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A. ACCIDENT

Location: Clear, Alaska
Date: June 26, 2022
Time: 1938 Alaska daylight time

0338 coordinated universal time (UTC) June 27, 2024
Helicopter: Bell UH-1B, N9970F

B. COMPUTED TOMOGRAPHY SPECIALIST

Specialist John Flynn
National Transportation Safety Board
Washington, DC

C. DETAILS OF THE INVESTIGATION

1.0 General

The collective actuator with attached irreversible valve assembly, the right lateral
actuator with attached irreversible valve assembly, the left lateral actuator, and the
irreversible valve assembly of the left lateral actuator from the accident helicopter were
subjected to x-ray radiograph and computed tomography (CT) scanning to document
their internal condition. The scanning was conducted from June 8 to June 23, 2023, in
Chicago, lllinois by Varex Imaging, Inc under the direction of the NTSB using the Actis
225/500 microfocus CT system (225 kV) and the HPX-450-11 system with 4343N detector
(450 kV). The Actis 225/500 microfocus CT system was used to scan the whole actuator
while the HPX-450-11 system was used to scan the irreversible valve and a portion of the
actuator cylinder as indicted in Table 1. The irreversible valve assembly of the left lateral
actuator was scanned on December 5 and 6, 2023.

For the CT scans, the component was loaded into the imaging unit and placed on a
turntable. The component was then rotated in front of the x-ray source, and the x-rays
were captured by a detector after they went through the part. The x-ray source produced
a cone shaped beam of x-rays, and the portion of the part imaged was adjusted slightly
after each scan was completed until the entire assembly (or region of interest of the part)
was scanned. The x-ray energy levels measured by the detector were recorded at several
thousand different points during each rotation, and this information was converted into
slice images using reconstruction algorithms.

The components were scanned using a total of 15,302 slices, and the total size of
the combined data sets was approximately 59.59 GB. The complete scan protocols are
given in Table 1. The digital radiograph and CT axial slice images were provided by
Varex to the NTSB where they were examined, processed, and analyzed to evaluate the
components.
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Table 1. Scan Protocol

CT System 225 kV 450 kV 225 kV 450 kV 225 kV 450 kV
Component/Area Collective | Collective Right Right Lateral | Left Lateral Left
(whole part) | (valve and Lateral (valve and (actuator Lateral
ball joint) | (whole part) ball joint) portion) (valve)
Number of Slices 3066 1920 3987 1920 3009 1400
Voxel! Size - X
Direction 0.146 0.15 0.146 0.15 0.146 0.125
(millimeter(mm))
voxel Size - Y 0.146 0.15 0.146 0.15 0.146 0.125
Direction (mm)
Voxel Size - 2 0.14 0.15 0.14 0.15 0.14 0.125
Direction (mm)
Image Projections per | 44, 5760 1800 5760 1800 3600
Revolution
Exposure Time 285.6 285.6 285.6 285.6 285.6 285.6
(milliseconds)
Frames to Avg
(frames per 2 1 2 1 2 1
projection)
X-ray Source Voltage 222 450 222 450 222 450
(kilovolts)
X-ray Source Current |, 575 14 0.575 1.4 0.575 0.89
(mA)
Source Filter
Thickness (mm) 1 5.5 1 5.5 1 4.5
Source Filter Material brass brass brass brass brass copper
Image Matrix Size 1536 x 1024 x 1536 x 1024 x 1024 1536 x 1400 x
(pixels) 1536 1024 1536 1536 1400

The data sets of slice images were examined, processed, and analyzed by the
NTSB using the VGStudioMax software package to convert the axial slice data into
orthogonal slice images and a three-dimensional reconstructed image of the
component. As part of the evaluation, some sections of the components were
digitally removed or rendered transparent to allow closer observation of interior
parts. In all the images, the higher density areas were shown as brighter shades of
gray and lower density areas were shown as darker shades of gray. Each 2-D
quadrant within the images shows a scale at the bottom of that quadrant - note that
the scales in each quadrant may be different. The pointers shown in some of the
images denote specific areas of interest within that image. The numbers associated
with the pointer are the gray value at the pointer location and the three positional
coordinates of the pointer.

Some of the actuators internal components were “virtually unrolled” using the
CT image visualization software. This process required the identification of a path for

' A voxel is a three-dimensional picture element (pixel).
COMPUTED TOMOGRAPHY
SPECIALIST'S FACTUAL REPORT

ANC22FA047
PG4 OF 162




the software to use when unrolling the data set, and it resulted in a cylindrical
structure being “unrolled” to show a round surface as a flat planar image.

The images of the actuators were examined for any signs of missing or
damaged parts, contamination, or any other anomalies. Specific results (including
example images) are presented in subsequent sections of this report.

2.0 Description of Actuators

The collective actuator, the right lateral actuator and the left lateral actuator are
similar to each other. The main difference is that some components/parts were not
included on the accident actuators when they were CT scanned. The collective
actuator (see Figure 1) and the right lateral actuator (see Figure 2) included the
hydraulic cylinder assembly (see Figure 5) and the irreversible hydraulic pressurized
valve assembly (see Figure 6). The left lateral actuator consisted of two pieces, a
portion of the hydraulic cylinder assembly (see Figure 3) and the irreversible valve
(see Figure 4). The irreversible valve had separated from the actuator during the
accident and was recovered after the initial CT scans were completed.

Figure 1. Collective actuator.
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Figure 2. Right lateral actuator.

Figure 3. Left lateral actuator cylinder assembly.
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Figure 4. Left lateral actuator irreversible valve.
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Figure 5. Flight control servo hydraulic cylinder assembly. (Courtesy of Woodward)
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Figure 6. Irreversible hydraulic pressurized valve assembly. (Courtesy of HR Textron)
3.0 Computed Tomography Results

3.1 Collective Actuator

The CT results for the collective actuator with attached irreversible valve
assembly are shown in Figures 7 through 53. Review of the images indicated that,
when the scans were conducted, the following indications were noted:

1. There were indications of a bulging cap for the sequence valve of the

collective actuator irreversible valve assembly. (Figure 13)

2. There were indications of gaps and distortions in the seals in the collective
actuator cylinder assembly and the irreversible valve assembly. (Figures 21,
22,23,24,45,46,49, and 50)

3. There were indications of medium density particles and/or material inside
the piston rod of the collective actuator cylinder assembly and irreversible
valve assembly. (Figures 25 and 53)

4. There were indications of cracks in the irreversible valve housing near the

accumulator spring end. (Figures 26 and 27)
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5. There were indications of low density particles and/or material in the
hydraulic passage 1 inlet of the collective actuator cylinder assembly.
(Figure 36)

6. There were indications of high density particles and/or material in the
threads of the piston rod of the collective actuator cylinder assembly.
(Figure 40)

7. There were indications of medium density material between the cylinder
and ball joint retainer of the collective actuator. (Figure 43)

coordinate system op 1 S oordinate system / Right 1
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igure 7. Collective actuator - overview. (225 kV)
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Volume 1= Polyline 2 alignment system

-82.02 mm + 0.50 mm
alve nameplate: 12584 at (¢

alve nameplate: 12584 at (8.28 /-9.72 / -82.02 mm)

1 |15 mm
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\

9 10 mm 148% 9
Figure 8. Collective actuator - irreversible valve - nameplate. (450 kV)
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Volume 1= Polyline 2 aliGienp Top 1 Volume 1= Polyline 2 alignment system Right 1

-0.95 mm +0.50 mm - 5.10 mm \Valve pressure port: 1996 at (5.10 / -36.89 / -0.95 mm)

\alve “PRESS" nomenclature: 6826 at (5.10 /-36.89 / -18.92 mm)

Ly J15mm

Volume 1 = Polyline 2 alignment sy Front1 Volume 1= Polyline 2 alignment system
-36.89 mm
96 at (5.10 /-36.89 / -0.95 mm)

alve "PRESS" nomencla 6826 at (5.10 / -36.89 / -18.92 mm)|

E | 10mm 3 :
Figure 9. Collective actuator - irreversible valve - pressure port and nomenclature. (450 kV)
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Volume 1= Polyline 2 aligiens Top 1 Volume 1= Polyline 2 alignment system

90 mm + 0.50 mm 6.53 mm Valve return port: 2802 at (6.53 / -36.69 / -34.90 mm)

Valve "RETURN" nomenclature: 8468 at (6.53 / 36.69 / 54.58 mm)|
7w L Ly, 15mm 105%

Front1 Volume 1= Polyline 2 alignme

Valve "RETURN" nomenclature: 8468 at (6.53 / -36.69 / -54.58 mm))

! L 10 mm s
Figure 10. Collective actuator - irreversible valve - return port and nomenclature. (450 kV)
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Volume 1= Polyline 1 alignment system Top 1 Volume 1= Polylineralignment system Right 1
-70.10 mm

150 micron filter: 9814 at (-3 6/-17.35/-70.10 mm)
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I 10 148%
Figure 11. Collective actuator - irreversible valve - 150 micron filter. (450 kV)
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igure 12. Collective actuator - irreversible valve - sequence valve. (450 kV)
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Flgure 13. Collective actuator - irreversible valve cap with bulge. (450 kV)
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Besees
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05%
i 105%
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‘ Check valve A: 6060 at (5.88 / 31.22 / -25.48 mm)| 455

t(5.88 /31,22 / 2548 mm)

31.22mm

A —
Figure 14. Collective actuator - irreversible valve - check valve A. (450 kV)

2 A CT image artifact is any discrepancy between the reconstructed values in a CT image and what is
expected based on the material density and the sample geometry. This scan artifact is a ring artifact
and is caused by a mis calibrated or defective detector element, which results in rings centered on the
center of rotation.
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Volume 1= Polyline 2 alignment system Top1 Volume 1= Pol e Right 1
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Check valve B: 6396 at (5.88 / 44.99 / 2558 mm)
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44.99 mm

Check valve B: 6396 at (5.88 / 44.99 / -25.58 mm)

igure 15. Collective actuator - irreversible valve - check valve B. (450 kV)
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Figure 17. Collective actuator - irreversible valve - differential pressure relief valve. (450 kV)
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Volume 1 = Polyline 2 alignment system Righti1

mm £ 0.50 mm

Cylinder pressure port: 12010 at (-9.36 / 31.63 / -43.43 mm)

Cylinder pressure port nomenclature: 11994 at (-9.36 / 31.63 / -60.76 mm)

(i 1 [6imm

Volume 1 = Polyline 2 alignmen4system
31.63 mm

Cylinder pressure port nomenclature: 11994 at (-9.36 / 31.63 / -60.76 mm)

Figure 18. Collective actuator - irreversible valve - cylinder pressure port and nomenclature. (450 kV)
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Volume 1= Polyline 2 alignment system Volume 1 = Polyline 2 alignment system Right 1

-59.22 mm -8.93 mm + 0.50 mm
Cylinder Return P 13682 at (-8.93/ 6!

