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Photo 3 
Specified fractured areas 
identified as fl - 12 - f 3. 

Photo 4 
Fractured surface of area fl 
tensile shear by owrload. 

F-3 



Photo 5 
Fractured surface of area n 
tensile shear by overload. 

Photo 6 
Fractured surface of area 13 
tensile shear by overload. 



Photo 7 
FTactured surface of area 13. 
Displays the phenomena of the 
reversal an two planes of the 
tensile shear. 

Photo 8 

F-~-

Top fracture - tensile shear. 

Botton fracture typical of a 
tensile cup. 
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Photo 9 
Top fracture - tensile cq> in 
the middle - tensile shear to 
the left g right of middle. 

Failure - OWrload. 

Bottan fracture - two stap 
tensile shear. 

Photo 10 
Domle Ktian tensile shear. 

Pailure - Overload. 

F-<;;. 
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1. Cne Right 14 Bellcrank was submitted to the Metallurgical Laboratory for analysis 
.il\ st.ppOrt of M-£ Task 11128, Attachment 17. 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 mre clearly in Photo 2. Inpact damage was also 
evident on the ~ite flange as also shown in Photo 2. Separation of the crack 
re-vealed that the crack sl.D"face extended cazpletely through the section thickness, 
and originated at the radius jmction between the lobe and flange portims of the 
fitting, Photo l. Crack length was measured to be 1-1/4" (length "A", Photo 3). 

3. Electrcn fractographs remved fran the craclc &Tea shown in Photo 3 verified a 
stress corrosicn gnMth lOOde, especially at: tM area close to the fillet radius, 
Photos 4 & S. These frattographs re-vealed intergranular separaticm and "nud crack'' 
patterns, indicative of progressiw cracking al.mg grain bomdaries. Extensive 
st.,er inposed pitting from extraneous corrosim occluded Jllll1)' surface features, 
such as shown in Photo 5. Photo 6, which is a frattograph removed &an about mid­
point of the crack again revealed characteristics indic.atiw of stress corrosion 
cracking. Al though dormant corrosion en the crack surface was evident both on 
macro & micro levels of exmnination, stress couosion featutes were still dominant 
enough to be revealed cm fractographic examination. The allllost CCl!plete absence of 
dinple and cleavage characteristies-(D this surface, which would normally be present 
Oil' typical ductile separations for this material, again indic.ates a progressive mde 
of growth for the crack. This crack did not inchi:e failure of the item since it 
was air/ from the major failure zcme and did not self propagate. 

4. Th!-· clevis pin sleeve was remved and the bore dillllll!lter organically stripped for 
owr-all NDI inspectim of this area. This inspectim did not reveal cracks on· the 
inner bore surface. (NDI Report enclosed). HcJwewr, 1111 area on one end of the bore, 
Photos 7 & 8, exhibited a zcae of pitting corrosion initiated by galvanic ccq>ling 
bet.wen the steel sleew and 7075 alunima alloy. Although this item did not exhibit 
failure at this locatim, such a amdi tion is a very likely site for stbseqmnt 
initiation and growth of stress a>rrosian c:rac:ling. 

S. Examination of the inner surface of the small hole (Photo 3) did not reveal any 
deep score marks. which may haw been left by possible rejecticn of the locking pin­
bracket ami>ination ~..;gromd iq>mct. This surface did exhibit sane corrosion product, 
the fornation of which may haw ocaJJTed during the total service tm of the i tesn. 
No plastic deformati:<m an the inner surface of the hole or elongation of this hole 
was evident (See Photo 3) which would normally be elq>eCted to occm- by "catostraphic" 
remval of the pin and brad.:et attac:hment to this hole. Photo 9, showing this sec­
ticmed hole at higher llllgllification again does not indicate my sewn plastic defor­
maticn m the inner small pin hole surface. 



5600X 
Photo 4. Shear dimples typical of a shear nerload failure - revealed 
in fractrographic analyaia. 
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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 defamation attendant with catostrophic separation of the locking 
attachment, as shown clos.,-~ in Photo 10. However, it should be a:nsidered that this 
hole contains a hardened steel insert, which would be considerably mre resistant to 
plastic defomatian tnder severe iq>act loads than the alllllinm alloy of the fitting, 
and redistribute iq>act loads mote uniformly aromd the hole. 

7. No definite determinatiai could be made en examinaticn 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 ~act. Lang tel'l!l contact between pin & 
sleeve during tht'I 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 anitted. Photo 11, Which shows this sectioned sleeve in color does 
indicate an excessive 81iDtnt of corrosion as conpared to the sectioned slee"Ve of IS 
Bellc:rank, which retained it's pin m inpact (Photo 12). CDnsiderable difference in 
sleeve surface degradation is obvious in this ccmparison. This may indicate that this 
surface was orlginally not covered by the pin (no installation), and on ground inpact 
was subjected to smsequent over-all corrosion; where as the sleeve surface for IS 
Bellcrank (Photo 12) was intact with the clevis pin and did not tndergo this corrosion. 
liowe\'er it is possible that the pin was orlginally installed and rejected on g%0!11'1d 
illpact, which again would renx>ve protection for the mder sleeve. Another possibility 
to be considered is that 14 Bellcrank pin was originally installed and retained an 
gromd bpact, but the asseni>ly eventually landed in a mre corrosim e:xposed area, 
which resulted in the severe galvanic corrosicn that was evident. 

SIGNED 

PETER J. FRINTZIIAS, ~tallurgist 

SIGrm 

0. H. OOUGLA..5.5, JR. 
Olief, Metallurgical Lab Sectim 
MA 

2 Atch 
1. NDI P.eport 
2. Photos 1 thru 12 
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Ri ht ~e.llcrank # 4 
SAMPI_~ FR0•.1 

MANCE I Task 1128 Attachment 7 · 75-76 1--------------------------------------·-"·--
Tt:;:ST ~Oi=( 

Cracks 
-------------------------------~~---

1. One Right Bellcrank, # 4, was received by MANCO tor 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 aa 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. 

J. Inspection-Results: 

a.Penetrant inspection revealed no discrepancies in the suspected area. 

J.N.Garcia 
Quality Assurance Specialist 

)h +-_~A~~• ,_, l 
MATI~~s~" / ' 
Ch, NDT Lab Sec 

SAN ANTONIO 
ALC J~~~MSB 2J5A PREVIOUS EDITION IS OBSOLETE 



Photo 1 3/ 4X 
14 Bellcrmk st.i>llitted for analysis. Item was fractured an hpacc: 
at right oxtreme end. ArrCM indicates cr8Ck indicatim at lobe­
flaqe fillet areL Mawr.lal is >JiA 7075 T-6 al.md.nm alloy foraing. 

Photo 2 lX 
Clos.-q> ol crack Cll lobe-flange jmctioo of Bellcrank. nun 
arrows indicate i.q>act damge. Origin of crack at lobe-flmp 
fillet radius is clearly shown. ,1 



Photo 3 4/'5X 
Separated crack (Area A) on flange of Bellcrank. Light fresh fracture "B" 
is owrload zone created on tensile separation of crack. AITON A indicates 
small lock pin hole which was examined for prior installation of pin. 
(See paragraph 2) . 

Photo 4 Near Fillet Radius 3000X Photo 5 Near Fillet Radius 3000X 
Photos 4 - 6 Electron fracto~hs remved from separated crack surface shown in 
Photo ~. Intergranular separation and thick nul crack patterns as indicated by 
Photo 4 suggest stress corrosion crack growth. Severe pitting, as !hown in Photo 5, 
resulted in ocdrusion of many oelhe craclc features. 
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Photo 7 l/'lX Photo 8 IX 
Pbotm 7 • 8 Zcm of plvmic pittina wa1odC1D ca apa..t bore surt.::e ca 
tellJ>nl ftf steel 11-w. 9'dl uaa sre W.ly sites for future streu 
wuosian aaddna. 



Photo 9 SX 
Segniented portions of small pin shown in Photo 3, revealing absence 
of deep score mam & plastic deformation. 

Photo 10 ZX 
Close-up of hook attachment hole, which llCCOIOOdated other end of pin­
braclcet locing deviae. No seveTe plastic deformation was evident cm 
steel sleeve. 



Photo 11 S/'Sl 
OVer all and galvanic type corrosion exhibited en im1er surfaces 
of pressed sleeve (Hole C, Photo 3), for Dellcrank 14. No pin was 
fomd with this sleeve at impact zme. 

Photo 12 S/'SI. 
Sleeve surfac.e of Bellcrank IS, which retained pin en illpact. 
Surface was considerably SDK>Other and less c:on'Oded. 
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6. Examination of the hook attachment hole (Arrow B, Photo 3) which accorodates the 
other end of the locking bracket-pin device again did not reveal any indication of 
severe plastic defonnation attendant with catostrophic separation of the locking 
attachment, as shown clos.,-up in Photo 10. However, it should be ansidered that this 
hole contains a hardened steel insert, which would be considerably ncre resistant to 
plastic deformation tnder severe inpact loads than the almim.nn alloy of the fitting, 
and retlistribute ilpact loads more uniformly aromd the hole. 

7. No definite determi.natiai could be made en examination of the irmer 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 ~act. Lang tenn contact between pin & 
sleeve during tht't 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 e.xcessi ve 811Dtnt of corrosion as cmq:>ared to the sectioned sleeve of IS 
Bellc:rank, which retained it• s pin en inpact (Photo 12) . Considerable difference in 
sleeve surface degradation is obvious in this conparison. This may indicate that this 
surface was originally not covered by the pin (no installation) , and on ground inpact 
was subjected to swsequent over-all corrosion; where as the sleeve surface for IS 
Bellcrank (Photo 12) was intact with the clevis pin and did not undergo this corrosion. 
Howewr it is possible that the pin was originally installed and rejected CB1 ground 
ilq>act, which again would rerove protection for the mder sleeve. Another possibility 
to be considered is that 84 Bellcrank pin was originally installed and retained on 
gromd iHpact, but the assenbly eventually landed in a :mre corrosion exposed area, 
which resulted in the severe galvanic corrosim that was evident. 

SIGNED 

PETER J. FRINI'ZILAS, ~tallurgist 

SIG~ 

O. H. OOUGI.A5S, JR. 
Olief, ~2tallurgical Lab Section 
MA 

2 Atch 
1. NDI P.eport 
2. Photos 1 thru lZ 
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1. An additional ~is on the maesive failure zone of this Bellcrank, Phot.o.s 1 &: 2, 
was requested for the determination of the direction of final separation. Final 
separation was in the direction of the red arrow, ae ehown in these photoe and explained 
in the capt.ion. Additional separation of the flange eegments Cl & C2 at the laboratory 
revealed discolored corrosion zones on the fractures, Photo J. These zones were eiJ'li.lar 
to corrosion zones found pnviouely on the cracks at the other areas of the Bellcra.B 

previouely examined in the or1.ginal anaqais. 

2. Macro exand nation or the separated segment Cl, showing the portion of the old 
fracture merging into the fresh lab fracture again reveals a s~icant difference 
in texture betwen these two fractures. 

3- Electron fractogra}ils rainoved from the Cl & C2 1"lange fractures, at the fresh 
fracture and old fracture areae reve&led a significant dift'erence in characteristics 
between both zones, as indicated in Photos 5-10. Sur!ace topography varied between 
ductile tear and cleavage through second ?lase areas (lab fracture), to a blocky, faceted 
type c~ation (Segnmt. Cl) at inward locations of the field fracture, as shown for 
Segment Cl in Photo 7. Photo 7 re'!.rea.la what appear to be deep secondary cracks and mud 
era.ck configurationa. SimUar configurations, although not as dom:inmt were obeerved 
for Segment C2, Photos 8-10, which indicate extraneous corrosion pitting from the 
affects o! dormant corrosion on theM surfaces. 

4. Conclusiona · Failure direction ot this end of Bell.crank #4 RH is indicated and 
expla1nad in Phot.oe 1 & 2. The pre11enoe or "stre88 corrosion type" aeparstion zones 
vas &leo obeer¥9d on longitudinal fracture area.e of f'lange segmente Cl & C2, (Photos 
1-4), u ver1.1'1ed by !ractographe analysis. The short tNDSVe'!"H direction or the 
or1gina.l item material ma.y- possibly constitute the thickness direction on these fracture 
surfaces, and depanding on the orientation or the item with respect to the or1.ginal 
material would increase the !eaaabil1t.;y of stress corrosion characteristics there. 

MER J. FRINTZ ILAS, M9t.al.lurgiet 

O. H. DOUGLASS, JR. 
Ch1e!, M9t.al.lurgical Lab Section 
MA 

1 Atch 

Photos l thru lD 
,, 
I 
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Photo l Vin A 
-- -----~ -- -

.:: ~- ·:1:-
·- . :f --?: l··~~- -·-

Photoe l & 2 View B 5/2X 
Corresponding views of segment exhibiting major ru1ure & separation zone o! #4 
RH Bellcrank. View B ie in direct.ion of green arrow mholCEl in Photo A. All uposed 
fracture surfaces reveoi.led rap1d overload characteristics. Curvature of web portion 
of Bellcrank, ai.t.enaile shear lip at A and compressive ma.sh zona at B (Photo l), and 
eepe.ration or !l.ange ee~s Cl & C2 away from web all suggest tina.l ZMSparation in 
direction o! red arrow. Heavy blue arrow denote a poa21ible abort. tranSY9rae direct.ion 
ot wrought stock it.Ju was machined !'rom. 
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3X 
Flange so~ments Cl & C2 Bepilr&ted at the laboratory. .\rea.s marked "A" are f resh 
lab .fractures. Both segments appeared diaeolored a: exhibited considerable corrosion 
on Gld fractures, similar to crack surfaces previous~ examined in this analysis . 

Photo 4 . 7X 
Difference in texture between f'reah lab fracture and old fracture on Cl aogmem,. ".t", 
"B", & "C" indicate corresponding area.s where !ract.ographa shO'IC in Photos 5-7 111ere 
ta.Jam. 
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~MC-S/Capt GregoryjCapt Scheidiniz/5 7845 
~ s- a(') s :J ht"'1 -,r 

Right• M"ft •Hook, Bellcrank and Pushrod 

Task 1128, Attachment 8 

Metallurgical Rialysis 

za April 1975 I·-1 

Mi\NCE ~tallurgical Laboratory) 

23 Apr 7S 

142 

1. cne right or left 13 hook, bellc:rank and pushrod assenbly was sli>mitted to the 
Metallurgical Laboratcny for analysis in support of Task 1128. 

