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Page 1 of 2 30 April 1975
MME-5/Capt Gregory/Capt Scheiding/57845 MANCE (Metallurgical Laboratory)
Right #4 Bellcrank (ASA 7075 T-6 Aluminum Alloy Forging) 23 Apr 75
Task #1128, Attachment 7 l142A

Metallurgical Analysis

1. One Right #4 Bellcrank was submitted to the Metallurgical Laboratory for analysis
in support of MME Task #1128, Attachment #7. This item is shown in Photo 1, as
received.

2. A crack was evident at the fillet radius junction between the lobe and flange
areas of the fitting, as shown more clearly in Photo 2. Impact damage was also
evident on the opposite flange as also shown in Photo 2. Separation of the crack
revealed that the crack surface extended completely through the section thickness,
and originated at the radius junction between the lobe and flange portions of the
fitting, Photo 3. Crack length was measured to be 1-1/4" (length “A", Photo 3).

3. Electron fractographs rexoved from the crack area shown in Photo 3 verified a
stress corrosion growth mode, especially at the area close to the fillet radius,
Photos 4 § 5. These fractographs revealed intergranular separation and "mud crack”
pattems, indicative of progressive cracking along grain boundaries. Extensive
super imposed pitting from extraneous corrosion occluded meny surface features,
such as shown in Photo 5. Photo 6, which is a fractograph removed from about mid-
point of the crack again revealed characteristics indicative of stress corrosion
cracking. Although dormant corrosion on the crack surface was evident both on
macTo § micro levels of examination, stress corrosion features were still dowrinant
enough to be revealed on fractographic examination. The almost complete absence of
dimple and cleavage characteristics-an this surface, which would normally be present
on’ typical ductile separatians for this material, again indicates a progressive mode
of growth for the crack. This crack did not induce failure of the item since it
was away from the major failure zone and did not self propagate.

4. Th# clevis pin sleeve was removed and the bore diammeter organically stripped for
over-all NDI inspection of this area. This inspection did not reveal cracks on the
inner bore surface. (NDI Report enclosed). However, an area on one end of the bore,
Photos 7 § 8, exhibited a zome of pitting corrosion initiated by galvanic coupling
between the steel sleeve and 7075 alumimm alloy. Although this item did not exhibit
fallure at this location, such a condition is a very likely site for subsequent
initiation and growth of stress corrosion cracking.

5. Examination of the immer surface of the small hole (Photo 3) did not reveal any
deep score marks, which may have been left by possible rejection of the locking pin-
bracket combination gu.ground impact. This surface did exhibit some corrosion product,
the formation of which may have ocamrred during the total service time of the item.

No plastic deformation on the inner surface of the hole or elongation of this hole

was evident (See Photo 3) which would normally be expected to occaur by ‘'catostrophic’
removal of the pin and bracket attachment to this hole. Photo 9, showing this sec-
tioned hole at higher magnification again does not indicate any severe plastic defor-
mation on the inner small pin hole surface.
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Page 2 of 2 30 April 1975
MME-5/Capt Gregory/Capt Schéiding/S7845 MANCE (Metallurgical Laboratory)
Right #4 Bellcrank (ASA 7075 T-6 Aluminum Alloy Forging) 23 Apr 75
Task #1128, Attachment #7 1142

Metallurgical Analysis

6. Examination of the hook attachment hole (Arrow B, Photo 3) which accomodates the
other end of the locking bracket-pin device again did not reveal any indication of
severe plastic deformation attendamt with catostrophic separation of the locking
attachment, as shown close-up in Photo 10. However, it should be comsidered that this
hole contains a hardened steel insert, which would be considerably more resistant to
plastic deformation under severe impact loads than the aluminum alloy of the fitting,
and redistribute impact loads more uniformly around the hole.

7. No definite determinatian could be made on examination of the inner diameter
surface of the pressed in clevis insert, (Arrow C, Photo 3), as to whether the clevis
pin was or was not installed at the time of impact. Long tem contact between pin §
sleeve during the total service time of the part would lecave an indelible contact
pattern, which could not be altered by a single incident where installation of the
pin may have been omitted. Photo 11, which shows this sectioned sleeve in color does
indicate an excessive amount of corrosion as compared to the sectioned sleeve of #5
Bellcrank, which retained it's pin on impact (Photo 12). Considerable difference in
sloeve surface degradation is obvious in this comparison. This may indicate that this
surface was originally not covered by the pin (no installation), and on ground impact
was subjected to subsequent over-all corrosion; where as the sleeve surface for #5
Bellcrank (Photo 12) was intact with the clevis pin and did not undergo this corrosion.
However it is possible that the pin was originally installed and rejected on grovnd
impact, which again would remove protection for the under sleeve. Another possibility
to be considered is that #4 Bellcrank pin was originally installed and retained on
ground impact, but the assernbly eventually landed in a more corrosion exposed area,
which resulted in the severe galvanic corrosion that was evident.

SIGNED
PETER J. FRINTZILAS, Metallurgist 2 Atch
1. NDI
SIGNED 2. Photos 1 thru 12

0. H. DOUGLASS, JR.
Chief, Metallurgical Lab Section
ACA
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Right Rellcrank # 4 |28 April 1¢7s

BRI

SAMPLE FRO®M LAQ nINvRE-L_ R
MANCE / Task 1128 Attachment 7 _75-76
TEST FOR
Cracks

1. One Right Bellcrank, # 4, was received by MANCD for nondestructive inspection
of the large clevis pin hole area of the bellcrank.Specimen was identified as the
Right Bellcrank, #4, Canted Station 2064, Ramp Station 95.

2. Specimen was inspected as follows:

a. Specimen was processed by the liquid penetrant method using penetrant inspectior
materials, Type I, Method "B", Mil-I-25135, Group VI with the family concept
emulsifier and dry fluidized developer.

3. Inspection-Results:
a.Penetrant inspection revealed no discrepancies in the suspected area.

J.N.Garcia
Quality Assurance Specialist

T Slaswern .
. MATIAS S JR.
Ch, NDT Lab Sec

SAN ANTONIO FORM AFPS~
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Photo 3 4/5x
Separated crack (Area A) on flange of Bellcrank. Light fresh fracture ''B"
is overload zone created on tensile separation of crack. Arrow A indicates

small lock pin hole which was examined for prior installation of pin.
(See paragraph 2).
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Photo 4 Near Fillet Radius 3000X Photo S Near Fillet Radius 3000X
Photos 4 - 6 Electron fracto hs removed from separated crack surface shown in
Photo 3. Intergranular separation and thick mud crack patterns as indicated by

Photo 4 suggest stress corrosion crack growth. Severe pitting, as shown in Photo 5,
resulted in occhusion of many oftthe crack features.
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Page 2 of 2 30 April 1975
MME-5/Capt Gregory/Capt Scheiding/57845 MANCE (Metallurgical Laboratory)
Right #4 Bellcrank (ASA 7075 T-6 Aluminum Alloy Forging) 23 Apr 75
Task #1128, Attachment #7 1142

Metallurgical Analysis

6. Examination of the hook attachment hole (Arrow B, Photo 3) which accomodates the
other end of the locking bracket-pin device again did not reveal any indication of
severe plastic deformation attendant with catostrophic separation of the locking
attachment, as shown close-up in Photo 10. However, it should be considered that this
hole contains a hardened steel insert, which would be considerably more resistant to
plastic deformation under severe impact loads than the aluminum alloy of the fitting,
and redistribute impact loads more uniformly around the hole.

7. No definite determinatian could be made on examination of the inner diameter
surface of the pressed in clevis insert, (Arrow C, Photo 3), as to whether the clevis
pin was or was not installed at the time of impact. Long tem contact between pin §
sleeve during the total service time of the part would leave an indelible contact
pattern, which could not be altered by a single incident where installation of the
pin may have been omitted. Photo 11, which shows this sectioned sleeve in color does
indicate an excessive amount of corrosion as compared to the sectioned sleeve of #5
Bellcrank, which retained it's pin on impact (Photo 12). Considerable difference in
sleeve surface degradation is obvious in this comparison. This may indicate that this
surface was originally not covered by the pin (no installation), and on ground impact
was subjected to subsequent over-all corrosion; where as the sleeve surface for #5
Bellcrank (Photo 12) was intact with the clevis pin and did not undergo this corrosion.
However it is possible that the pin was originally installed and rejected on graimd
impact, which again would remove protection for the under sleeve. Another possibility
to be considered is that #4 Bellcrank pin was originally installed and retained on
ground impact, but the asserbly eventually landed in a more corrosion exposed area,
which resulted in the severe galvanic corrosion that was evident.

SIGNED

PETER J. FRINTZILAS, Metallurgist 2 Atch
1. NDI
SIGNED 2. Photos 1 thru 12

0. H. DOUGLASS, JR.
Chief, Metallurgical Lab Section
MA
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9 May 1975
Mx»m-s/c;pt Gregory/Capt Scheiding/578L5 MANCE (Metallurgical Laboratory)
#4, R.H, Bellerank 23 Apr 75
Task #1128, Attachment #7 (Amendment) #142

Metallurgical Analysis

. tional is on the massive failure zone of this Bellcrank, Photos 1 & 2,
t];as mrequeadééed for memtion of the direction of final separation. Final Lained
separation was in the direction of the red arrow, as shown in these photos and exp y e
in the caption. Additional separation of the flange segments Cl & C2 at the labor; ;g
revealed discolored corrosion zones on the fractures, Photo 3. These zones were s r
to corrosion zones found previously on the cracks at the other areas of the Bellcrank

previously examined in the original analysis.