Cylinder return port nomenclatu

Cylinder return port nomenclature: 15136 at (-8.93 / 65.47 / -59.22 mm)

Fe
[6lmm]

: ™5 R

(Cylinder return port nomenclature: 15136 at (-8.93 / 65.47 / -59.22 mm)

9 5mm 210%
Figure 19. Collective actuator - irreversible valve - cylinder return port and nomenclature. (450 kV)
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Figure 20. Collective actuator - irreversible valve - accumulator. (450 kV)
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Volume 1 = Polyline 1 alignment system Top1 Volume 1= Polyline 1 alignment system Right 1

37.87 mm -27.46 mm
Accumulator seal (spring end): 7602 at (-27.46 / 54.06 / 37.87 mm) Accumulator seal (spring end): 7602 at (-27.46 / 54.06 / 37.87 mm)

(leeno_n (€2 192%
Volume 1= Polyline 1 alignment system Front1 Velume
54.06 mm

mulator sea

Non-planar 1

-22.95 mm)

Figure 21. Collective actuator - irreversible valve - accumulator seal at spring end. (450 kV)
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Non-planar coordinate system Non-planar 1
-6.97 mm

Accumulator seal (spring end): 7602 at (-9.00 / 57.95 / -22.95 mm)

-_ 414%

Figure 22. Collective actuator - irreversible valve - accumulator seal unrolled at spring end. (450 kV)
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Volume 1= Polyline Volume 1 = Polyline 1 alignmentisystem Right 1

-79.92 mm -29.18 mm
18 /46.92/-79.92 mm),

‘ o5 mm 271% [, 25 mm 210%

Volume 1= Polyline ikalignment system Front 1
46.92 mm

ccumulator seal (piston en t (-29.18 / 46.92 / -79.92 mm271%

Non-planaegendinatelsystem]

-1.33mm Accumulator seal (piston end): 9954 at (-10.72 / 50.80 / -140.74 mm)

387%

Figure 23. Collective actuator - irreversible valve - accumulator seal at piston end. (450 kV)
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Non-plenzr coordfinzie system Nen-plemer 1
<138 mom

IAccumulator seal (piston end): 9954 at (-10.72 / 50.80 / -140.74 mm)|

Figure 24. Collective actuator - irreversible valve - accumulator seal unrolled at piston end. (450 kV)
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Volume 1= Polyline 1 alignment system Volume 1:= Polyline 1 alignment§system Right 1
-83.53 mm -32.44 mm

Medium density material in accumulator: 9906 at (-32.44 / 41.77 / -83.53 mm)

Medium density material in accumulator: 9906 at (-32.44 / 41.77 / -83.53 mm)

‘ 5 mm 383% | 6 mm 297%

Volume 1= Rolyline 1 alignmengsystem Front 1 = Polyline 1 alignmentsystem
41.77 mm

6 at (-32.44 / 41.77 / -83.53 mm)
0 |45 mm 383% 2

Figure 25. Collective actuator - irreversible valve - medium density material in accumulator inlet. (450
kV)
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Top 1 Volume 1 = Polyline 2 alignment system Right 1

20.92 mm

Crack 1 indications in housing near accumulator
spring end: 8416 at (20.92/ 96.92 / -76.93 mm)

271% Z i 5 210%

Volume /= PRolyline 2 alignment system Front 1
96.92.mm

Crack 1 indications in housing near accumulator . k .
spring end: 8416 at (20.92 / 96.92 / -76.93 mm) Crack 1 indications in housing near accumulator|
spring end: 8416 at (20.92 / 96.92 / -76.93 mm)

Figure 26. Collective actuator - irreversible valve - crack 1 indications in housing near accumulator
spring end. (450 kV)
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Volume 1= Polyline 2 alignment system Volume 1= Polyline 2 alignment system Right 1

-68.37 mm 22.63mm

ccumulator,

210l ‘ &5mm 210%

Volume 1 = Polyline 2,alignment system Front 1  WVolumeil = Rolyliner2 alignmentsystem
96.92 mm

297%
Figure 27. Collective actuator - irreversible valve - crack 2 indications in housing near accumulator
spring end. (450 kV)

COMPUTED TOMOGRAPHY ANC22FA047
SPECIALIST'S FACTUAL REPORT PG 29 OF 162



Volume 1 = Polyline 3 alignment system Top 1 Volume 1= Polyline 3 alignmentisystem Right 1
3.85mm 44.41 mm
ID plate: 36435 at (44.41 /9.01 / 3.85 mm)

Volume 1 = Polyline 3 alignme Eront 1

9.01 mm

2011%

Non:planaic - Non:planars

Figure 28. Collective actuator - cylinder assembly - ID plate. (225 kV)
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Volume 1= Polyline gnment s Top 1 V@lume 1= Polyline 2 alignment sftem Right 1
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O \’ .
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n 105%

igure 29. Collective actuator - cylinder assembly - pessure port and “PRESS” nomenclature. (50 kV)
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Volume 1= Polyline 2 alignment system Top 1 V@lume 1= Polyline 2 alignment syter Right 1

-44.40 mm 1 U
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10 mm 148%

136% oy
Volume 1 = Polyline 2 alignment system Front1 Volume 1= Polyline 2 alignment system

65.53 mm = o s ,
> ! Cylinder "RET" nomenclature: 5700 at (35.99 / 65.53 / -14.01 mm)

(’_ M
- |
H il i ;
e : e 17 . L Cylinder "RET" nomenclature: 5700 at (35.99 / 65."
Cylinder return port: 2572 at (35.99 / 65.53 / -44.40 mm) { | 4 - - i

15 105%

igure 30. Collective actuator - cylinder assembly return port and “RET” nomenclature. (45 k
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Volume 1= Polylil alignment system Top 1 Volume 1= Polylinef2ialignmentisystem

Spool and sleeve assembly: 26194 at (60.79 / 32.75 / -42.24 mm) bt

Spool and sleeve assembly: 4 at (60.79 / 32.75 / -42.24 mm)

210%

Front1 Volume 1= yline 2 alignment system 3D

Spool and sleeve assembly: 9 b 32.75/-42.24 mm)

Spool and sleeve assembly: 26194 at ( /32.75 / -42.24 mm)

297%

igure 31. Collective actuator - cylinder assembly - spool and sleeve. (450 kV)
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Volume 1 = Polyline 1 alignment systerm) Top 1 Volume 1= Polyline 1 alignment system Right 1

1.23mm y ) -2.25mm  Ipiston rod seal 2: 10786 at (-2.25 / -5.35 / 1.23 mm)

Piston rod seal 1:

210%

Front 1 Volume 1= Polyline 1 alignmept

|Piston rod seal 2: 10786 at (-2.25/-535/1.23 mm):

Piston rod seal 1: 8192 at (-2.25/-5.35/-12.91 mm)|

35 /-12.91 mm)

Non-planar coordinate system Non-planar 1
. n)

Piston rod seal 2: 10786 at (16.21/ -1.46 / -
-2.18 mm o K

Piston rod seal 1: 8192 at [1?’:.?1 /1-1.46/-73.73 mm)| 141%

Figure 32. Collective actuator - cylinder assembly - piston rod seals 1 and 2. (450 kV)
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N@n-planar 1

-
| e——-
- Slpiston rod seal 2: 10786 at (16.21/-1.46 /-59.59 mm)

Piston rod seal 1: 8192 at (16.21 / -1.46 / -73.73 mm)|

Figure 33. Collective actuator - cylinder assembly - piston rod seals 1 and 2 unrolled. (450 kV)
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Volume 1 = Polyline 1 alignment system

g - - =
Passage 2: 373 t(-2.49 / 6.60 / -262.23 mm)

- !
me 1= Polyline 1 alignment system

Top 1

-262.23 mm)

Front 1

Volume 1 = Rolyline 1 alignmentds

me 1= Polyline 1 alignment system

iF’ASSagr: 1: 36077 at (8.24 / 6.60 / -262.23 mm]i

Right 1

/6.60 / -262.23 mm)

382 at (-2.49 / 6.60 / -262.23 mm)

igure 34. Collective actuator - cylinder assembly - hydraulic passages. (225 kV)
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Volume 1= Polyline 1 alignment system Top 1 Volume 1= Polyline 1 alignment'system Right 1

-/.29.mm 4.95 mm l

:Eassage 1 inlet: 6796 at (4.95/-7.70 / -7.29 mm)

2 i

192% 10 mm
- |

Volume 1 = Polyline 4 alignment sy ) Front1 Volume 1= Polyline 1 alignmentsystem
-7.70 mm Passage 1 inlet: 6796 at (4.95/-7.70 / m)

Passage 1 inlet: 6796 at

J 15 mm

igure 35. Collective actuator - cylinder assembly - passage 1 inlet. (450 kV)
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Volume 1= Polyline 1 alignment system Top 1 Volume 1= Polyline 1 alignment syste

-7.87 mm 9.29 mm

Low density material near passage 1 inlet: 8552 at (.29 / -14.89/ -7.87 mm)‘

|Low density material near p 14.89 / -7.87 mm)
5949%)

Front 1 /line 1 alignmentisystems & . . o S @R ) 3D

Low density material near passage 1 inlet: 8552 at (9.29/-14.89/ -7.87 mm)

igure 36. Collective actuator - cylinder assembly - low density material near assage Tinlet. (450 kV)
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Volume 1 = Polyline 1 alignment system

86 mm

Top 1

iPassagc 1 outlet: 39876 at (8.75 / 7.30 / -23.86 mm)

Volume 1 = Polyline 1 al\gnmems.ys[em

/.30 mm

mm

=

Front 1

it (8.75/7.30/-23.86 mm)

Volume 1 = Polyline 1 alignment.system Rights

Q 75

8.75 mm

Volume 1 = Polyline 1 alignment system

[Passage 1 outlet: 39876 at (8.75 / /

B [
Figure 37. Collective actuator - cylinder assembly - passage 1 outlet. (225 kV)
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Volume 1= Polyline 1 alignment system Top 1 Volume 1= Polyline 1 alignment Syste Right 1

-24.45 mm 15.47 mm

=
-

Passage 2 inlet: 11458 at (15.47 / -2.77 / -24.45 mmﬂ

Loy o o |85mm J - I I L £

Volume 1 = Polyline tsalignment system Front 1 Volume 1= Polyline 1 alignmentisystem
-2.77 mm

Passage 2 inlet: 11458 at (15.47 / -2.77 / -24.45 mm)

igure 38. Collective actuator - cylinder assembly - passage 2 inlet. (450 kV)
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Volume 1 = Polyline 1 alignment system Top 1 Volume 1= Polyline 1 alignment system B Right 1

-5.97 mm -2.42 mm

|Passage 2 outlet: 30795 at (-2.42 / 7.30 / -5.97 mm)

Volume 1 = Polyline 1 alignment system olume 1 = Polyline 1 alignment system

/.30 mm
Passage 2 outlet: 30795 at (-2.42 / 7.30 / -5.97 mm)|

i

e 8, >

Figure 39. Collective actuator - cylinder assembly - passage 2 outlet. (225 kV)
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Volume 1= Polyline 1 alignment sy: N Top 1 Volume 1= Polyline 1a entisyste Right 1

2 mm iHigh density material in threads 3: 33002 at (20.19/ -9.85 / 28.82 mm]\
=

Volume 1= Polyl Front 1 Volume 1= Polyline 1 alignment system

14 High density material in threads

‘High density material in threads 1:4360;3 at (23.85/-10.60 / -32.00 mm);

Figure 40. Collective actuator - cylinder assembly - high density material in threads of the piston rod.
(450 kV)
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Volume 1 = PBolyline 1 alignment system Top 1 Volume 1= Polylineifalignmentisystem Righti1

45.44 mm 3 g '

Retaining ring 1: 30118 at (-2.66 / -14.49 / 45.44 m

[Retaining ring 6 / -14.49 / 45.44 mm)
85mm 210%

i

Volume 1= F’myhne‘ alignment system p 3D

-14.49 mm l

Retaining ring 1: 30118 at (-2.66 / -14.49 / 45.44 mm)

Figure 41. Collective actuator - cylinder assembly - retaining ring 1. (450 kV)
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Volume 1 = Polyline 1 alignment system Top.1 Volume 1 = Rolylinef1ialignmentsystem Right 1