2. This item asseubly, as sti>mi tted, is shown in Photos 11 and 12. Failure was 
exhibited by fracturing of the bellcrank and shearing off of the pushrod end, as 
shown in the photos. A crack was evident mderneath a lobe of the bellcrank 
(Material />SA 7075-T6), as shown in Photo 12 and close·\4) in Aloto 13. Separatim 
of this crack, Photo 14, revealed discoloratim an the crack for a length of about 
3 inches (Arrow "A", Photo 14) prior to entry of the crack into the overload zone 
"B" created by fracturing of the crack segment at the laboratory. An electTCn 
fractograph of the une "B'_' area (Photo IS) revealed the expected sewrely diq>led 
characteristics, normal for rapid tensile overload failure in this material. However, 
fractognphs remved from the discoloratim zme of the old craclc (Photos 16 to 19) 
revealed flat and indisa!rnible features in many areas, with evidence of SCJDe pitting 
on the crack surface ands~ zmes indicating intergrmular separatim. These 
features suggest stress corrosion CTaCk growth en this item. It is not believed that 
donnant corrosim of an opened i.Dpact c:raclc would lene such features, ~dally 
those of the type shCMl in Photos 16 md 19, which suggest crack growth along grain 
bolndaries. 

3. .Examination of the pushrod :fracture Surface (Photo 10) indicated failtu"e by a 
casi>inatian of rapid bending and torsional shear. Final separation of the mating 
porti<11 is believed to hiwe ocaaTed in the directian indicated by the arrow. This 
is suaested by crinping of the rod at the right side and "fluting in" of the 
appending segmen~ ''A''. 

PETER J. FRINTZILAS, ~tallurg:ist 

O. H. LOUGIA5S, JR. 
Otlef, ~tallurgical Lab Sectim 
MA 

1 Atch 
Photos fl thru 110 
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Crack'! 
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1. One each i'..ight or Left Hook 83 was received by M\NCD for nondestructive 
inspection. Specimen waa identified as a portion of the Right or Left Hook 13 
Asef!!lbly, Canted Pua Station 2044, Ramp Station 74. 

2. Specimen was 1n8J>ected as fol.l.ars: 

a. Specimen 11aa processed by the liquid penetrant method, using penetrant 
inspection lllllteriala, Type I, Method "B", mt.. lo- 25135, Ckoup VI, vith the 
family concept emul•ifier and dry fluidized developer. 

3. Inspection reaulta: 

a. Liquid penetrant inspection revealed no discrepanciea. 

NOTE~ It is not k.narn -whether thia hook ill right or left. 

Jose M. Carcia 
Qlty Aaar Spec 

11\T IAS RAMOS JR • 
Ch, NDT Lab Sec 

r-2 



Photo 1 1/3X 

~ ; .. :.-)..~<II~·, .. ... .. ' I- :r ~· .,. .. 
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Photo 2 l/'5X 

Photos 1 & 2. Right or Left 13 Hook, Bellcranlc and 
Pushrod Assy Submitted for Analysis. Crack was Evident 
at Jtmction of Crank Lobe and Flange, as Shown in Photo 2. 
See Photos 3 and 4. 

r- :~ 



Photo 3. Closeup of Crack on If 3 Bellcra."lk 1 1/2X 
Shown in Photo 2. Crack Extended Through Full 
Section Tilickness of Crank Flange. 
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Photo 4. Sep:irated Crack Surface on #3 Bellcrank. 5/8X 
()Ji. TI-tis f.:xaminntion, Crack Appears Progressive, 
f-:manating from Edge of Flange, Point "A", and Al~ 
Pull Lenf;th of Recess to Point ''B". Light Area 
is Area of FL""lBl Separation, Where Crack was Separated 
at Laboratory. 



Photo s. Electrm P1'11CtogTaph Remved mn ~oooox 
Fresh Fracture Zane ''B'' of Photo 4, Shawing 
Dinpled Structure Indicative of Normal 
Tensile Overload foT this Material. 

Photo 6. Electrm Practop1lph Remvec1 frail Old 4000X ­
Crack Slirf11at "A" of Photo 4. Surface for the 
Most Part ~-Featureless, with Sane Signs of · 
Intergram 9i11 Separatim, Zanes "A" g ''B'• and 
Sane Pitting. See Additional Practognphs frm 
this Surface, Photos 7 to 9. 

r-s-. 
I 
I 



\. 

!i 
, I ' \) 

I; y 
H 

·' 
! 

I I 

I 
I 

f j .. 
I I 
1 1 

•I 

.,:~_ 
I 

I I 
I 

I j 
! 

I 
: I 

I ! 
: I 

I 

I 
I 

'·! 
: I 

' I 

I. . I 

I I 

....,. ·~~-.. 

Photo 7 3000X 

Photo 9 4000X 
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Photo 8 4000X 

Photos 7~9. Additimal Electron Fractographs Remved from 
Discolored Crack Zone of I 3 Bellcrank, Near Le~t 
Extemi ty of Crack as Sh<Mn in Photo 4. Sane stattered 

.D~ling Surr0tmded by Flat Areas (Photo 7), Massive 
Areas of Corrosion Deterioratim. (Photo 8) and Sane 
Hvidence of Intergranular Separation (Photo 9) were 
Evident 'lhroughrut this Location of the Crack. 



28 Apr 75 

MANCF/ttr, Orms ~.ANCD/Nondeistructive Tea ting Lab Sec 

Right or Left Hook fl3 26 Apr 75 

}~.~•CE/Task 1128. Auachment 8 7'>- 76 

Cracka 

1. One each ~ight or Left Hook 13 was received by M\NCD for nondestructive 
inspection. Specimen waa identified as a portion of the Right or Left Hook 13 
A sealy. Canted Pua Station 2044. Ramp Station 74. 

2 . Specimen w ae inapected •• foll.at• : 

a. Specimen 11as processed by the liquid penetrant method. using penetrant 
inspection materials, Type I, Method ''B", MIL- I- 25135, ~oup VI, with the 
family concept emulaifier and dry fluidized developer. 

J, Inspection reaulta: 

a. Liquid penetrant inspection reveal.ad no di.acrepanciea. 

NOTE: It is not knarn whether thia hook is right or left. 

Jose N. Garcia 
Qlty Asar Spec 

Mo\TIAS RAMOS JR. 
Ch, NDT Lab Sec 

r-2 



MANCT /ttI:. 0naa 

Right or Left Hook #3 

HA!'tCE/Task 1128, Attachment 8 

Crack• 

28 Apr 7J 

~.ANCD/Nond•atructive !eating IM> Sec 

26 Apr 75 

75- 76 

1. One each rtight or Left Hook 13 was received by M\NCD for nondestructive 
inspection. Specimen was identified ae a portion of the Right or Left Hook 13 
AHf!llbly, Canted P'ue Station 2044, Ramp Station 74. 

., ,_. Specimen was iuapected ae fol.lars: 

a. Specimen i.aa proceeaed by the liquid penetrant method, uaing penetrant 
inspection material&, Type I, Method ''B", MIL- lo- 2513S, <koup VI, with the 
family concept mul.aifier and dry fluidized developer. 

3. Inapection re•ultai 

a. Liquid penetrant btapection rnealad no diacrepanciea. 

NOTE: It is not knarn. -whether thi• book is right or left. 

Jose N. Garcia 
Qlty Aaar Spec 

~TIAS RAMOS JR. 
Ch, NDT I.ab Sec 

r-2 



Photo 1 1/3X 

Photo 2 l/'SI.. 

Photos 1 & 2. Right or Left 13 Hook, Bellcrank and 
Pusl\rod Assy Submitted for Analysis. Crack was Evident 
a.t Junction of Crank Lobe and Flange, as Sh.own in Photo 2. 
See Photos 3 and 4. 

r-.1 



Photo s. Electrm Fractograph Removed m. ~oooox 
Fresh Fracture Zane ''B'' of Photo 4, Showing 
Di.npled Structure Indicative of Normal 
Tensile Overload for this Material. 

Photo 6. Electrm PnctoanPh Removed frail Old 4000X ~ 
Crack Surface "A" of Photo 4. Surface for the 
Most Part ~- Featureless, with Sane SilJlS of · 
Intergram .. Sepflratim, Zanes "A" & "B" and 
Smit Pitting. See Additioml Practognph.s hma 
this Surface, Photos 7 to 9. 

r-~ 



Photo 3. Closeup of Crack on It 3 Bellcra."lk 1 1/2X 
Shown in Photo 2. Crack Extended Through Full 
Section Tilickness of Crank Flange • 
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Photo 4. Sep:irated Crack Surface on #3 Bellcrank. 5/8X 
'1rl 1llis Examination, Crack Appears Progressive, 
T~ating from Edge of Flange, Point "A", and AlOI'lg 
Pull Length of Recess to Point ''B". Light Area 
is Area of Final Separation, '''here Crack was Separated 
at Laboratory. 
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Photo 10. Faile-l Pushrod Tube Attached to ff 3 2 l/2X 
Bellcrank. Arrow Indicated Direction of Separation 
of nating Portion of Tube. Fluting of Appendinr. 
Se['.J!Ient "A" ant.l its Hending in a Do\..m'iard 1li rection 
Suggest Final Separation in this Vicinity. 

I -7 
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l2 Bay 197 5 

:1-IB-:>/Giipt lreJoSory/Capt ..Jcheiding/57845 MA?£E (a,t.ill.urgical Laboratory) 
Hook & 

;15 R. II. Bellcrank, originally identi.ried as #3 Right or Left Bellcrmk 23 Apr 7 5 

Task #ll2S, Attachment #8 (Anendment) 

Met.allurgical 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, Photos l ~ 2, indicating tensile overload characteristics, a massive sliding 
shear ~one (B) and bending of the a.ppendinc segment (A) in the direction of the red 
arrow verify final. separation in this direction. All fracture !aces and adjacent 
areas exhibited considerable plaetic de!omation and imp&ct marld.ngs, and veri!y 
failure by impact overload. 

PETER J. FTINl'ZIWS, ?~gist 

O. H. OOUGLGS, JR. 
Chief, Metallurgical :r..b Section 
MA 

~- Atch 
Photos l & 2 



Photo l 

------- -- ----

Photo 2 V1aw B 2X 
Corresponding views o! R.H. Bellcrsnk #51 n.w B in d1rection a! green aITOV. .Ul 
~ures exhibited OV9r load cha.racterist.ica. ud arrow 1n both views indicates 
d1rect1on of final aepuoati.on u veriti.ad b;y bending o! segJDent:. A 1n same direction 
am pnemce o! muaiw slid1n& shear a. on adjacmt. lattnl aartace ot eepmt, area a. 



ME-5/capt Greaoiy/capt Scheiding/57845 

No l/No 3 Bellcrank Pushrod 

Task f 1128 Attachment f9 

Metallurgical Analysis 

s-: 

27 April 1975 

Mi\NCE (MBTAWJRGir.AL LABORATORY) 

23 Apr 75 

1142 

1. A piece of push-rod wi~ the end fitting attached was sti>mitted for analr-sis as per 
attachmnt IS of basic ME Task 11128. 

2. Photographs 1 and 2 are of the pushrod as received. Note that the failed mmt­
ina lugs are attached to the end fitting. Photos 3 and 4 are close ~ shots of the 
failed areas. 

3. Examinatim of the fractured surface aromd the circunference of the pushrod 
was acc:oq:ilished as foilows: Seven areas were marked comter clock-wise starting 
m the top side of the pudlrod. Area 1, approximately 3/8 inch long, exhibited 
obliterated stn"face due to i.q>act after fracture • Area 2, approximately 3/ 4 inch 
lmg, exhibited separation by tearing. Area 3, approXilii&tely S/8 inch lmg, exhibited 
an outward tensile shear JOOde of failure. Area 4, approximately 1/2 inch long, 
failed in a tensile shear mde; however a reversal fracture pattem indicated that 
a flexing mticn occurred during failure, reference photo 6. Area S, approximately 
1/2 inch lcmg, exhibited a tensile shear JOOde of failure. Area 6, approxinlltely 1/2 
inch lmg, same as area 4. Area 7, approximately 1 incli. long, eXhibited a failure 
JIKx1e similar to area S. *(Photograph S shows the different failed areas marked 
en the d.rcun:ference of the pushrod). 

4. Exanrinaticn of the failed lugs found attached to the end fitting shCMed a tensile 
shear JOOde of failure. Photograph 1 is of the fractured surface on the right side of 
the end fitting. The left side exhibited a similar fracture IIOOe. Fractographs of 
the lugs fractured stn"faces, (Photos 8 & 9) shCM a d:i.JTpling effect which is character­
istic of a tensile shear m:x3e of failure. Lug material was identified as 7075 
al m:lm.111 alloy. 

5. Ccnclusioo.: Fractured surfaces examined en both the pushrod and ioomting lugs 
reveaied an overload type of failure. There was no material deficiency or defects 
that could have caused or caitributed to the ultimate failure of fractm-es examined. 

MARa:6 R. SOLIS, ~tallurgist 

0. 1 i. LOllGLASS , .JR. 
Olief, f·etallurgical Lab Section 
MA 

1 Atch 
Photos 1 thru 9 

J 



Photo 1 
Pushrod as received. 

Photo 2 
Top side of pushrod showing 
the two failed areas. 

3-2. 



Photo 3 
Close up view of end fitting 
and attad1ed failed motuiting 
lugs. 

Photo 4 
Close up view of failed pu-;hrcxl 

. tube. 
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Photo 5 
·Arrows point to failed areas 

(around the circumference of 
the pushrod) as marked for re­
porting purposes. 

Photo 6 
Edge of pushrod twe sh™ing 
reversal fracture patte111 
caused by flexing. 



.. . 
Photo 7 
Practund surface on failed 
lug showing plastic deformaticm 
associated with tensile shear 
failure. 

Photo 9 
Fractograph of rijht side lua. 
Fracture pattem is the same as en 
the left side. 

Photo 8 
Practognph of left side failed 
lug. Dinpling effect wrifys a 
tensile shear overload failure. 
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M.'11::-5/Capt Gregory/Capt Scheiding/57845 MANCE (Metallurgical Laboratory) 

Left Side HS 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 ~etallurgical 
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 pwahrod were as 
follows: 

a. Bellcrank - 7075 aluminum alloy. 

b. Pushrod - 2024 aluminum alloy. 

4. Visual and microscopic examination at 4SX power revealed the following: 

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

b. Photos /14 and 115, taken of the two fractured surfaces, revealed pO"ssible 
signs of corrosion. 

c. Photo #6, taken from the bellcrank body, revealed that the two bushin~ 
holes were elon~ated and occurred on aircraft impact. 

d. Photos H7 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 UlO and Ill, taken from the pushrod fractured faces, revealed a 
c0tnbination of tensile snd torsional overloading as the r.:iode of failure. It should 
be noted in this laboratory report that attachment 12, photos H6 and 07, which are of 
the same pushrod, also showed that a combination of tensile and torsional overloading 
was fo\Uld to be the mode of failure. 