2. Macro examination of the separated segmbnt Cl, showing the portion of the old
fracture merging into the fresh lab fracture again reveals a significant difference
in texture betwesn thess two fractures.

3. Elsctron fractographs removed from the Cl & C2 flange fractures, at the fresh
fracture and old fracture areas revealed a significant difference in characteristics
betwsan both zones, as indicated in Photos 5-10. Surface topography varied between
ductile tear and clsavage through second phase areas (1ab fracture), to a blocky, faceted
type configuration (Segment Cl) at inward locations of the field fracture, as shown for
Segment C1 in Photo 7. Photo 7 reveals what appear to be dsep secondary cracks and mud
crack configurations. Similar configurations, although not as dominant were observed
for Segment C2, Photos 8-10, which indicate extreneous corrosion pitting from the
affects of dormant corrosion on these surfaces.

L. Conclusion: Failure direction of thie end of Bellerank #4 RH is indicated and
explained in Photos 1 & 2. The presence of "stress corrosion type" separation sones
was also observed on longitudinal fracture areas of flange segments Cl & €2, (Photos
1-L), as verified by fractographs analysis. The short transverse direction of the
original item material may possibly constitute the thickness direction an these fracture
surfaces, and depsnding on the orisntation of the item with respect to the original
material would increase the feasabllity of stress ecorrosion characteristics there.

PETER J. FRINTZILAS, Mstallurgist 1 Atch
Photos 1 thrmu 10

O. H. DOUGLASS, JR.
Chief, Metallurgical Lab Section
HA .
















28 April 1975 L/

MME-5/Capt Gregory, (.apt .Sjchexdm 57845 MANCE (Metallurgical Laboratory)
#5 uecalits

Right er—hefs .Hook Bellcrank and Pushrod 23 Apr 75

Task 1128, Attachment 8 142

Metallurgical Analysis

1. One right or left #3 hook, bellcrank and pushrod assembly was submitted to the
Metallurgical Laboratory for analysis in support of Task 1128.

2. This item assermbly, as submitted, is shown in Photos #1 and #2. Failure was
exhibited by fracturing of the bellcrank and shearing off of the pushrod end, as
shown in the photos. A crack was evident underneath a lobe of the bellcrank
(Material ASA 7075-T6), as shown in Photo #2 and close-up in Photo #3. Separation
of this crack, Photo #4, revealed discoloration on the crack for a length of about

3 inches (Arrow '"'A", Photo #4) prior to entry of the crack into the overload zone

"B" created by fracturing of the crack segment at the laboratory. An electron
fractograph of the zane ''B' area (Photo #5) revealed the expected severely dimpled
characteristics, normal for rapid tensile overload failure in this material. However,
fractographs removed from the discoloration zone of the old crack (Photos #6 to #9)
revealed flat and indiscernible features in many areas, with evidence of some pitting
on the crack surface and some zones indicating intergrmular separation. These
features suggest stress corrosion crack growth on this item. It is not believed that
dormant corrosion of an opened impact crack would leave such features, especially

those of the type shown in Photos #6 mdlg which suggest crack growth along grain
boundaries.

3. Examination of the pushrod fracture surface (Photo 10) indicated failure by a
corbinatian of rapid bending and torsional shear. Final separation of the mating
portion is believed to heve ocamred in the direction indicated by the arrow. This
is suggested by crimping of the rod at the right side and "fluting in" of the
appending segment '"'A".

PETER J. FRINTZILAS, Metallurgist 1 Atch
Photos #1 thru #10
e

0. H. DOUGLASS, JR.
Chief, Metallurgical Lab Section
MA



28 Apr 75
MANCF /#ir. Orms MANCD/Nondestructive Testing Lab Sec
Right or Left Hook #3 26 Apr 75
MANCE/Task 1128, Attachment 8 75-76

Cracks

1. One each Tight or Left Hook #3 was received by MARCD for nondestructive
inspection. Specimen was identified as a portion of the Right or Left Hook #3
Asseb ly, Canted Fus Station 2044, Ramp Station 74,

o

2. Specimen was inspected as follars:

a. Specimen was processed by the 1iquid penetrant method, using penetrant
inspection materials, Type 1, Mathod "B", MIL- F 25135, Group VI, with the
family concept emulgifier and dry fluidized developer.

3. Inspection results:

a. Liquid penetrant inspection revealed no discrepancies.

NOTE: It is not known whether this hook is right or left.
Jose M. Garcia
Qlty Assr Spec

MATIAS RAMOS JR.
Ch, DT Lab Sec
















28 Apr 75
MANCF /#ir, Orms MANCD/Nondestructive Testing Lab Sec
Right or Left look #3 26 Apr 75
MANCE/Task 1128, Attachment 8 1576

Cracks

1. One each Night or Left Hook #3 was received by MNCD for nondestructive
inspection. Specimen was identified as a portion of the Right or Left Hook #3
Assenbly, Canted Fus Station 2044, Ramp Station 74.

ial

2. Specimen was inspected as follars:

a. Specimen was processed by the liquid penetrant method, using penetrant
inspection materials, Type I, Method "B", MIL- } 25135, Group VI, with the
family concept emulsifier and dry fluidized developer.

3. Inspection regults:

a. Liquid penetrant inspection revealsd no discrepancies.

NOTE: It i3 not knorn whether this hook is right or left.

Jogse N. Garcia
Qlty Assr Spec

|
:
MATIAS RAMOS JR.
Ch, NDT Lab Sec



28 Apr 73
MANCF /#ir. Orms MANCD/Nondestructive Testing Lab Sec
Right or Left Hook #3 26 Apr 75
MANCE/Task 1128, Attachment 8 71576

Cracks
1. One each Right or Left Hook #3 was received by MRCD for nondestructive
inspection. Specimen was identified as a portion of the Right or Left Hook #3
Assenbly, Canted Fus Station 2044, Ramp Station 74.
2. Specimen was inspected as follars:

a. Specimen was processed by the 1liquid penetrant method, using pemetrant
inspection materials, Type I, Mathod '"B", MIL- F 25135, Group VI, with the
family concept emulsifier and dry fluidized devaeloper.

3. Inspection results:

a. Liquid penetrant inspection revealad no discrepancies.

NOTE: It is not knorn whether this hook is right or left.
Jose N. Garcia Co
Qlty Assr Spec

MATIAS RAMOS JR.
Ch, NDT Lab Sec
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12 May 1975

1ME-5/Capt. regory/Capt Scheiding/57845 HANGE (ietallurgical Laboratory)
Hook &
#5 R.li. Bellcrank, originally identified as #3 Right or Laft Bellerank 23 Apr 75

Task #1128, Attachment #8 (Amendment) : #L12
MYetallurgical Analysis

An additional analysis on the massive failure zone on this item was requested to
determine the direction of final separation. Macro examination of the fracture
areas, rhotos 1 % 2, indicating tensile overload characteristics, a massive sliding
shear zone (B) and bending of the appending segment (A) in the direction of the red
arrow verify final separation in this direction. All fracture faces and adjacent
areas exhibited considerable plastié deformation and impact markings, and verify
failure by impact overload.

- .

Twy .

PETER J. FRINTZILAS, Metallurgist i Atch.
Photos 1 & 2

.
;?‘nj

0. H. DOUGLASS, JR.
Chief, Metallurgical Lab Section
A
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27 April 1975

MME-5/Capt Gregory/Capt Scheiding/57845 MANCE (METALLURGICAL LABORATORY)
No 1/No 3 Bellcrank Pushrod 23 Apr 75
Task #1128 Attachment #9 #142

Mstallurgical Analysis

1. A piece of pushrod with the end fitting attached was submitted for analysis as per
attachment #¢ of basic MME Task #1128.

2. Photographs 1 and 2 are of the pushrod as received. Note that the failed mount-
ing lugs are attached to the end fitting. Photos 3 and 4 are close up shots of the
failed areas.

3. Examination of the fractured surface around the circumference of the pushrod
was accomplished as follows: Seven areas were marked counter clock-wise starting
on the top side of the pushrod. Area 1, approximately 3/8 inch long, exhibited
ocbliterated surface due to impact r fracture, Area 2, approximately 3/4 inch
long, exhibited separation by tearing. Area 3, approximately 5/8 inch long, exhibited
an outward tensile shear mode of failure. Area 4, approximately 1/2 inch long,
failed in a tensile shear mode; however a reversal fracture pattern indicated that
a flexing motion occurred during failure, reference photo 6. Axea 5, approximately
1/2 inch long, exhibited a tensile shear mode of failure. Area §, approximately 1/2
inch long, same as area 4. Area 7, approximately 1 inch long, exhibited a failure
mode similar to area 5. #[Photograph 5 shows the different failed areas marked
an the ciraumference of the pushrod).