-214.26 mm -6.44mm

Volume 1 = Polylinei al\f]nmemsystem

. -
|Spring seal 1: 39540 at (-6.44 / -3.14 / -214.26 mm)
. : ‘

-3.14 mm

|

igure 42. Collective actuator - cylinder assembly - sp;ig seal 1. (4§b kV)

COMPUTED TOMOGRAPHY ANC22FA047
SPECIALIST'S FACTUAL REPORT PG 44 OF 162



Top 1 Volume 1= Polyline 1 alignment system Right 1

Medium density material between cylinder and ball
Joint retainer: 12226 at (-5.41 /-26.44 / 115.76 mm)

Medium density material between cylinder and ball
joint retainer: 12226 at (-5.41 / -26.44 / 115.76 mm)

Ly e L, j15mm (E) : P o ST 105%
Volume 1 = Polyline 1 alignment system Front1 Volume 1= Polyline 1 alignment system
-26.44 mm

Medium density material between cylinder and ball
Medium density material between cylinder and ball joint retainer: 12226 at 1/-26.44/115.76 mm)|
joint retainer: 12226 at ( -5.41 /-26.44 / 115.76 mm)

Figure 43. Collective actuator - cylinder assembly - medium density material between cylinder and
ball joint retainer. (450 kV)
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Volume 1 = Polyline 1 alignment system Volume 1= Polyline 1 aligngient system Right 1

-1 mm 2.95 mm

Piston

1422%

Volume 1 = Polyline 1 alignment i 3D

2.89 mm

40 at (2.95 / 5.89 / -10.56 mm)

w . 1

igure 44. Collective actuator - cylinder assembly - piston head. .(225..kV) .I
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Volume 1 = Polyline 1 alignment system Top 1 Volume 1 = Polyline 1 alignment system Right 1

-1 mm

2.79/14.40/-14.33 mm)

Piston head seal: 32E26at (-12.79 / 14.40 / -14.33 mmi’

40 mm

me 1= Polyline 1 alignmeng 'syzwh_ﬂ\ Front 1 Volume 1= Polyline 1 alignment sy

Piston head seal: 322 2.79/14.40 [ -14.33 mm) Piston head seal: 32226 at (-12

&

1

€

1422%

Non-planar coardinateisystem Non=planar1

4.08 mm

Figure 45. Collective actuator - cylinder assembly - piston head seal. (225 kV)
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coordinate system Non-planar 1

Piston head seal: 32226 at (-15.31 / 8.19 / 133.64

e e

| i i o4 b it b b i b £ e

Figure 46. Collective actuator - cylinder assembly - piston head seal unrolled. (225 kV)
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Volume 1 = Polyline 1 alignment system Top 1 Volume 1= Polyline 1 alignmentsystem Right 1

-1 mm i(‘yHndPr cap seal 1: 7‘_';504 at(-21.09/8.09/-18.09 mm)

Cylinder cap seal 1: 29504 at (-21.09 / 8.09 / -18.09 mm)

Volume 1 = Polyline 1 alignimen e Front1  Volume 1= Polylir
.09 mm

i_\f}nder cap seal 1

Nonzplanagcoording e Non:planargl

Cylinder cap se: 9504 a /1.88/129.88 n_'lm_}i

Figure 47. Collective actuator - cylinder assembly - cylinder cap seal 1. (225 kV)

COMPUTED TOMOGRAPHY ANC22FA047
SPECIALIST'S FACTUAL REPORT PG 49 OF 162



ar coordinate system Non-planar 1

Cylinder cap seal 1: 29504 at (-23.60 / 1.88 / 129.88 mm)

Figure 48. Collective actuator - cylinder assembly - cylinder cap seal 1 unrolled. (225 kV)
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Volume 1 = Polyline 1 alignment system Top 1 Volume 1 = Polyline 1 alignment s Right 1

7.15mm  |Cylinder cap seal 2: 28862 at (-9.74 / 13.53 / 7.15 mm) -9.74 mm 2 at (-9.74 / 13.53 / 7.15 mm)|

2011%

Front1  Volume 1= Polylir alig E 3D

15 mm)

Figure 49. Collective actuator - cylinder assembly - cylinder cap seal 2. (225 kV)
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anar coordinate system Non-planar 1

Figure 50. Collective actuator - cylinder assembly - cylinder cap seal 2 unrolled. (225 kV)
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Volume 1 = Polyline 1 alignment system Top 1 Volume 1= Polyline 1 aligwmentisystem Right 1

2212 mm
at (5.90 /24.79 / 22.12 mm)

Retaining ring 2: 65531 at (5.90 / 24.79 / 22.12 mm)

2169% 3 i 2011%

Front1 Volume 1= Polyline 1 alignment system 3D

531 at (5.90 / 24.79 / 22.12 mm),
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Volume 1 = Polyline 1 alignment system

Epr‘ing seal 2: 44581 at (-7.44/16.91 / 19.87 mml}

2169%

Front 1

7.44/16.91/19.87 mm)

igure 52. Collective actuator —Icylinder assembly - spring seal 2. (225 kV)
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Volume 1 = Polyline 1 alignmen Right 1
-7.44 mm

Spring seal 2: 44581 at (-7.44 / 16.91 / 19.87 mm)\

2011%

Volume 1 = Polyline 1 alignment system 3D

Spring seal 2: 44581 at (-7.44 / 16.91 / 19.87 mm)
k
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Volume 1= Polyline 1 alignment system Top 1

13.24 mm

Medium density material (l\sidgpistOIW rod: 38796 at (0.97 / 5.13 / 13.24 mm)

2169%

Front 1
513 mm

Medium density material i

1 19

kV)

3.2 Right Lateral Actuator

Volume 1= Polyline 1 aligmiment system Right 1
0.97 mm

Medium density material inside piston rod: 38796 at (0.97 / 5.13 / 13.24 mm)

\

Medium density material inside pists : 38796 at (0.97 / 5,13/ 13.24 mm)

igure 53. Collective actuator - cylinder assembly - medium density material inside piston rod. (225

The computed tomography (CT) results for the right lateral actuator are shown
in Figures 54 through 96. Review of the images indicated that, when the scans were
conducted, the following indications were noted:

1. There were indications of low density particles and/or material in the return
port of the right lateral actuator irreversible valve assembly. (Figure 58)

2. There were indications of a bulging/damaged cap for the sequence valve
of the right lateral actuator irreversible valve assembly. (Figures 61 and 62)

3. There were indications of gaps and distortion in the seals in the right lateral
actuator cylinder assembly and the irreversible valve assembly. (Figures 70,

71.)

4. There were indications of safety wire between the cylinder housing and the

ball joint retainer. (Figure 87)
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5. There were indications of medium density particles and/or material inside
the piston rod of the right lateral actuator cylinder assembly. (Figure 96)

coordinate system op 1 S oordinate system

Sce
mm o m I‘

Piston rod /'I

Right 1

Ball Joint

L j40mm 435%

Scene coordinate system Front1  Scene coordinate system
-1.28 mm ! “\ Piston rod ——>
| Cylinder cap ¥

| _
"{ I<\ Cylinder /!

e

H Ball joint

| <4— lrreversible valve assembly

Flgure 54. Right lateral actuator - overview. (225 kV)
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Volume 1= Polyline 1 alignment system
-109.95 mm

. *

_de

La n_|SSmm

Top 1

alve nameplate: 657 (9.52 / 14.07 / -109.95 mm)

R ——

192%

Volume 1= Polyline 1 alignment system Front 1

14.07 mm

304%

6mm

igure 55. Right lateral actuator - irreversible valve - nameplate. (450 kV)
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it o= R@Iyli'me'l aligmmen t'system, Right 1

9.524mim*

alve nameplate: 6570 at (9.52 / 14.07 / -109.95 mm),

L

Volume 1 = Polyline 1 alignment system

alve nameplate: 6570 at (9.52 / 14.07 / -109.95 mm),

15mm 1M7%

N

£ e
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Volume 1= Polyline 1 alignment system Top 1 Volume 1= Polyline Taligiment syst&m . Right 1
-130.174 mm 10.95 mm ‘ m

Valve "PRESS" nomenclature: 921 0at(10.95/-50.16/-130.14 mm)|

Valve pressure port: 2976 at (10.94/-67.29/-130.14 mm)G
T -

. B Ty
E 15
g )

5

TR

* — - Valve "PRESS" nomenclature: 9210 at (10.95 / -50.16 / -130.14 mm)
f\lalve pressure port: 2976 at (10.94/ -67.29/-130.14 mm)|

Ly oy j8Smm 192% y L1 et 117%
Volume 1 = Polyline 1 alignment system
-67.29 mm ) 4
-

0 at (10.95 / -50

Valve pres:

A
N : 152 W k7

Sy L SR o ] 1 Ve

igure 56. Right lateral actuator - irreversible valve - preséure port and nomenclature. (450 kV)
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Volume 1= Polyline 1 alignment system Top 1 Volume 1= Polyline 1.a ment systei} Right 1
-129.54 mm 3 q I.:

e

Mididieg

Valve return port: 2578 at (13.93 / -33.63 /-129.54 mm) T

2 /-129.54 mm)|

Vrz:lummﬁPmyhne 1 alignment system

alve return port: 2578 at (13.93 / -33.63 / -129.54 mm)

152%

Figure 57. Right lateral actuator - irreversible valve - return port and nomenclature. (450 kV)
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NCIVINTEN = Pollline 2 alignment system olumel eliviing 2 aligmgEnitETEie Rightel

0.92 mm)

Low density material in retun port: 6680 at (3.33 / -34.51 / 0.92 mm)

542% |8
Volume 1S3B0lylineldaligiinent system OIS I Vst 1 == Peliling 2 elignment sysiem
-34.55 mng}

Low density material in retun port: 6680 at (3.33 / -34.51 / 0.92 mm)\ 3.33/-34.51 / 0.92 mm)
- 3.33/-34. .

z
g

ol 304% (4

10

igure 58. Right lateral actuator - irreversible valve - low density material in return port. (450 kV)
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idinate system

fnm

O.

150 micron filter: 6864 at (11.93 / -36.76 / -46.42 mm)
Ly (15mm 133%

Front 1

150 micron filter: 6864 at (11.93 / ;3 /-46.42 mm)
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TITEYY

-.ll l;#..";.l

2

e

-
-

!Sequence valve: 17994 at (11.93/-17.29 / -33.38 mm)

‘:SE' uence valve: 17994 ;;t (11.93/ -17_.2‘3 / -33.38?11?)
e 5 e .
-

133% - 166%
Ly |15mm . o l. " " n 166%

Scene coordinate system = Front1 Scene coordinate system D

q)» ww =b

Sequence valve: 17994 at (11.93/-17.29/-33.38 rnm):

L |

igure 60. Right lateral actuator - irreversible valve - sequence valve. (450 kV)
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e coordinate system Top 1 Scene coordinate system
mm 1
Cap with bulge:

lé#.l..;ll

200N

" "e0e®

1339 .
S 33% 10 mm
P Ly . T ‘l I‘
\ ", |

Scene coordinate system Front 1 g ,__ ) X £ e
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Volume 1= Polyline 1 alignment system Top 1 Volume 1= Polyline 1 alignmentisystem Right 1
4

-

Damaged cap: 11676 at (4.76 / -73.39/-91.96 mm)\

Damaged cap: 11676 at (4.76 / -73.39 / -91.96 mm)

I 469%

Front1 Volume 1= Polyline 1 alignment system 3D

0 [)@rnaged /6 at (4.76 / -73.39/-91.96 mm)|
- 7 : ;-
A -
o

LS
A j4mm " 430%

Figure 62. Right lateral actuator - irreversible valv

i’ -
e - damaged cap. (450 kV)
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Scene coordinate'system Scene coordinatefsyste Right 1

2.91 mm

- § »
1
T~
- bl |
|Check valve A: 4440 at (10.96 / -13.63 / 2.91 mm)

- H_._ln ‘:ﬂ.!'ll.l

'Frifl.. .'."",” "
)¢

Scene coordinate system | Front1  Scene coordinate system

mm

Check valve A: 4440 at (1 (5.96 /-13.63/2.91 mm) k
‘ = ‘ Check valve A: 4440 at (10.96 / -13.63 / 2.91 mm)

304%

igure 63. Right lateral actuator - irreversible valve - check valve A. (450 kV)
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’
rdinate system b st = ‘: *® Right 1
84 mm ®

>
S el
.
Check Valve 268 at (10.96 / -13.86 / 16.84 mm)
e~
: .