5. Further examination.of the suspected corrosion as seen in photos 94 and H5, 
utilizing the TEH (Transmission Electron Microscope), revealed the following: 



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

6. In conclusion, failure of the bellcrank was initiat~d by stress 
corrosion which can be seen in photos 612 and 113. Failure to the pushrod 
and other assemblies were found to be of the overload (impact) type. 

DAVID BARRERA 
Hetallurgist 

SIGNE'D 

o. li. ~~s. JR 
Chief, Hetallurgical Laboratory Section 
~ 

1 Atch 
Photos 11 thru 613 

K-2.. 
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lellcruk ... 1IDek "8 .... 17 

.. Clffuk 1121. Auaat at 10 

28 Apr 7.5 

21 Apr 7S 

7S-76 

1. 0.. ... b lellaauk and Book Aa..mly ••• recei..-.d l»y 16Ma> for DOlld••tl'11Cti•• 
1-peett.n. u.-17 ••• Umatifiell •• -.Uerull ad lle9ll .A_...17, Left IS, c-t• 
he katioa 2084, 1-.p Stat1- 116. 

2. A__. ly wu fnsr•ted u follare: 

a. Speci8all vu proc••Hd by the liquid peaetrmt -tbod uaina penatrant 
ta.pe&tioa .. t.-UJ.. Type I, Mathod "I", MIIr I- 2.5135, ll"•p YI with the fnily 
eo•.,t ..U•ifier ud clry flaUS..ed d•eloper. 

3. Ia9pectioa r..alt•: 

a. Ll•id .-craat rnealecl ao iadicatiou8 of •dace di8c•tin•t1Q. 

C!l~ 

J ... 1'. Qarc:ia 
Qlty A8er Spec 

s1~roi 

JUUi LUl>S A. 
°'- 81' Lib ... 
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Photo #1. As received :s hook bellcrank assy 

Photo 12 exhibits crack and two dents located on the same side of the bellcrank. 
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Photo #3 exhibits crack in bellcrank which is also adjacent to elongated 
bushing holes. 

k-:, 



Photos 14 & IS 
Taken from the Bellcrank 
fracture faces. 



K-7 

Photo 06. Bellcrank bushing (arrow) exhibits elongation of the bushing holes. 
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Photo #7. Main hook and benk link programming hook. 

Photo #8. Hook latch reveals impact damage at left side of the hook. 
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Photo 119. Fractured pushrod. 

Photo /110. Macro ..;.examination revealed that ultimate failure of the pushrod w.-1s 
the result of a twistir..g action ; also evidence of elongation. 

tc, -...,.· 



Photo #11. Exhibits fracture face. 



3000X 
Photos #12 and 13. Fractograph shows stress corrosion (red arrows) taken from the 
bellcrank fracture surface. 
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26 !\pr l n7:; 

'IME-5/Cupt r;regory/l.apt Scheicling/57845/53503 "ti\NCEffetallurgical Laboratory Section 

Le ft # 5 Saddle Fitting 

Task 1128, Attachment 11 142 

Hetallurgical \nalysis 

1. r)ne failed saddle fitting identified as #5 left side was subr.tlttcd to the 
~,~etallurgical Laboratory for analysis in support of Task 1128. 

2. Photor,raphs of the exhibit as received are identified as Photo #1. 

3. Spectrographic analysis identified the material of this e:xhibit,as 7075 alur.tl.!ltl!1 
alloy, wit.11 a Rockwell hardness of Re 92. This indicates the material is in the '!'6 
heat treated condition. 

4. Visual and microscopic exrul'\inations of the fractured surface showed the aren was 
smeare.J frcrn foreign ohject damage, or impact., T'nere was a SJT!c1.ll area thrtt Ji<l not 
show this condition, ;md this is where we made our exal'tl.nation. TI1ere was SO!Tl(' light 
blte paint on the surface near the beginning of the damaged area (see Photo #2). 
The fracture was not an old failure, hut the result of impact. 

SiGN~ 
" ' ~ ... 

.J. PARKER · · . 1 !\tch 

~trf.1~,:,s, .JR. Photos #1 and #2 

Oiief, Metallurgical Lab Section 

ifs 
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.~;i~f·~-~'~l 
Photo 1. IS Left Side Saddle Fittinp, Showing the 
F.xhibi t· as Received l 1cre in \1etal~urgical Laboratory. 

Photo 2. # S Left Side Saddle Fi ttin p Sh01.-ing the Area 
Where the Lipht Blue Paint was Noted (see arrows) at 
the Begirming Where Fracture Initiated. 

L - 1 
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, t-1E-5/Capt Gregory /Capt Scheiding/5 7845 

Left 4 to 5 Pushrod 

26 ."flril 1975 

~IANCE O·btallurgical Laboratory 

23 Apr 75 

Task H123 t~LIWer 12 Attadunent 1142 

1-etallurgical Analysis 

1. 1\vo failed pieces 0£ tuhing identified as Left 4 to 5 Pushrod were submi tte<l 
for analysis as per attachrrent 12 of b&lSic n.if: Task 11128. 

2. For the purpose of this report the pieces will be refer to as exhibit ''A" 
(piec:e with the swivel fitting attached) and e:x.ltlbi t "B" (piece without the 
fitting) . Photographs 1 thru 3 are of the exhibits as received. 

3. Visual examination of the exhibits showed three fractured surfaces, one 
(1) on exhibit ":\'' and two (2) m exhibit "B". It was also noted tJ1at the 
fracture surface on e.x.ubi t 11A" matched one of the fractured surfaces on 
exhibit "B" (reference photographs 4 and 5). These are photos of the matcheJ 
surfaces as viewed from two angles 180° apart. It was also noted that both 
exhibits were dented as sho.-in by the arrows •.II reference photo&rraphs. At this 
tire it was determined tiut one i tei:i in attadu:ent 10, marked Left IS Bellcrank 
and I look Asseni>ly was the missing piece of the left 4 - 5 push rod (reference 
photograph: 6). This item was matched to the other two exhibits and photographed 
(see photo I 7) • 

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

S. Microscopic and iootaf lographic examination of the fractured surfaces showeJ 
a fracture nv:>de characteristic of overload in a bending and twisting motion. 
Photograph 17 shows the buckling of the tube due to bending and the twisting 
load paths. Although the primary load path ai exhibit "A" was counter clockwise, 
.soroo flexing occurred as evident by the reversal in Jirection of fracture 
(reference photograph 18). Photograph 19 shows the typical tensile shear mode 
of fracttrre observed on all fracture surfaces. 

6. Cooclusion: It was detennined that the fractured surfaces examined e:xhibitet! 
a fracture nrchanism d1aracteristic of an overload failure, and that there was 
no evidence of material ·deficiency or defects that caused or contributed to the 
ultimate failure. 

MARalS R. SULIS, f·etallurgist 

0. H. rouGIA<iS, JR. 
Orl.ef, ~tallurgical Lab Section 
MA 

1 Atch 
Photos 1 thru 9 • 
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Photo 111 
Pieces of tuhing and attachment 
as received. 

Photo lf2 
Close up view of e}j1ibi t "A" 
as recei vecl. 

H·-2. 
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Photo 13 
Close ~ view of e:xhibit "B" 
as received. 
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Photo f4 
Matching fractured surfaces fitted 
together. Arn:Ms point to the 
fracture and also to a dent noted 
exhibit "B". 

Photo #S 
Same as photo f 4 except viewed 
fran a different angle. Note 
that exhibit "A" was also dented • 



Photo 16 
This item was with attachment 10 
but was fomd to be the missing 
part of sli>ject push rod. 

Photo 11 
Load paths are indicated by arrows. 
Fracture at exhibit "A" showed 
evidence of flexing. 

H-~-



Photo JS 
Fractograph of shear reversal 
pattern caused by flexing. 

Photo f 9 
Typical tensile shear pattem 
observed on all fractured surfaces. 
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28 .\pril 1975 

»-E-5/Capt Gregory/Capt ScheiJing/57845 

14 Left Side Hook & Be llcrank Assenbly 

Task 1128, AttachL..mt 13 

Metallurgical Analysis 

1-WlCT (Metallurgical Laboratory) 

23 Apr 1975 

1142 

1. Q1e 14 left side hook and bellcrank asseni:>ly was sublni.tted to the Metallurgy 
Laboratory for analysis in s~ort of Task 1128, Attachment 13. Nondestructive 
Test Report is attached. 

Z. Photo 11 identifies the hook and bellcrank asseubly. The corrosion pitting of 
the bellcrank should not be taken into consideratim in this investigation. This 
was the result of the cleaning operation, in the stripping of the part. 

3. Til.e crack indication as reported by Nondestructive Test Report, Lah Control 
175-76 was investigated under the microscope. The suspected crack was forceJ open. 
A replica was made of the fractured surface, for observation mder the Electron 
Mi.CTOscope. Photo 12. In forcing the crack open, the suspected crack did not 
propagate mder load. The bellcrnnk cracked in another location adjacent to the 
initial crack. Then the suspected crack was opened to obtain the initial crack 
face. 

4. The Electrm Microscope inwstigati<m and analysis showed stress corrosion 
caibined with stresses on the fractured surface. Fractographs were made on the 
suspected surface.. . They re .-ealed the start of stress corrosion cracking, which 
can be attested to the "JllJd cradc" as indicated in the center of Photo 13. 
Practography 5600X. Photo 14 is further proof of the stress corrosion. The 
diJtllle area oo. both photographs 3 & 4 is the result of the state of stress. 

S. Spectrog_DIPh analysis identified the material as 7075 alminm alloy. 
S\GNt\..: 

W. H. 000\E.R, r.~tal.lurgist 

O. H. rouGlA5S, JR. 
Odef, ~etallurgical Lab Section 
MA. 

116 

2 Atch 
1. NIJf Lab Report 
2. Photos 1 thru 4 
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2e Arr 75 

MAUQ:/~~r Crocker 

SidP l!ook and ih.~llcrank /\sse1:b ly 

HA~CT./Tasl': 11~~. Attacl'll'leut lJ 75- 7f 

Cracks 

1. One each Si<le l•ook arui l>ellcrank .\sst'!:"!bly !Aas received by tA':CD for nond~stri~c:tJv" 
testing. ~ssent>ly was identified as Side Hook and Bellcrank Assed>ly, Left ~;iJ<:: :!7 
Canted Fus Sta 2064, Ramp Sta 95. 

2. Spech1en assf!r.'b ly was processed as fol!Ofs: 

a. All asse:;D ly conrponente Made from ~erro- map.netic materials were procesncJ by 
the maimetic narticle method, usinr. lon!!,itudin2l and circular fields nu<l t:1e ""et 
continuoue method of ~article a?plication. 

b. All aes@ai>ly compoucnta made of non- ma~etic materials were process~ by tht. 
liquid penetr.ant method usinP. inspection materials Type I, ttethocl ''B' , ;-;rt,_ I- :~SlJj, 

croup VI "'1th the family concept ft'l11lsifier and dry .fluidized developer. 

3. Inspection results: 

a. ~~gnetic Particle Inspection: 

(1) ~lo discrepancies were noted on all ferro- magnetic components insnected. 

b. Liquid Pen(ltrant Inspection: 

(1) Inspection revealed one non- l'\agnetic component to contain ext1::n:.ive 
corroaion pittinV- throughout the entire casting. Corrosion pits were deep. he:wily 
concentrated in &ot:"le areas w 1th son~ pits follcuin11: chain-- like patterns. nrw crac~: 
indication was also noted in the recessed area of the castinf:. Indication \-lati 
appro-x:imate • 250' in length follar ed by a series of corrosion pits. See attached 
sketch. No diacrepancies were noted on the other non-magnetic component. ;)efc-ctive 
component vaa identified as follo:1s: 

(a) Bcllcrank Ass~.Jlbly P/H 4F53694-101A, TO lC-5/lr-4-1. fl~. 1<::2-3H. 

4. All dP.fectivc areas were r.~arked. 
r;jt.;,~~;~~ 

Jos,. \:. Orr~:i.a 

Qlty •,ssr Spec 

~'ATIAS PJ\}!O~ .~. 

Ch. NriT Lah Sec 
1 Atch 
Sketch 



Photo 12 
Identifies suspected crack. 

N-'-: 
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Photo 1. I look and !3ellcrank Assy after stripping 
and cleaning. 
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Photo #2 
Identifies suspected crack. 

;Y-<....· 
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Photo 13 S600X MAG 
Shows stress corrosion cracldng identified by typical ''nld 
cracking" diq>les are tlw result of the state of stress. 

Photo 14 .. S600X ~G 
Stress corrosion dark lines craclc phenamm.a - plus dilpling 
and ~tresses. 

~-7 



C-: 

~-5/Capt Gregoiy/Cat>t Scheiding/57845 

26 April 1975 

MANCE (Metallurgical Laboratoty) 

11 Yoke Guide (Left) St~Ort Backup Structure 

Task f 1128 Attachment 114 

Metallurgical Analysis 

23 Apr 75 

1142 

1. Clie 17 yoke guide (left) support b~ structure was submitted to the 
1-etallurgy Laboratoiy m attachenl!nt 114 to investigate the drilled hrue. 

2. Photo fl identifies the yoke guide. Photo f 2 shows the elmgatim of 
the hole present in the yoke guide. 

3. Microscopic investigation revealed no evidence of a recent repair or 
installatim of a new :fastener. There is no indicatim of the hole being 
ntdrilled. 

;J " ' _. 

W. H. CRXXER, ~tallUTgist 

.• t,rt; 
0.H. OOUGI.ASS, JR. 
Chief, J'.~tallurgical Lab Section 
MA 

)JP 

1 Atch 
Photos 1 Fi 2 
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# 7 '/OK£ 0,l110C (L£ FT) 

5"PPtJR. T 13/IQ\. tJP S TR uc /ul(f. 

Photo Hl 

One fl? yok.e guide (.l.ett.J support backup structure u submitted to 
tlw Metallurg1c&l Labar&t.C17. 



~-5/Capt Gregory/Capt Scheiding/57845 

26 April 1975 

~ (Metallurgical Laboratoey) 

17 Yoke Guide (Left) St~ort Backup Structure 

Task fll28 Attachment 114 

23 Apr 75 

1142 

Metallurgical Analysis 

1. cne 17 yoke guide (left) support b~ structure was submitted to the 
Metallurgy Laboratory ai attac.hem!nt 114 to investigate the drilled hole. 

2. Photo fl identifies the yoke guide. Photo f 2 shows the elmgatim of 
the hole present in the yoke guide. 

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

;J " ' 

W. H. CR)CICER, ~tallurgist 

.. ~.n-; 
O.H. OOUGLASS, JR. 
Oiief, ~letallurgical Lab Section 
MA 

}lffi 

1 Atch 
Photos 1 & 2 



Photo #1 

One ti? yoke guide (.Lett.) support backup atructure aa submitted to 
tlw Metal Jurgio&l I..abcntc17. 

