost 9
§. 11 ~Test 10
= 1o
O 0.05 (. [ ——Test 11
1 : | : ~o-Test 12
1
L 1 [ ——Test 13
1 | Guide pin t
1 removed ——Test14
0.05 st
0|Contact | 5 10 15 20 25 30 35
State (adjusted)
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Approach: Photogrammetry Test Blanking Plate  ksc.TA-11539

Blanking Plate X Displacement —o=Tast 7 Blanking Plate Y Displacement ——Tost7
0.1 Bellows ETest 8 0.5 T
Compress ' Full Engage. oy Bellows A “-=Rus
: INSTALL | ,[Popet S T Compress 1 Full Engage. ~+Test 9
0.05 < L < ) ——Test 10 0.4 | | INSTALL Poppit —~—Test 10
=y 1 3 | REMOVAL[Test 11 = “— : 7 ““ P ——Test11
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K oo @a 01 !
o : 1 T y Q : / 1
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1 ! ! 1 :
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Bellows z 2
o Compress Blanking Plate Z Displacement e TNt T
- Begins Full Engage. Tk
: INSTALL Poppit '
0.6 ‘L: : _ — Liclease | i Test9
1 ’ \ Test 10
0.5 ' ] / REMOVAL e
— y 1 [ .
T o — Overnight
- i : 1 ) ~o-Test 12 T #8
g ’ 1 ; ; —Test 13 est
1
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1 1
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’ ]
0 L
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Approach: Photogrammetry Test Carrier Plate ksc-TA-11539

Bellows Carrier Plate X Displacement ——— Selows | Carrier Plate Y Displacement —
0.008 |Compress 0.01 hy FUllE
: Beains < - Full Engage. -=-Test 8 ’ Begins U =ngage. =-Test8
— INSTALL oppi —Test9 o608 —— INSTALL TS
0.006 <— . ‘ ; = ; +— ; >
. 1 i e Test 10 | : Test 10
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R r " o -~ Test 9
— — r "
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Approach: Pressure Sensitive Film — Test 14 KSC-TA-11539

FONM

» Pressure Sensitive film (Fuji Pre-scale Film) was taped at different
clocking locations on the probe to record the seal contact location,
area of engagement and pressure exerted.

» The color change of the film was compared with the Fuji standards
using image analysis tools and a rough order of magnitude
contact pressure quantified.

L soEING LOCKHEED “W 21 E&/-_ S @

Engineering Services Contract st Spaca Aleaon:



Approach: Microencapsulation KSC-TA-11539

Wire Flexed and ﬂ
Crack Forms

HELER

Capsules Rupture ﬂ
and Repair Crack

gssEstiinen

d microca
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Approach: Pressure Sensitive Film — Test 14 KSC-TA-11539

Space Shuttle Orbiter
Aged Wire

= Has grounded Orbiter fleet from flying

More than 183 miles of wiring buried deep within

structure of vehicle

= Cracks and frays over time, hard to detect damage

= Extensive maintenance related damage during ground processing work
= Difficult to visually inspect

= |tis estimated that only ~10% of Orbiter wiring accessible

=  Most common method of finding wiring faults — visual inspection

= Even if accessible discrimination of damaged wire very difficult in small spaces

@_Bﬂf]ﬂﬂ LOCKHEED HAW 23 &23 Q
-

Engineering Services Contract Lhahtoct Spuoe AlReom



Approach: Pressure Sensitive Film — Test 14 KSC-TA-11539 @’
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Approach: Pressure Sensitive Film — Test 14 KSC-TA-11539 @/

B e s e e e e e T T T T T
I 1 T i

\ Tape Color Key .’
- — P =P, + Aexp(-an) 1

)
\ Py=-2301 |

* A=13923
a=0.00777 |

1000 |

Pressure [psi]

Test 14 - One Piece Worst
1400 i
1200 ’/// AN '
1000 4—\ / E \ &
800 E Luminosity Value {8-bat), n

V 8 =0=Test 14 - One ESC D .
600 g Piece Worst erived
400 - Luminosity Curve
200
0 T T T T T T
12 11 10 9 8 7 6 5 4 3 2 1
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Approach: One Piece vs. Two Piece Seal KSC-TA-11539

One-Piece Seal Two-Piece Seal
(Previous Design) (Current Design)

e
BELLOWS EE},;‘;"‘
PROBE ET SECTION G‘F.'(;'.IP.J[:- ET SECTION
i SECTION

SECTION

OLD ET SEAL NEW ET SEAL
| JACKET/SPRING!
OLD SEAL RETAINER
NEW SEAL RETAINER

(WAS) ONE-PIECE SEAL (NOW] TWO-PIECE SEAL
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Approach: One Piece vs. Two Piece Seal

Average Overall Pressures

3000

2500

2000

1500 -

1000 -

500 - I I [
0 - - - - . . . . .