*®
‘s
)

o®
‘e

°
o®

|check valve B: 5268 at (10.96 /-13.86 / 16.84 mm)

(Y XX EEERLN

u a8 ‘lﬂ..-ll;.l

= -~ ‘-
Scene coordinate system Front1  Scene c uuldeTe

-13 mm

Check valve B: 5268 at (10. % /-13.86 / ‘lb 84 mm)

'E—J'

i
' 38
=

igure 64. Right lateral actuator - irreversible valve - check valve B. (450 kV)
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Scene coordinate system

@ Rightg
1 -

'YYXXEXXEXEXE X R

Thermal relief valve: 11978 at (11.93 / -40.08 / -0.34 mm)

188% : A eeeeeoeS 166%
Scene coordinate system Front 1
-40.08 mm

s mm 304%

igure 65. Right lateral actuator - irreversible valve - thermal relief valve. (450 kV)
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ecoordinate system

Top 1 Scene coordinate system Right 1
W mm
bl et e s S U,

\Differential pressu

XXXKEX]

e 8

TXEXIXERE
900C0000G000

L jesmm 188% 17%

Front 1

38.67 m
i LA Differential pressure relief valve: 31326 at (11.93 / -38.67 / 24.48 mm)

=y

ﬁ-.‘:
-
]

i

Differential pressure relief valve: 31326 at (11.93 / -38.67 / 24.48 mm)

 jEsoy 215%

igure 66. Right lateral actuator - irreversible valve - differential pressure relief valve. (450 kV)
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Volume 1= Polyline 1 alignment syste Top 1 Volume 1 = Polyline 1 alignment system Right 1

-62.40 mm @ 25.4 = MM cylinder pressure port: 11774 at (25.47 / -26.26 / -62.40 mm)|

Cylinder pressure port nomenclature: 14824 a .47 /-11.53 / -62.40 mm)|

|Cy|‘\nder’ pressure port: 11774 at (25.47 / -26.26 / -62.40 mm)

Cylinder pressure pon_nnmenclatu : 14824 at (25.47 / 11,53/
96% iy |5 332%

Volume 1 = Polyline 1 alignment system Front 1 ol 3D
-26.26 mm

S
port nomendatt 824 at (2547 /11,53 / -62.40 mm)

B b, )’
Figure 67. Right lateral actuator - irreversible valve - cylinder pressure port and nomenclature. (450
kV)
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Volume 1= Polyline 1 alignment system Volume 1= Polyline 1 alignment system e g Right 1
-25.29 mm 2 mm + 0.40 mm

Cylinder return port nomenclature (valve): 14594 at (25.28 / -10.94 / -25.29 mm) (Cylinder return port: 13878 at(25.28/-28.04 /-

235%

Volume 1= Polyline 1 alignment system Front 1 Vrz:lume &i@fﬁm@ﬁﬁ

-28.04 mm

£
Cylinder return port: 13878 at (25.28 / -28.04 / -25.29 mm)|

.Cylinder return port: 13878 at 8 /-28.04 / -25.29 mm)

I

igure 68.
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Volume 1= Polyline 1 alignment system Top 1 Volume 1 = Polyline 1 alignment system

10.55 mm

Right 1
-42.54 mm

-.Qr-q-’q 3
2eenenneni W

e

T e L T T T e T e e | e T
Accumulator: 13480 at (10.55 / -4.85 / -42.54 mm) : > B .

L jomm 96%

Volume 1 = Polyline 1 alignment system Front 1
-4.85 mm

Volume 1 = Polyline 1 alignment system

|Accumulator: 13480 at (10.55 / -4.85 / -42.54 mm)|

ccumulator: 13480 at (10.55 / -4.85 / -42.54 mm)

igure 69. Right lateral actuator - irreversible valve - accumulator. (450 kV)
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Volume 1= Polyline 1 alignment system Top 1 Volume 1= Polyline 1 alignment system Right 1

=112
12 mm 1 LAc(umuIat(:r seal (spring er ): 6492 at (10.85/-16.73/-1.12 mm)‘

Accumulator seal (spring end):>6492 at (10.85/-16.73/-1.12 mm)

95mm 1929 ; |25 mm ..
L — - L —

Volume 1= Polyline 1 alignment system

-16.73 mm

L2 mm)\

108%

Non-planar coordinate system Non-planar 1
pe——

9 mm

Figure 70. Right lateral actuator - irreversible valve - accumulator seal at spring end. (450 kV)
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Non-planar coordinate system Non-planar 1
-0.89 mm

‘Accumulator seal (spring end): 6492 at (12.02 / 13.52 /63.47 mm)‘

e
|
N

Figure 71. Right lateral actuator - irreversible valve - accumulator seal unrolled at spring end. (450 kV)
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Volume 1= Polyline 1 alignment system Volume 1 = Polyline 1 alignment system Right 1
mm
‘Accumulator seal (piston end): 6550 at (11.85/-11.49 / -118.23 mm)

Accumulator seal (piston end): 6.’;:50 at (11.85/-11.49/-118.23 mm)

Volume 1= Polyline g v Front 1

-11.43:mm

IAccumulator seal (piston end): 6550 at (11.85/-11.49/-118.23 mm)

108%

Non-planar coordinate system Non-planar 1

3.1/ mm |Accumulator seal (piston end): 6550 at (13.01 / 18.76 / -53.63 mm)

Figure 72. Right lateral actuator - irreversible valve - accumulator seal at piston end. (450 kV)
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Non-planar coordinate system Non-planar 1

-3.17. mm

Accumulator seal (piston end): 6550 at (13.01/18.76 / -53.63 mm)i

Figure 73. Right lateral actuator - irreversible valve - accumulator seal unrolled at piston end. (450 kV)
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Volume 1= Polyline 3 alignment systen Top 1 Volume 1= Polyline 3 alignment system Right 1

9.82 mm 44.70 mm
ID plate: 3579. .70 /1.29/ 9.82 mm) ( J

[ID plate: 35792 at (44.70 / 1.29/ 9.82 mm)|

~
1 ., £ Lo oo frame

Volume 1= Pr;u\yh ignmentésystem Front1 Volume 1= Polylinel
1.29 mm

ID plate: 35792 at (44.70 / 1.29 / 9.82 mm)

1695%

r coordinate system

Figure 74. Right lateral actuator - cylinder assembly - ID plate. (225 kV)
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Volume 1= Polyline 1. alignment system Top 1 Volume 1= Polyline 1 alignment system Right 1

-65.11 mm -20.05 mm
Cylinder pressure port: 2762 at (-20.05 / -25.46 / -65.11 mm)
Cylinder "PRESS" nomenclature: 4350 at (-20.05/ 1.14/-65.10 mm) :

6/-65.11 mm) [cylinder "PRESS" nomenclature: 4350 at (-20.05 /1.14 / -65.10 mm)

136%

Volume 1 = Polyline 1 alignment system Front1  Volum
-25.46 mm

8 . W, o 108 }
Figure 75. Right lateral actuator - cylinder assembly - pressure port and “PRESS” nomenclature. (450
kV)
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Volume 1= Polyline 1 alignment system Top 1 Volume 1= Polyline 1 alignment system Right 1
23.56 mm -20.08 mm

Cylinder "R

Cylinder return port: 3168 at (-20.08 / 26.16  -23.56 mm) ‘

Cylinder return port: 3168 at (-20.08 /-26.16 / -23.56 mm),

Volume 1 = Polyline 1 alignment system Front 1 Vr! ‘
-26.16 mm
‘Cylinder return port: 3168 at (-20.08 / -26.16 / -23.56 mm)

B 1

igure 76. Right lateral actuator - cylinder assembly return port and “RET” nomenclature. (450 kV)
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Volume 1 = Polyline 1 alignment system Top 1 Volume 1= Polyline 1 alignment system Right 1

a1

.45 /-26.30 / -66.81 mm)

O

T 96% = 83%

e )

Front 1

at(-37.45/
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Volume 1= Polyline 1 alignment system Top 1 Volume 1= Polyline 1 alignment system Right 1
-51.11T mm -25.49 mm
Piston rod seal 1: 2780 at (-25.49 / 3.60 / -51.11 mm)
Piston rod seal 2: 4176 at (-25.49 / 3.60 / -37.55 mm)| E

—— 30
rod seal 2: 4176 at (-25.49 / 3.60 / -37.55 mm)\

anar coordinate system ' Piston rod seal 2: 4176 at (-24.32 / 33.85 / 27.04mm)| Non-planar 1

7

Piston rod seal 1: 2780 at (-24.32 / 33.85/ 13.48 mm)

Figure 78. Right lateral actuator - cylinder assembly - piston rod seals 1 and 2. (450 kV)
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Non-planaricoerdinatelsysten N Non-planart1

-2.11 mm

Piston rod seal 2: 4176 at (-24.32 / 33.85 / 27.04 mm)|

Piston rod se 12780 at (-24.32 / 33.85/13.48 mm).

Figure 79. Right lateral actuator - cylinder assembly - piston rod seals 1 and 2 unrolled. (450 kV)
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> coordinate system S coordinate syste T Right 1

4 mm

Passage 1: 42258 at (4.47 / 3.03 / -62.24 mm)

Passage 2: 41629 at (:3.63/ 4.00 / -62.24 mm)

1534% n 424%

Scene coordinate system Front1  Sc ordinate system 3D

Passage 1: 42258 at (4.47 / 3.03 / -62.24 mm)

|
_Passage 2: 41629 at (-3.63 I -4.00 / -62.24 mm) | I
- R
T -
§

Lot o fegdomm 424%

igure 80. Right lateral actuator - cylinder assembly - hydraulic passage. (225 kV)

-4.00 mm
£ .
; 4 passage 2: 41629 at (-3.63 /-4.00 / 62.24 mm)
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Volume 1= Polyline 1 alignment system op 1 Volume 1= Polyline 1 alignment system Right 1
-45.81 mm 11 mm
|Passage 1 inlet: 4538 at (-32.11 /-0.35 / -45.81 mm)

|Pa\sage1 inlet: 4538 at( 32.11 /-0.35 7 -45.81 mm)

ove QL

S 15 108%
. L B,

Flgure 81. Right lateral actuator - cylinder assembly - passage 1 inlet. (450 kV)
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oordinate system Top 1

97.07 mm

}Passage 1 outlet: 30317 at (6.30 / -0.82 / 97.07 mm)

2169%

Scene coordinate system Front 1

[ Gty 5
k -
\[ Y
Passage 1 ¢ 30317 ét (6.30/-0.82/97.07 rnrn)‘

10/mm)

S coordinate system Right 1

0 mm

"
1695%

Sa ordinate system

L/’

‘Passage 1: 42258 at (4.47 / 3.03 / -62.24 mm)

7t ;lt (6.30 7 -0.82 / 97.07 mm)

igure 82. Right lateral actuator - cylinder assembly - passage 1 outlet. (225 kV)
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Volume 1= Polyline 1 alignment system Top 1 Volume 1= Polyline 1 alignment system Right 1

=
3.