Pbot.o 12 

&loqpt.ion GE :t.h9 bola M ahaMD 11.T l3X ~ 



»£-5/Cspt Gregory/Capt Scheiding/57845 

IS Pressure Door Roller Bracket 

Task 11128, AttachlJent 15 

Metallurgical Analysis 

P-1 

29 April 1975 

~CE (Metallurgical Laboratory) 

23 Apr 75 

1142 

1. <:ne failed piece of pressure door roller bracket identified as I 5 Pressure Door 
Roller Bracket, was submitted for analysis as per Attachment 115 of basic ~NE 
Task 11128. 

2. Photograph of the exhipit as received are identified as Photo 1, also shows 
where metallurgical specir.len was taken, along with the TEM (Transmissim Electron 
r.ncroscope) fractographs specimens • 

3. Spectrograph.ic analysis Bentified the material of the bracket as 7075 alumimlil 
alloy, with a Rock.we 11 hardness of RB 90, this indicates the material is in a T6 
heat treated condition. 

4. Visual and microscopic examination of the fractured surface showed a ''woody" and 
fihrous appearance, this is typical for high strength aluminuns. Also this exhibit 
showed a ~ing effect m the fractured surface which is indictive of tensile overland. 

5. Metallurgical and TEM &nalysis revealed the mode of failure was due to stress­
corrosim cracking on botl~ sides of the exhibit (see 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 
ooe section of the bracket. 

6. Canclusian: The failure of the bracket was initiated by stress-corrosion, of 
crack .i.'1itiated fran both sides of the part. Other fractures on the bracket were 
f0tnd to be of the overload (~act) type failures. 

S!GNl:'O 

Jut~ PARKER, Metallurgist 

S!Gt\® 

O. H. OOUGLASS, JR. 
Olief, ~talltll"gical Lab Sectim 
MA 

~ 

1 Atch 
Photos 1 thru 8 

J 



Photo 1 
IS Pressure Door Roller Bracket - Showing the exhibit as received here in the 
Mstallurgical Laboratory, also the directim that bracket fractured in, ~ET 
SpeciJllDn g TEM (Transmission Electron Microscophy) spedmen were taken as 
in4icated on the fractured s\ll"face. 

Photo 2 8X 

P-2 

IS Pressure Door Roller Bracket - Showing the fnctured surface where TEM spedlmn 
was taken, this area shows stress-corrosicn cracking initiatin1 m the top ' bottol\ 
sides of the bracket (see next photos) • 
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Photo 3 ZOOX 

P-.3 

15 Pressure Door Roller Bracket • Showing the top side of the exhibit, and how the 
,corrosion has attacked the surface along witl\ intergranular corrosion in the grain 
bowdaries. 
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Photo 4 200X 
IS Pressure Door Roller Bracket • Showing the bottcxn side of the e:xhibit with the 
s- c:mditian as the aboiie photograph. 



Photo S 20GX 
IS Pressure Door Roller .3racket - Showing the fractured surface of the exhibit, notice 
haw the stress-conosim hu actually separated the grains, aloog withthe missing 
piece (center) that was attacked by corTOSion aho. Stress-corrosim cracking was 
favond by iq>ositim of tensile sttesses and by exposure to atmospheric c:mditions. 



28 ApT 75 

}!AN CT /tir . CITID 9 !-'A"ICD/Nond~structive Testing Lab Sec 

Right or Left Hook fl3 26 Apr 75 

~IA.'iCE /Task 1128, Attachment 8 7'>- 76 

Crack1.1 

1. One each '.:ight or Left Hook 83 was received by M\NCD for nondestructive 
inspection. Specimen waa identified as a portion of the Right or Left Hook #3 
Assenbly, Canted Fua Station 2044, Ramp Station 74. 

.., 
'- . Spee imen w aa inapec ted •• f oll.ar s ; 

a. Specimen i.raa processed by the liquid penetrant method, using penetrant 
inspection materials, Type I, Method ''B", MIL- I- 25135, ~oup VI, vith the 
family concept emul•ifiar and dry fluidized developer. 

J. Inspection result•: 

a. Liquid penetrant inspection revealed no diacrepanciea. 

i'iOTE: It is not lcnarn whether thia hook is right or left. 

Jose M. Garcia 
Qlty Asar Spec 

~TIAS RAMOS JR. 
Ch, NDT Lab Sec 

r-2 

:1 



Photo 7 aooox 
t5 Pressure· Door Roller Bracket - Showing a fractognlpb of the fractured surface 
with "mud cracks" and stress-corrosion cracking. The fracture had a dull, woody 
appeanmc:e and sec:mdary cracking W89 also evident. 

' 
4 ' • 

' Photo a aooox 
IS Pressure toor ~ller Bracket - Showing a fractognph with the. sawt amdition as 
reported ~ the above ~op-aph. 



~-S/Capt Gregory/Capt Scheiding/5784S 

17 Riaht Hook & Bellcrank Asseni>ly 

Task 1112 8, Attachmi!lll t 116 

Metallurpcal Analysts 

27 April 1975 

MANCE {>itltallurgical Laboratory) 

23 Apr 75 

1142 

1. cne failed 17 Right Hook g Bellcrank asseri>ly was sthai,ted to the Metallurgy 
Labol'atary in S\.'1POrt of Task 1128, Attadulent 116. 

2. Photographs were taken of the hook and be llcrank asselli:>ly. Photo 1. Photo 1 
also identifies A & B sped.mens selected for analysis. 

3. Microscopic investigation revealed specimen ''A" failed in tensicm overload. 
Sm-face is fibrous, with nuoerous secaidaty cracks. Photo 2. Specimen ''B'' failed 
in a similar IlKlde except there was extensive n.i>bing acticn, which destroyed the 
fracture surface. Photo 2. This sped.nm also displiyed a bending acticn and 
inpact. 

4. There was no evidence of damage to the hook other than the i.Jq:>act to one side 
of the root of the hook. Photo 1. 

S1GNED 

W. H. CX>CXER, Metallurgist 

O. H. IXUiLASS, JR. 
Chlef, Metallurgical Lab Sectioo. 
MA 

2 Atch 
1. NDI Enclosure 
2. Photos 1 & 2 



~A~CE/!'r Crocker 

Rip;ht Hook and Bellcrank Asaed:> ly 17 

K\NCE/ Task 1128. Attacbnent 16 

Q-2. 

26 Apr 75 

MA..~CD/Nondeatructive Testing Lab Sec 

25 Apr 75 

75-76 

1. One each Right Hook and Bellcrank Aaaea:bly vu received by MANCO for nondestru.ctive 
inspection. Aaaembly was identified .. Right Hook and Bellcrank Aued>ly V1. Right. 
Sida. canted Pus Station 2064, Rasp Station 95. 

2. A••-bly•&a procuaed ae follars: 

a. All usel!lbly ct'lmponents made frmn ferro-aagnet:ic materials vere proceHed by 
the magnetic particle method uain~ longitudin&l and circular fiPlrde and the vet 
continuous method of pe,rticle application. 

b. All aeseably components mad.a from non-magnetic material were processed by 
the liquid penetrant aeth.od uaing inapectiou materi.ala Type I. Method "B", Mllr 1- 25135, 
Ckoup Vt w 1th the family concept eailaif ier and dry fluidized developer. 

3. Inspection results: 

a. Mlttnetic Particle Inspection: No diacrapanciea were noted. 

b. Liquid Penetrat Inspection: No diacrepauiea were noted. 

Joae N. Qa.:-cia 
Ql ty Aasr Spec 

!-IA TIAS RAt-05 JR. 
Cb, !IDT Lab Sec 
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Photo 1 
17 Right Hook & Bellcrank 
assenbly. A & B identifies 
fractures used as specimens . 

Photo 2 
"A" failed in tension 
overload. 

''B" exhibits rubbing & 
bending action induced 
by ilrpact. 



~f.fE-5/Capt Gregory /Capt Schciding/5 7845 

~ (Right Side) Part 4-8 

Task 11128, Attachment 117 

~letalllll"gical Analysis 

30 i'\pril 19 7 S 

HANCE (Metallurgical Laboratory) 

23 Apr 75 

1142 

1. One failed part of the ran;:> identified as Right Side Part 4- 8, was swmi tted for 
analysis as per Attachment 117 of basic /.f.II: Task 11128. 

2. PhotogTaphs of the exhibit as received here in the t•etallurgical Laboratory are 
identified in Photo 1, along with desiwi.ated areas "A" thru "F' that were sectioned 
for visual and microscopic examination. 

3. Visual and microscopic examinations shaved mst of the fractured surfaces were 
smeared from the two surface rtilbing together, or fran foreign object damage from 
ll!pact. 

4. 1he mechanism and mode of failure was attributed to excessive shearing and tensile 
averloacl, with raJilJ failing from the right and left directions, to a straight tensile 
pull on the raflll. 

SIGNE!J 

Ja N PARKER, Metallurgist 

SIGNED 

0. H. l:xJUGLA5.S, JR. 
Olie f, :--~talllll"gical Lab Section 
MA 

1 Atch 
Photos 1 thru 7 



Photo 1 
RaJrp (Right Side) Part 4-8 - Showing the exhibit as receiwd here in the 
Metallurgical Laboratory, with areas "A" thru "F' being listed in desipted 
photographs. 



Photo 2 
Raup (Right Side) Part 4-8 -Sh<Ming the fractured surface from area "A" in 
Photo 1, this area shai.rs excessive shearing to the right, also excessive 
tensile overload in the ~ direction. 

Photo 3 
Rmlp (Right Side) Part 4-8 - Sh<Ming the fractured surface from area 11B" in 
Photo 2, this area sh<Ms excessiw shearing to the right, with some to the 
left, also other surfaces showed tensile overload type of fractures. 

R--> 
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Photo 4 
RaJlll (Right Side) Part 4-8 - Showing the fractured surface fran area "C' in 
Photo 1, this area show excessive tensile overload in the ~ard direction. 

Photo S 

i 
·1 

\ 

Rmip (Right Side) Part 4-8 - Showing the fractured surface from area "D" in 
Photo 1, t his area shews excessive shearing and tensile overload to the left 
in the t.?ard direction. 

I ' 
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Photo 6 
R.lq> (Right Side) Part 4-8 - Showing the fractured surface from ana ''E'' in 
Photo 1. this area shows excessive tensile owrload to the left. with SCIDe 
lhearin1 to the left and riaht di1'9Ctims. 

I 
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28 i\Pril 1975 

:-~·l!:'.-5/Capt Gregory /Capt Sdiei,ling/5 7845 '1A.'JO:: U·k!tallurgical Laboratory) 

Aft I~ (Part Labeled 4-u and 4-5) Sections 23 Apr 75 

Task 1128, Attaclurent 18 142 

i-etallurgical Analysis 

l. Two failed aft raq:> sections were submitted to the Metallurgical Laboratory for 
analysis in support of Task 1128. 

2. The majority of the frilctured surfaces exhibited extensive rubbing of the crack 
surfaces. This actim obliterates most of the identifiable cracking phenanena. 

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

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

5. Microscopic study ori part ''B" revealed a tensile a;> indicative of a tensile 
failure (Photo 2). A stW:y on part "A'' disclosed a shear cleavage by overload or 
~act (Photo 3) . 

StGNC.-

W. H. croa<ER, ~tallurgist 
~ 

~~·<ED 

0. H. OOtKi1A5S, JR. 
Ori.ef, Metallurgical Lab Section 
r.JA 
/jil!a 

1 Atch 
Photos 1 thru 3 



Photo 1. Two Failei Aft Ramp Secti~ as Submitted 
to the Metallurgical Laboratory. Blue Arrows Indicate 
Direction of Load. Each Section was Labled as "A" 
and "B" respectively. 

S-2.. 



Photo 2. Section "B" Showing a Tensile Cup \'lrl.ch is 
Indicative of a Tensile Failure. 

A 

Photo 3. Section ''A" Disclosing a Shear Cleavage 
Indicative of Overload or Iq>act. 
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29 April 1975 

~-3/Capt Gregory/Capt Scheiding/57845 MANCE (Metallurgical Laboratory) 

Aft Ramp Section (4-3) 23 April 1975 

Task 11128, Attachment 19 142 

Metallurgical Analysia 

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

2. Photographs were taken of the aft raap section. Samples 1, 2 and 3 were taken 
to id.ntify aections WJed to determine load direction and also to analyze the mode 
of failure. Photo 1, aamplea 4, 5, 6 and 7 were identified on photo 2 for the 
.- r ... ons. 

3. Microacopic examination of aa11ple 1 r...-ealed tensile· cup and shear by overload. 
All th• eeYen sample• will indicate tensile cup and/or tenaile shear, vith the direction 
of ah-r •hovn by the anows. Elongation of holes and rubbinp; phenomena will be 
ahown with their direction by arrows. The re11&ining six samples exhibited a 
•t•ihr mode of fracture. The sample• as indicated on the photographs show 
rneraillg of the t...11• ahaar vith an overload pulling, tearing and bending force. 

4. Coucluaion: 
or aap OYerload, 

the aft =~ eection (4-3) f ailad in tenaion or tensile shear and 
u did the other ramp sections. 

-~~ 

W. H. CJIOCXEll 
Met.allurgi•t 

, ·"' rt'.'.'Poll . , "~L.: 

DilVID BAilllERA 
Hatallurgiat 

... _.~'""7 \ 
'l.;i.. 

O. B. DOUGLASS • .J1 
Chief, Metallurgical Laboratory Section 
MA 

1 Atch 
Photo• l thru 9 



Photo 1. Aft ramp section (4-3) iden.tifiu location of samples 1, 2 and 3. 

,., 

.·~ 

Photo 2. Aft ramp e~tion (4-3) identifies location of saaples 4, 5, 6 and 7. 



?beto 3. Mode -4 direction of fracture failure. 
f'racture - ten•ile cup Bd shear by overload • 

. . · 

Photo 4. Mode and direction of fracture failure. 
Fracture - tenaile cup end shear by overload. 



Photo 5. Mode and direction of fracture failure. 
Fracture - tensile shear by overload. Rubbed area. 
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Photo 6. Mode and direction of fracture failure. 
Fracture - ten•il• ahea't' and rubbed area. 

. - ~· ~- ~ 



Photo 7. Mode and direction of fracture failure. 
Fracture - tensile cup and shear by overload. 

Photo S. Mode and direction of fracture failure. 
Fracture - tensile shear by overload. 
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Photo 9. Mode and dusction of fracture failure. 
?racture - tensile •hear by overload. 
Elongated holu and rubbed area. 



l.f.fE-5/Capt Gregory/Capt Scheiding/57845 

Aft ~ Section Labled 4-1 

Task #1128, Attachment #20 

Metallurgical Analysis 

LJ-1 

29 April 1975 

MA."lCE (Metallurgical Laboratory) 

23 Apr 75 

#142 

1. One failed Aft RaJl\) Section was s'l.bmitted to the ~tallurgy Laboratory for analysis 
in support of Task #1128, Attaduoont 120. 