4. Examination of the failed lugs found attached to the end fitting showed a tensile
shear mode of failure. Photograph 7 is of the fractured surface on the right side of
the end fitting. The left side exhibited a similar fracture mode. Fractographs of
the lugs fractured surfaces, (Photos 8 § 9) show a dimpling effect which is character-
istic of a tensile shear mede of failure. Lug material was identified as 7075
aluminum alloy.

5. Conclusion: Fractured surfaces examined on both the pushrod and mounting lugs
revealed an overload type of failure. There was no material deficiency or defects
that could have caused or contributed to the ultimate failure of fractures examined.

MARCOS R. SOLIS, Metallurgist 1 Atch
Photos 1 thru 9

0. 1. DOUGLASS, .JR. :
Chief, letallurgical Lab Section
MA
















MME-5/Capt Gregory/Capt Scheidingz/57845 MANCE (Metallurgical Laboratory)

Left Side #5 Hook Bellcrank Assembly 23 Apr 1975
Task 1128, Attachment 10 142
Metallurgical Analysis

1. One C5A left side #5 hook assembly was submitted to the Metallurgical
Laboratory in support of task 1128.

2. Visual and microscopic examination of the "as received" parts are identified
in photo #1.

3. Spectrochemical analysis of the cracked bellcrank and bent pushrod were as
follows:

a. Bellcrank - 7075 aluminum alloy.
b. Pushrod - 2024 aluminum alloy.
4. Visual and microscopic examination at 45X power revealed the following:

a, Thotos #2 and #3, taken from the bellcrank body, revealed one large crack
located approximately 1" below the left bushing hole. Also noted were two dents
located on the left side of the bellcrank body.

b. Photos #4 and #5, taken of the two fractured surfaces, revealed possible
signs of corrosion.

c. Photo #6, taken from the bellcrank body, revealed that the two bushing
holes were elongated and occurred on aircraft impact.

d. Photos #7 and #8, taken of the 55K hook, revealed a dent at the left side of
the hook. The attached link programming hook was also bent.

e. Photo #9 revealed that the fractured pushrod, which is attached to the main
bellcrank body (photo #1), was in a stationary position on impact.

f. Photos #10 and #11, taken from the pushrod fractured faces, revealed a
combination of tensile and torsional overloading as the mode of failure. It should
be noted in this laboratory report that attachment 12, photos #6 and #7, which are of
the same pushrod, also showed that a combination of tensile and torsional overloading
was found to be the mode of failure.

5. Further examination.of the suspected corrosion as seen in photos #4 and #5,
utilizing the TEM (Transmisaion Electron Microscope}, revealed the following:




K-2

a. Practographs (12 and 13) taken along the bellcrank fracture faces
conforms the presence of stress corrosion.

6. In conclusion, faillure of the bellcrank was initiated by stresa
corrosion wiich can be seen in photos #12 and #13. Failure to the pushrod
and other assemblies were found to be of the overload (impact) type.

GIGNED

DAVID BARRERA 1 Atch
Metallurgist Photos #1 thru #13
SIGNED

0. 1. MRS, Jr

Chief, iHetallurgical Labora:ory Section
MA



28 Apr 7%

MNCE/Mc Orms MANCD/Nendestructive Testing Lab Sec
Ballcrank and Hook Assembly 28 Apr 75
MANCE/Task 1128, Attachment 10 75-76
Craeks

1. Oue eagh Bellcrank and Hook Assexbly was received by MNCD for nondestructive
imspection. Assesbly was identified as Bellerank and Hook Assesdly, Left #5, Canted
Tus Station 2084, Ramp Statiom 116.

2. Aswvenbly was inspeated as fellaws:

a. Specimen was processed by the ligquid penetrant msethod using penstrant
iaspection materials Type I, Mthod "B, MIIl- I 25135, Qroup VI with the family
consept smulsifier and dry fluidized developer.

3. Inspection results:

a. Liquid penstrant revealed mo indications of surface discontinuaties.
IANED

Jease N. Garcis -
Qlty Aser Spec

SIGNED

MT1AS RAMOS JR.
Ch, T Lab Ses



























26 Apr 1075
'ME-5/Capt Gregoxy/Capt Scheiding/57845/53503 “ANCE/Metallurgical Laboratory Section
Left #5 Saddle Fitting 23 Apr 1975
ask 1128, Attachment 11 142
Metallurgical Analysis

1. Mne failed saddle fitting identified as #5 left side was submitted to the
Metallurgical laboratory for analysis in support of Task 1128,

2. Photographs of the exhibit as received are identified as Photo #1.

3. Spectrograpiic analysis identified the material of this exhibit-as 7075 alumimumn
alloy, with a Rockwell hardness of Rc 92. This indicates the material is in the T6
heat treated condition.

4. Visual and microscopic examinations of the fractured surface showed the area was
smearell from foreign object damage, or impact, There was a small area that did not
show this condition, and this is where we made our examination. There was some light
blue paint on the surface near the begimming of the damaged area (see Photo #2).

The fracture was not an old failure, but the result of irpact.

SIGNED
J. PARKER "' 1 Atch
Wrallupgeghas, Jr. Photos #1 and #2
Chief, Metallurgical Lab Section
MA

B
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206 April 1975

+ME-5/Capt Gregory/Capt Scheiding/57845 MANCE (Metallurgical Laboratory
Left 4 to 5 Pushrod 23 Apr 75
Task #1128 Number 12 Attachment #142

Metallurgical Analysis

1. Two failed pieces of tubing identified as Left 4 to 5 Pushrod were submitted
for analysis as per attachment 12 of basic MME Task #1128.

2. For the purpose of this report the picces will he refer to as exhibit "A”
(piece with the swivel fitting attached) and exhibit "'B" (piece without the
fitting). Photographs 1 thru 3 are of the exhibits as receiwved.

3. Visual examination of the exhibits showed three fractured surfaces, one

(1) on exhibit "A" and two (2) an exhibit '"'B"'. It was also noted that the
fracture surface on exhibit A" matched one of the fractured surfaces on
exhibit ''B" (reference photographs 4 and 5). These are photos of the matched
surfaces as viewed from two angles 180° apart. It was also noted that both
exhibits were dented as shown by the arrows un reference photographs. At this
time it was determined that one item in attachrent 10, marked Left #5 Bellcrank
and liook Assembly was the missing piece of the left 4 - S push rod (reference
photograph: 6). This item was matched to the other two exhibits and photographed
(see photo #7).

4. Spectrographic analysis showed that the push rod tube was made of type 2024
aluminum alloy.

5. Micruscopic and metaflographic examination of the fractured surfaces showed
a fracture mode characteristic of overload in a bending and twisting motion. .
Photograph #7 shows the buckling of the tube due to bending and the twisting
load paths. Although the primary load path on exhibit "A" was counter clockwise,
some flexing occurred as evident by the reversal in direction of fracture
(reference photograph #8). Photograph #9 shows the typical tensile shear mode
of fracture observed on all fracture surfaces.

6. Conclusion: It was determined that the fractured surfaces examined exhibite:!
a fracture mechanism characteristic of an overload failure, and that there was
no evidence of material deficiency or defects that caused or contributed to the
ultimate failure.

S Pl
“ G,

MARCOS R. SOLIS, Metallurgist 1 Atch
s Photos 1 thru 9 .

0. H. DOUGLASS, JR.
Chief, Metallurgical Lab Section
MA
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28 April 1975

MME-5/Capt Gregory/Capt Scheiding/57845 MANCE (Metallurgical Laboratory)
#4 Left Side llook § Bellcrank Assembly 23 Apr 1975
Task 1128, Attachnent 13 #142

Metallurgical Analysis

1. One #4 left side hook and bellcrank assembly was submitted to the Metallurgy
Laboratory for analysis in support of Task 1128, Attachment 13. Nondestructive
Test Report is attached.

2. Photo #1 identifies the hook and bellcrank assembly. The corrosion pitting of
the bellcrank should not be taken into consideration in this investigation. This
was the result of the cleaning operation, in the stripping of the part.

3. The crack indication as reported by Nondestructive Test Report, Lab Control
#75-76 was investigated under the microscope. The suspected crack was. forced open.
A replica was made of the fractured surface, for observation under the Electron

~ Microscope. Photo #2. In forcing the crack open, the suspected crack did not
propagate under load. The bellcrank cracked in another locatiaon adjacent to the
initial crack. Then the suspected crack was opened to obtain the initial crack
face.

4, The Electron Microscope investigation and analysis showed stress corrosion
combined with stresses on the fractured surface. Fractographs were made on the
suspected surface.. They revealed the start of stress corrosion cracking, which
can be attested to the "mul crack' as indicated in the center of Photo #3.
Practography 5600X. Photo #4 is further proof of the stress corrosion. The
dimple area on both photographs 3 § 4 is the result of the state of stress.

5. Spectro\gaﬁph analysis identified the material as 7075 aluminum alloy.
QIGNEY

W, H. CROCKER, Metallurgist 2 Atch

1. NDT Lab Report
_ 2. Photos 1 thru 4
SENEL

0. H. DOUGLASS, JR. F
Chief, Metallurgical Lab Section '
MA

M



28 Apr 75
MANCE/Yr Crocker MAMCD/Yondestructive Testiug Lab Sec
Side 'ook and Bellcrank Asserdly 25 Apr 75
MANCE/Task 1128, Attachment 13 75-7¢

Cracks

1. One each Side Fook and Bellcrank Asserbly was receilved by PMAYCD for nondestructive
testing. Assembly was identified as Side Hook and Bellcrank Asserbly, Letft Lide 47
Canted Fus Sta 2064, Ramp Sta 95.

