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Dear M r. Conroy,


Volvo Aero Corporation is pleasedto provide its subm issionregardingthe accident


involving D elta Airlinesflight 1288,July 6, 1996.


Volvo Aero's subm issionisa report that sum m arizesthe test program w hich was


developedto identifythe root cause of overheated/defective m icrostructure in

titanium  holes. D etails of the m anufacturingparam eters, B EA  inspection and


m etallographyare included for eaoh test hole.


R esults and conclusions inthis subm ission have been review edwith P&W 


peronnel.


Volvo Aero appreciatesthe opportunityto have participated as a party to the


investigation and hopesthat the enclosed report w ill be of assistance as the Board


concludesits investigation.


Sincerely


BertilAndersson


Q uality M anager


G eneral M anufacturing


for M r. LennartThore'n


Party Spokesm an,


cc: M r. H. Donner, FAA


M r. R. Valeika, Delta Airlines
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SUMMARY OF DRILL TESTS DONE IN JT8D HUB MADE OF TITANIUM 6-4. 

Nyekolor<IIKoywords 

JTBD. Hub Front. PIN 304 478. Ti S-4. BEA. Drilling. 

Sammar~fattnlng/At)Stmet 

Drill tests have shown that overheated/work hardened microstructure can be created 
during rough drilling, but not during subsequent boring and honing operations. The drill 
tests have shown that it is difficult to have overheated/work hardened microstructure 
remain after fine boring and honing. The only method during the test to achieve this is to 
remove less material than normal in the fine boring and honing operation. 

To get a defective microstructure, high local heat In combination with heavy deformation is 
required. This can be achieved by accumulation of chips. All damages In the holes have 
been created in the rough drilling which have been performed by forced tool breakage and 
by forced accumulation of chips. The rough drifting has been clone by cut!ing without 
coolant and/or by higher cutting data than used in production. 

Microstructures and surface layer similar to the failed hub have been obtained In hole #28 
and #57 . 

.-- During abusive drilling, alloying can occur from the tool into the material of the part. 
Presence of foreign material on the surface can interfere with the anOdiZing, resulting in 
grey area within the BEA indication. By chemical analysis, It has been verified' that In some 
of the holes, among others #2B and #57, show areas of Iron (Fe) on the 10 eurtace, 
resulting from this alloying process. The foreign material has caused grey areas within the 
BEA indications. 
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1. INTRO DUCTIO N


This report is a sum m ay of the m etallurgical investigations that have


been done because of the JTB-Hub failure of D elta Airlines flight 1288


in Pensacola flofida on the 6th of July, 1996.


A large num ber of holes have been drilled w ith the purpose to duplicate


the defect of the failed hub; sim ilar m icrostructure as the failed hub have


been created.


2. AD D ITIO N AL IN FO R M ATIO N 


F 


Test m aterial: JT8-Hub Front parts m ade of Ti 6AI 4V, PW A 1228.
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3. TEST PRO CEDURE


A  

The norm al operation to m anufacture tie rod holes and counterw eight


holes in the JTB-hub is rough drilling, fine boring and honing.


All dam ages in the holes included in this report have happened during the


rough drilling which has been perfom d by forced tool breakage and by


forced accum ulation of chips. The roughdrilling has been done by cutting


w ithout coolant and/or by higher cutting data than used in production.


The testa have shown that it is dm icult to have any rem aining


overheateddefect m lcrostructure after fine boringand honing and still


m eet the surface finiah requirem ents. This has only been possible to


achieve with less m aterial rem ovalthan norm al in the fine boring and


honlng operatlon.


All of the test holes have been Blue EtchAnodized (BEA).


4. R ESU LTS
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The hole was drilled with high speed steel drill (HSS) w ithout coolant to


breakdow n (see photo 1).


Except for the area quite close to the location of the drill breakdow n and


the plane shown in photo 1 the m icroslnrcture shows deform ation in


proportions m nsM ered to be norm al for a rough drilled surface.
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The hole is drilledw ith 6tandard cutting data with HSS drill (see photo 7).


The Indicationsfrom  BEA have been investigated and they consist of


im pram ions of ohips sm eared on the hole surface. Longltudinal sections


through two of the BEA indicatione ahow plastic deform ed m aterialto B 


depth of up to 35pm  (1.38 m ills), created by im pression of chips (see


photo 6-10).


The deform ed am a w ill be rem oved in the follow ing fine bore operation


w here the m aterial rem oval norm ally is at least 0.3 m m  (0.012 inch) on


the ID  autfacs.