2. Photographs were taken of the Aft R3I1l' Sectien. Sanple #1, 12 Ci 16 were identified 
cm Photo I 1. Saq>le # 3, 14 a I 5 were identified as to location on Photo 12. Tnese 
SaD\)les were taken to show the direction of load applied to propagate the failure. 

3. Macro and Microscopic investigation of SaJ!llle 11 revealed the fracture had failed 
in tensile shear. The shiny area at the upper edge of fracture showed ni>hing action 
and directim of shear, Photo 13. 1\rt'cMs indicate tensile shear direction on all saqJlcs 
to shON reversing of the shear rode of failure. Smrple 12 shows tensile shear by 
overload, Photo 14. Sanple t3 shows the sane phenanena of tensile shear reversing 
tjle plane of direction, also tensile cup, Photo IS. These failures were by overload. 
Sar.rile 14 displays tensile .shear by overload. Shiny areas identifiy nbbed areas, 
Photo 16. Sanple IS failed with tensile shear and tensile cup as indicated on Photo 
7. Sanple 16 displays the start of a tensile shear, a delay in the shearing process, 
then a continuing of the tensile shear to failure, Photo 18. Microscopic analysis 
show fibrous and woody fractures, indicative of tensile overload. 

4. Ccnclusion: I\s indicated in the Saill>ling of the fractures, all the fracture 
modes shCM a tcnsim failure due to overload. Manyyof the fractures show cycling, 
bending, twisting and vibration mder tension force. 

SIGNED 

W. II. crool:R, r.~tallurgist 1 Atch 
Photos 1 thru 8 

SJGNm 
O. H. WUGIASS, JR. 
Oi.ief, Metallurgical Lab Section 
MA. 



Photo 11 
Aft RaJitl Section (Lahelet.l 
4-1) identifies location 
of S~les #1, 12 G 13. 

Photo #2 
Aft RaJJl) Section identifies 
location of ~les 13, 14 
IS. 



Photo 13 
?tble of failure - Tensile 
Shear 

Arron point direction 
of shear 

Photo 14 
Mode of failure - Tensile 
Shear 

Arn:Ms point direction 
of shear. 



.. _\ ' ·; :. :~· 

·~:t ~ 
i;~ 

./ .. 
.. 

•' 

'!.-~·-\ 
:..:~~t 

::;;: ;~,~~! if~;4f.(O 
. ·..,,'( .. 

. < 

jr· 

Photo IS 
~ of failure - Tensile cup an.cl shear arrows indicate direction of shear. 

., 



Photo t6 
Mode of failure - Tensile 
shear 

A.rrCM indicates direction 
of shear. 

Photo 17 
Mode of failure - Tensile 
04> & shear 

ArrCM indicates direction 
of shear. 



Photo f 8 

Mode of failure - two planes of 
tensile shear - fibrous g woody 
fractures. 

Arn:M indicates dinction of 
shear. 
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MME-5/Capt Gregory/Capt Scheidins/57845 MANCE (Metallurgical Laboratory) 

Control Cables 23 Apr 75 

Task 1128, Attachment 21 142 

Metallurgies! Analysis 

1. Three CSA control cables, marked exhibits 1 - 2 - 3, were submitted to the 
Metallurgical Laboratory to determine mode of failure (photo fl). Thi• report 
is in support of ~ taak 1128. 

2. Spectrochemical analysis taken fr01'11 the three submitted cables and its cover 
were as followa: 

a. Cables #1, #2 and #3 - AISI 302 stainless steel. 

b. Cover 6061 alumimm alloy. 

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

a. Cables 11, #2 and #3 - Re 52. 

b. Cover 6061 - Rb 62.5. 

4. Hardness readings of Re 52, which were taken from the failed control cables, 
place the 302 stainless steel in the full hardened condition. The cable cover, 
which is 6061 aluminum alloy, had hardness reading• averaging Rb 62.5. Thia 
place• the 6061 in the T-6 condition. 

5. Viaual and microexamination of the submitted fractured cables and their 
aluminum covers reve&led that failure was due to a combination of tensile and 
torsional overloading (photo 12 - photo #5). 

S\GNc1> 

DAVID BARRERA 1 Atch 
Metallurgi•t Photos fl - #5 

O. H. ~S, JR 
Chief, Metallurgical Laboratory Section 
MA 



Photo #1. 
Exhibit 1 
Exhibit 2 
Exhihit 3 

/!' 
f /, 

I 
I 

/ ' ( 

•• 

As Received control cables. 
- short cable 
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Photos #2 and #2A. Exhibit 1 taken of two magnifications revealed minor necking 
down of the fractured cables. 



r 

~/ /! 

~ . A~ ..... 
Photos #3 and #3A. Exhibit 2 taken at two magnifications revealed necking down 
of the fractured cables as well as some minor impact damage. 

V-'1 



Photos #4 and #4A. Exhibit 3 taken at two magnifications revealed excessive 
bending and fracturing of the cable outer cover (arrows). 
Necking down of the fractured cables can also be seen. 



Photo #5. Photomicrograph taken at 200X power illustrates direction of grain 
flow as well as necking down of a fractured cable. 



~-5/Capt Gregory/Capt Scheiding/57845 

Hydraulic Lines 

Task f 1128 Attadment f 22 

retallurgical .Analysis 

. ---~------· ~t· -
I 

26 April 1975 W-1 

~1'\NCE (1-'etallurgical Laboratory) 

--~3 Apr 75 

1142 

1. Two failed hydraulic lines were swmi tted to the Metallurgy Laboratory in 
support of Task #ll28 Attac:hlmm.t #22. 

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

3. Paint indications were microscopically identified en ssnples fl & 12. 
Photo 2. They were classified as G-green & Y-yellow respectfully. Sanples 
13 & 14 Elid not sh<M any si~ of paint fragnents <m. the fractured surfaces. 

4. SaJiple 11 of the hydraulic lines had been cut approximately 1/4" of the 
way through the OD of the tming. '!be reminder of the fracture propagated 

. through tension overload. Photo 2. 

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

·;r;-;rr~ 

W. H. cxx:ICER, Metallurgist 

'r, ·r {'~ 
J t • ., ' ~, ' 

O. H. IOUGLASS, JR. 
Chief, ~tallurgical Lab Section 
MA 

J;lf:J 

1 Atch 
Photos 1 thru 3 



·-------------

L 
l 

w-2 1 

Photo 1 
Identiries two left-fotward 
hayloft hydraulic lines -
also identifies sanples taken. 

Photo 2 
Identifies smrples -#1 & #2, 
also paint fragnents. 



Photo 3 

Identifies sanplcs 13 & 14. 



*3-5/Capt GregOl')'/Capt Scheiding/57845 

Rmp Bulkhead 

Task 11128, Attachment f23 

Metallurpcal Analysis 

W X-1 

30 April 1975 

~CE (Metallurgical Laboratory) 

23 Apr 75 

f 14'2 

l.4f Cne Raq> Bulkhead segmnt (At'tadlmnt 123) was sdmitted to the Metallurgical 
Laboratory for analysis in SqJpe>rt of J.t£ Tuk fll28. 

Z. The item as sl.bmitted, is shown in Photos 1 g 2. Cmsiderable ~act dallage was 
exhibited, as indicated iJl the photos. A s-.11 ''bullet like" hole, and adjacent tear 
were evident at the location shown in Photo 1 and close-\4) in Photo 3. The closer view 
indicates a gl.audng blow by an obstacle, obtnllim, pTOjectile, etc. inflicted cm 
iq>act. Sliverlna ql of •terial (Arrow A, Photo 3) and a built 1'l edp aromd the 
hole (Arrow B) indicate iq>Kt in the directim sham by the heavy anow. (Also an'Oll' 
A, Photo 1). 

2. A c:hell:l.cal spot test for lead deposit aromd the hole area pl"CMtd positiw but so 
did other tests at the skin-honeycad:> backing inter faa (Arrow B, Photo 1) lade on 
the seplllllt. 'Ihi.s sped.fie test for lead traces arcmd the hole is therefore inan­
clusi ve because of the prhmy presence of lead in the banding JDDCll.1.11 between skin g 
hcmeycoam (CMmi.cal Laboratory Report enclosed) • Separaticn of the skin mnd remval 
of hmeycad> mterial aromd the s\.i>ject area did not mc:over the presence of aey 
protect.ile which my haw inflicted this damp pattern. This wrifies that dDage 
en the sli>ject area was inflicted by a &l~dng blew (projectile or obtrusim) , rather 
th8ll by m inpacted projectile. 

3. Ov9r-all exPPduticn of the Bulkhead sepent damge areas did not indicate any such 
areas which c:oold haw resul.ted fma intense heat. All fracture and tear surfaces 
en this ahibit were the result of sewn plastic de:formtion incurred m zromci i.Jlpact. 

S!GNf:b 

PEI'ER J. FRINI"ZI~, Mttaliiurgist 
.. -.·,r:·~­
"\Jf'y~--' 

O. H. OOUGLAS.5, JR. 
Chief, Metallurgical Lab Section 
MA 

Ji- ,, . ' ,J,r,G: tf/,U J!tl,,,I' /3u/Jd,~ s-,~~..J-

~ 

2 Atch 
1. <llemical Report 
2. Photos 1 thru 3 



30 Apr 75 

MAlfCX/Mr P. l'rintailas 

bap Bulklwad Segment 23,Task 1128 29 Apr 

30 

Whether lead vaa preaei:it around ''bullet like"hol• 

1. Using a chemical spot test, we found traces of lead 1n the area of the hole. 
HoV8"f'er, using the a.s11e test: on an expoaed area between the two skin sheeta 
a.veral inche• froa the hole, we a1ao obtained a positive test fo-r lead. 

2. Our tut consisted of remo•ing material from the edge of the hole with 
a cotton avab moistened with dilute nitric acid, -king the acid elightly 
alkaline ~th UR>niua hydroxide and then adding a drop of diphanylt.hiocaT'bazoue 
in carbou tetrachloride. A brick-red color waa obtained. which ia 
characterbtic of lead. The test 1a aeuitive. 

R. C. CRIPE 
Cbemiat 

i.. L. GARCIA 
Chaud.cal Laboratory Section 
MA 

\ 
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Photo 1 

Photo Z 
Lateral surface views of RsJlp Bulkhead segnwmt. "Bullet like" hole and adj accnt 
tear (Arrow A, Photo 1) weye observed on one surface. See close-q>, Photo 3. The 
hole shown in Photo 1 did not penetrate the opposite side. Chemical spot tests for 
lead deposits made on areas A & B both gave ~itive indications. 



Photo 3 2'X 
Close-up view of location shown in Photo 1. Hetal sliwring 
(Arrow A) and built-'4> edge of hole (Arrow B) indicate illpact 
blow in direction shown by heavy arrow (Same d.irectiw as arrow 
shown in Photo 1). 
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29 April 1975 

.MME-5/Capt Gregory/Capt Scheiding/57845 MANCE-{Metallurgical Laboratory) 

Bellcrank and Puahrod 23 April 1975 

·rask #1128, Attaclullent #24 142 

Metallurgical Analysis 

l. Three pieces off of a bellcrank and pushrod were aubmitted for analysis as per 
attachment 24 of basic MME task 1128. The three pieces were identified for the 
purpose of this report AS exhibits l. 2 and 3. Exhibit• as received are shown 
on photographs 1 through 3. 

2. Examination of the three exhibits showed extensive physical da111Bge. Photographs 
4, 5 and 6 are close-up vievs of exhibit 2 which vaa the primary object of thia 
analysis. The retainer washer on the first rivet of the end fitting was sheared 
off and buckling of the tube vaa also noted (reference photo 14). Bxaaination of 
the bel __ ,·rank ahowed what appeared as a badly worn area (reference photo 6). However 
further exaaioation showed th.at the daaage vas caused by htpact. It vas further 
detendned that the puahrodQtrea "B" of photo 7) was jammed against the bellcrank 
{area "A11 photo 7) and that was vhat caused the damage to the bellcrank and the 
bucklin~ of the tube. ExamiOAtion of the fractured surfaces around the circwaference 
of the puahrod tube (exhibits 1 an4 3) shoved considerable pla8tic deformation 
and shea.r lips indicating a shear overload mode of fracture (see photos 8 and 9). 
Examination of the bellcrank fracture shoved a bending load path. Consequently, 
a portion of the failure vaa longitudinal and the other portiou was loaded in a 
transverse direction (•••photo 10). Practrographic analysis showed dimple 
rupture on the longitudinal (with grain) fracture. On the transhrse fracture 
(croaa grain) there were areaa of intargranular fracture with and without dimples. 
Plat stretch regions were also noted (see photos 11 and U). 

J. It waa determined that the fractures examined were caused by an overload 
condition from bending, twistillg, tenaion and impact. It W&8 further detel'Jllined 
that there was no material deficiesicy or defects that contributed to the failure. 

MABCOS B.. SOLIS 
Metallurgist 

SIGNCtf 
O. K. DOUGLASS, JR 
Chief, Metallurgical Laboratory Section 
MA 

1 Atch 
Photos l thru 12 



Photo l. Section of pu•hrod and end fitting aa received. 

Photo 2. Section of pushrod, end fitting and portiou of bellcrank •• received. 



Photo 3. 
Section of pl&9hrod as received. UOTE: 

twist on tube. 

Photo 4. 
Close-up view of puahrod showing damage to rivet head, tube and end fitting. 



Photo 5. Close-up view of pushrod damage a• viewed fr01ll a different angle. 

Photo 6. Cloae-up view of bellcrank section. Arrow point• to impact damaged area. 



Photo 7. Area 11A11 showed impact damage raaul.ting from pushrod and end fitting 
(area 11n") being jasmecl agai119t the bellcrank (area "A"). 

Photo 8. Fractured aurface on exhibit 3. Mode of fracture was also ahear overload. 



Photo 9. l'ractured surface on puahrod tube (exhibit 1) ahovad plaatic deformation and 
aM&r lip indicatina a shear overload fracture .-de. 

~ ·· 
, · ,, 

,,i. : i·· 
-.'~:;. I 

;~\::;!~:'.: . :., ·.· ;;; .J;.~~.,~l;f •.:;:.~·;;:;.:'::..···------· 
Photo 10. hacturedeaurface on bellcrank waa jasged and aeverely battered. Arrow 
pointa to load path aa deteraiaed by the direction of deformation. 



Photo 11. Transverse fracture (cross grain) ahowa intergranular fracture 
with aDll without d:lJlplea. 