.
3

Passage 2 inlet: 1190:

83%

Volume 1 = Polyline}l aﬁnmﬁt system

=

Ry ...' | 15 mm) 1 g

igure 83. Right lateral actuator - cylinder assembly - passage 2 inlet. (450 kV)
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oordinate system S coordinate system Right 1

Maslmn Passage 2 outlet: 31278 al (-2.57 / -4.87 / 114,51 mm)

Passage 2 outlet: 31 278_ a_t__(—2.57 /-4.87/7/114.51 mm)l

2169% 1695%

Scene coordinate system Front1  Sc ordinate system / / 3D

-4.87 mm '
\_Passage 2 outlet: 31278 at (-2.57 / 74_‘87 7114.51 mm)

1629 at (:3.63/-4.00/-62.24 mm)|
10 mmy

igure 84. Right lateral actuator - cylinder assembly - passge 2 outlet. (225 kV)
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Volume 1= Polyline 3 alignment system Top 1 Volume 1= Polyline 3%alignment system Right 1

-134.43 mm 9.97 mm

1534% , 1695%

Volume 1 = Polyline gnment system Front1 Volume 1= Polyline
-6.28 mm r

Retaining ring 1: 49587 at (9.97 / -6.28 / -134.43 mm)‘

10 mm 16 S

igure 85. Right lateral actuator - cylinder assemblyi- etaining ring 1. (225 kV)
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Volume 1= Polyline 3 alignment system Top 1 Volume 1= Polyline 3falignment system Right 1
g Y f Y g
-131.44 mm 1

Y L

Spring seal 1: 41318 at (10.63 / -3.37 / -

Spring seal 1: 41318 at (10.6.

1534% ’ - 1695%

Volume 1 = Polyline 3 alignment system Front1 Volume 1= Polyline 3 alignment syste
-3.37 mm

Spring seal 1: 41318 at (10.63 / -3.37 / -131.44 mm)

Spring seal 1: 41318 at(10.63 / -3.37 /-131.44 mn}ﬂ

L 9

igure 86. Right lateral actuator - cylinder assembly - spring seal 1. (225 kV)
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Volume 1= Poly alignment system

0p 1 Volume 1= Polyline 3 alignment system Right 1
-44.60 . : z 7 -
o0 mm Safety wire between cylinder h |
retainer: 35758 at(-3.17 / 10.40 / -44.60 mm)

[safety wire between cylinder housing and ball joint|
Iretainer: 35758 at (—3.17}/ 10.40 / -44.60 mm)

1534% L 1omm 1695%
Volume 1 = Polyline 3 alignment system 3D
10.40 mm

o
NS 599

Yy ey

LA ]

/ 7
|Safety wire between cylinder housing and ball joint Safety wire between cylinder housing and ball joint]
[retainer: 35758 at (-3.17 / 10.40 / -44.60 mm) retainer: 35758 at (-3.17 / 10.40 / -44.60 mm)

4
(]

v Y

KAESSS Y S Y

y 7Ly

XK

A e EFELL

16!

& S
| R - & y

igure 87. Right lateral actuator - cylinder assembly - safety wire between the cylinde:rho.ﬂsing'a;nd
the ball joint retainer. (225 kV)
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Scene coordinate system Top 1 Scene coordinate system Right 1

1.22 mm

Piston head: 41531 2/0.76 / 108.22 mm)

[ I 1695%

Scen ate system I Front1 Scene coordinate system = ! “ 3D
0.76 m i \

Piston head: 41531 at (1.22 /0.76 / 108.22 mm)

n head: 41531 at (1 :22 10.76 /108.22 mm)|

d0/mm 6

igure 88. Right lateral actuator - cylinder assembly - piston head. (225 kV)
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Scene coordinate system Top 1 Scene coordinate system Right 1
1
f?isto n head seal: 37024 at (16.04 / mm)

IPistun head seal: 37024 at (16.04 / -5.32 / 105.82 mm),

1 | 10mm
(S

coordinate system Front1  Scene coordinate

Non-planar 1

Piston head seal: 37024 at (16.04 / -5.32 / 105.82 mm)

Figure 89. Right lateral actuator - cylinder assembly - piston head seal. (225 kV)
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Scene coordinate system Top 1 Scene coordinate system Right 1

Cylinder cap seal 1: 30869 at (25.02 / 0.28 / 192.33 mm)

[cytinder cap seal 1: 30869 at (25.02 £ 0.28 / 192.33 mm)

1085% [ (- | J10mm ]

coordinate system Front 1

Cylinder cap seal 1: 30869 at (25.02 / 0.28 / 192.33 mm)
F

10 mm

Non-planar coordinate system Non-planar 1

-1.24 mm
Cylinder cap seal 1: 30869 at (25.02 / 0,28 / 192,33 mm)

Figure 90. Right lateral actuator - cylinder assembly - cylinder cap seal 1. (225 kV)
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Non-planar coordinate system Non-planar 1

-1.31 mm

ICylinder cap seal 1: 30869 at (25.02 / 0.28 / 192.33 mm)

Figure 91. Right lateral actuator - cylinder assembly - cylinder cap seal 1 unrolled. (225 kV)
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Scene coordinate system Top 1 Scene coordinate system Right 1

1
Cylinder cap seal 2: 29619 at (15.34/-1.21 / 218.64 mm)

10 mm 234% L | 10 mm

Front 1 Scene coordinate system
R

Cylinder cap seal 2: 29619 at (15.34 /-1.21 / 218,64 mm)

Non-planar 1

Cylinder cap seal 2: 29619 at (15.34/-1.21 / 218.64 mm)

Figure 92. Right lateral actuator - cylinder assembly - cylinder cap seal 2. (225 kV)
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Non-planar coordinate system Non-planar 1

8.40 mm

Cylinder cap seal 2: 29619 at (15.34/-1.21 / 218.64 mm)

Figure 93. Right lateral actuator - cylinder assembly - cap seal 2 unrolled. (225 kV)
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e coordinate system Scene coordinate system Right 1

14 mm 17.64 mm

S b T ses———————
Retaining ring 2. 11 at (17.64/-0.41 / 233.14 mm) |Retaining ring 2: 54611 at (17.64 / -0.41 / 233.14 mm)

1534% ; ., t0mm 1695%

Scene coordinate system Front1  Scene coordinate system

-0.41 mm

Retaining ring 2: 54611 at (17.64 / -0.41 / 233.14 mm}\

10 mm 16!

igure 94. Right lateral actuator - cylinder assembly - retainng ring 2.(225 kV)
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e coordinate system Top 1 Scene coordinate system Right 1
mm 1
|Spring Seal 2: 39843 at (13.64 / 4.78 / 232.33 mm)

Spring Seal 2: 39843 at (13.64 / 4.78 / 232.33 mm)

2169% ; L o 1695%

Scene coordinate system Front1 Scene coordinat
4.78 mm

|Spring Seal 2: 39843 at (13.64 / 4.78 / 232.33 mm)\
Spring Seal 2: 39843 at (13.64 / 4.78 / 232.33 mm)

- 16 Vi 0

igure 95. Right lateral actuator - cylinder assembly - éprig seal 2. (225 V)
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Scene coordinate system Top 1 Scene coordinate system Right 1

127.32 mm -5.21 mm

Medium density material inside piston rod: 38699 at (-5.21 / 4.59/127.32 mm)j

|Medium density material inside piston wd 38699 at (-5.21 / 4.59 / 127.32 mm),

WA
: Bmm 2169% }

s

coordinate syste?i Front1 Scene coordinate system
4.59 mm

Medium density material inside piston rod: 38699 at (-5.21 / 4.59 / 127.32 rr]ml‘

Medium density material inside piston rod: 38699 at (-5.21 / 4.59 / 127.32 mm)‘

(R |0

igure 96. Right lateral actuator - cylinder assembly - medium density material inside piston rod. (225

kV)

3.3 Left Lateral Actuator Cylinder Assembly

The computed tomography (CT) results for the left lateral actuator are shown in
Figures 97 through 125. Review of the images indicated that, when the scans were
conducted, the following indications were noted:

1. There were indications of medium and high density particles and/or
material in several locations within the left lateral actuator. (Figures 104,
105,109,110, 111,112,113, 124, and 125)

2. There were indications of gaps and distortions in the seals in the cylinder
cap within the left lateral actuator. (Figures 114, 115, 116, and 117)

3. There were indications of cracks in the cylinder cap. (Figures 120, 121, 122,
and 123)
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ordinate system op Sce fole Right 1

m

1598%

Scene coordinate system = » Front1  Scene coordinate system

155.21 mm

406%

Figure 97. Left lateral actuator - overview.
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oordinate system Top 1 Scene coordinate system Right 1

nm

iID plate: 30526 at (6.58 / -174.29 / -93.33 mm)

1151% o 10 ot 151 5%

Front 1 coordina
!ID plate: 30526 at (6.58 / -174.29 /-93.33 mm),

58/-174.29 /-93.33 mm)

anar coordinate system Non-planar 1

26 at (6.58 /-174.29 /-93.33 mu

Figure 98. Left |lateral actuator - cylinder assembly - ID plate.
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e coordinate system Top 1 Scene coordinate system Right 1

.54 mm
Passage 2: 42609 at (-3.63/ -150.15/-214.54 mm)

Passage 1: 42009 at (-3.63

. 42609 at (-3.63 /-150.15 / -214.54 mm)

nm 536%

Front1  Scene coordinate system

Passage 1: 42009 at (-3.63 / -159.52 / -214.54 mrﬁ y

RIS

Passage 2: 42609 at (-3.63 / -150.15 / -214.54 mm)

igure 99. Left lateral actuator - cylinder assembly - hydraulic passages.
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e coordinate system Scene coordinate system Right 1

.56 mm -3.00 mm

Passage 1 outlet: 26464 at (-3.00/ -158.67 / -100.56 mm)

1598% . | 1071%
Front1  Scene coordinate system

Passage 1: 42009 at (-3.63 / -159.52 / -214.54

Passage 1 outlet: 26464 at (-3.00 / -158.67 / -100.56 mm)

IPassage 1 outlet: 26464

%

igure 100. Left lateral actuator - cylinder assembly - passage 1 outlet.
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Scene coordinate system Right 1

mm

Passage 2 outlet: 30800

1598% ; Loty (15mm 1071%

l Front1  Scene coordinate system

a

-148.91 mm

passage 2 outlet: 30800 at (-6.08 / -148.91 / -82.91 mm) PP assage 2: 42609 at (3.63/ 15015/ 214.54 mm)

|20 mm 845%
Lo

L [ g R
Figure 101. Left lateral actuator - cylinder assembly - passage 2 outlet.
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Lot |10mm 1628%

Front 1
-137.65 mm

Retaining ring 1: 43889 at (-1.10/-137.65/-197.17 mmi

20 mm 845%
Lo nn]

COMPUTED TOMOGRAPHY
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igure 102. Left lateral actuator - cylinder assembly - retaining ring 1.