No fine boringand honing have been done.


The area quite close to the location of the drill breakdown shows a m icro-

structure, In the surface layer, with an appearance sim ilar to the failed


hub. The m lcrostructurein  the surface is heavily deform ed and have a


hardness of up to 63 HRC which correspond well w ith the values for the


failed hub (see photo 2).


The hardneae is converted from  HV to HRC,


The cross section shows a deform ed m lcrostructure to a depth of up to


0,s m m  W hich covera about 2/3 of the hole in the circum ferential


direction. The m icrostructurecould be affected rather deep because of


a local heat distrlbution In circum ferential direction (see photo 3).


The generated surface layer is very brittleand contains several cracks


(ass photo 4 and 5).


The surfaca layer has a lam ellar structure. C hem ical analysis shows that


the surface layer contains a high concentration of iron (Fe) from  the


drilling operation. The presence of iron in the m aterial is explained by


alloying during the drilling (see photo 6 and concentration profile on page


4 in the appendix).


Anodizing in REA can be obscured by foreign m aterialon the surface


w hich can be seen on the cross section on photo 1. Inthis case the


foreign m atorial is iron (Fe) and the indication appears In the grey scale.


The hole is drilledw ith standard cutting data w ith HSS and then fine


bored. No honing has been perform ed (see photo 11). The m icrostructure


show s deform ed m aterial to a depth of up to 12jm  (0.47 m ik) (see


photo 12).
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The hole ia drilled with atandard cutting data w ith HSS, than fine bored


and honed (see photo 13). The m icrostructureshow s deform ed m aterial


to a depth of up to 5pm  (0.20 m ille) (see photo 14).


m e purpose of this test was to investigate how overheated


m icrostructure appears in BEA in norm ally drilled holm .


Adjacent to the norm al m anufactured hole M A , a H SS drill forced to fail


by lncm aeed cutting data and without oodant. The area of the drill failure


dld not appeared blue in BEA bem use of contam ination of iron (Fe) by


alloying duringthe failure, w hich interferred with the anodizing and gave a


M aW groy surface (see photo 15).


The adjacent hole m entioned above has not any SIN.


The drill failure caused a bulged area on the ID  of hole l1A  because of a


considerable heat through the m aterial. The bulged area in hole Y1A was


rem oved in the fine boringoperation. After the fine borlng and the honing


an elliptic cavity could been seen in hole M A .

H ole #lA  w as opened up and blue etched. The surrounding area of the


cavity indicatesalternately In grey and blue shade in BEA (see photo 16).


Longitudinal sections were cut out from  hole #1A in area A and 8 , (see


photo 16). The m icrostructure in area A exhibit rem eltedm aterialw ith 

cracks and overheated m aterial (above p-transus) wlth transform ed
B 

(see photo 17). Inarea B the m icrostructureshows overheating (above


p-transus) with transform ed p and partiallytransform ed 

(see photo 18).


4.0 H ole I1B 

Like the previousitem  drilling with H SS was perform ed adjacent to the


norm alm anufactured hole XlB . The drill was forced to fall by Increased


cutting data and by drilling without coolant.


The hdew ith the drill failure has not any W N.


The drill failure Inthis case caused the sam e type of dam ages on the ID


of hole # le  and aim oat the sam e response in the BEA In com parlsion


with hole #1A (see photo 10 and 20).


A bulged area was form ed on the ID in hole #1 B but is less in proportion


com pared to hole #1A. The bulged area was rem oved in the fine boring


operation. No cavity could been observed after the honing.
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4.7 Hole #57


h  

-,


h 


H ole # l B was cut to tw o pieces and then blue etched. Inthe heat


affeeted area a BEA indication m sieting of a m ostly blue elliptic spot


with a surrounding area in alternately in grey and blue shade


(see photo 20).


The center of the BEA indication shows a crack (see photo 21).


SEM  analysis has shown prssenca of iron (Fe) inthe center of the EEA


Indication,w hich appear inthe grey scale (see photo 21). As m sntiond

before, presence of foreign m aterial such as iron can interferew ith the


anodizing process.


No sections for exam ination of the m icrostructure have been cut out from 


hole #1B but baaed of the sim ller appearance with hole #lA , rem elted


m aterial (above p-transus) with transform ed 0 m ay also m  u rin the


indication area in hde #lB.

The hole w as drilled with increased cutting data w ith IiM  (carbide) drill to


breakage. It ' bole surface w as visually clean


followed by honing, The cuttning in the fine boring anU the honing


operation b less than in production to prevent a rem oval of affected


m aterial.


