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@ GE Alrcraft Engines

Flight Safety Office

subject: NTSB Decument Request Paul R. Mingler, Princlpal Engineer
Genaral Electric Cornpany
Ons Neumann Way, Mail Drop J-60
Cincinnatl, OH 45215-1988

Tom Caonroy, Investigator In Charge |
Major Investigations Division

National Transportation safety Board

The attached material is in response to your request, dated 6 March 1897, for the use of
documentation in support of the Safety Board's public hearing with regard to the Delta Airlines
Flight 1288 accident in Pensacola, Florida on July 6, 1998, Aftached is a copy of the subject
document, the document cover letter, two pages covering corrective actions, and a copy of a
Delta Fax concurring with this transmittal.

GE Aireraft Engines coordinated with Delta Airlines to insure that we were not violating
proprietary information par our contractual agreements since somae of the information was
generated by Delta. Delta provided their support and permission for GEAE to forward this
package to the NTSB. GEAE Is also In concurrence that the matertal may be used for its
requested purpose per the NTSB's normal practices and procedures

Note that the two pages pertaining to the shop review debrief, dated 8 March 1890, reflect the
mesting actions and corrective actions “C/A” that were added by Delta Quality Control/Process
Engineering at a later date. These pages are located just before the jast page which Is the
Delta Fax dated 3/7/97,

| hope that this package satisfies your request. Please call me if you have any questions.

Paul R. Mingler, Princlpal Engineer
Accident/Incident Investigations

cc: Jack Drake, NTSB Terry Kessler®, GEAE
Jim Anderson®*, Delta

* - No Attachments
8:\zprmiQ307_ltr.doc @
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March 26, 1990

Mr. ‘Harold Joiner

Assistant Vice Prasident Quality,
Delta Afriines

Department 510

‘Hartsfield International Airport
Atlanta, Georgla 30320

Subjact: FPI and Cicgnjng Processes Reviov

Dear Harold: | _
Racently our Product Support Enginesring group conducted a reviev of your FPI
and cieaning processes tn Atlanta. The resvits of that review confirm that
Delta has sufficient capability to parform critical FPI inspections.

A datatled report on the observations of our engineers are attached.

Again, thank you and Delta for allowing us the opportunity to conduct this

review. 1If you have further questions or comments regarding this subject or
the report, please do not hesitate to contact efther Moody Shields or me.

P ¥ .
Customer Suppeft Manager e

(o 4 g. Bauer 4 (00

3. Reed
M. Shields
L. Stokley

mb : 3654P/96
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Jerry Linz =~ = . :
Dalta Alriings Lo L
Customer Support Manager

_CONCLUSIONS: - . . !

o Delta has adequate equipmant and inspection capability to conduct the
necessary FPI iaspections required for GE Engine components. There -
were some anomolies observed which should be reviewed and corrected..
E:pIanltionuof.thoso anomolies will follow in subsequent FPI

scussion. : :

‘o As no Gt rotating hardvare was scheduled for clkaniﬁg.ttho Eloanin .

stripping. and etch1n? processes wore not reviewed at this time.
snara) tour and facility study was performed. Al) observations will
¢ discussed under the cleaning discussion section.

FP1 PROCESSING: .- - IS

1526y

msene

Delta uses an in-line roller convayor/dip tank system to handle I;r?o
rotatin? parts. Parts are fixtured on carrfers to allow for immersion
processing. Larger static components are processed in an adjoining spray
booth. . NO parts werg observed in the spray beoth.

After observation of this uéek's parts processing, thi following commants
can be made: .. .y

o 'Part Emylsification: The processing oparators are quite conservative
in the emulsification 1smersion tise. A thirty second dip with the
associated transfer times insuted contact times under sixty seconds.

This does not prasent a problem except that, with the initial as
cleaned condition and surface condition of tha parts observed, this
strict adherence to ninimum emuisifier timas can lead to an excessive
background fluorescence prodblem. Background fluorescence vas observed
on several of the parts processed, which made the subsequent
tnspections more difficull.

