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PREFAC E

I I l ls  tec hnical report summarizes the work accomplished during Phase IV of contract F336 IS-
73- ( ‘-5 I 71 . “Adhesive Bonded Aerospace Structures Standardized Repair h andbook .” by
t he Boeing Commercial Airplane (‘ompany, P.O. Box 3707 . Seat t le. Washington.

The work was accomplished under the joint sponsorship of the Air Force Mater ia ls
Laboratory ( Project 7381/Task 06) and the Air Force Flight Dynamics Laboratory (Project
1368/Task 02). Mr. W . Scard ino, AFML/ MXE of the Materials Laboratory , and Mr. 11. (‘roop.
AFFDL/FBS of the Flight Dynamics Laboratory , are t he Air Force project engineers.

~s1r. J. F. McCarty was the Boeing program manager . and Mr. R. E. Horton was the principal
investigator . Ot her Boeing personnel who made technical contributions to the program and
t heir areas ot activity are as follows: M, C. Locke , Materials; M. L. Satterthwaj t.  Manufa c-
turing: and B. I). Parashar , Quality Control.

This work was pertormed in the period from I October 1975 through 31 March 1976.
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1. 0 INTR OI )U ( T IO N AN I )  SU\1 \1 -\RY

I lIe use ol 5I d l IesI \e holidlIii.~ Ill a I r c r a f t  s l r l i c l l t les  h a s  ex pa nded L’ re:ltI~ i i i  re~eiit cars .
broadenIng trolil  use Ill ‘.ect ) l l&I5 i rV s t r l l e t u r e s  tO _ IInsl(i e r IbIe use iii p i ’ i In,lr ~ appl icat iu i is .
lte~ .It lS ~’ adhes Ive boii~.li~ig Is FlOW being Ilsed e \ te i l s l se l\  by al l m a n u f a c t u r e l s . repairs
i i i ~ olvii ig bonded coinpol ilents are all Important part of t he ilill lIar~ ill :lIr ltelI ,I i lee (lci) I It

ac l i v i t \  -

I he rapid ex pansion of t i l ls technolog y has created mans - new repair requi renlents .
l ilipurlalit 1(1 this repa Ir teLhiloiogv I s  t i le need for litiproveinent and sI;iiid,irdiiatiuii ( I t  t i le
repa ir PrI) L L ’ ( lures :111(1 providing instruct ion for i:lrL’e repair and rebui lding as well as or t u e
s m all pat L ’ lIes . Pilleedures must he kept up—to—date. If t h e  repa irs are to be accomplished
e l f  Ic ient lv . pr lAcedtl res m u s t he consi s tent  for repairing s imilar type s ( if s t ructure oil va r ious
manu facturers  ai m era It .

- \ i t i e  preseli t t I iiie. prl)cedll ral CI Iveral! e tor ad hesive bonded si net nrc repair illeetiilg t liese
requi re n icm lts is lac ki mi g. I nst r t lc t io i is  fu r large repairs are quite limited. Repair d ( )cumnel l t s .
technical orders ( I .0. ) .  ty pica lly co~ er univ small repaIrs and are developed by each nianu—
tac t  urer using his (1W I1 preferred manuf ’act tiri ng methods and materials . ‘l’his creates
d i f f i c u l t i e s . es pecia l l~ s ince an individual depot may repair several d i f fe ren t  miiodels or ty pes
I I t  a I rcra f t .  \ nice hanic ma~ repair simi ar damage on ses era l t pes of a mrcraf ’t and he
instructed to use d i f f e r e n t  mater ials and methods on each . In addition to the procedural
cuiitUsi (All . t h e  s i t t iat iu i i  resl i l t s in an unnecessaril y large mate rial invent ur\  . Keeping the
nian~ 1 . ( ).~s up—to—date w i th  current methods and materials d ve lopn ient is also d i f f i cu l t .

This progrilill has been undertaken to remedy these sit uations and to increase the eff ic ienc
of repairing bonded com ponents ot i mil itary a i rcr a f t .

I he mn.i por goals of this program are def ined as f o l lows:

• I )c~e lop .1 s laiidardiied material list and standardi ,ed repair and inspection
procedures tor s i m ial l  area i’epairs on mi h it ar ~ aircr a f t

• I’rII\ ide a re pair guide b r  major repairs or rebuilding of large areas of ’ bonded
ai rer: i t  t eom poiieiits

I his f ise— phase program is to he performed over a 3-y ear period. l ime tasks and program

~ liedule defined for each phase are shown in figure I . The first four phases of this program
p h ave been completed . Ihis document reports on I he work accomplished during Phase IV ,

l’tl , se I s~as accomplished dllring the int i t a l  (i m onths of the program , s tart ing on I October
1973 . I lie s~ urk consi ste d p r i ma i i l ~ of info rmation gatheri ng and cataloging. A conipre—
hensl~ e rc~ ie ’.~ s~ is made of pertinent Air  Force l’.O.’s . Repair geometries s~ere
c a ta l ( I L ’ e I t . and i i mat er ia l  l ists were ex t rac t ed for various sers ice and cure temperatures . In
.tt l&Jit  loll . ‘. is it s were iiiad~’ Iii se~er~il inil i t a r ~ and commercia l repair depots and airfram e
imma n uf a LIu i re rs  ,Ie i h i t l e s . Insight w ~ obtained into 51k1) a reas as t~ pes of damage incurre d.