2. Specimen ssserbly was processed as follows:

a. All assexbly components made from ferro-mapgnetic materials were processed by
the magnetic particle method, using longitudinel and circular filelde and the wet
continmious method of particle application.

b. All assembly components nmade of non-magnetic naterials were processeu by the
liquid penetrant method using inspection materials Type I, Method 8", MIi- - 25135,
Croup VIwith the family concept emilsifier and dry fluidized developer.

3. Inspection results:
a. Magnetic Particle Inspection:

{1) ‘lo discrepancies ware noted on all ferro-magnetic components insnected.

b. Liquid Penetrant Inspection:

(1) Inspection revealed one nonmagnetic component to comtain extensive
corrosion pitting throughout the entire casting. Corrosion pits were deep., heavily
concentrated in some areas with some pits followinz chain- like patterns. One crack
indication was also noted in the racessed arca of the casting. Indication was
approximate ,250° in length follared by a series of corrosion pits. Sce attached
sketch. No discrepancies were noted on the other nonmagnetic component. DNefective
component waa identified as follows:

(a) Bellcrank Asserbly P/ 4FS3A94-101A, TO 1C-544-1, fic 162- 9%,

4., All defective arcas were marled.
Siest L

Jose X, (mr-ia
Qlty “ssr Spec
w ot
MATTAS BAMOS I, 1 Ateh
Ch, NOT l.ab Sec Sketch
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26 April 1975
MME-5/Capt Gregory/Capt Scheiding/57845 MANCE (Metallurgical Laboratory)
#7 Yoke Guide (Left) Support Backup Structure 23 Apr 75
Task #1128 Attachment #14 #142
Metallurgical Analysis

1. One #7 yoke guide (left) support backup structure was submitted to the
Metallurgy Laboratory on attachement #14 to investigate the drilled hale.

2. Photo #1 identifies the yoke guide. Photo #2 shows the elangation of
the hole present in the yoke guide,

3. Microscopic investigation revealed no evidence of a recent repair or

installation of a new fastener. There is no indication of the hole being
redrilled.

e

W. H. CROCKER, Metallurgist 1 Atch

Photos 1 f 2
R ¥
O.H. DOUGLASS, JR.
Chief, Metallurgical Lab Section
MA
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26 April 1975
MVE-5/Capt Gregory/Capt Scheiding/57845 MANCE (Metallurgical Laboratory)

#7 Yoke Guide (Left) Support Backup Structure 23 ApT 75
Task #1128 Attachment #14 #142
Metallurgical Analysis

1. One #7 yoke guide (left) support backyp structure was submitted to the
Metallurgy Laboratory on attachement #14 to investigate the drilled hole.

2. Photo #1 identifies the yoke guide. Photo #2 shows the elongation of
the hole present in the yoke guide.

3. Microscopic investigation revealed no evidence of a recent repair or
installation of a new fastener. There is no indication of the hole being
redrilled.

P
.,.

W. H. CROCKER, Metallurgist 1 Atch

Photos 1 f 2

0.H. DOUGLASS, JR.
Chief, Metallurgical Lab Section
MA

JA
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29 April 1975
MME-5/Capt Gregory/Capt Scheiding/57845 MANCE (Metallurgical Laboratory)
#5 Pressure Door Roller Bracket 23 Apr 75
Task #1128, Attachment 15 #1142

Metallurgical Analysis

1. One failed piece of pressure door roller bracket identified as #5 Pressure Door
Roller Bracket, was submitted for analysis as per Attachment #15 of basic MME
Task #1128.

2. Photograph of the exhibit as received are identified as Photo 1, also shows
where metallurgical specimen was taken, along with the TEM (Transmission Electron
Microscope) fractographs specimens.

3. Spectrographic analysis identified the material of the bracket as 7075 aluminum
alloy, with a Rockwell hardness of Ry 90, this indicates the material is in a T6
heat treated conditionm.

4. Visual and microscopic examination of the fractured surface showed a '‘woody'' and
Fibrous appearance, this is typical for high strength aluminums. Also this exhibit
showed a cupping effect on the fractured surface which is indictive of tensile overload.

5. Metallurgical and TEM znalysis revealed the mode of failure was due to stress-
corrosion cracking on both sides of the exhibit (sce photos 3 & 4 also photos 7 § 8).
After stress-corrosion cracking was initiated it propagated in a series of steps
which was caused by fluctuating loads, with final failure being a tensile overload on
ane section of the bracket.

6. Canclusion: The failure of the bracket was initiated by stress-corrosian, of
crack Jinitiated from both sides of the part. Other fractures on the bracket were
found to be of the overload (impact) type failures.

SIGNED
JOHN PARKER, Metallurgist ’ 1 Atch
| Photos 1 thru 8
SIGNED )

O. H. DOUGLASS, JR.
Chief, Motallurgical Lab Sectian
MA

S













28 Apr 75
MANCF /#r. Orms MANCD /Nondestructive Testing Lab Sec
Right or Left look #3 26 Apr 75
MANCE/Task 1128, Attachment 8 7576

Cracks

1. One each Tight or Left Hook #3 was received by MARCD for nondestructive
ingpection. Specimen was identified as a portion of the Right or Left Hook #3
Assenb ly, Canted Fus Station 2044, Ramp Station 74.

"

2. Specimen was inspected as follos:

a. Specimen was processed by the 1liquid penetrant method, using penetrant
inspection materials, Type I, Method "B, MIL- I 25135, Group VI, with the
family concept emulsifier and dry fluidized developer.

3. Inspection results:

a. Liquid pemetrant inspection revealed no discrepancies.

HOTE: It is not knarn whether this hook is right or laeft. ‘

Joge N. Garcia
Qlty Assr Spec

MATIAS RAMOS JR.
Ch, NDT Lab Seec
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27 April 1975
MME-5/Capt Gregory/Capt Scheiding/5784S MANCE (Mptallurgical Laboratory)
#7 Right Hook § Bellcrank Assembly 23 Apr 75
Task #1528, Attachment #16 142

Metallurgical Analysks

1. Cne failed #7 Right Hook § Bellcrank assembly was submitted to the Metallurgy
Laboratory in support of Task 1128, Attachment #16.

2. Photographs were taken of the hook and bellcrank assembly. Photo 1. Photo 1
also identifies A § B specimens selected for analysis.

3. Microscopic investigation revealed specimen "A'" failed in tension owverload.
Surface is fibrous, with numerous secondary cracks. Photo 2. Specimen 'B" failed
in a similar mode except there was extensive rubbing action, which destroyed the
fracture surface. Photo 2. This specimen also displsayed a bending actioan and

4. There was no evidence of dsmage to the hook other than the impact to ane side
of the root of the hook. Photo 1.

SIGNED
W. H. CROCKER, Metallurgist 2 Atch
1. NDI Enclosure
SIGNED 2, Photos 1 § 2

0. H. DOUGLASS, JR.
Chief, Metallurgical Lab Section
13



26 Apr 75
MANCE/Yr Crocker MANCD/Nondestructive Testing Lab Sec
Right llook and Bellcrank Assesbly #7 25 Apr 75
MANCE/ Task 1128, Attachment 16 75-76

Cracks

1. One each Right Hook and Bellcrank Asserbly was received by MANCD for nondestructive
inspection. Assembly was identified as Right Hook and Bellcrank Assesbly #7, Right
Side, Canted Fus Station 2064, Ramp Station 95.

2. Assemblywas processed as follows:

a. All assembly components made from farro-magnetic materials were processed by
the magnetic particle method using longitudinal and circular fields and the wet
continuous method of particle spplicatien.

b. All assexbly components made from non-magnetic material were processed by
the liquid penetrant method uaing inspection materials Type I, Method "B", MIL- I 25135,
Group VI with the family concept emulgifier and dry fluidized developer.

3. Inspsction results:

a. Magnetic Particle Inspection: No discrepancies were noted.

b. Liquid Penetrant Inspection: Yo discrepancies were noted.
Jose H. Garcia
Qlty Assr 5pec

MATIAS RAMOS JR,
Ch, ¥DT lab Sec
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30 April 1975

ME-5/Capt Gregory/Capt Scheiding/57845 MANCE (Metallurgical Laboratory)
Ramp (Right Side) Part 4-8 23 Apr 75
Task #1128, Attachment #17 142

Metallurgical Analysis

1. One failed part of the ranp identified as Right Side Part 4-8, was submitted for
analysis as per Attachment #17 of basic IMME Task #1123.

2. Photographs of the exhibit as received here in the Metallurgical Laboratory are
identified in Photo 1, alang with designated areas "A" thru "F' that were sectioned
for visual and microscopic examination.

3. Visual and microscopic examinations showed most of the fractured surfaces were
smeared from the two surface rubbing together, or from foreign object damage from
impact.