Photo 12. Flat. •tretc:hed regiOD9 vere alao noted on the tranaverH fracture. 
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7 MIT 1975 

H.U«:B (~ L&bor&\or7) 

12 IlS.P' S1.dlt Yoa .\Hellt>q 

Tu& lll.2t\ Attachment #25 

··llmpoal Aaalp1a 

2 Nq 1975 

IU2 

L Om Yoka laanbq ident.itied u llo 2 Right. Si.de Yolla l•1Plliq .. .m1\ted tor 
mlpia aa P'I" *ub 1aCI #25 ot Mid.- - Tuk #U28. 

2. ~ Gt \bl .ashD aa ....S.wd an 1d-'UW u ~ L 

,. ~ ...qna 1.._.lfted -- ateria1 ot ta. 111& 1' p4a u WI 416 
.. .,., .. 3'•1. 

4. '11.--1 aDd C.1110 .. --~- ot \lie ..... Md i..r pla ltllaf\• ..... 
to''••• I 

a. Upper pi.la *ft ~) ""m•IS - ......... • ~ .... am lug u.u 
-- tlmp ....... 4 d1 ... ·1 

~ r.O.r pin llbaft. awd - aant.ob9• cm t.be --J aleo - war, beat. 
m abaar 1m•p. Tbe 1111 • Mt.ft ~ oonodaD • \M .vtaoe, and an the 
n.r. ~ t~ UINada, - ....... --. . 

'· V1-l -4 lllAla111,llo ..-dna\te et ..-. uw .t \119 ••• t+q an u 
to"i•• 

a. The ttllflr (4) tut.Mr .i.a wre mt. el~a\ed cm \be m.a1.t., tM toar 
belt.a lhauad - Hft.t.a. - \ha ....... - -11. bolt, W8 aJS&MJi' ... all 
9'' • Rftld - ..w.. fl4 -...... 

6. MapaUc put,iele ~ 1JT th9 IDI Laborat0l'7 NUl'led W ..U anck on 
\119 8*ft .... the book OCH-=t.8 to t.ba bncJalt, DO ~ en.aka mN tomd. See 
at.ilaabK Lab lapar"',.. dd.ed 5 liq 1915. Lab lo 75-76. 

1. Mluw 



MANCE/Mr Parker 

Right-Side Yoke Assembly 12 

MANCE/ Task 1128 A.ttacrment 25 

Cracks 

S May 75 

Nondestructive Testing Lab Scc/MANQ) 

4 ~.fay 75 

75-76 

1. cne each Right-Side Yoke Assembly was received by MANCD for nondestructive 
inspectim. Specimen was identified as Right-Side Yoke Assellbly 12, Canted Fus 
Station 2024, Ramp Station 54. 

2. Specimen ws processed as follows: 

a. Specimen was processed by the magnetic particle method using circular and 
lmgitudinal magnetic fields and the wet cantimlous method of particle application. 

3. Inspection results: 

a. Blacklight inspection revealed two small indications on the alignment }l!i.n 
roller P/N 4F 51724-lOlA. Inlicaticms were located within a surface wom area aM 
weTe orientated in a l<Jllf tudinal direction. 

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

c. No other discrepancies were noted; all i.Diicatians were marked. 

Jose N. Garcia 
Qlty Assr Spec 

'1ATIAS RAMC\5 JR. 
Ch, NDT Lab Sec 
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l. 

.2. 

3. 

4. 

5. 

6. 

7. 

a. 

~ttaclment #25 

~•s.surement 0£ Sha.ft. and Bolt Hol1>s 

,, 
0 

• 
6'~ge bolt hoae 

6 
/I o. 

JI 

o. 3Sl~Sma.l.l bolt holes 

O·JSlN~ 
// 

0 • 998~Bottom eceentric shaft holes 
noo~ o. 77V 

o.n6
1

>·' 

o.n6 11 
Upper eccentric 9ha!t holes 



.ME-5/Capt. Clregory/Cat*- Scheiding/57845 

Ramp Floor Fracture Surface 

Task #1.128, Attachment #26 

AA-I 

9 Hay 1775 

~E ( r-Bta.Uurgie&l Laboratol'j') 

2 ray 17'5 

l. The Ramp Floor was submitted to the Metallurgy L!abo?'".tol'"J for ~ie of the 
fractured surf aces. ThU was. in support. of Attacment #26, Task #1128. 

2. Samples #l thru #5 were sectioned from eect.ion #l to determine mode ~ direction 
of !allure. Phat.o 1. S&mple .#6 thru #12 were identified· on sect.ion #2. Photo 1. 
SaSllples #lJ thru #17 were irlent.i!ied on section #3. Photo l. Samples #18 thru. H2J 
were identified on section I! L. • Photo #1. SamplAts #23 thru #2!7 were identiried 
on section #5. Photo 20. Fractographs wre ta.kBn o! saa1ple #lS and #24 to identify 
mode of failure. 

J, M1.croscopic investi&ation revealed tile majorit;y of the fractures to be either in 
tensile shear or tensile cup. The mode of .failure proogressed with bending, shearing, 
twisting and tearing b;y overload. Most of the tract.urea displqed a developnent of 
corrosion that part~ obliterated the direC'Uon of the fracture failure. On all 
the photographs, the &rrt>W 1denti1ying the shear area will al.so indicate the shear 
direction, unless otharwiae noted. The shear lips idantit,ying the direction or 
!allure Oil some o! the samples •• obliterated eit.ber b7 conoa1on or wre not pr99ent 
due to missing puts. 

4. the Ramp Floor fractured surt'aces displqed a eoatbination of tensile shear md 
tensile cup by overload. These modes ot failure were accompanied by ehearing, tear­
ing and bending action. The trend ~ the failure initiated on the right side of the 
ramp floor wit.h m up.rard bending llOV9JD9llt, followed by a tensile downward ~ment 
1n overload. M&ny o£ the frscture sartaces repreNllting ehur were either uni axial, 
Mex1al or tria.-dal 1n t.enaion. 

S\GNff' 

"· H. CHOCKER, Metallurgist. 

STGNED 
O. H. OOOOLASS, JR. 
Chi.et, Mllt.a.llurgica.l Lab 3ectiml 
HA 

l At.ch 
Photos 1 thru .29 



:<. 1 > BSE""'D 

AR.EA 

Photo Z 

!3arnple 1 

Mode of F allure - Tensile 

shear by overload 

:rubbed area shows 

vibntion - arrows indicate 

~hoar direction. 

Photo 2 

Sample2 

~e of F allure - Tensile 
shear by overload 

Arrow indicate shear 
-

direction which change with a 

banding action. 



. ·~ "'· 

Photo I+ 

Sample 3 

.,,,:;";.:'::;;:;:;; Mode of Fillure - Tensile 
~~-i#fff ~.: ' ' shear by overload • 

.>; • . • ........ : • • ,;~.)..Ja:.("~-- .-, . 
· .:;\-;; ., .... ··· · ':' '. >" .,., i:,(~::- Arrov :indicate direction of 

. ' . . . i_; . bending action. 

Photo 5 

Sample l+A 

'.bde o! F illure - Tensile 
shear by' o..erload • 

. \.rrows indicate direction or_ 
shear. 



Photo 6 

53111ple 4 

Hode of Failure - 1'ensEs 
cup \ 3hear by overload. 

Arrows indicate direction 
o! shear. 

Photo 1 

Sample 5. 

i·lode of Failure - Tensile 
shear by overloarl. 
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l 
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Photo 8 

3ample 6 

!-nde of F allure - Tensile 
war With 11 tearing 
a.ct.ion by overloa<:'. 

Arrows indicate direction 
of shear. 

Photo 9 

Sampla 7 

i>!ode of Failure - rensile 
shear by OYerload. 

Arrow indicates direction 
or shear. 



,. 

' ! ! 

l I 

i 

~ 1 

Photo lD 

Sample a 

tbde o! F allure - Tensile 
shear or tearing by 
overload. 

Arrows indicate direction 
o! shear. 

Photo 11 

Sample 9 

t'bde of F :.dlure - Teneile 
shear - double action by 
overload. 

Arrows indic~te direction 
of shear. 



?hoto 12 

~-iode of F rllure - '!'en3ile 
shear by over load. 

Arrow indicates shear 
direction. 

I'hot,o 13 

Jct.mple 11 

:-'.ode of F allure - Tensile 
~hear by overlol.d . 

.\rrow indicJ.tes shear 
direction. 



P~ll 

t'ode of f illure - Tensile 
shear by .pverload. 

Arro-w indic~s shear 
direction. 



II!'·'* ...... r -· 

l'hoto 15 

5J.m?le 13 

:ndo of ~~iluro - 7cnsilo 
shear by overlo.:id. 

Arrows indicate shear 
direction. 

?hoto l6 

Sample :U 

Mode of F rllure - Tensile 
!'hear by overload. 

\.rrows :. !'ldic.:ite she!lr 
direction. 



F r-ac:t.ogra:ph o! sampla #15 
5tOOI - Fracture consists 
~ o! stretclwd 
arM8 & tine - diJDplea. 
Failed bT t.eMjCJn overload. 

?redocd n;it.el¥ d1 mp1 e rupt,ure 
dimplse a.re elongated u the 
result o! the state o! stress :.-1.uring 
rupture. 

Tension Overload. 

Fraetograph of Sacple /'15 
5600X 

AA-I<....' 

Dimpla rupture - all !ractograph 
show tensile ts!ll". The 
tract.ure races exhibit 
eorrosiont which flattened 
dotm the fracture r~s. 
This corrosion 113 not. 'oart. 
of t.he f illure a.>de. · 
Tension - Overload. 



5~GA£. 

t~~-

Photo 17 

: 'ode of r tllure - l'<msila 
tear or shear °b'.f over lt.nd . 

3pectro~a}'.Xdc malysi!l 
ic1enti!ied m.iteri:U. :is TJ75 
tluminw:'I alloy. 

Photo 18 

Sample 16 

Mode of f a.ilure - Tensile 
sheir b".r overload . 

. \rrow3 indicate !'JM[J.J" 

direction. 



r' ' 

-

j 

Photo l? 

')ample 17 

?:Ode of :" 1ilure - Tensile 
shear through te~ring hy 
overload. 

Arrows indicate shear 
direction. 

Photo 2:/ 

Ident.Uies loeat.ion of 
samples in section .Y5. 



-,·;;:.­.:. { 
' . 
">;.: . 

Z'hot.o 21 

3amplc 19 

i"bde of F :lilure - Tensile 
shear ":ly overload. 

.·UTOw indicatee shear 
direction. 

Node of F .u.lure - Teneile 
war with 3 reversin~ 
J.ction by overload • 

. \.Jorows indicate she.;ua 
direction. 



.f 

,., .. :_+.;. 

'~Y~2;f,·: 
,· ·>·;·t.:: 

'.-· •. ~: -: J.:.~· - 4t· ._"" ··:· 

:'hot.o 23 

i·lode of Failure - Tansil~ 
s.'1-ieJ.r with a revcrsin ~ shsur. 

U-rows ~.icate 9h.ear 
direction. 

3ample 22 

i !oc!e of .i a.ilure - Tonsile 
sheJ.r 'Id.th ~ ,'t ri.ppin~. 

\.rtto\-15 indic.:rt.e she:.ir 
Cirection. 



rractogratn o! Sample 21.. 
Fnctograift ~i3 - .1.:lpid 
railure by dimplo rupt;ure. 
Fr:icture n:hibits ''r:tud cr:iclcs 
typical o! st.1'988 corrosion 
cracking. " 560:>-Z 

Fract.ograph o! Sample 2L 
Fractograph ~ - mode 
or tailure vu intergM11U.l.ar 
vi.th a. rapid !ailure by 
dimple rupt.ure. Fracture 
ahibits "md cracks" typical 
of stress corrosion enc~. 
5600x 



?hoto 25 

3ample 2J 

tlodo of Failure - Tensile 
cup i shear - by overlo..ld. 

Arrow indicates sho :ir 
c\iraetion. 

l-bde of Failure - Tensile 
cup & ehesr, tearing action. 



Photo Zl 

Sampl9 25 

Mode of F rllure - Tanaile 
shear te&r1ng by owrload. 

i\rrowS indicate shear 
dil"ectian. 

Photo 28 

Sampla 26 

1'bde of Fd.lure - Tensile 
9bMr by cnvload. 
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»--ni-NSl<..E~ 
CUP .t 

j :: ... ... , - -- . .... ~..! 
' I 

Photo 29 

Sample Z7 

~-bde of frllure - Teneile 
c11p .\ shear - by overload 
aocompmittd by eycle ta.iring. 

\.rrows indicate shear 
direction. 
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7 ::,,v 1775 

:::~;/.::apt 1regory/Ca.pt 3cheiding/57845 

1'ask -/ll2f:, Attachment #Z7 

r-letallurgic:a.l Ana4rsis 

l. One YokD \s~ identified ~s No 3 :1.1.;~ht Side Yoke ~seemb}¥ was S"J.bmitted for 
:i.nalJ1'si~ J.S per Attachment #27 of basic HME Task #ll28. 

2. Phot.o~pl'l of the a....rdbit J.S received are id&nti.t'ied .\US Photo l. 

3. Spectrogra.phic ~lysie idanti.!'ied the nut.erial of the illgnmnt. pin :is ~I~! 
416 strlnlese steer. 
4. Visual and microscopic e.xruninati.on of the upper and lowr ;>i.., shafts !ll"C .is 
follow~: 

.a. Upper pin shat't - (yoke) showd :some shea.rin.g action on the pin bracket, 
and.also on the yoke on one side. 

b. Lower pin shaft. - shollMC\ some slight shearillg 11ction on the surf .lee on 
.one side. The tlignment sM.!t. showed some corroeion vit.h pitst no cracks were notect .• 

5"· Vimlal and microscopic sxarn:i.nation of other areas of the assembly -U"O ;is follows s 

a. The four (.4) fastener holes were not elongated on th• bracket, hole9 'Jn 
tbs yoka were not elongated1 the tour bolt.s IShoWd 90ll9 scratches on the sha.'1k, 
one -11 bolt va.s sl.ighUy 'btmt.1 all others showed no evidence or bending. 

b. The mount ball-bearing showed no cracks an the out.side did.met.er or in3irle 
the bola. 

6. MagneUo particle inspection report is ~tacbed, dated L. Hq 1975, !Ab No 75-76. 

1. Meuurement o! the ;roka holes, and bracket holes ve attached to this rep:nt. 
_.).f'J~ 

3 Atoh 
l. Drawing ~ >eisurernents 
2. Photo 1 
J. NDI :1eport. 



~1 
Showtng tbl MM\dt u Neeiwd ._. 1D tu. 