Test 22 Test 21 Test 20 Test 19 Test 18 Test 17 Test 16 Test 15 Test 14

-One -0One -One -One -Two -Two -One -One -One
Piece Piece Piece Piece Piece Piece Piece Piece Piece
Thin Medium Worst Worst Best Best Best Best Worst

Spacer Spacer
Best Best

FEA Pressure
1pc-Seal = 2798 psi
2pc-Seal = 1613 psi

B Test 22 - One Piece Thin Spacer Best

B Test 21 - One Piece Medium Spacer Best
m Test 20 - One Piece Worst

B Test 19 - One Piece Worst

B Test 18 - Two Piece Best

mTest 17 - Two Piece Best

ETest 16 - One Piece Best

mTest 15 - One Piece Best

ETest 14 - One Piece Worst
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Approach: CAD Simulation and Analysis KSC-TA-11539

Probe _Displaceaent
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Approach: CAD Simulation and Analysis KSC-TA-11539

With f”Ct'on, F Seal Tangential =fF Seal Normal and F QD =F y-Seal Normal +F y-Seal Tangential

F Seal Normal
F Seal Normal I |

F Seal Tangential F Seal Tangential

28.50 ,

61.50 / A

28.50

Fop= 359 Ibs
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Comparison: 1pc-Seal vs. 2pc-Seal

Probe starting position identical
2pc-Seal Initial gap due to material
reduction in design

Inc: 106 | 1pc- 2pc- Delt -
Seal Seal |
Force (Ib) 46%

Displace 1.06 1.06 0%
ment (in)

Contact 0.013 0.015 -
Area (in) 0 9 18%

Pressure 2798 1613 73%
(psi)

Maximu 1pc- 2pc-

m

Capabilit

y

Force (Ib) 9922 4345 128
%

Displace 1.98 1.53 29%
ment (in)

Contact 0.323 0.241 34%
Area (in) 3 4
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Comparison: 1pc-Seal vs. 2pc-Seal

Inc: 106 1lpc-Seal | 2pc-Seal

Force (Ib) 46%

Displacement 1.06 1.06 0%
(in)

Contact Area (in)  0.0130 0.0159 -18%

Pressure (psi) 2798 1613 73%

Force (Ib) 539.15 50%

(I?iiplacement 1.12 1.06 0.06 in
in

Contact Area (in)  0.0230 0.0159 44.6%

¢

Pressure (psi) 1717 1613 6.4%




Contact Force & Pressure

Contact Normal Force

/ 123 409
oy 2.51
)

Contact Normal Force {Ib)
- "
| 21
o =3
§ \
o
L
i
>

Contact Arc Langth {in}

Contact Normal Stress

Contact Normal Stres (i)

0015

Contact Arc Length (in)

w=e=1pc-Seal (1 06)

== 2pc-Seal (1.06)

ipc-Senl 3127

g 1nc-Seal (1 06)

i 2pc-Seal (108)

2pcSeal(1127)
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Conclusions: KSC-TA-11539 @’

1. The QD Probe centers itself on the seal early in the installation process (within first 1/16”
of bellows compression), leading to the conclusion that the QD Probe secures itself
relative to the seal shortly after bellows compression begins, small displacements
between the two occur to self-center until mating is complete.

2. After the first 1/16” of bellows compression, the Carrier Plate is displaced from its
installed position, as a reaction to the QD bellows spring forces, away from vehicle
(0.008”) in one direction and towards the centerline of the ETCA (0.008”) in the other two
directions (direction of “goodness”).

3. After the first 1/16” of bellows compression, the QD body and Carrier Plate assembly
react together to try and center themselves in line with the ETCA seal.

9. The two-piece seal was not permanently deformed after the installation process and did
not relax during a 14 hour period post-installation.

10. The QD guide pins, when removed at 74” before fully mated, help with overall system
alignment.

11. Once the QD guide pins are removed, the QD/Carrier plate center themselves towards
the “direction of goodness”.

12. Test results substantiate a probe/seal contact sealing area band width of between
0.015 -0.040".
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Conclusions: KSC-TA-11539

13. Test results substantiate a probe/seal contact rub area, created while the probe is self-
centering, of greater than 0.200”.