Scene coordinate system
-1.10 mm

Right 1

Retaining ring 1: 49889 at (-1.10 / -137.65/-197.17 mm)‘

W o o 1515%

Scene coordinate system

[Retainingjm 1: 49889 at (-1.10/-137.65 / -197.17 mm),
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e coordinate system Top 1 Scene coordinate system Right 1

8 mm . 2.74 mm ‘
[Spring seal 1: 41336 at (2.74 / -142.72 / -193.68 mm)

L 7smm 2302% |, ) 1515%

Eront1  Scene coordinate system

|Spring seal 1: 41336 at (2.74 / -142.72 / -193.68 mm) Spring seal 1: 41336 at (2.74 / -142.72 / -193.68 mm)/

i j75mm 2391%
Figure 103. Left lateral actuator - cylinder assembly - spring seal 1.
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Volume 1= Polyline 1 alignment s

4 mm

Medium density inateria\l inside cylinder chamber 1: 30104 at (25.34 /3.24

| | 10mm
I

VolliehiE= Polyling

3.24 mul

Medium den;i& material 1 inside éylinder chamber 1

f % Lot gy 7R

F?gure 104. Left lateral actuator - cylinder assembly"—-rhediur-hmde'n-si'fy material

chamber 1.
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Top 1 volun

25.34 mm

Gilignuent system

1598%

Front 1

L(25.34/3.24 / -36.54 mm)|

2591%

inside cylinder

Right 1

ANC22FA047
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Volume 1= Polyline 1 alignment system Top 1 Volume 1= Polyline 1 alignment Right 1

-6.52 mm 1 mm

Medium de

2260%

Volume 1= Polyline 1 alignment system Front 1

2422 mm

or - cylinder assembly - medium density material near

g 1]
Figure 105. Left lateral actuat
inside cylinder chamber 1.

plston head
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Scene coordinate system
-89.82 mm

Piston head: 39808 at (-5.14 / -155.14 / -89.82 mm)

| |7.5mm

Scene coordinate system 1
-155.14 mm )
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23

Front 1

845%

Scene coordinate system
-5.14 mm

Piston head: 39808 at (-5.14 / -155.14 / -89.82 mm)

10 mm)

Scene coordinate system

Right 1
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e coordinate system Top 1 Scene coordinate system Right 1

Piston head seal: 36172 at (-20.32 / -151.48 / -91.90 mrn)\

-151.48 /-91.90 mm)

10 mm 628% .y : . |10mm

Laai |
ordinat tem Front 1 Scene coordin
-151.48 mm

Piston head seal: 36172 at (-20.32/-151.48/ -91.90 mm)
ol 1691%

Lt o |

Non-planar coordinate system Non-planar 1

[Piston head se: y

1543%

Figure 107. Left lateral actuator - cylinder assembly - piston head seal.
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Non-planar coordinate system Non-planar 1
-2.90 mm

Piston head seal: 36172 at (-20.32 / -151.48 / -91.90 mm)

3300%

Figure 108. Left lateral actuator - cylinder assembly - piston head seal unrolled.
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Volume 1= Polyline 1 alignment system Top 1 Volume 1= Polyline 1 alignment Right 1
8.61 mm 1.43 mm

Med aterial

:Medium density material 1 inside cylinder chamber 2: 34037 at (1.43 / 7.67 / 8.61 mm)

1 . |8mm 2260% o 3030%

Volume 1= Ralyline 1 alignment system Front1 Vo
7.67 mm

/ 8.61 mm)|

|Medium d:ngir_y material 1 inside cylinder chamber 2: 34037 at (1.43/7.67 / 8.61 mm)

igure 109. Left later
chamber 2.
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Volume 1= Polyline 1 alignment system Volume 1= Polyline 1 alignment system Right 1
17.03 mm -2.55 mm

Medium density material 2 inside cylinder chamb: 55/3.60/17.03m

-«

‘ gmm 2260%

Volume 1 = Polyline 1 alignmendsysieml Front 1
3.60 mm

Medium density material 2 inside cyli 1er chamber 2: 29172 at (-2.55/ 3.60 / 17.03 mm)

L - | somm sy i ,\.‘ i ¥ i A.’.u.m‘nv:;'rh\‘::?:ﬁ‘mlw.m |
Figure 110. Left lateral actuator - cylinder assembly - medium density material 2 inside cylinder

chamber 2.

COMPUTED TOMOGRAPHY ANC22FA047
SPECIALIST'S FACTUAL REPORT PG 112 OF 162



Volume 1= Polyline 1 alignment system lume 1= Polyline 1 alignment system Right 1

3

Medium density material 3 inside cylinder chamber 2 : 34987 at (30.16 / 3.76 / 33.33 mm)|

Medium densirTmateria\ 3 inside cylindér chamber 2 : 34987 at (30.16 / -3.76 / 33.33 mm)

| L jEmm 2260%

Volume 1= Polylir gnment system Front 1 Volumeglked
-3.76 mm

Medium density material 3 inside cylinder chamber 2 : 34987 at (30.16 /-3.76 / 33.33 mm)

B I = SSwwn a — — - i " S . 4
Figure 111. Left lateral actuator - cylinder assembly - medium density material 3 inside cylinder
chamber 2.
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Volume 1= Polyline 1 alignment system Top 1 Volume 1= Polyline 1 alignmentgysté Right 1

101.30 mm -5.34 mm

Medium density material 4 inside cylinder chamber 2:
start: 31978 at (3.10 / 9.57 / 101.30 mm)

Medium density material 4 inside cylinder chamber 2;|
end: 31528 at (-5.4 /-0.26 / 91.05 mm)

Lt | 10mm 1598% L .y . !L o |BSmm

Volume 1= Polylineyikligamessysiem] Front 1 Volume 1= Polyline 1 alignment syst

-0.26 mm .
Medium density material 4 inside cylinder chamber 2: Medium density material 4 inside cylinder chamber 2:
lend: 31528 at (-5.4 /-0.26 / 91.05 mm) start: 31978 at (3.10 / 9.57 / 101.30 mm)

o

Medium density material 4 inside cylinder chamber 2:
lend: 31528 at (-5. '6 /91.05 mm)

i " 1 i 2391% |
Figure 112. Left lateral actuator - cylinder assembly - medium density material 4 inside cylinder

chamber 2.
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Volume 1= Polyline 1 alignment system Top 1 ume 1= 1e'1 alignment system Right 1
24.21 mm L

Medium density material at bottom of piston: 3 at (15.79/-3.95/ 24.21 mm)

Medium density material at bottom of piston: 35827 at (15.79 / -3.95 / 24.21 mm)|

1598%

Volume 1 = Polyline 1 alignmgg@system Front1  Volume 1= Polyline 1 alignment systeimss

-3.95mm

Medium density material at bottom of piston: 35827 at (15.79/-3.95 / 24.21 mm)|

. S ‘ 2391% >

Figure 113. Left lateral actuator - medium density material at bottom of piston.
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e coordinate systel cene coordinate systen Right 1

mm

(Cylinder cap seal 1: 30643 at (27.50 /
1151%

L |

dinate system Front1  Scene coordinate system : B
86,mm d Cylinder cap seal 1: 30643 at (-27.50 / -152.86 /0.10 mm)

|Cylinder cap seal 1: 30643 at (-27.50 / -152.86 / 0.10 mm)

1691%

Non-planar coordinatefsystem) Non-planar 1

-10.00 I - ~
o Cylinder cap seal 1: 30643 at (-27.50 / -152.86 / 0.10 mm)

Figure 114. Left lateral actuator - cylinder assembly - cylinder cap seal 1.

COMPUTED TOMOGRAPHY ANC22FA047
SPECIALIST'S FACTUAL REPORT PG 116 OF 162



Non-planar coordinate system Non-planar 1

-10.00 mm

Cylinder cap seal 1: 30643 at (-27.50 / -152.86 / 0.10 mm)|

Figure 115. Left lateral actuator - cylinder assembly - cylinder cap seal Tunrolled.
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coordinate system op Scel Right 1
4.84 mm

Cylinder cap seal 2: 30831 at (-17.36 /-152.55 / 24.84 mm)

1151%

| | 15mm

d e Front1  Scene coordinate system
-152.55 mm (Cylinder cap seal 2: 30831 at (-17.36 / -152.55 / 24.84 mm){

1691%

Non-planar coordinate system Non-planar 1

0.10 mm inder cap seal 2: 30831 at (-1 2.55/24.84 mmﬂ

Figure 116. Left lateral actuator - cylinder assembly - cylinder cap seal 2.
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Non-planar coordinate system Non-planar 1

0.14 mm

Figure 117. Left lateral actuator - cylinder assembly - cylinder cap seal 2.
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e coordinate system en Right 1

mm

ring 2: 48759 at (0.03 / -138.26 / 40.36 mm)|

'Retaining ring 2: 48759 at (0.03 /-138.26 / 40.36 rnm)‘

Lits . jt0mm 1628% L, o 1515%

Front 1

-138.26 / 40.36 mm)

| 10 mm 1691% ;

igure 118. Left lateral actuator - cylinder assembly - reaining rihg 2.
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e coordinate system Top 1

7 mm

Spring seal 2: 39153 at (5.31 / -164.24 / 38.87 mm)|

Lo 10mm 1628%

Scene Front 1

-164.24 mm

dinate system

Spring seal 2: 39153 at (5.31 /-164.24 / 38.87 mrr_l)}

2391%

igure 119. Left lateral actuator - cylinder assembly - spring seal 2.
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Scene coordinate system Right 1

531 mm

|Spring seal 2: 39153 at (5.31/ -164.24 / 38.87 mm)

-
‘: 1515%
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Right 1

Crack indication 1 in cylinder cap: 34511 at (4.30 / -140.00 / 34.34 mm)
0 / 34.34 mm) /

é B~

Crack indication 2 in cylinder cap: 35634 at (9.37 /-157.79 / 34.34 mm)

Crackindication 3 in cylinder cap: 36700 at (1.18 / -167.94 / 34.34 mm)

Crack indication 4 in cylinder cap: 35236 at (-8.84 / -166.38 / 34.34 mm)

|5 5 5 ) 1151% # o 6060%

Scene coordinate system Front1 Scene coordinate system 3D

-140.00 mm Crack indication 2 in cylinder cap: 35634 at (9.37 /-157.79 / 34.34 mm)

Crack indication 1 in cylinder cap: 34511 at (4.30 / -140.00 / 34.34 mm)\ \Crack indication 1 in cylinder cap: 34511 at (4.30 /-140.00 / 34.34 mm)

%

Figure 120. Left lateral actuator - cylindér assembly - crack indication 1 in cylinder cap.
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Right 1

Crack indication 2 in cylinder cap: 35634 at (9.37 / -157.79 / 34.34 mm)}

34 mm)

1151% | L 3w,

Scene coordinate system Front1 Scene coordinate system
-157.79 mm

I e TR Crack indication 3 in cylinder cap: 36700 at (1.18 /-167.94 / 34.34 mm)|
(Crack indication 2 in Eylmder cap: 35634 at (9.37 /-157.79 / 34.34 mm) . B . ’

Craek indication 4 in cylinder cap: 35236 at (-8.84 /-166.38 / 34.34 mm)

Figure 121. Left lateral actuator - cylinder assembly - crack indication 2 in cylinder cap.
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Scene coordinate system Top 1 Scene coordinate sysgein
34.34mm 1.18 mm