The hole was blue etched and opened up. The drill breakage area exhibit


a white-gray indication (see photo 22). The norm ally light blue to blue-

grey color have been bleached by the coolant during the opening of the


hole. After BEA reetch, the lndkatlon appears blue (see photo 23).


Cross sections were cut out from the indication area in hole #57. The


m icrostructure shows deform ation to a depth of 0.2 mm (0.0079 inch)


(see photo 24). No rem elted or overheated m aterial (above i3-transus)


w ith transform ed fl have been found.


D uring the drill breakage particlssfrom  the tool h aw been pressedinto


the ID .


Som e areas in the sectioned indication exhibit a m icrostnrcture with an


appearance sim ilar with the failed hub (see photo 25).


By chem lcal analysis the pattlcles have been verified as tungsten (W ).


Presence of iron (Fe) has also beenfound in the area of the indication.


This contam inationscauses an interference w ith the anodizing and result


in grey area w lthln the BEA Indication (see photo 26).


An interference of the anodizing due to contam inations m ay be the


reason why the lndicatlon appeared w hitegrey at the first BEA and blue


after reetch.
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The hole was drilled with increased cutting data w ith HSS drill to


breakage. It w as fine boreduntil the hdesurface w aa visually clean


follow ed by honing. The cuttning in the fine boring and the honing


operatlon islessthan in  produdion to prevent a rem oval of affected


m aterlal.


The hole was blue etched and the drill breakage area shows a blue


circum ferenclal indication. The hole was opened up and the two halfs


w en BEA m tched. The indlcation appeared in the sam e way after


reetch (see photo 27).


Cross sections were cut out from  the indication area in hole #52.


The m icrostructure shows deform ation and overheating to a depth of


0.64.7 m m  (0.0244.028 inch) (see photo 28 and 29).


The drilllng tests have shown that it is diiicult to have an


overheateddefect m icrostructure rem ain after fine boring and honing.


The only m ethod duringthe test to achieve thls is to rem ove less m aterial


than norm al In the fine boringand honingoperation.


To create a defective m icrostructure, high local heat in com bination w ith


heavy deform ation is required. This can be achieved by accum ulation of


chips. An exam ple of a heavy accumulation of chips on a Delta drill Is


shown in photo 30.


All dam ages in the holes have been created at rough drillingw hich have


been perform ed by forced tool breakageand by forced accum ulation of


chips. The rough drilling has been done by Cutting w ithout coolant and/or


by hlgher cutting data than used in production.


In tw o holes m icroettucturefeatures sim ilar to the failed hub have been


found:


- H ole #2B was drilled without coolant w ith HSS to breakdown.


No fine W n g and honingwere perform ed. The area quite close to the


location of the drill breakdownshows a m icrostructure w ith a sim ilar


appearance as the failed hub. The m icrostructure at the surface is heavily


deform ed and a hadnees up to 53 HRC has been m easured in the


deform ed layer, w hich correspond w ell wlth the values for the failed hub.


- H ole #57 was drilled with increased cutting data w ith H M  to


breakage. Itwaa h e  bored until the hole surface was visually clean


follow ed by honlng. The cuttning inthe fine boringand the honing


operation is less than in production to prevent a rem oval of affected


m aterial. D uring the drill breakage particles have been pressed into the


ID. Som e areas in the indicationexhibit a m icrostructure with a sim ilar


appearance as the falled hub.
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BEA is a nondestructive test m ethod for detecting m etallurgicalvariations


a! the surface of tltanlum  parts. The m ethodwas developed to detect


m etallurgical diw ontlnuttles such as segregation, but can also detect


dl~ntinultles ouch as overheating and tool m arks.


Alloying canoccur from the tool into the m aterial of the part w hich can


affect the m icrostructure.


Presence of foreign m aterial on the surface m ay interfere with the


anoditing whlch result in grey area w ithin the BEA lndcaUon,Ti 6-4 has a


light blue to biue-grey color after BEA. If a affected m luostlucture within


a hole gives a grey elgnature because of fordgn m aterial on the surface,


the Indlcatbn can be dlffucult to find and m ay require additional etch


proceealng or m etallographic replication.


By chem ical analysls it has been verified that som e of the holes, am ong


others #2E and #57, have a presence of iron (Fe) on the ID surface


because of the "alioylng flea'. The fom ign m aterlal has caused grey


area8 w ithin the BEA indications.