3
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‘» It 18: recommanded that Delta review the emulsifisr sequence with
the process. operators... They should be focused on the need to r
review the parts at the post emulsifTier rinse station for
background fluorescence .conditions. Efforts to reduce background

"at this point in the process will make the inspection sherter,
easfer, and more predictabie. :

Parts Drying: A Eoncefn was noted vith the temperature setpoint on
the 1ing dryer. The dryer is sat to 225°F. The GE Standard Practice
requires a dryer temperature of 140°F to 160°F. '

« GE recomménds that Delta decrease the oven tesperature to this
lover range. The historical concern 15 that drying at this higher
tesperaturs has been shown to reduce the brilliance of & :
fluorescent penetrant in an indfcation.

Dry Powder Application: Delta uses a pressurs pot to apply dry powder
nechanically to the surface of the parts. From the parts obsarved, it
is the GE opinton that Tasufficient dry powder is being applied. A
very low flov of o7 was ohservad coming from the pressure pot
tube. This, coupled with the observance of the process operator
routine, did not allow for ful) part coverage on several occasions
(1.a. CRF). It 1s usual to apply enough powder where the excess is
removed by blowing with 1ight air pressure (as 1n 3 storm cadbinet), or
by implementation of elsctroststic powder application.

- As 2 minimum, Delta 3hould review powder application with the
groccss operators to reduce this variability and also look at
ncreasing the amount of powder coming out of the pressure pot.
Switching to & different type of gouder delivery system (1.e.
no2zle) thould be evaluated. It 1s understood that Delta has
attespted to increase dry developer flow by increasing the air
pressure In the pressure pots. : :

Non Aqueous Wet Developer (NAKD) Application; It is a general
observation that there are no defined guidelines established to direct
the use of KAND on any of the coponents, or to direct the operators
vhers to spray the on any of the individual piece parts. The
HPTR disk shaft did not bave applied to 1t as part of the inttiad
procossing: only after the inspector was having trouble ia ravievwing
some of the ¢ndications. : '

- This type of situation sheuld be corracted and adherence to GE
Manua) requirements should ba incorporated 1nto Delta's system with
respect to NAWD applicatioa.

Parts Handling: In general, parts handling and fixturing aliow for
good presentation of the components for inspection. One fixturing
problem was observed, which should be corrected immediately-~the
{nabi1ity to 1nspect the disk bore area on the -80 stage 1 HPY

disk/shafe.
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- The HPTR disk/shaft fiituring‘shouid‘bo corrscted tmmadiately as
. the bore area 1s considerad to be & critical area and must be r
included In the inspection sequence. As 3 result of this
‘s{tuatjon, a holst has been added in the 1nspection booth to
temporarily facijitate bore fnspection.. ‘

-~ It was observad that ths rollers on the fixtures ware smearing
restdual genltrant across the contacting surfaces of the parts. To
reduce this background problem, particular care should be taken in
the vashing process, and affected areas should be {nspected prior
to rotating the cosponent in the fixture,

.. FP INSPECTION:

. In general, inspectors were knowledgeable of the techniques required for
sufficlent inspection. There were two observaticns made which Delta
should address. These observations are not uaique to Delta and have been
addressed in other shop raviews.

o The first observation concerns the bleed dack procedure used to
- ovdluate indications. It was determined that the bleed back
procedurss wersa not heing followed according to GE Standard Practice
reconmendations. After the use of solvent to clear an indication for
further review (i.s. bleed back), 1f the indication does not reappear,
the indication area should ba redeveloped with powder or NAWD
(whichever 15 applicable to the inspection in progress). This i3
particularly isportant for tight cracks as bleed back may net occur
without the ald of additiona) developer. A demonstration to enforce
:?1: pe1:t-vas tonducted with the available inspectors on a sample fan
sk post. » '

« Delta should ravise the standard procsdure and training sequence to
stress proper bleed back/redevelopaent techniques.

o A second critiéa) observation was made during the HPT disk shaft
inspaction. 0ur1n§ this inspection, 1t was observed that the operator
nissed multiple indications on the_embossment faces. Ouring the
inspection sequence, these indications were not evaluated by any dleed
back/redevelcpaent technique. After the inspector was finished,
another review was conducted on these embossment areas by the GE
reprasentative. Durin? this ?rocoss it vas deterained that the disk
had multiple relevant indications which shoutd have been flagged for
further avaluation.