BG-3 

~ • .,,,,.., ___ ...._ •• .., ··-r 

l. D. 521'' I.arge Bolt Holes 
2. o. 521.{I 

J. 0.382" 
3mall Bolt Holae 

"'· o. 382" 

5. 0. f!f/6 11 

Upper eccent.ric shaft holes 
. .. 

6. O· !f/6
11 

7. o.m" Lowr eecent.ric 8hatt boles 
8. o.m" 



) l To MAN~E I Mr Parker _=i~:
0

:deatructive Test~!-~bor.atory Sec!-ion 
1-' !5AMPLn~oE--;:;T.T"Y-" - 3ATE RP.:Cl".IVr:C 

tJ i __ ~_l_r~~~cie !~~~--~~S9!1lbly_tt3 __ _ _________ · 4_1'18.1 __ 19?5 __ _ 
,... S.4MPL_C rno~ AD CONTROi NH 

i :j ___ M.A!lC_~_L T~_ll2~ Attar.~4'.IE~--~7___ _ __________________ _ __ 75-76 ___ - . _ 
1

' ITCST Fon 
L 

' Cracks ~-, ------------ - --- -- . --------- ------------- -- --------------------------------
! 

I 1. One Right-Side Yoke Assembly was received by MANCD for nondestructive 
testing. Specimen was identii.ied as Right-Side Yoke Assembl1', #3, Canted 
Fus Station 2044, Ramp Station 74. 

2. Specimen was procesised as follows: 

a. Specimen was processed by the magnetic particle method \ISing c1rcular and 
longitudinal magnetic fields with the wet continious method of particle appl­
ication. 

3. Inspection Results: 

a. Blackllght inspection revealed one longl.tudinal indication one half inch 
long located on & surface wom area of the roller P/N 4F 51724-lOlA. 

b. Whitelight inspection ot the indication showed the indication to be a 
surface crack. 

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

Jose N. Garcia 
Qi ty Assur Spec 

Ster. 
lf:::r:, 

MATIAS RAMJS JR. 
Ch, NDT Lab Sec 

AFPS SA 

----- ·~---------·-··-·-----·------ ---------------------------- --

J 



:'5 Right Side Floor Dn.cket 

<.::.. c._ -I 

E3 ::a,y 1775 

:,t.\J.\'C:; ( i et.tllur!P.cal Laboratory) 

2 Hay 1775 

1. One Floor bracket identiiietl 1.S No 5 :ti,:;bt Side Floor Bracket was submitted for 
anaJ.;rrls as per Attachment P.28 o! bazsic i'~·8 Task ll28. 

2. Photogr:ifhs of the exhibit as received ~ identi.tied as ?hot.o J.. the others 
are o! the two damaged &ceentric sh.aft holes. 

J. Visual 3nd mieroseo-pic examination of the bottom eCCMtric holes indieat.ed that 
extensive loading va.s appliec! in the straight u.p direct~ notice this e!!ect in 
the phot,ogra;:fta, t.hare 1tas 80ll8 met.al deformation on the hole. 

L... The !our (4) !a3tener bolts abowd some ecrat.chea on the surta.oe, no evidence 
or bending was noted. 

5. Mea5Ul"ements of the bracket. boles .U'e attached t.o this report.. 

6. P.3gnetic particle imspectian report. is att&chedt dated 1+ !1ay 1975, Lab No 75-76. 
. ~ , . .,, . 

JOHN ?.L~ !~a.l.l.urg1st. 

·.fl~' 

O. H. DOUG1 •. ~.s, JR. 
Chie.t, }9t.tllu.rgical Lab S.ction 
~ ~ 

3 Atch 
l. Photos 1 tlml J 
2. :~s 
J. NDI :teport. 



Photo 1 
!f 5 fd.ght Side ;.~ loor Bi•acket - 3howing the exhibit aa received here in the 
Mlt&.llur&1cal Laboratory. 

Photo 2 
d5 ]ight Side floor Bra.c1'8t - Show:1.ng the botton eccentric hole on the thin 
section where the two large bolt holes 3l'e, notice the deformation o! the met.al 
is 1n the straight up direct.ion. 

CC.-2. 



Photo 3 
/!5 ~.)lt Jide floor i3ra.c~ - 3howing the bot.too eccentric hole Oil the heavy 
::section where th~ t-..o annll bolt boles are. This damged area is in the sana 
direct.1.an :J.8 shown in Photo 2. 



1. '.). 51.l" 

i. o. 517" 

:;. 0.376" 

4. 0.376" 

5. o.m" 
6. i).9')C" 

7. o. f!75" 

8. (). 375'' 

·i 

,;t5 lip)rt. 31de Floor Bracket ..\.ttaehment 1f2S 

!·!e.:i.surement.e ot Roles and Sbarts 

Largs Dolt. Hol.es 

Small Bolt Holes 

Bottom eccentric shaft holes 

Upper eccentric ~shaft, holes 

c..c -y 
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LABORATORY AHAL·YSIS REPORT AND RECORD 
DATE cc:.-s-

TO FROM 

Nondestructive Secµ on 
SAMPLE IDENTITY - DATE RECEIVED 

1975 
SAMPLE FROM LAIS CONTROL NR 

1-----..Ju.o.1.~_J___.~~l~a__At~hment No. 28 ______________ __.__7?~76_ ____ _ 
TEST FOR 

l 

cracks. 

l. 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 
lonr:i tudinal magnetic fields with the wet continous method of particle applica­
tion. 

3. Inspection results: 

a. m.ackli~ht inspection revealed no discrepancies with the exception of tool 
and wear marks and possible impact damage. · 

.Tohnny Reyes Jr 
!Tl tr Test Equi Oper 

SIGNEJ:l 

MATIAS RJ\MOS JR. 
Ch, NDT Lab Sec 
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~5/Capt, GNgory /eapt Scheiding/57845 

#4 :tight Side Floor Bracket 

Task #l.U8, ,\t.t.a.chment. #29 

00-t 

l2 Mq l<f/5 

MANCE (Metallurgical Laboratory) 

2 Ma,y 1115 

#142 

l. One flOOl" bracket identified aa llo 4 Right. Side Floor Br&clclet WU sublllitted for 
ana.lisis as per Attachlnlm #29 ol 'buic Task #l.128. 

2. Photographs oI the exhibit u recai"Y$d are identi!ied aa Photo i. at.hers ue ot 
the t.w damaged eccentric holes. 

3. Visual and Microscopic examination ot the bott.om eccentric sha!t. bolas showed 
that extensi w loading wu applied in t.be straight upward direc:tion, al.so on the thin 
and beavy Met.ions some compression waa noted at. the bottom o! the holes. Som 
plating on the out.er edge ot the boles vu chipped otr. (See Phot.os 2 & 3). 

a. Tho upper eccent.ric sha:!t p1n abowed Mftn corroaion and corrosion pita an 
the surf ace, no evidence of craclat or aheariDg damage vu ~ sle&w on t.hia 
sh&ft, revealod & era.ck. . 

b. The !our (4) !ast.amr bolts sb:Ned soma ecratches and war an the aha1'1k 
area, no bending or aracJas WlU"9 found. 

/+. Measurements o! the bra.cut boles an attached t.o thia report.. 

5. Magnetic pa.rt.ic:le impection report 1a at.t.acbedt dated 6 Mi1' 75, Lab lo 75-?f>, 

.3 Ateh 
l. Photos l thru 3 
2. ~-
3. SDI Report; . 

J_ 

J 
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Photo 1 
#4 :light Side Floor Bracket - Showing the exhibit as received hero in the 
imta.ll.ur31.cal Laboratory. 

Photo .2 
#4 Right Side Floor Bracket - Showing the bottom eccentric hole on the thin 
Met.ion where the two large bolt holaa a.re 9 notice the de!ormation o! the metal 
u 1n a straight upWa.rd direction. Some compreaaion was noted at the bottoo of 
the bole, and platiDg had chipped oft. 



Photo 3 
#4 aight Side Floor Brackat - Showing the bottom eccent.ric hole on the heavy 
section where the two small bolt boles are, notice the def orma.tion of the metal 
is in a straight upward direction. Some compression waa noted at the bottom of 
the bole, and pl.ating had chipped o!!. 
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' 00-'i 

heaaurement.s of Bolt· Holea ~ Sha.ft Hole5 

l. J.519" 
Large Bolt Holes 

2. '.). 519" 

J. '.). 3$)" 
5m.'lll Bolt Hales 

4. O.JOO" 

5, o. 998" 
Bott.om eccent.rie Sbaft. Holes 

6. o. 9913" . 

7. O.cr/6" 
Upper eccent.ric: Shaft, Holes 

a. lJ.~6" 
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MA.K:E/Mr Parker 

Right-Side, Floor Bracket f 4 

MAN:E/ Task 1128 Attachment 29 

Cracks 

6 May 75 

M.AJOJ/Noniestructive Testing Lab Sec 

5 May 75 

75-76 

1. One each Right-Side, Floor Bracket Asseni>ly 14 was received by MAfOJ for 
nomestru:tive testing. Sped . .Il11!!1l was identified as Right-Side Floor Bracket 
Assembly 14, C.antecl PlJ.s Staticn 2061, Ramp Statim 95. 

2. Specimen was procesm as follows: 

a. Specimen was processed by the Jlllgnetic particle method using circular and 
longituiinal magnetic fields with the wet cmtinUCA.15 method of particle application. 

3. Insrection results: 

a. Inspecticn revealed one longitudinal crack on the surface o£ the roller, 
P/N 4FS3828-101A. 

OD-5' 

b. Inspection revealal two cnck indications on both ends of the alignment shaft, 
P/N 4FS3767-101A. Noted indicatims were located at the radius of the threaded area 
a'ld the shaft- shank. 

c. All defective areas are marked. 

Jose N. Garcia 
Qlty Assr Spec 

FOR OFFi~l.'\L USE CNLY 
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Ml-f'J:)-5/capt. ·4egor:r/C<J.pt 5cheid1ng/57~5 l·WlCE (Metallurgical Labontor:r) 

i/6 ~ Side Yol<B and Floor Br&ckst A.a~ 2 l{l;y 75 

T.J.Sk #ll.23, Attachment. !/y.) #U2 

:~~a 

l. One yoka ueet::AJ~ identilied us No 6 ?..ight Side Yolas and Floor Bracket \ssemb]¥ 
vu subnd:t.ted to tJw ~ Lab u per 'ttachm&nt q30 of basic ~ Task ffl.US. 

2. ?oot.ograph or the abibit u received is ident.1.tied a.s Photo l .. 

.). Spectrogra;nic ~ ident.i!ied t.he mat.erial of the ;Jl1grmwnt. pin as AISI 
U6 Gtainlen eteel. 

4. Vimal and ad.erosoopic nacrSnation or the Upptr and lower pin 8harta a.re aa 
!ol.lowaa 

a. Uppe:- pin snatt. (yoke) ebawd alight ccx1oaion on the surrace. along with 
eom wear on the 8haDk ana. -

b. Upper pin 9hat\ {bra.clet) sh&7ad excessi?e corroaion and pit corroeion cm 
tho wrface, the ai.va has a -U crack. 

c. Loter p1n abaft. - sbomd 8019 al1gbt effect. of shearing on one side, along 
ld.tJi 9Cll9 ll881". The a.11 g?MMnt shaft. showd a SM1l.. ana or eor.roeioD, no cracks 
WZ'8 ~ W.S pin WU in gDQC! ocmdition. 

5. V1mal and ld.croecopl.d exaa:lnation of ot.ba' areas o! the a9119111b~ are as follows i 

. a. ?ht :tour (4) !ut..er bolN wre not el.ongded on the braclaet, holes on the 
1Qka wn not. el.oogate~ the taa boli.a wra not beat.. i'be holes an the ~ wire 
net el.cmptAd, ~ BQlla f!iGltiAJ.c:m 188 dnact.ed aa tm Sm'f&ce and also cm. t.ha 1nsi~ 
ot tM lu!e llole. 

b. A crack as found OD ti. llllUi& bal.J....be&r1D, this crack propagated at an 
angl.e Cll t.be surf&Oll. 

6. ~ particle ~ report. ia attached, dated 5 ~ 1975, Lab No 75-76. 

1. .Mta1RD'81Wt1ts of the yule boles. and bracDt boles are attached to this report. 

SIGNED 

JOHI p~ z.Dt.a.ll.urg1s 

SIGNB) 

0. K. DOO'lLA3S. JR. . 
ClU&t, Metallurgical Lab SecUon 
Ml 

:3 u.ch 
l. ~s !4 rrarlng 
2. Photo l 
3. ND! Reprt 
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#6 R1ght Side Yolcle and Floor BNclast .UMllbq - Shoving the ntdblt u receiftd 
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DATE 

LABORATORY Ai'tAL YSIS REPORT AND RECORD 5 Mav 75 

54~tPl.E IDl.,..NTtT'l LJA.Tr· hi! C:l.IVt l) 

Ri£.ht~Sid~Yoke ::uxLEloor Bracket J\__?scJnQ!y_!6""'". --------------- ____ 4 M.<!Y-75 __ 
LAB CONTR<JL. t.Ui 

.. 2~CE/ J~~L1128_Att:~cJu11ent __ 30 ----·------------------------- _ 75-76 _ __ _ 
1"EST FOR 

Cracks 

1. One each Right-Side Yoke and Floor Bracket Assembly #6 was received by MANCD 
for nomlcstn1ctive inspection. Spcc.i.Jl1cn was idcntif ic<l as Right-Side Yoke nn<l 
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 methcxl using circular and 
longitudinal magnetic fields with the wet continuous methcxl of particle application. 

3. Inspection results: 

a. Rlacklight inspection revealed one small indication on a surface worn area 
of tht.~ roller P/l'i 4f5172~-101A. A large indication on the bearing roller P/N 
MS 21231-12 was also noted. 

b. Whitcl.ight inspection of the indkations revealed the following: 

(1) P/N 4F51724-101A - Indicatjon was identified as a small surface crack. 

(2) l'/N ~!S21231-12 - Indication was identificcl as a large crack ex'tmding 
three fourths of the cross section of the bearing ball. 

Jose N. Garcia 

0 ~~{AA 
MATIAS RAMOS JR. y ..,. -
.ch, NDT Lab Sec 

;AN ANTONIO 
Al r 

_j 
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13 May 1915 

MPG:-i,lelpt Qngory/Capt Sche1d1119/57845 MANCE (Meta11urg1ca1 Labontory) 

11 light Sida Yoke Md floor s,.cket Assembly 2 May 1975 

Task 11128~ Attactileftt #31 142 

Heta11wvial a.1ysh 

1. OM assembly ident1f1ed u 11 right side yoke and floor bracket usetlbly was 
subaitted for UM1ysil 11 oer attachment 131 of bask task 1128. 