4. The mechanism and mode of failure was attributed to excessive shearing and tensile
overload, with ramp failing from the right and left directions, to a straight tensile
pull on the ramp.

SIGNm
JOIIN PARKER, Metallurgist 1 Atch
Fhotos 1 thru 7
SIGNED

O. H. DOUGLASS, JR.
Chief, Metallurgical Lab Section
MA

S
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: : 28 April 1975

*pF-5/Capt Gregory/Capt Scheiding/57845 MANCE (Metallurgical Laboratory)
Aft Ramp (Part Labeled 4-0 and 4-5) Sectians 23 Apr 75
Task 1128, Attachment 18 142

Metallurgical Analysis

1. Two failed aft rarp sections were submitted to the Metallurgical Laboratory for
analysis in support of Task 1128.

2. The majority of the fractured surfaces exhibited extensive rubbing of the crack
surfaces. This action obliterates rost of the identifiable cracking phenomena.

3. Visual and magnified examination indicated the direction of the progression of
failure to be from left to right of the aft ramp (Photo 1). Several areas show
damage exerted from the top of the ramp.

4. Two fractured sections were selected for microscopic sutdy (Photo 1). They
were designated A" and 'B' for these tests.

5. Microscopic study on part 'B' revealed a tensile cup indicative of a tensile
failure (Photo 2). A study on part "A" disclosed a shear cleavage by overload or
impact (Photo 3).

BIGNT ..
W. H. CROCXER, Metallurgist 1 Atch
- Photos 1 thru 3
STENED '

0. H. DOUGLASS, JR.
Chief, Metallurgical Lab Section
MA

Jh
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29 April 1975

MME-3/Capt Gregory/Capt Scheiding/57845 MANCE (Metallurgical Laboratory)
Aft Ramp Section  (4-3) 23 April 1975
Task #1128, Attachment 19 142

Matallurgical Analysis

1. One aft ramp section (4-3) was submitted to the Metallurgical Laboratory
for analysis in support of task 1128, attachment 19,

2. Photographs were taken of the aft ramp section. Samples 1, 2 and 3 were taken
to {dentify sections used to determine load direction and also to analyze the mode
of failure. Photo 1, samples 4, 5, 6 and 7 were identified on photo 2 for the
same Treasons.

3. Microscopic examination of sample 1 revealed tensile cup and shear by overload.

All the geven samples will indicate tensile cup and/or tensile shear, with the direction
of shear shown by the arrows. Elongation of holes and rubbing phenomena will be

shown with their direction by arrows. The remaining six samples exhibited a

similar mode of fracture. The samples as indicated on the photographs show

reversing of the tensile shear with an overload pulling, tearing and bending force.

4. Conclusion: the aft zamp section (4-3) failed in tension or tensile shear and
or cup overload, as did the other ramp sections.

-,

B

W. H. CROCKER 1 Atch
Metallurgist Photos 1 thru 9

NE‘D
DAVID BARRERA
Metallurgist

. ':v,‘H&

0. H. DOUGLASS, JR
Chief, Matallurgical Laboratory Section
MA

e
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29 April 1975

MME-5/Capt Gregory/Capt Scheiding/57845 MANCE (Metallurgical Laboratory)
Aft Ramp Section Labled 4-1 23 Apr 75
Task #1128, Attachment #20 #142

Metallurgical Analysis

1. One failed Aft Ramp Section was submitted to the Metallurgy Laboratory for analysis
in support of Task #1128, Attachment #20.

2. Photographs were taken of the Aft Ramp Sectien. Sarple #1, #2 & #6 were identified
on Photo #1. Sample #3, #4 G #5 were identified as to location on Photo #2. These
samples were taken to show the direction of load applied to propagate the failure,

3. Macro and Microscopic investigation of sample #1 revealed the fracture had failed
in tensile shear. The shiny area at the upper edge of fracture showed rubbing action
and directian of shear, Photo #3. Arrows indicate tensile shear direction on all samples
to show reversing of the shear mode of failure. Sample #2 shows tensile shear by
overload, Photo #4. Sample #3 shows the same phenomena of tensile shear reversing
the plane of direction, also tensile cup, Photo #5. These failures were Ly overload.
Sample #4 displays tensile .shear by overload. Shiny areas identifiy rubbed areas,
Photo #6. Sample #5 failed with tensile shear and tensile cup as indicated on Photo
7. Sample #6 displays the start of a tensile shear, a delay in the shearing process,
then a continuing of the tensile shear to failure, Photo #8. Microscopic analysis
show fibrous and woody fractures, indicative of tensile overload.

4. Conclusion: As indicated in the sampling of the fractures, all the fracture
modes show a tension failure due to overload. Manyyof the fractures show cycling,
bending, twisting and vibration under tension force.

SIGNED
¥. H. CROCKIR, Metallurgist 1 Atch
Photos 1 thru 8
SIGNEYY

O. H. DOUGLASS, JR.
Chief, Metallurgical Lab Section
MA

Jolb


















MME-5/Capt Gregory/Capt Scheiding/57845 MANCE (Metallurgical Laboratory)
Control Cables 23 Apr 75
Task 1128, Attachment 21 142
Metallurgical Analysias

1. Three C5A control cables, marked exhibits 1 - 2 ~ 3, were submitted to the
Metallurgical Laboratory to determine mode of failure (photo #1). This report
is in support of MME task 1128.

2. Spectrochemical analysis taken from the three submitted cables and its cover
were as follows:

a, Cables #1, #2 and #3 - AISI 302 stainless steel,
b. Cover 6061 aluminum alloy.

3. Hardness tests taken on the Knoop Scale and converted to the Rockwell Scale
were as follows:

a. Cables #1, #2 and #3 - Rc 52.
b. Cover 6061 - Rb 62.5.

4. Hardness readings of Rc 52, which were taken from the failed control cables,
place the 302 gtainless steel in the full hardened condition. The cable cover,
which 18 6061 aluminum alloy, had hardness readings averaging Rb 62.5. This
places the 6061 in the T-6 condition.

5. Visual and microexamination of the submitted fractured cables and their
aluminum covers revealed that failure was due to a combination of tensile and
torsional overloading (photo #2 ~ photo #5).

SIGNEL
DAVID BARRERA 1 Atéh
Matallurgist » Photos #1 - #5

0. H. bb%g{mss, JR

Chief, Metallurgical Laboratory Section
MA

*
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26 April 1975 W-I

MME-5/Capt Gregory/Capt Scheiding/57845 MANCE (Metallurgical Laboratory)
Hydraulic Lines | - L R
Task #1128 Attachment #22 - 142

‘Metallurgical Analysis

1. Two failed hydraulic lines were submitted to the Metallurgy Laboratory in
support of Task #1128 Attachment #22.

2. Both of these left forward hayloft hydraulic lines have been subjected to
denting, tearing, kinking and finally failure of the line. Photo 1.

3. Paint indications were microscopically identified on samples #1 § #2.
Photo 2. They were classified as G=green § Y=yellow respectfully. Samples
#3 § #4 did not show any signs of paint fragments on the fractured surfaces.

4, Sample #1 of the hydraulic lines had been cut approximately 1/4'" of the

way through the OD of the tubing. The remainder of the fracture propagated
through tension overload. Photo 2.

5. All the other samples failed in a similar manner except where bending
had occurred, these failed through shear cleavage.

WOy
W. H. CROCKER, Metallurgist

‘ 1 Atch
HE XS Photos 1 thru 3

U. H. DOUGLASS, JR. -

Chief, Metallurgical Lab Section
MA

Y7
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30 April 1975
MME-S5/Capt Gregory/Capt Scheiding/57845 MANCE (Metallurgical Lsboratory)
Raxwp Bulkhead : 23 Apr 75

Task #1128, Attachment #23 #142
Metallurgical Analysis

1.¥ One Raxp Bulkhead segment (Attachment F23) was submitted to the Metallurgical
Laboratory for amalysis in support of ME Task #1128.

2. The item as submitted, is shown in Photos 1 § 2. Considerable impact damage was
exhibited, as indicated in the photos. A small 'bullet like" hole, and sdjacent tear
were evident at the location shown in Photo 1 and close~up in Photo 3. The closer view
indicates a glancing blow by an cbstacle, obtrusion, projectile, etc. inflicted on
impact. Slivering up of material (Arrow A, Photo 3) and a built up edge around the
hol;h(Arm)v B) indicate impact in the direction shown by the heavy arrow. (Also arrow
A, Photo 1).

2. A chemical spot test for lead deposit around the hole area proved positive but so
did other tests at the skin-honeycomb backing inter face (Arrow B, Photo 1) made on
the segment. This specific test for lead traces sround the hole is therefore incon-
clusive becsuse of the primary presence of lead in the bonding medium between skin §
honeyconb (Chemical Laboratory Report emclosed). Separation of the skin and removal
of honeycomb material around the subject area did not uncover the presence of any
protectile which mey have inflicted this damage pattern. This verifies that damage
on the swbject area was inflicted by a glancing blow (projectile or obtrusion), rather
than by an impacted projectile.

3. Over-all examination of the Bulkhead segment damage areas did not indicate any such
areas which could have resulted from intense heat. All fracture and tear surfaces
on this exhibit were the result of severe plastic dsformation incurred on ground impact.