14. The ambient leak test could not reproduce the leaking condition that was present during
STS-127 and STS-133 while the system is subjected to cryogenic temperatures.

Probe to seal requirement added to SSP OMRSD for alignment to be < 0.050”
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Summary KSC-TA-11539

1. The team evaluated the hardware and installation process for connection of the
Carrier Plate and Quick Disconnect (QD) ground side assembly to the External Tank

Carrier Assembly (ETCA) flight side connection. Some key contributing factors that
were determined :

« The centerline alignment between the ground side and flight side is a key factor
in this interface connection.

« This amount of misalignment is a result of the actual hardware configuration
and the amount of parallelism of the two sides during the installation process.

 The QD probe self centers in the seal early in the installation process, if the
misalignment is significant between the ground and flight, the probe and seal
pressure will not be uniform.

2. These factors can be corrected by dimension characterization of the hardware,
positioning them to result in a “best fit” and optimizing the operations of the
installation process to ensure parallelism during mate.

(L BOEING LockueED m a# 35 E&v; L'S_A

Engineering Services Contract Unitsd Space Aliisnce




Recommendations KSC-TA-11539

1. The Carrier Plate and QD should be chosen as a “matched pair” that are within
0.020” depending on their respective concentricity measurements relative to the
ETCA Seal.

2. ‘Clocking’ of the QD should be done as needed (in 90 degree increments) relative
to the ETCA Seal to optimize centerline alignment and result in a “best fit
orientation”.

3. Carrier Plate feet should be able to float until QD insertion is complete to allow the
components to self-center.

4. The QD installation process (OMI T-1147) should measure for parallelism every
1/16” at all 4 installation bolt locations.

5. Final Torque Values should be specified for the bolts that connect the QD to the
carrier plate (1/6 turn too subjective).

6. This information should be entered into the NASA Lessons Learned database and
be communicated to those performing future vehicle design.

7. Photogrammetry should be pursued as an investigative/analysis tool to help meet
current/future KSC needs. Photogrammetry would add several advanced
technology techniques to our testing capabilities. A few of its demonstrated uses so
far have been to determine test article dynamic changes in position, shape, size,
displacement, angles, and stress/strains.
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Recommendations KSC-TA-11539

7. Aninstallation GSE bolt with a retainer clip should be considered. This fastener
would help maintain parallelism during the installation process by capturing the
QD flange on the inside face until QD guide pin removal.
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Approach: CAD Simulation and Analysis KSC-TA-11539

« Addition of Loads to QD in its installed position to
determine the effects of the vent arm umbilical on the seal —
probe position and engagement

1090 Ibs «— ®

4001bs

1095 Ibs ea ///

A

178 Ibs ea 256 |bs

@_ﬂﬂf]ﬂﬂ LOCKHEED HAW 38 &_ = l’S—A
-

Enginvering Services Contract Lhahtoct Spuoe AlReom




Approach: CAD Simulation and Analysis KSC-TA-11539 @/

« Addition of cryogenic conditions

v

[

| i 'l
EIF A h
LN ”'g‘
7.
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Approach: CAD Simulation and Analysis KSC-TA-11539

2219 Aluminum Alloy 6061 Aluminum Alloy
a - Between 70 °F and indicated
temperature
o - Between 70 F and indicated temperature K - At indicated temperature
K - Atindicated temperature C - At indicated temperature
C - At indicated temperature
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Thermal Coefficient of Expansion at -130°F is in transition region!
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Backup KSC-TA-11539

* Photogrammetry Animation
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Test 14 —11/16 Prior to'Contact KSC-TA-11539
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Test 14 - 5/8
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KSC-TA-11539

First Contact




Test 14 — 9/16 | Bellows Compression

KSC-TA-11539 4
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Test 14 -1/2

KSC-TA-11539

45



KSC-TA-11539

Test 14 — 15/32
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Test 14 - 13/32

KSC-TA-11539
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KSC-TA-11539

Test 14 — 3/8
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Test 14 - 5/16

KSC-TA-11539 49
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KSC-TA-11539

Test 14 — 1/4 Guide Pins Installed
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KSC-TA-11539

Test 14 — 1/4 Guide Pins Removed
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Test 14 — Fully Engaged, Poppet Retracted

KSC-TA-11539
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Test 14 — Full Engage, Poppet Released

KSC-TA-11539
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KSC-TA-11539

Test 14 — 1/4 Retract, No Guide Pins
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Test 14 — 1/4 Retract, Guide Pins

KSC-TA-11539