[Crack indication 1 in cylinder cap: 34511 at (4.30 / -140.00 / 34.34 mm))|

| |15 mm 1151%

Scene coordinate system Front 1
-167.94 mm

Crack indication 4 in cylinder cap: 35236 at (-8.84/-166.38 /3434 mm)  ~

25w 6764%

Figure 122, Left lateral actuator - cylinder assembly - crack indication 3 in cylinder cap.
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Scene coordinate system Top 1 Scene coordinate systein
34.34mm -8.84 mm

+
[Crack indication 1 in cylinder cap: 34511 at (4.30 / -140.00 / 34.34 mm))|

j15mm 1151% |8

L

Scene coordinate system Front1  Scene coordinate system
-166.38 mm

Crack indication 4 in cylinder cap: 35236 at (-8.84/-166.38 /3434 mm)  ~

4783%

LAlfelet T { )% ;

Figure 123. Left lateral actuator - cylinder assembly - crack indication 4 in cylinder cap.
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Volume 1= Polyline 1 alignment system Top1 Volume 1= Polyline 1 alignmentisyste Right 1
1
High density material in piston rod end threads: 55552 at (16.23 / -16.09 / 231.04 mm)

Y

|High density material in piston rod end threads: 55552 at 3/-16.09 / 231.04 mm)

Volume 1= Polyline 1 alignme| tem Front1  Volume 1= va\ﬁa 1 alic

4

High derﬁity mate
3

16.09 mm

High density material in piston rod end threads: 555 6 -16.09/ 231.04 mm)|

Non-planar coordinate,system Non-planar 1
411 mm High density material in piston rod end threads: 55552 at (0.62 / -162.44 / 139.48 mm)

Figure 124. Left lateral actuator - cylinder assembly - high density material in the piston rod threads.
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Volume 1= Polyline 1 alignment system Volume 1= Polyline 1 alignment system Right 1

High density material in cavity at end of piston rod: 44863 at (7.92 / -17.06 / 257.58 mm)

257.58 mm 7.92 mm

High density material in cavity at end of piston rod: 44863 at (7.92 / -17.06 / 257.58 mm)

2260%

Volume 1= Polyline 1 alignment systei Front1 Volume 1= Polyline 1 alignment system
17.06 mm

|High density material in cavity at end ofrpis'mn rod: 44863 at (7.92 / -17.06 / 257.58 mm)

Loug gy |SSwm

2260%
Figure 125. Left lateral actuator - cylinder assembly - high density material in cavity at the end of the

3.4 Left Lateral Actuator Irreversible Valve

The CT results for the left lateral actuator irreversible valve are shown in
Figures 126 through 160. Review of the images indicated that, when the scans were
conducted, the following indications were noted:

1. The irreversible valve housing was deformed with cracks visible or
indications of cracks. (Figures 127, 128, 149, and 151)

2. The pressure and return fittings were crushed and deformed. (Figures 129
and 130)

3. There were indications of low and/or medium density particles and/or
material near the sequence valve, near the check valve cap, near the plug
between the thermal relief valve and differential pressure relief valve, in the
cylinder pressure port, and in the accumulator inlet port. (Figures 133, 134,
138, 144,146, 155, and 156)
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4. There were indications of a bulging cap for the sequence valve and the
thermal relief valve of the irreversible valve assembly. (Figures 135 and 140)

5. There were indications of a void in the poppet assembly of the thermal
relief valve. (Figure 139)

6. The cylinder pressure port fitting was damaged. (Figure 147)

7. There were indications of cracks in the irreversible valve housing near the
accumulator spring end. (Figure 151)

8. The accumulator retainer and retaining ring for the accumulator retainer are
out of position. (Figure 152)

9. The seal in the accumulator retainer (spring end) appears to be missing.
(Figures 153 and 154)

10.There were indications of cracks in the accumulator piston. (Figure 157)

11.There were indications of wear or damage to the bore of the accumulator

and the accumulator springs were not fully extended. (Figures 158, 159 and
160)

cene coordinate system Top 1 Scene coordinate system Right 1

3 mm x 3.00 mm

Valve nameplate: 3440 atl (-2.13 / 20.97 / -42.51 mm)

125% 298%

Scene coordinate system Front1  Scene coordinate system ;ve nameplate: 3440 at (-2.13/ 20.97 / -42.51 H‘E‘[_)J
20.97 mm o /

‘alve nameplate: 3440 at (-2.13 / 20.97 / -42.51 mm)

| 135 mm 53%

igure 126. Left lateral actuator - irreversible valve - nameplate. (450 kV)
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e coordinate system Top 1 Scene coordinate system Right 1

-51.18 mm

Housing is deformed: 10900 at (33.79 / 19.89/-51.18 mm)

deformed: 10900

148%

Scene coordinate system Front1 Scene coordinate system

19.89 mm
Y
Housing is deformed: 10900 at (33.79 / 19.89 / -51.18 mm)
J e

dVe i,

:,HQUSEEL deformed: ! /-51.18 mm

| =

igure 127. Left lateral actuator - irreversible valve - housing. (450 kV)

COMPUTED TOMOGRAPHY ANC22FA047
SPECIALIST'S FACTUAL REPORT PG 129 OF 162



Scene coordinate system Top 1 Scene coordin Stel Right
-71.57 mm
| L [ndications of scratch or crack in housing 1: 9726 at (33.17/11.93 /-71.57 mm)

Indications of scratch or crack in housing 1: 9726 at (33.17 / 11.93/-71.57 mmii

210%

[Eiontgll  Scene coordinate system
Indications of scra

Indications of scratch or crack in housing 1: 9726 at (33.17/11.93/ -71.57 mm)‘
325% \

. ‘5 m
Figure 128. Left lateral actuator - irreversible valve - housing - possible cracks. (450 kV)
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Scene coordinate system Scene coordinate system / Right 1

27356)mm .+ 0.62 mm p_— 2166 at (79.30 /12.09 / -73.16 mm) 79.35 mm

¢ ,

alve "PRESS" Nomenclature: 1282 at (62.85 / 12.09 /-73.16 mm)

alve pressure port: 2166 at (79.30 / 12.09 / -73.16 mm)

250% 85mm PARE)

X ¥ L |

Front1  Scene coordinate system

alve pressure port: 2166 at (79.30 / 12.09 / -73.16 mm)

alve pressure port: 2166 at (79.30 / 12.09 /-73.16 mm) alve "PRESS" Nomenclature: 1282 at (62.85 / 12.09 /-73.16 mm),

[

L 15 mm 106% 5
Figure 129. Left lateral actuator - irreversible valve - pressure port and nomenclature. (450 kV)
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Scene coordinate system Scene coordinate system Right 1
-73.06 mm + 0.62 mm 45.37 mm

| . alve "RETURN" nomenclal 1444 at (27.69 / 17.33 / -73.06 mm)|
L -

alve return port: 2050 at (45.37 / 17.33 / -73.06 mm)

250% T l |85 mm

Scene coordingie,system Front1  Scene coordinate system

17.33 mm

alve "RETURN" nomenclature: 1444 at (27.69 / 17.33 / -73.06 mm)
L 15 mm 106%
Figure 130. Left lateral actuator - irreversible valve - return port and nomenclature. (450 kV)

alve "RETURN" nomenclatul 1444 at (27.69/17.33/-73.06 mm)
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yordinate system Scene coordinate system Right 1

-52.42 mm 79.54 mm

[150 micron filter: 8184 at (79.54 / 12.70 / -52.42 mm) . .

In 50 micron filter: 8184 at (79.54 / 12.70 / -52.42 mm)

Scene coordinate system Front1 Scene coordinate system
.
12.70 mm

150 micron filter;: 8184 at (79.54 / 12.70 / -52.42 mrn)i

/=
.‘

‘ 2omm g1 8 i & TeY
| actuator - irreversible valve - 150 micron filter. (4

igure 131. Left latera k )7
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dinate system Top 1 S coordina Stem Right 1
mm 62.81 mm

Sequence valve: 302 t (62.81/12.70 /-38.91 mm)

Sequence valve: 30200 at (62.81 / 12.70 / -38.91 mm)

Scene coordinate system Front1  Scene coordinate system
12.70 mm ¥
" Sequence valve: 30200 at (62.81 / 12.70 / -38.91 rnm)‘
0. "

by h, f / ’ f! +
N ] S

igure 132. Left lateral actuator - irreversible valve - sequence valve. (450 kV)
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Scene coordinate system Top1 Scene coordinate system Right 1
61 61.24 mm

Low density material in sequence valve: 5040 at (61.24 / 13.97 /-31.61 mm)

Low density material in sequence val 040 at (61.24/1 mm)

464%

Front1  Scene coordinate
: 5040 at (61.24 / 13.97 /-31.61 mm)

., 55mm 325% A 0 A S N
Figure 133. Left lateral actuator - irreversible valve - sequence valve - low density material. (450 kV)
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Scene coordinate system Scene coordinate system Right 1

Medium denssity material in sequence valve; 9352 at (61.93 / 20.35 / -38.28 mm)

464%

Front 1 - ¢ msity material in sequence valve: 9352 at (61.93 / 20. -38.28 m3p)|

I ssmm 325% 7 Latd
Figure 134. Left lateral actuator - irreversible valve - sequence valve - medium density material. (450
kV)
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Scene coordinate system
91 mm

\Cap with bulge: 8928 at ( /19.96 / -38.91 mm)

6mm

Scene coordinate system
19.96 mm

ap with bulge: 8928 at (90.95 / 19.96 / -38.91 mm)

| |75mm

COMPUTED TOMOGRAPHY
SPECIALIST'S FACTUAL REPORT

Figure 135. Left lateral actuator - irreversible valve - sequence valve cap with bulgé. (450 kV)

Top 1 Scene coordir I Right 1

Cap with bulge: 8928 at (90.95 / 19.96 / -38.91 mm)

90.95 mm

297% " 45mm 384%

¥

Front1  Scene coordinate system

an

(Cap with bulge: 8928 at (90.95 /19.96 / -38.91 mm)] 3C

Hpbedigs,

[

&
30% g
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Scene coordinate system Top 1 Scene coordinate system

-2.94 mm 5531 mm I
ICheck valve A: 3586 at (55.31 / 15.05 /-2.94 mm)

Right 1

6mm 297 |, 272%

ICheck valve A: 3586 at (55.31 / 15.05 /-2.94 mm)

Scene coordinate system Front 1  Scene coordinate system 3D
15.05 mm [ y e ‘Check valve A: 3586 at (55.31 /15.05/-2.94 mm

@ Check valve A: 3586 at (55.31/15.05/-2.94 mm) e -
Uy /P
oy /

20mm

igure 136. Left lateral actuator - irreversible valve - check valve A. (450 kV)
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Scene coordinate system Top 1 Scene coordinate system Right 1
ICheck valve B: 28 t (55.31715.52 /11.56 mm)

-

11.56 mm 5531 mm

(Check valve B: 2892 at (55.31 / 15.52 / 11.56 mm)|

«/

6mm 297 |,

Scene coordinate system Front1  Scene coordinate system

o200 w [Check valve B: 2892 at (5531 /15.52 / 11.56 mm) )

an

Wiiry
.