PETER J. mm, hbtal’ﬂan‘xist ‘ i Atch cal "
GWE’ 2. Photos 1 thru 3

O. H. DOUGLASS, JR.
Ou’.ef, Metallurgical Lab Section

¥
NTe; fo Eomp Buatbhod Seyurant
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30 Apr 75
MANCE/Mr P. Frintzilas MANCA
Ramp Bulkhead Segment 23,Task 1128 29 Apr
MANCE ' 30

Whether lead was preseut arcund "bullet like"hole

1. Using a chemical spot test, we found traces of lead in the area of the hole.
However, using the same test on an exposed area between the two skin sheeta
several inches from the hole, we also obtained a positive test for lead.

2, Our test consisted of removing material from the edge of the hole with

a cotton gwvab moistened with dilute nitric acid, making the acid slightly
alkaline with ammonium hydroxide and then adding a drop of diphenylthiocarbazone
in carbon tetrachloride. A brick-red color was obtained which is
characteristic of lead. The test is sensitive.

R. C. CRIPE
Chexist \

R. L. GARCIA
Chamical Laboratory Section
MA

X-2
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29 April 1975

MME-5/Capt Gregory/Capt Scheiding/57845 HANCE‘(HAtallurgical Laboratory)

Bellcrank and Pushrod 23 April 1975
‘Task #1128, Attachment #24 142

Maetallurgical Analysis

1. Three pleces off of a bellcrank snd pushrod were submitted for analysis as per
attachment 24 of basic MME task 1128. The three pileces were identified for the
purpose of this report as exhibits 1, 2 and 3. Exhibits as received are showm

on photographs 1 through 3.

2. Examination of the three exhibits showed extensive physical damage. Photographs
4, 5 and 6 are close-up views of exhibit 2 which was the primary object of this
analysis. The retainer washer on the first rivet of the end fitting was sheared

off and buckling of the tube was also noted (reference photo #4). Examination of

the bel . rank showed what appeared as a2 badly worn area (reference photo 6). However
further examination showed that the damage was caused by impact. It was further
determined that the pushrod (area "B" of photo 7) was jammed against the bellcrank
(area "A" photo 7) and that was what caused the damage to the bellcrank and the
buckling of the tube. Examination of the fractured surfaces around the circumference
of the pushrod tube (exhibits 1 and 3) showed considerable plastic deformation

and shear lips indicating a shear overload mode of fracture (see photos 8 and 9).
Examination of the bellcrank fracture showed s bending load path. Consequently,

a portion of the faillure was longitudinal and the other portion was loaded in a
transverse direction (see photo 10). Practrographic asnalysis showed dimple

rupture on tha longitudinal {with grain) fracture. On the transbarse fracture

(cross grain) there were areas of intergranular fracture with and without dimples.
Flat stretch regions were alsc noted (see photos 11 and 12).

3. 1t wvas determined that the fractures examined were caused by an overload

condition from bending, twisting, tension and impact. It was furthar determined
that there was no material deficiency or defects that contributed to the failure.

SIGNED

MARCOS R. SOLIS 1 Atch

Matallurgist Photos 1 thru 12
SIGNED

0. H. DOUGLASS, JR
Chief, Metallurgical Laboratory Section
MA
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5 May 75
MANCE/Mr Parker Nondestructive Testing Lab Sec/MANCD
Right-Side Yoke Assembly #2 4 May 75
MANCE/ Task 1128 Attachment 25 75-76

Cracks

1. One each Right-Side Yoke Assembly was received by MANCD for nondestructive
inspection. Specimen was identified as Right-Side Yoke Assembly #2, Canted Fus
Station 2024, Ramp Station 54.

2. Specimen was processed as follows:

a. Specimen was processed by the magnetic particle method using circular and

longitudinal magnetic fields and the wet contimwous method of particle application.

3. Inspection results:

a. Blacklight inspection revealed two small indications on the alignment pin
roller P/N 4F 51724-101A. Indications were located within a surface worn area and
were orientated in a lomgitudinal direction.

b. Whitelight inspection with 10X magnification showed indications to be two
small surface cracks.

c. No other discrepancies were noted; all indications were marked.

Jose N, Garcia
Qlty Assr Spec

L

MATIAS RAMCS JR.
Ch, NDT Lab Sec
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#2 Right Cide Yoks Assembly - attachment #25

Heasursment of Shaft and Bolt Holes
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o Upper eccentric shaft holes
o.T
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8 May 1975
+E-5/Capt Gregory/Cart Scheiding/578L5 MANCE (Metallurgical Laboratory)
Ramp Floor Fracture Surface May 1975
Task #1128, Attachment #26 #1L2

Metallurgical Analysis

1. The Ramp Floor was submitted to the Metallurgy Laborntory for analysis of the
fractured surfaces. This was in support of Attachment #26, Task #1128.

2. Samples #1 thru #5 were sectionsd from section #1 to dstermine mode and direction
of failure. Photo 1. Sample #6 thru #12 were identifisd on section #2. Photo 1.
Samples #13 thru #17 were identified on section #3. Photo 1. Samples #13 thru #23
were identifisd on section #L.. Photo #1. Samplss #23 thru #27 were identified '
on section #5. Photo 20. Fractographs were taken of sample #15 and #24 to identify
mode of failure.

3. Microscopic investigation revealsd tue majority of the fractures to be either in
tensile shesar or tensils cup. The mode of failure progressed with bending, shearing,
twisting and tearing by overload. Most of the fractures displayed a development of
corrosion that partially obliterated the direction of ths fracture fallure. On all
the photographs, the arrows identifying the shear area will also indicate the shear
direction, unless othsrwise noted. Ths shear lips identifying the direction of
failure on soms of the samples was obliterated either by corroaion or were not present
dus to missing parts.

L. The Ramp Floor fractured surfaces displayed a combination of tensile shear and
tensile cup hy overload. These modes of failure were accompanied by shearing, tear-
ing and bending action. The trend of the failure initiated on the right side of the
ramp floor with an upward bending movement, followed by a tensile downward moment

in overload. Many of ths fracture surfaces representing shear were elther uniaxial,
biaxial or triaxial in tension.

SIGNED
W. H. CROCKER, Metallurgist 1 Atch
Photos 1 thru 29
SIGNED

0. H. DOUGLASS, JR.
Chief, Metallurgical Lab 3ection
Ma
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7 tay 1975
1753-5/Sapt Iregory/Capt Scheiding/57845 YANCE (Metallurgical Liboratory)
#3 gnt Side Yoke issembily 2 vay 1975
Tagk 1128, Attachment #?7 - <142

tetallurgical Analysis

1. Ome Yoxe Aissembly ldermtified as No 3 Uazht 31de Yolm issembly was submitted for
analysis 3s per Attachment #27 of basic ME Task #1128.

2. Photograph of the axhibit s received are identified as Photo 1.

3. 3pectrographic anilysis icdentifisd the material of the aliznment pin as iI0T
16 stainlass steel.

L. Visual and microscopic examination of the upper and lower pin shafts are as
follows:

a. Upper pin shaft - (yoke) showsd some shearing action on the pin brackst,
ané’'also on the yokes on ons side.

" b. Lower pin shaft - showsd some slizht shearing action on the surface on
tne side. The aligznment shaft showed some corrosion with pits, no cracks were noted..

‘ 7: Visual and microscopic sxamination of other areas of the assembly are as follows:
a. The four (4) fastener holes were not elongated on the bracket, holes on

the yolss were not elongated, the four holts showsd some scratches on the shank,

one small bolt was slightly bent, all othars showed no evidencs of bending.

b. The mount ball-bearing showed no cracks on the outside dlameter or inside
the hole.

6. Magnetic particle inspection report is attached, dated L May 1975, Lab No 75-7%.
7. Heasurement of the yols holes, and braciet holss are attached to this report.

BN
JOHIN PARKER, lMetallurgist 3 Atech
1. Drawing 2 ‘easwrememts
2. Thoto 1

nry 3. XDI Report
O. HO M‘SS’ JR- ’

Chisf, HMetallurgical Lab Section

MA
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MANZE / Mr Parker

Nondestructive Testing Laboratory Section

T SAMPLE IDENTITY

:i__Rignt-Side Yoke Assembly #3

DATE RACFEIVIED

b SAMPL T FRIOM

MANCE / Task 1128 Attachment 27

TCST FOon

Cracks

LAD CONTROL HNRR

75-76

Fus Station 2044, Ramp Station 74.

2, Specimen was processed as follows:

ication.

" Inspection Results:

long located on & surface worn area of the roller P/N 4F 51724-101A.

b. Whitelight inspection of the indication showed the indication to
surface crack. :

c. No other indications were noted; all indications were marked.
Jose N. Garcia
Aty Assur Spec
SIG/‘J N
-7

MATIAS RAMOS JR.
Ch, NDT Lab Sec

1. One Right-Side Yoke Assembly was received by MANCD foé nondestructive
testing. Specimen was identified as Right-Side Yoke Assembly, #3, Canted

a. Specimen was processed by the magnetic particle method wsing circular and
longitudinal magnetic fields with the wet continious method of particle appl-

a. Blacklight inspection revealed one longltudinal indication one half inch

be a

AFPS BA

4.
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8 ray 1975
12E-5/3apt Gregory/sapt Scheiding/578L5 MANCT (letallurgical Laboratory)
#5 Rght Side Floor Braclet 2 May 1975
Task /1128, \ttachment /23 112

Mstallurgical Analy=dis

1. One Floor bracket identifisd as No 5 Uight Side Floor Bracket wes submittad for
analysis as per Attachment 728 of basic ilE Task 1128.