This sttuation 13 of concern due to the critical part Involved, plus
the need for the inspector's understanding of the fyundumental
procsdures needed for critical inspections. It must be made clear how
to determine what 15 to be evaluated and hov an indication 15 to be

detersined relevant.

1526u
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< It 1s recommended that Delta should reinforce the training program

o ~for Anspectors to prevent this type of situation from recurring. ¢

TRAIN

" reinforcement by attanding one of t

PARTS

1526u

- if is gecommended that Delta reviev the internal mechanism for
~1nsuring that KAWD 1s applied to all critical areas as specified by
. the GE Engine Manuals. . '

ING:

Training 1s accomplished by on-tho-goh training with sugp!onontal

e commarcially avatlable trainin
schools. This procedure i% commonly used by severa) operators. It 1s
noted that this training should be reinforced by more specific training .
into techniques 'rp:ﬂired for engine hardware. This needs to be
accomplishdd by adaitional supplesents to the in-house training or by a
different out-of-house training sequence. As trends develop in these FPI
revigws, 1t should be noted that GE 13 concernad about the commarcially
avatladle training and tts lack of focus to specific engine hardwvare
problems. Until such.time as 2 source for good spacific training can be
found externa) to Delta, attentton should be focused on in-house training
needs. In general, it 1s rocqg:iznd that external courses serve as a
good basic introduction, and that training on engine component inspection
requiremants should be reinforced in-house.

PROCESSED:

o GE sampls LCF blocks. Blocks vere processed by two indepandent sats
of process cperator/inspector teams with a thirty second esulsifior
time (total contact of approximately one minute). In general, the
results show that the process sensitivity is adequate and that both
operators were equivalent in indication determination in focused
inspections. Thera was a probiem with ons of the blocks in the first
run (block 64), It had not been properly rinsed during processing and
subsaquently vas not reacdable. This reinforces the ides that mors
attention should be pald to the parts in process at the post
emutsifier water rinse station. __ .

= 1t s recommended that Delta focus on the emulsification/wash’
process to reduce background FPI.

o TAM Panels. Daily process pankls were observed during a run. These
pansls receive a fiftesn sacond emulisification time. All indications
were visible, but there was notable background alse prasent. As these
paneis were processed in accordance vith the CFM Standard Practice
recommendations, a1l ware acceptabls. It s noted, however, that this
fifteen second Timit will be resvaluated at GE. Logically, tha test
panels should see the same conditions as the processed parts. -

= It is recommended that the TAM panels receive the same precessing
seguence that the parts are exposed to.

@
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;. representative, the embossment cracks were ¢

HPT Disk Segment. Processed and evaluated in correct mannsr. The LCF
cracks at the embossmant did not show up adequataly due to less than?
jdeal NAND application.. After NAWD was rllﬂ?l1!d the GE

early visidle.

This .exercise, coupled with the fan disk post evaluation, led to 2
good discussion sbout NAXD with the operators ang foreman, It was
explizined why NAWD. is differsnt, how it works, and vhy it must be
applied properly. o : S .

~ 1% 1s racommended that Dslta include a NAMD procedure in the
standard process, and: train the operators accordingly.