Y \_‘_‘_‘_‘_‘mmm
Figure 137. Left lateral actuator - irreversible valve - check valve B. (450 kV)
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Top 1 Scene coordinate system Right 1
mm

Medium density material near check va_lve cap: 8582 at (57.65 / 11.64 / 26.14 mm)

Medium density material near check valve cap: 8582 at (57.65/ 11.64 / 26,14 mm)

Front 1 Scene coordin

Figure 138. Left lateral actuator - irreversible valve - check valve B - medium density material. (450 kV)

=
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Scene coordinate syste Top1 ene coordinate e Right 1

Thermal relief valve: 5060 at (82.32 / 14.54/ -6.30 mm}|

Thermal relief valve: 5060 at (82.32 / 14.54 / -6.30 mm)
Void insi

|4 mm
Lonn ol

S rdinat: Front1 S coordinate system

S ¥
14. '_14i\'ﬁ mn

Therma 30 mrn]! ] i l
Void inside thermal relief valve poppet assembly: 4632 at (78.35 / 14.54 / -6.30 mm)
; [ ; ALy [ -

TN

Thermal relief valve; 5

Void inside thermal relief valve poppet assembly: 4632 at (78.35 / 14.54 / -6.30 mm)

eS8 enns .‘h E5mm PARE] -

igure 139. Left lateral actuator - irreversible valve - thermal relief valve. (450 kV)
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hermal relief valve cap with bulge: 8238 at (90.38 / 22.06 / -6.06 mm)

hermal relief valve cap with bulge: 8238 at (90.38 / 22.06 / -6.06 mm)

hermal relief valve cap with bulge: 8238 at (90.38 / 22.06 / -6.06 mm)

hermal relief valve cap with bulge: 8238 at (90.38 / 22.06 / -6.06 mm)

RAALAAL
TN

Figure 140. Left lateral actuator - irreversible valve - thermal relief valve cap with b‘ulg‘e. (450 kV)
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Scene coordinate system Top 1 Scene coordinate system Right 1
-6.02 mm 88.04 mm

hermal relief valve cap seal: 3580 at (88.04 / 21.73 / -6.02 mm)

RN

210%

Scenelcoordinate system Front 1

20 73im my '

Non-planar coordinate system hermal relief valve cap seal: 3580 at (88.04 / 21.73 7 -6.02 mmNon-planar 1

“2.47 MMy *

Figure 141. Left lateral actuator - irreversible valve - thermal relief valve cap seal. (450 kV)
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Non-planar coordinate system Non-planar 1
-2.47 mm

hermal relief valve cap seal: 3580 at (88.04/ 21.73 / -6.02 mm)\

o~~~

Figure 142. Left lateral actuator - irreversible valve - thermal relief valve cap seal unrolled.. (450 kV)
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Scene coordinate system Top 1 Scene coordinate system Right 1

21.02 mm 78.82 mm
tial pressure relief valvs

Differential pressure relief valve: 35180 at (78.82 / 15.99 / 21.02 mm)

6mm 297%

Scene coordinate system Front 1  Scene coordinate system
15.99 mm E

'l » s
| - 81% 1 /i @ »;.
Figure 143. Left lateral actuator - irreversible valve - differential pressure relief valve. (450 kV)
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Top1

- i
Low density material near plug between the differential pressure
relief valve and the check valves: 4708 at (67.07 / 22.04 / 32.93 mm)|

Low density material near plug between the differential pressure
relief valve and the check valves: 4708 at (67.07 / 22.04 / 32.93 mm)

Z_x ' i Ly J3m 354% v L |Pa

Sazne ceartlin JEIE Front 1
2724043 )

Low density material near plug between the differential pressure
relief valve and the check valves: 4708 at (67.07 / 22.04 / 32.93 mm)
& Il T7F MLg

relief valve and the check valves: 4708 at (67.07 / 22.04 / 32.93 mm)| ? ) l J
P x Losy |8Smm -y 21{% ) 1117}«#54'_-1!‘7 § J 4 LTI | 1 i
Figure 144. Left lateral actuator - irreversible valve - low density material near plug between the
differential pressure relief valve and the check valves. (450 kV)
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Scene coordinate system Top 1 Scene coordinate system Right 1

-4.54 mm 36.98 mm

350 at (36.98 / 16.44 / -4.54 mm)|

"CYL PRESS" port nomenclature: 3792 at (21.82 /0.52 / -4.54 mm)|
210%

Scene coordinate system
16.44 mm

"CYL PRESS" port nomenclatur at (21.82/0.52 /-4.54 mm)

¥ \_‘_‘_‘_‘_‘mmm

Figure 145. Left lateral actuator - irreversible valve - cylinder pressure port and nomenclature. (450
kV)
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Scene coordinate system /StE] Right 1
-10.77 mm

- Medium density matérial 1: r(?,f;.%/ /10,77 mm)

Medium density material 1: 9330 at (36.98 / 9.08 / -10.77 mm)

3D

>~
[N

i
.Mpriium denf.iiy materia /9.08 /-10.77 mm),

igure 146. Left lateral actuator - irreversible valve - cylinder pressure port low and medium density
material. (450 kV)
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Scene coordinate system Top 1 Scene coordinate system Right 1

-2.38 mm Damaged cylinder pressure port fitting: 5148 at (36.63 /35.33/-2.38 mm)  36.63mm

Damaged cylinder pressure port fitting: 5148 at (36.63 / 35.33 / -2.38 mm)

210% b 272%

y
Scene coordinate system Front 1

35.33 mm £ 0.25 mm

ged cylinder pressure port fitting: 5148 at (36.63 / 35.33 / -2.38 mm),

"C{ PRESS" port nomenclature: 5330 at (22.64 / 32.26 / -3.06 mm)|

230%

igure 147. Left lateral actuator - irreversible valve - cylinder pressure port damaged fitting. (450 kV)
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Scene coordinate system Scene coordinate system Right 1

31.20 mm 3829 mm
linder return pol t (38.29 / 16.44 / 31.20 mm)

210% |, 272%

Scene coordinate system Front 1

Cylinder return port: 1540 at (38.29 / 16.44 / 31.20 mm)

16.44 mm + 0.25 mm ICylinder return port: 1540 at (38.29 / 16.44/31.20 m

,‘ - ¢ "CYL RETURN" port nomenclature: 4988 at (22.84 / 33.02 / 31.20 mm)
%

| J{15mm

B
Figure 148. Left lateral actuator - irreversible valve - cylinder return port and nomenclature. (450 kV)
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Scene coordinate system Right 1
44,01 mm

Possible crack between the cylinder ports: 10078 at (44.01 /15,87 / 12.40 mm)|

igure 149. Left lateral actuator - irreversible valve - possible crack between cylinder ports. (450 kV)
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yordinate system Top 1 Scene coordina Right 1

mm 513 m LACCUHILHator: 12680 at (15.13 / 16.56 / 21.29 mm)

LA AL IAYAL)

O

.Accumu.\ator: 12680 at (15.13 1.16.56 .’ 2.1 29 mm.)“

210%

Scene coordinate system Front1  Scene coordinate system i

ccumulator: 12680 at (15.13 / 16.56 / 21.29 mm)

30 mm

| |

igure 150. Left lateral actuator - irreversible valve - accumulator. (450 kV)
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Scene coordinate system Scene coordinate system Housing crack 2: 5618 at (1.76 / 29.40 / 62.Rightyl)
62.97 mm 1.76 mm i

18 at (1.76 / 29.40 / 62.97 mm)

210% 68%

” | 125mm

Scene coordinate system Front1  Scene coordinate system
29.40 mm + 0.25 mm

: 5618 at (1.76 / 29.40 / 62.97 mm)

Housing crack 2: 5618 at (

Housing crack 1: 5256 at (-1.92 / 21.16 / 58.75 mm),

75 mm 230%

| |

igure 151. Left lateral actuator - irreversible valve - cracks in housing near the accumulator. (450 kV)
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Scene coordinate system Top 1 Scene coordinate system Right 1
66.18 mm 13.20 mm Accumulator piston spring retainer: 11274 at (13.20 / 22.00 / 66.18 mm)

22.00/66.18 mm)

210% |, . ‘_Q 192%

Scene coordinate system Front1  Scene coordinate system
22.00 mm + 0.25

1 spring retainer: 11274 at (13.20/ 22.00 / 66.18 mim) Accumulator piston spring retalner:l11274 at (13.20/22.00/ 66.18 mm)

Retaining ring: 31462 at (13.20/ 2.87 / 67.

Lo |7

Figure 152. Left lateral actuator - irreversible valve - accumulator retaining ring and retainer. (450 kV)
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Scene coordinate system 0 Scene coordinate system Right 1

62.31 mm cumulator seal groove (spring end): 2548 at (12.13/ 12.13 mm

Accumulator seal groove (spring end): 2548 at (12.13 / 28.1 2.31 mm)

2m0% |, o 229%

Scene coordinate system Front1  Scene coordinate system

28.15mm Accumulator seal groove (spring end): 2548 at (12.13/ 28.15/ 6

7.5 mm

Non-planar coordinate system Non-planar 1
2.39mm

Accumulator seal groove (spring end): 2548 at (12.

Figure 153. Left lateral actuator - irreversible valve - accumulator seal at spring end. (450 kV)
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Non-planar coordinate system Non-planar 1
2.39 mm

Accumulator seal groove (sprin end): 2548 at (12.13/28.15/ 62.31 mm)

Figure 154. Left lateral actuator - irreversible valve - accumulator seal groove unrolled at spring end.
(450 kV)
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Scene coordinate system| Jop. Scene coordinate system Right 1
-65.76 mm 6.76 mm

Accumulator seal (piston end): 4038 at (6.76 / 16.97 / -61.38 mm)|
3

Low density material in accumulator inlet: 4496 at (6.76 / 16.97 / -65.76 mm)

68%

| 125 mm

7.5 mm

Non-planar coordinatefsystem! Non:planar-1
-1.22 mm

4496 at (6.76 / 16.97 /-65.76 mm) 309%

Figure 155. Left lateral actuator - irreversible valve - accumulator seal at piston end. (450 kV)
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Accumulator seal (piston end): 4038 at (6.76 / 16.97 / -61.38 mm)

Low density material in accumulator inlet: 4496 at (6.76 / 16.97 / -65.76 mm)

Figure 156. Left lateral actuator - irreversible valve - accumulator seal unrolled at piston end. (450 kV)
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Scene coordinate syste Scene coordinate systeg Right 1

mm
}’Dssmle cracks in aqgur1wula£0r' pis 9258 at (6.98/ 24.6

Possible cracks in accumulator piston: 9258 at (6.98 / 24.64 / -26.59 mm)

-
2

coordinat:
|Possible

Possible cracks in accumulator piston: 9258 at (6.98 / 24.64 / -26.59 lnm)}

L | - S N .
Figure 157. Left lateral actuator - irreversible valve - accumulator piston. (450 kV)
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Scene coordinate syste Top 1 Scene coordinate system Right 1

-21.45 mm Gap between piston and outer spring: 5.21 mm 6.98 .

-

Possible wear in accumulator housing: 5298 at (6.98 / 6.58 / -21.45 mm)
464%

Front 1

(Gap between piston and outer spring: 5.21 mm|

A

igure 158. Left lateral actuator - irreversible valve - showing outer spring is not seated against the
piston and possible wear in housing. (450 kV)
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Scene coordinate system Top 1 3 ste Right 1
57.57 mm

Gap between inne ring and retainer: 2.13 mm

Gap between inner spring and retainer: 2.13 mm

coordinate system Front 1 Scene cooldinate]
18.84 mm

Gap between inner spring and reta

®2

igure 159. Left lateral actuator - irreversible valve - showing inner spring is not seated against the
piston spring retainer. (450 kV)
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e coordinate system Scene coordinate system Right 1

4.35 mm

iGap between outer spring and retainer: 1.11 mm

Gap between outer spring and retainer: 1.11 mm
297%

coordinate system Front 1

mm

}Gap between outer spring and retainer; 1.11 mm

L

igure 160. Left lateral actuator - irreversible valve - shgwingouterpring is not seated against the
piston spring retainer. (450 kV)
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