2. Photographs of the exhibit as received are idemtifisd as Fhoto 1, the others
are of ths two damaged eccentric zhaft holes.

3. Visual and sdcroscople examination of the bottom eccantric holes indicated that
extensive loading was applied in the straight up direction, notice this effect in
the photographs, thsre was soms metal deformation on the hols.

L. The four (4) fastensr bolts showed some scratches on the surface, no evidence
of bending was noted.

5. lesasmxrensnts of the bracket holes are attached to this report.

6. Magnetic particle inspection report is attached, dated L ifay 1975, Lab No 75-76.
. 1\\‘7\'

JOHN PARKIR, Motallurgist 3 Atch
-yt ‘ 1. pPhotos 1 thru 3
i 2. Ieasurements
3. NDT Rsport
0. H. DOUGLASS, JR.
Chief, Hetallurgical Lab Section
A -
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R - v - i i DATE -véc_g:
LABORATORY ANALYSIS REPORT A
LYSI ND RECURD 4 May 1975
YO FROM
r Nondestructive Testing Laboratory Section -
SAMPLE IDENTITY - |DATE RECEIVED
Right Side Floor Bracket No, 5 4 May 1975
SAMPLE FROM LAB CONTROL NR i
| MANCE / Task 1128 Attachment No.28 75-76

TEST FOR

cracks.

1. One each Right Side Floor Bracket No.5 was received by MANCD for nondestructive
inspection. Specimen was identified as Right Side Floor Bracket No.5, Canted Fus.

Station 2084, Ramp Station 116,

2. Specimen was processed as follows:

a. Specimen was processed by the magnetic particle method using circular and
longitudinal magnetic fields with the wet continous method of particle applica-

tion.

3. Inspection results:

a. Tlacklight inspection revealed no discrepancies with the exception of tool

and wear marks and possible impact damage.

Johnny Reyes Jr
Ntr Test Fqui Oper

SIGNEQ

MATIAS RAMOS JR.
Ch, NDT Lab Sec

JAMA SR, 215A

AFPS SA APR 70, 19,000
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12 May 1975
WE-5/Capt Gregory/Capt Scheiding/57845 MAKCE (Mstallurgical Laboratory)
#l, ight Side Floor Bracket 2 May 1975
Task #1128, Attachment #29 #l2

Metallurgical inalysis

1. One floor bracket identilied as lo 4 Right Side Floor Brtckat was subaitted for
analysis as per Attachment #29 of bamic Task #1128.

2. Photographs of the exhibit as received are identified as Photo 1, others are of
the two damaged eccentric holas.

3. Visual and Microscopic sxamination of ths bottom eccentric shaft holss showed

that extensive loading was applied in the straight upward direction, also on the thin
and heavy sections some compression was noted at the bottom of the holss. Some

plating on the outer edgs of ths holss was chipped off. (Ses Photos 2 & 3).

a. Tknuppareccauricawtpdnabowdumacomaionmdcomaimpitsm
ths surface, no evidence of cracis or shearing damage was noted, slsave on this
shaft revealed a crack,

b. The four (L) fastener Lolts showed soms scratches and wear on the shank
area, no bending or cracks wers found.

&4 Measurements of the bracket holes are attached o this report.
5. Magnetic particls inspaction report is attached, dated 6 May 75, Lab Mo 75-76.

JoHRPArKER, Metallurgist 3 Atch
1. Photos 1 thru 3 *
2. Measuremants )

Gg@. 3. NDI Report |
O; H- @ ‘J‘m' JR. J
Chief, Metallurgical Lab Section |
MA










8.

#4 ight Side Floor Bracket ittachment #29

laasurements of Bolt Holes & Shaft Holes

J. 515"
Large Bolt Holes
Q. 519"

J3.380"

Small Dolt Holes
Q.380"
3. 998"

9.99"

Bottom eccentric Shaft Holes

9. 876:0
Upper eccentric 3haft Holes
J.876"

oDy
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6 May 75
MANCE/Mr Parker MANCD/Nondestructive Testing Lab Sec
Right-Side, Floor Bracket #4 5 May 75
MANCE/ Task 1128 Attachment 29 75-76

Cracks

1. One each Right-Side, Floor Bracket Assembly #4 was received by MANCD for
nondestructive testing. Specimen was identified as Right-Side Floor Bracket
Assambly #4, Canted Pys Station 2061, Ramp Station 5S.

2. Specimen was processed as follows:

a. Specimen was processed by the magnetic particle method using circular and
longitudinal magnetic fields with the wet continuous method of particle application.

3. Inspection results:

a. Inspection revealed one longitudinal crack on the surface of the roller,
P/N 4F53828-101A.

b. Inspection revealed two crack indications on both ends of the alignment shaft,
P/N 4F53767-101A. Noted indications were located at the radius of the threaded ares
and the shaft-shank.

¢c. All defective areas are marked.

Jose N. Garcia
Qity Assr Spec

REYRALDO R. RAMOS
NDT Lab Sec

FOR QOFFiCIAL USE CNLY
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7 & May 1975

345-5/Capt regory/Capt Schadding/578L5 HANCE (Metallurgical Laboratory)
#6 gt Sids Yolks and Floor Brackst issembly 2 Yay 75
Task #1128, Attachment #30 #LL2

Yetallurgical Analysis

1. One yoke assembly identified as No 6 Right Side Yoks and Floor Bracket issembly
was submitted 1o the Metallurgy Lab as per Attachment #30 of basic MME Task #1128.

2. Photograph of the exhibit as received is identifisd as Photo 1.

3. Spectrographic analysis identified the material of the alignment pin as AISI
416 stainiess steel.

L. Visual and microscopic exarmination of the upper and lowsr pin shafts are as
follows:

a. Upper pin shaft (yoks) showsd slight corrosion on the surface, along with
soms woar on the shanlk arsa.

b. Upper pin shaft (braclet) showsd excessive corrosion and pit corrosion on
the surface, the slseve haz 2 smll craclk.

¢. Lowsr pin shaft - showsd soms slight effect of shearing on one side, along
with scme wear. The alignment shaft showed a small area of corrosion, no cracks
wire noted, this pin was in good condition.
5. Visual and microscopie examination of other areas of the assembly are as follows:

.. The four (L) fastener holss were not elaongated on the bracket, holes on the
yolka were not slongated, the four bolts were not beni. The holss on the yoke ware
not elongated, but some corrosion was detected on the surface and alsc on the inside
of the large Mols.

b. A crack was found on the mount ball-bearing, this crack propagated at an
angle on the surface.

6. HMagnetic particls inspection report is attached, dated 5 May 1975, Lab No 75-76.
7. Measurements of the yvim holes, and bracket holes are attached to this report.

SIGNED
JOHN PARKER, Hotallurgist 3 Atch

SIGNED . %: &asuzgment.s % Trawing
0. H. DOUGLA3S, JR. - 3. HDI Raport

Chlef, Hptallurgical Leb Section
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nondestructive inspection., Specimen was identified as Right-Side Yoke and

Floor Bracket Assembly #6, Canted Fus Station 2110, Ramp Station 137.

2.

Specimen was processed as follows:

a. Specimen was processed by the magnetic particle method using circular and

longitudinal magnetic fields with the wet continuous method of particle application.

3.

Inspection results:

a. Blacklight inspection revealed one small indication on a surface worn area

of the roller P/N 4F51724-101A. A large indication on the bearing roller P/N
MS 21231-12 was also noted.

b. Whitelight inspection of the indications revealed the following:
(1) P/N 4F51724-101A - Indication was identified as a small surface crack.

(2) P/N MS21231-12 - Indication was identified as a large crack extnding

three fourths of the cross section of the bearing ball.

Jose N. Garcia

Qity A st Spe; ;

MATIAS RAMCS JR.
_Ch, NDT Lab Sec

. DATE
LABORATORY ANALYSIS REPORT AND RECORD 5 May 75
'*ro! T £ROM
MANCE/Mr_ Parker _ _MANCD/Nondestructive Testing lLab Sec
SAMPLE IDUNTITY I.IAT' Hi ('llV! ()
Right-Side Yoke and Floor Bracket Asscmbly #6 4 May 75 i
SAMPLLU FROM LAl! CONTROL HKH
MANCE/ Task 1128 Attachment 30 - A75-76
YEST FOR -
Cracks -
1. One each Right-Side Yoke and Floor Bracket Assembly #6 was received by MANCD

AN ANTONIO FORM

AL C

215A #revious CTION 1S ORSOL ETFE AEPS-8A

JUINE &R
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13 May 1978
WE-§/Capt Gregory/Capt Scheiding/57845 MANCE (Metallurgical Laboratory)
#7 Right Side Yoke and Floor Bracket Assembly 2 May 1975
Task #1128, Attachment #3) 142

Hetallurgics)! Bneliysis

1. One assembly fdentified as #7 right side yoke and floor bracket assembly was
submitted fer analysie as per attachment #31 of basic task 1128.