Fan Disk Post Segment. The indications were properly found by the
{nspectors. This plece vas used to show how sxcessive solvent used
dur ng bleed back could wash out panetrant from shallow cracks. It
was also used to show why redeveiopment is crucial in the indication
sevaluation procedure. ,

Fan Disk P/N 9319M28PO2, S/N MPOM 4573. Procassed and evaluated ind
sneral correct fashion. Critical observations an the application of
AND and lack of review of the hetV{ background fluorescent areas in

the bore areas were discussed vith the operator and foreman. As thé

bore 1s a critical area, all surfaces should be .properly evaluated.

?Olty :;uorlscont background areas should be cleanad for proper
nspaction. : :

HPT Disk Shaft P/N 9367TMABGO4, S/N MPOM 1248, Part was not procaessad
according to GE requiremsnts. NAND was not initially applied as
roquired. The bors was not inspected. The indications apparent on
the aft embossment faces were not evaluated and marked. After the
operator discussion, this plece was used as a too! to-guide the
operator through the groper evaluation procedure. It was also used as
& tool to discuss indication lacations with the foreman.

It myst be stfessed that 1ndicatibns Bay appear anywhars on 3 part,
not just in predetermined areas. Focused inspections look for
indications In known prodblem areas, but 1t must be crystal clear that

1nspectors should not 1imit their 1nspections to these arsas.

Subsequant revisy of the indications secen on this disk shaft with the
local GE Representative and the Cincinnati-based responstble Product
Support Engineer, {dentified this component as one of a family that
had received attention for indications on the embossment side facas
due to & manufacturing problem in ECM known as “Barking®. Disks that
exhibited these indications in the past wers usuatly sent back to GE
for revisw and rework, or possibl{ lended at the overbaul factlity if
-80A 72-53-02 Repair 002 substantlation had been previously earnsed.

@
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This disk should have had these gmbossment side face indications

flagged. If this disk 15 to de Ultimately scrapped for thread damage,
as currently expected, it is strongif recomended that 1t be kept as 2
good training aid to help in future nsgection-ttlining.__Exnlp es of

real hardyare conditions 11ke this are hard to find.

o CRF P/N 9283M77G16, S/N VOL 02262. Delta has a good setup for
processing the CRF through ths dip tank 1ine. The piece was hand pump
sprayed with GE Class D penetrant and saw a 30-second immersion in
soulsifier (tota) contact time 60 seconds). The ?ﬂﬂtlll operators
also sprayed additional amulsifier on the CRF during the water post
rinse 1n an attempt to cut down the background fluorescence. Suds
were visible on the part when it entered the dryer. Powder
appiication was very cldan compared te preferred conditions.

The inspector wvas very thorcugh in his evaluition of the frame, with
all areas inspected and several indications reviewed and marked. As
there were & lot of background fluorascence on the part, his
{nspection was difficult, and he handled 1t very wall, A debrief with
the inspector and the foreman hlghli hted the concern over the excess
b:g:g;ound and experience with the CF6-6/-50 framas compared to the

- rames. . L

Recomaendations sre to focus efforts on the reduction of background
fluorescence by increasing immersion times in the esuisition up to 60
to 70 seconds, and total contact time to SO seconds, as this casting
Clike a1l castings)is a difffcult part to inspect.

Effort sust also be -adl to insure propof dry powder coverage.

FPI PROCESS CONTROL:

A1l penetrants were recently changad over due to new formulations.
Penetrant checks consist of dally process runs with the TAM panels, and
quarterly TAM pangl checks of 1ine penstrant versus master.

Emylsifior 1s checkod gquarterly--line tank versus master. No
refractometir readings are done. Additions are always done at twenty
ercent. Reviewed concept of concentration check with the foreman.
xplatned need to do so because of water loss. As Delta does not air
agitate. the emulsifier bath, this 1s not a major concern. Although, some
control check should be fmplemented to monitor emulsifier concentration.