2. Photographs of ~ exhibit H received are 1dent1f1ed u photo 1 i otheFS u·-. of the 
dtffenmt sections of d.Aaged u·u1. 

3. 5pect'f'Q9raphfc ana1ysh 1dent1f1ed the material of the 111gnment pin H AISI 416 
stlin1ess s~1e Th1s pin was slightly bent and was covered with coT"M>S1on. No 
cracks ~ found by Magnetic Particle Inspection. 

4. SpectrognpMc analysis identified the material of the reain1ng portion of the 
~r pin shaft H Pm5-7 stainless 1tee1 with 1 Tukon m1crohan:IMH equivalent to 
Rc45. 

5. Visual and M1croscop1c examination showed extensive shear da111ge on the lower 
eccntrlc pin shaft {SH photo 3). Som bendfng was abo noted. The upper ann portion 
e1 the yoke was sHghtly bent {su photo l). The wmo-ba11 bur1ng ~t the bottom of 
tt. yoke ~ two ends on the surlac:e which extended to the inside of the hole. 
These cncks can be NH vhua11ye The 1.1pper eccMtrk shaft on the yoke showed 
scm sentches and we1r. a10ft9 with sOlllt co1"'T'O§·fon, tw n1l1 ams wn spalled on 
the surlue. The tw threaded ends on thfs shaft showed 1 u.11 C:l"lck It the f1nt 
ntd1ua on one and and 1 large crack on the other end that was s11ght1y b«mt. TM1 
CY"lek can be seen ¥1sua1ly. AH of these cneks 11"'9 1n the radius arus on the square 
Shoaldfia next te the thruds. The slHVe that fits on this shaft WH cncked in two 
places. The four {4) fastener bolts showed scne scratches and war on the surfaa. 
No wfd«mce of bending ~s noted. 

6. Meta11urg1ca1 and TEM (Tranmhsion Electron Microscope) analysis 't'Tlealed the 
_,..of f&11U1""9 was shear and tensile overload on the remaining portion of the upper 
pin suft on the yokes This mde of ~actm-e occurs on sHp or shear pl-s by the 
~1"1"9 of certain crystallographic planes owr one another. TEM ff'Ktt:MJ,..phs show 
that ffuture was np1d by dimple rupture, ...men a shearing action takes place (as 
fn this instance) the resul tailt fracture surfaces ha Ye m.111erous cup Hu de?"n1oa 
(SH photos 4 I 5) and the d1mp11u haft an elongated shape wh1cll ocus1ona11y potat 
toward fnctun or1g1n,, 

7,, Muttn•e•nts of the yoke and bnctet holes an attached to tM1 report. 

a.. Magnetic Particle lflJtc"- Nport h attached, dated 6 May 1975~ lab No 75-76. 

aMb 
JOHN PARKn 
Physk1.1 Scienca Tech 

3 Atch 
1 , Photos 1 thru tr 
2. Measurements 

~ 3. NDI Report 
0,, IL fDJGLASS$ JR 
atlt 111t11lurgk11 labontory Section 
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F'l=-2 

n Right side yoke alld floor bracket asSlllbly - 1how1n1 the uh1btt as Neeived he" 
tn ttll Mltal111"9ical Labontory. Mettee tht the upper 1r11 port1• of the yoke ts 
slfwtwtly tint. 

~~~: 
'.~'if 

: . ·: . 

. •. 

~ ~~·. .. .... ·· .. 

PHOTO 1 

• '.;rr 

11 R1ght stde yog Md floor lmlc:ltet 11Mllbl1 - ..,.WV the fractured surface of the 
....,.r ar11 pcwttoa of the pin •ft wttla the 1att1atfnt potnt of faf1ure and f1na1 
fMcturet f ndtcated. The fnctured surface was smeared from th• two pieces nibbing 
atafut OM anotber. The large cnct probably started troll the f1,........r1ng and 
-.tle ewrleld aeete4 • the IMft. The -11 wu IN WOIMhry cnclting _..tch 
wtecl by the t.. 'feces rubbtnt togeth•. 
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11 R1ght side yoke and floor bracket assembly - showing the lower eccentric shaft 
~th extena1w shear damage along with some bending. 

PHOTO 3 

11 Right side yoke and floor bracket asumbly - showing a TEM fractograph of the 
fnctured 1Urface on the upper p1n shaft with el~ted dimpling present. These d111pln 

point in the d1rect1on of 1nit1a1 failure. 
PHOTO 4 5600X PHOTO S 
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l. o. 519" 

'1 RIGHT SIDE FLOOR BRACKET ASSEMBLI 

HiA3URSMBlfTS OF BOLTS AND SIW'T lDI&'3 

Large Bolt Holes 
2. o. 520• 

). o. 381" 
Saall Bolt Holee 

4. 0 • .)81" 

s. 0.973• 
Upper ecoentr1o Shatt. Holee 

6. o. ~., .. 

1. o.m" 
Bot.toll ac~ria SA&tt. Hole• 

s. o.m• 
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6 May' 75 

~ /Mr Parker MNCD/Nondutructive Testina Lab Sec 

lightsSide Yobt and Flom' Bracl'st AIH1d>ly #7 S May 75 

MA?D/ Tuk 1128 A~t 31 15®76 

Cncb 

1. CU each Right-Side Yoke and Floor Bl'Kket Assembly wu received by MANrn for 
~ivei testing. Specimen was idmtified u Right-Side Yoke and Ploor 
Br.a.t A.ssmbly 17, Cant.ad Pus Statim 2131, Ramp Station 154. 

J., Splc:ialn WU proc::enm U fciloww: 

a.. Specmm was processed by the -.gnetic particle mthod using circular and 
laqitudi•l m;netic: fiAtkb with the wt cmtbma mthod of particle applkatim .. 

3. lmpBCtim ruul Ut 

a. llacklight inspection rfMNllecl the follorrin.I diK:repandes which wre verified 
lJy whitel!Pt with lOX mpif icatim .. 

(l) 0.- surface aadt, am and ane-half iD:ha 1mg wu noted on tJw roller 
P/N 4'53121 .. l.OlA.. 

(2) ODtt ~ cnck was noted an the aliguwmt shaft .. 

(3) Qie ~ crack .... noted on the bearinl roller. end wu appl'Q'ld:Mtel:y 
.. aG .... quarter inch lmtle 

4. llaetUght photos of thl cncl'8d roller bearlng wen niquested, talam. mi will be 
&lltva: el to Cllpt ScheWina by thl photo lab. 

s.. All ddectin anu wn ..w .. 
SIGNrn 

JOH N.. ·aarea 
Qlty >ar S,.e 

SIGNED 

mlW'JX> R. RIM:8 
!111' Lab SIC 
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_M~~~apt Scheiding/57845/53503 
i~ROM 

MANCA 
TO 

DATE tltECEIYl.:O 

~~~_:-~~d Frag~ents and Gray Flake 5 May 
_;4. .. H'L..t ~F40'-1 

MME ~ -;t{(1 M 1 2 35 -; : :,f-F-0-... -·--- --------~~JoLl<..'--,,L_::;::::__ __________ ~:__-------1 

LAB CONTROL NR 

Identity IAW Task 1128 

l. The "burned fragments 11 included several chunks of metal, foil and a large porous 
chunk. These materials and their identities are: 

a. 11 111 large chunk of metal 

b. 11 211 and 11 311 foil 

c. 11 411 large porous charred chunk 

Did not appear metallic 

d. 11 511 chunk 

7075 aluminum 

5052 

Heavy: aluminum, zinc, silicon, 
magnesium 
Medium: iron 

7075 aluminum 

2. The black powder contained in a very heterogeneous mixture of molten metal, unmelt~d,~ 
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 ~luminurn, 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 l rrm in size, 
and fairly hard and brittle. It contained several rows of evenly spaced holes 0.4 nm 
in diameter and 2 rrm apart. One corner of the flake was brownish black. The flake 
is calcium carbonate and under high magnification (lOOX+) appears to have a sponge-
1 ike 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. 

I 
, 'f ,;t J-ei.Ju, 

R. C. CRI~E. 
Chemist 

' 

/!)he~ 
R. L. GARCIA 
Chemical Lab Sec 
MA 

1 Atch 
Vial with Flake 

~,Au AN~ ·~41() 

AL r~ J~';1~MSll 2J 5A PREVIOUS EDITION IS OBSOLETE 



9 ~ 197; 

MANOI (Mtt~cal ~~toey) 

2 M6\Y 197? 

1. Sele~d ~u or tn. Wineh Well Arn were tmbmittGd to the ~ La,ooratoey 
for ~~9 in ~ of At~ #33, Task #ll28. 

2. Mac~copic and mial'09Cope ~st.iption re~~ ""'l ta.lean from m, Right SL 
had !racl;.~ in tensil@ ~ wld tear. There ms 00 fJvidenoo of an oojeet hitting 
or making thl,S mo00 of !~. The buckling and ~ ~ frOO! right to Wt. 
This ~ ctmld haw in:U.~ '01' either air 01" water impact .. TM bw:~ 
eff~ on tM Wp o! s~ !fl ~ ~ of the ~ ~ 2. 

J. S~ #2 ~ from R B .. L. ~ llbowd tensile cup ~ tfmai J.e au. There w.s 
e~e cf rubbing in a~ moda of travel. ?hat@). Sample '3 ~ tUlm from 
nmp stat.ion 54R..- The top ~UN& on either side @t the ~ were ~d. 
The ~ mii~ or tM ~UN had tail.ad ~•13' nth a tensile ~with ~ 
rubbing ~d in the ~ ~. This fiwrt,ure OD W ~ thwl mv&d in t.he 
Mt and delwnward ~ion., Tbs to~ fnl:tun fa:Uad in teM1 le ~ with a 
tearing motioo in a f ~ ~ mde., This cawsed the put.ing of the ~. 
~was no~ of m object hitt.1n& tbi.8 pamL '1'hh bending of the ~l ~ 
!!CC~ ~ a ~ load combimd with temile ~, te~ l1nd ~ 
1n Ii. dmim~ ~ct.ion. ~ 4 " ~ 

4. S~ #4 'W.S ta.lam from B.,Le &,. The tractun sxhibited tmsile ~ by impact~ 
:rt..ill 00 ~ce or object damp. ~ was r~ right to lef'te Extensi~ buckling 
was a.lac~. The t.:mfdle ~ a.otitm snow~ of :re~ ~ion of 
the loading ~ Photo 5. 

5. Sampls ;f."5 ™ talmn· .from B.,L., 84., The umple l!howd utensi:m buckling of the 
panel. The tensile shear exhibited signa of rubbing act~ F~ vui .f~ a, right 
to left direction. 

6. 3~ #6 was ~d from Ramp Sii&tion 54. The Nmple ~a~ diree= 
tion.tl load on the ~end. The aft fracture ahowd a tensile eup ~of .r~ 
changing to tensile~. The .front fftcture ~ ~U. ~. Comidft's.ble 
rubbing~ noted on the~ surfaces. 

7. Sampa #7 ~ tamn from th.e if inch \fell . .\re&. !he fracture ttXhib1ted a te~ 
!!Mar, tearing mode of fd.ll.lre induced bf overload., ~w ~ng wai ~ on 
the .fnot~ !Nrl'ace. Fractoga?l ~ showd a~ de4l of plutic deformation 
prlor to f:lMl ru.pt.urie. The ~ showed a ~11 ot st.riatiom wbioh WR 
caused by ~lip or sliding of the gr&1n ~ ~ Npt,ure. Fd.l.ure wui by tensi.M 
overlood. Speet.rograph ~is idant.ifW the m.terial u 7'Y!5 almhmm ~. 

8. s~ #S w.s tu.n from Right Bulkhead 28. 1'he ~un initiated bJ' m object 
tn.wling in 11 right to a.ft~ direction.. TM~ @ft~ tA1J 'b;v' tensils 
shear ~ tear b.f ~G 



l~·S-5 /Carft, ,1rogorJ /Capt Scheid.ing/57845 

'.#inch Well \re..i 

Ta.~,-: '·'ll2C, \ttaehment .f.33 

Page 2 of 2 9 Mq 1Cfl5 

MANCE (?~al Laboratory) 

2 May' 1975 

ffl.k2 

9. ~onclusion: The majority of t.he fr3.ctures noted in the winch i4ell Area fllled by 
t.erurl.le shear and or tensile oup. The direction of impact load vae from ri,~ to left, 
vi.th a slight ai't mwment,. There was considerable compressive rorce, to cit.usa bw:kl.ing 
effects on bulkheads. The fractured !aces showed evidence or salt water corrosion, 
which p;u-t.ially obliterated the facet of the rraot.Ul'9d surfaces. 

, .... "JE'O 
SIGT\Jro 

S!GNE:tl 

::.JGNf:'D 
O. H. DOUGL.\33, .B. 
Chief, Heta.llurgical Lab Section 
M.\. 

l Atch 
Photos l thru 9 
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Phot.o 1 

ldenti!ies ~las ~'l thru '.'/ 
t&kan trom aect.ion -"'5 look:!..n!, 
int.a the '.iiDch \lfell .\rea. 

Photo lA 

Idontifiaa sample lfa t3.klm 
trom the ',.finch Well .u-e.i. 
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Photo 2 

Sample #1 
Shows bucklln.cs area. 

Tensile shear right to la!t 
compression & tearing by 
impact • 

Photo 3 

Sample #2 

M:xie ot F allures Teneile 
cup & shear. 

A.ITows indicate shear 
direction by overload 
and tearillg. 
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Photo 4 

Sample #3 

Idneti!ies nLlllP station 
54R ho1119Ycomb bul.ld1ead. 

Mode of Failun a Tena! le 
oup & shear by 'owrload and 
couq:aeaaian. 
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Photo 5 

Surple #4 

fbde ot Fail..ure1 Fraature 
exhibited tensile shear, 
tearing and molcl1ng by 
inqact. 

Phot;o 6 

M!)de of Failure I FractUN 
exhibited tensile nar, 
tearing, buald1Dg; OOlllpt'eHion 
bT 1np.ct.. 



Mode of Failures Fracture 
gb1Mts tenaU.. CNP & mbear. 

Anowll indicate m..r 
dination and vhen trac:togn.Jii 
sample ... tallln hem. 

'·~ .. 

\ 
\ 

Fl'actograph ll $3001 

Mode ot r.u.m.1 r~~;n 
d1aplqa •lip & •l.1.diJtg 
striation, plaatia detQrmatian 
by tensian owrload. ,', 
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Fraatogn.Jii #2 oooox 
FractograJiia di~pl.a,.y3 slip 
and sliding striation;. plastic 
deformation b;y tensile 
overload. 01mpllng attests 
to tensile ehear. 

Photo S 

Sample #7 

M::>de of Failure t Tensile 
shear & tear by imp&ct. 

An-ows indicat.e shear 
direction. 