2. Photographs of the exhibit as received are {dentified as photo 1, others ave of the
different sections of damaged aress.

3. Spectrographic analysis identified the material of the alignment pin as AISI 416
steiniess steel. This pin was slightly bent and was covered with corresion. He
ecracks were found by Maonetic Particle Inspection.

4. Spectrographic analysis identified the material of the remining portion of the
uppar pin shaft as PHI%-7 stainless steel with & Tukomn microhardness equivalent to
Reds,

§. Visual and microscepic examination showed extensive shear damage on the lower
eccentric pin shaft {see photo 3). Some bending was also noted. The upper arm portion
of the yoke was slightly baent (see photo 1). The mono-bsll bearing 2% the bottom of
the yoke showed two cracks on the surface which extended to the inside of the hole.
These cracks can be seen visually. The upper eccemtric shaft on the yoke showed

soms scratches and wear, along with some corrosion, two small areas were spailed on
the surface. The two threaded ends on this shaft showed @ small crack at the first
radius on one end and & large crack on the other end that was slightly bent. This
crack can be seen visually. A1l of these cracks are {n the radius areas on the square
shoulder next t® the threads. The sleave that fits om this shaft was cracked in twe
places. The four (4) fastener bolts showed some scratches and wear on the surfacs.

Mo evidence of bending was noted.

6. Metallurgical and TEM (Transmission Electron Microscope) analysis revealed the
molir of failure was shear and tensile overload on the remaining portion of the upper
pin shaft on the yoke. This mode of fracture eccurs on slip or shear planes by the
shearing of certain crystallographic planes over one another. TEM fractogrephs show
that frecture was rapid by dimple rupture, when & shearing action takes place (as

in this instance) the resultant fracture surfaces have numerous cuplike depressiom
(see photos 4 & 5) and the dimplfes have an elongated shape which occasionally poist
toward fracture origin.

- 7. Veasurements of the yoke and bracket holes are attached to this report.

8. Hagnetic Particle laspectism veport {s attached, dated 6 May 1975, Lab No 75-76.

SEIRED
JOHN PARKER 3 Atch
Physical Sclence Tech 1. Photos 1 thru &
2. Measurements
SN oo 3. NDI Report

0. H. DOUGLASS, JR
£, 8tallurgical Laboratory Section
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#7 RIGHT SIDE FLOOR BRACKET ASSEMBLY
MEASUREMENTS OF BOLIS AND SHAFT HOLES

Large Bolt Holss

Small Bolt Holes

Upper eccentric Shaft Holes

Bottom daccentric Shaft Holes



6 May 75
MANCE /Mr Parker MANCD/Nondestructive Testing Lsb Sec
Right-8ide Yoks and Floor Bracket Assembly #7 5 May 75
MANCE/ Task 1128 Attachment 31 7%-76

Cracks

. 1. Ons each Right-Side Yoke and Floor Bracket Assembly was received by MANCD for
! nondegtructive testing. Specimen was identified as Right-Side Yoke and Floor
{ Braciket Assembly #7, Canted Pus Station 21351, Ramp Station 154.

g 2. Specimen was processed as follows:

* 8. Specimen was processed by the megnetic psrticle method using circular and
} iongivdine]l magnetic fislds with the wet continuous method of particle spplicstion.

3. Inspection results:

8. Blacklight inspection revealed the following discrepancies which were verified
by whitelight with 10X magnification.

(1) One surface crack, one and one-half inches long was noted on the rollez
P/N 4P53828-101A.

(2) One circumferentisl crack was noted on the aligrment shaft.

3) One crack was noted on the 1ler. Crack el
mné@og m noted on beering 1o was spproximstely

4. Blacklight photos of the cracked roller bearing were requested, taken, uxlwillbe
| delivered to Capt Scheiding by the photo lab.

5. All dsfective areas were marked.

Jose N Bareta
Qity Assr Spec
; SIGNE’D

REYNALDO R. RAMOS
NOT Lab Sec
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LABORATORY ANALYSIS REPORT AND RECORD Z”Man 75
TO FROM
| MME/Capt Scheiding/57845/53503 MANCA
SAMBPL IDTNTITY OATE RECEIVED
Burned Fragments and Gray Flake , 5 May
I Tane Ly From LAB CONTROL NR

- MME e 32 35

T: 5T FOR

Identity IAW Task 1128

1. The "burned fragments" included several chunks of metal, foil and a large porous
chunk. These materials and their identities are:

a. "1" large chunk of metal ' 7075 aluminum

b. "2" and "3" foil 5052

c. "4" large porous charred chunk Heavy: aluminum, zinc, silicon,
magnesium

Did not appear metallic - Medium: 1iron

d. "5" chunk 7075 aluminum

2. The black powder contained in a very heterogeneous mixture of molten metal, unmel ted|"
metal scraps, metal foil, straw, etc, was extracted with water, yielding a neutral
colorless solution with a medium amount of chloride. The insoluble residue contained
heavy amounts of aluminum, calcium, silicon and magnesium; medium amounts of chromium
and titanium. ‘

3. The tan flake from R.STA 54, BL51R was approximately 15 x 10 x 1 mm in size,

and fairly hard and brittle. It contained several rows of evenly spaced holes 0.4 mm
in diameter and 2 mm apart. One corner of the flake was brownish black. The flake
is calcium carbonate and under high magnification (100X+) appears to have a sponge-
like structure. The composition and appearance of the flake indicate it is of
marine origin. The dark discoloration in one corner is due to the presence of iron.
The unused portion of the flake is attached.

7
AL E |
R. C. CRIPE 1 Atch -
Chemist Vial with Flake

/ Py N

R. L. GARCIA
Chemical Lab Sec
MA

TAN CANT N0 FIRM TE —
aLc JF2RM . 215A PREVIOUS EDITION 1S OBSOLE
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9 May 1975

M35,/ Capt Gregory/Capt Seheiding/578L5 MANCE (Metallue
#inch Well Ares 2 May 1975

1. S@l@@%@d ma& @f %h@ ’éiﬁ@h Yell Ares were submitted to ths Mstallurgy
i SUPDOE bachment #33, Task #1128.

2. Macroscopic md microscops investigation revealed sampls
M and teaw, ﬁzm m m @ndem@ @f an @bjec% hitting
@@uld hgm iﬁi:izt.e"i by eithgr sdr o ‘aam immc@e

3. Sample #2 taksn
svidence of rubbing in o downward

from R B.L. 8L showed tensils cup and ten

mode of ¢ravel. Phote 3. S
rar sbation 5LR. The top fm@bms on either side ef the honsy
‘ﬁw ift @i&@ @.f the frecture had failsd predomin

aft and downward direction. The forvard fracture fmsain tensile shear with a

tearing motion in a forwerd downward mode. This caused the parting of the honeycomb

Ttxmmn@eﬁﬁuwe@fmobjMthmmL MW@MWLW@
aplished by a compression load combinsd with tensile shear, tearing and pulling

in a ngrd ﬁm@im Photos L & LA.

5. DSampls ¢S5 was talen frem B.L. 84. The sampls showed extensive buekling of the
panel. The tensile shear exhibited signs of rubbing action. Fallure was frem a right
to lsft direction.

6. Sampls #6 vas removed from Ramp Station 54. The sampls displayed & upwar
tional loed on the right end. Mamfxmt.mahmdatemﬂamgm@ff
changing to tensils shearx. Tha froot fracture displayed
rubbing wes noted on the fractured surfaces.

7. Sampls #7 was talksn from the Winsh Well irea. The fracture eaﬁﬁbitedatamm
shear, tearing mode of fallure induced by overiscad. Extensive rubbing wms prevalent
ths fracture surfaes. F*mctomm amis showed a greet deal of plasbic defmﬁm
prior to final rupture. The fractograph showed a series of striations which were
caused by slip or sliding of the min boundary during ruplure. Faiinm wae by tension
overlsad. Speetrograph analysis idemtified the mberisl as 7075 slumimm allo

8. Sampls #8 was talmn from Right Bulkhead The fracture im,ti&ﬁe& by an object
traveling in a right t@ laft dowmeard ailure was by tensile
shear and tear by impasct
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Page 2 of 2 9 My 1975

1255 /Cant regory/Capt Scheiding/ST8L5 MANCE (Metallurgical Laboratory)
Y4inch Well irea 2 May 1975
Tas< Y1128, \ttachment #33 2

“Yetallurgical 4nalysis

9. JConclusion: The majority of the fractures noted in the Winch Well Area failed by
tensile shear and or tensile cup. The direction of impact load was from risht to lsit,
with a slight aft movement. There was considerabls compressive force, to cadse buckling
effects on bulkheads. The fractured faces showed evidsnce of salt water corrosion,
which partially obliterated ths facet of the fractured surfaces.

;“)\J.
SIGNTD D :
W. H. CROCKER, Metallurgist 1 Atch
. Photos 1 thru 9
SIGNFD

DAVID BARRERA, Metallurgist

SIGNHD
0. H. DOUGLA35, JR.
Chiaf, HMetallurgical Lab Section
MA