D. DeHays, ths TURCD represantative, was contacted to help establish this
check by coordinating a refractometer or titration reading program. It

15 understood at this time that a titration procedure will de developed
and 1mplemented. ' '

1526u : 1

&



X
ST o e

;:K 19, 1990

TOT, e3P GLAL S ULGHT SAFITY — CONCINNETL
St IR ' DRSS S ot

e -

daecn 23 PagR Sevenw

st
ey Fyany

Vet Tht,ﬂéyihg,oven'is checked, by Maintanance, on 2 regular basis. It {s
.. vecommendad that a temperature indicator be considered. r

" Dey powder 1s not normally checked, as fresh powder 1s loaded inte the

) pot when neeled.

CLEANING PROCESSES:

AS 10 parts wers available for observation, the review vas limited to a

brief tour/question and answer session with Billy Jacobs, Production
Control and Acting Foreman of the cleaning area.

n genaral, Delts operates a cold Iine (T{ Safe) and hot line (hot

section parts) process. The cold 1ine uses T4181 at 7 to 9 dunces ﬁér
galion. The TS948R 1s tanked on the cold 1ine, and Billy reports they
are quite happy with its performance.

. The hot 1ine resembles GE Method 10 cleaning, but 1t is not complate.

Delta uses T4008 alkaline solution as a substitute for 74831 acid
descaler, The normal run s T418%, TA008, T4338, and TA181 with the
customary dipl:pr:{ ringes. Typical part exposure time in each
non-agitated tank s thirty minutes.

Process solution contro) is done on a weekly basis at Delta laboratories

and at TURCO. Temperatures are monitored every other day. Nev

temperature controls have deen procursd and ars scheduled for
introduction.

Delta complaments these 1ines with varsol cleaning, steam/emulsion
cleaning, dry blasting, and U/S c1¢an1nf with manual scrudb. The dry
blast areas use a varisty of medias. Alumina from 120 to 500 grit, glass
bead, organic blast, and plastic media (automated/manual) ars on

station. NPT disk blasting is said to be done with 500 grit at 20 to 30
PSI. Fan disk molydag removal is accoaplished by organic/glass bead
blast. A fan digk was observed coning out of the stripping ared with
only partial stripping. It was headed back to cleaning for mors blasting.

General recozmendations to ths cleanti§ ares are as follows:

o Consider the implementation of GE SPM Method 10 or Method 20 clieaning:
by adding an acid descaler (T4931) and/or phosphoric acid (T4409).
GEAE considers these methods to be the best available chemlical methods
to clean hot section components. It 1s currently required on -50
turbine disks. CF6-80 reguirements are under svaluation.

o Introduce agitation in the hot and cold 1ine cheatcal tanks by
introduction of mechanical stirrears.
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.6 Dadicate a dry blast cabinet to Method GE 70-21-04C process (low
pressure 500 grit).. The blaster, at the time of the visit, was ¢
oparating larger grit at higher pressure. It is preferred that 3
" cabinet be dedicated to 500 grit. -

o Consider PMS for removal of dry fila lube (DFL) material on fan and
compressor blades in 11au of T6453.

o Consider use of T6453 for use on fan disk DFL when Cu-Ni-In coating is
scheduted for removal. Also considsr alternate chromic acid strip for
DFL on fan disk. OFL and Cu-Ni-In strip could then be accomplished in
plating area with a minimum of part movement.

MISCELLANEOUS :

o A brief tour of the old and new blade and vane FPI 1ine was arranged.
These systems are similar to the main FPI 1ine in setup operatin' on
dip tank carrier philosophy. The compressor Blade focus center is

currently in a stert-up mode.
SUMMARY': , | |
Delta has sufficlent capability to perform critical FPI inspactions.

Anomolies observed show that focused attention sust be patd to
operator/inspector “calibration® to prevent processing variability.

A big thank you to all of those Invelved in the review. 'Everyone was
helpful in all aspects.

Louis €. Stokley.
Materials and Processes
Product Support Engingering
Compercial Product Support Dept.
GE Alrcraft Engines

Attacheents: 1) LCF Block Data, Delta
: 2) LCF Block Data, GE
3) Deita Chemtca) Report
4) TURCO Chemical Report

ineer
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