I lrrent repair i i iafer ia ls  and procedures used . avai labil i ty of fac i l i t ies and equipment , and
le~e h of personnel skil ls .
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Phase II wa s accomplished over the 9—month period from I April 1974 to 31 I)eee niher
1974 . ftc task s  perf ’orm mm ed iii Phase II cons isted of ti m e following:

• i)ef ’im iit ion of the handbook outline and repair criteria

• l)ef inition 01’ t lh small area repair methods to he included in the handbook

• E~ a huatio n of cam id idate adhesive systems and sur face preparati on methods

• Partici pat ion in a joint mil itary/ industry repair handbook workshop at I)avto n . Ohio

Eigh teen adhesive sy s t em s and apprux iniate k 16 st irtace preparat ion methods were evaluated
during Phase II. W ith the exe e~ tio mi of sonic of t Ime Flew generation epoxy syste m s , ti me
ad hes ises were largel~ t hose currently used at ti me repair depots and included sys tems curing
at room temperature , 250 °F. and 35t Y~F. I’Ime s urface preparation methods included so! vent
and acid h and clea n ing amid acid tank cleaning. l)evelopmenf work was done using a
phosphoric acid haimd —cl ean ing proced nrc.

‘test results conf ’irmed the superiority of time elevated temperature curing ad liesi ses amid t Im e
acid—cleaning met hods. ‘t h e  suitability of a particular cleaning method depends greatly on
time specihc ad hesive system.

Phase II of the program was terminated with a joint military/ industry workshop held at
Day ton . Ohio. ‘lime workshop aff orded aim opportunity to review the handbook p rogram
status and to incorporate the suggestions froimi airerat’t nmam iut ’aeturers and future hand-
hook users .

Phase III of the program began I Ja m mu ar ~ 1975 amid was completed on 30 Septemb er 1975.
The work was conducted in thmree area s:

• Repair arid test of smal l repair s pecimm iem is

• Repair and evaluation of ’ components furnis hed b~ t Ime Air Force and Navy

• Preparation of d ra f ts  of sev eral of the handbook sections

1-valuation of ’ time sma ll repairs involved the fabrication of 30 sandwich tex t specimens. Is ~o—
t h i rds  of t he specimens were alunminum and one—third were titanium. h alf of ’ the spec inmL’ns
were damaged simu lating a hiok through both su rf aces . These were then repaired and a
comparison made between t he repaired aimd uimdanmag ed controls . l’lme adhesives used were
t hose currentl y being used f’or t he repair of Air Force aircraft . T h e  specin mens were tested
in tension , compression , amid fat igue.

Repair method denmonstrations were coiiductcd on time t’ollowing components:

I - Simulated (‘- 14 !  wing leading edge

2. I - I I I  fuselage paimel titan iunm)

‘i

— 
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3. l — 3 X  main lam idim ig—gear wheel door

4. ( — 5 - \  ai lerom trailing —edge panel

S . I —3 ~ hor i iom ita l st ,ibi lator

(i . (‘— I 4 1 double—contoured A Pt aL’cess paime l

7, \-~ vertical liii (supp lied h\ tIme Nav~

[‘lie simulated ( — 1  41 wing leading—edge conipoilemit w a s  fabr ica ted duriimg Pli:ise II. l)urimig
Phase III, a major part of the component wa s rebuilt . ‘h’his s im u lated work wa s done at the
W arner Robins , .-\ir logistics (‘enter t A1.(’ I. ‘Flu x included removal amid replaceimient of (lie
outer skin and a iiiajor portion of t he core. ftc use of ’ t hree dif ferent acid cleanimig m e t hods
was invest igated .

Repair work was completed omu time oIlier s ix compom ments listed. ‘I’Ime F— 11  1 t i tanium fuselage
pam me l was repaired usim g PasaJe ll 107 as the surface preparation miiethod f’or hoiid ing. Surface
preparation f ’or t he alumin urn corn ponents was done using the ph( sphoric acid hamid anod iie
met hod developed iii Phase II.

Phase IV wa s completed during time period f rom I October 1975 to 31 March I 976 . ‘[lie
work inch tided four basic tasks:

• Repair of damage to an F—I I I outboard spoiler

• lest of time spoiler wit  Ii simulated critical air loads

• Test l i t  specirnem ix cut fro m repaired co nmp o mmen t s

• i’re ,arat iou of d r a f t s  of hamidhook sect  Ions

‘l ime spoi ler was obta immed from the Saera rn emmto A [ ( ’ . It had been in sers cc hut w as
replaced in a mod if icat iomi prograni.

The spoiler planl’o~rn wa s appro xi nmat e ly (iS-in , long and tapered f ronu I 4 ,7 — u i. w ide iimhoard
to I 1. 7—in, wi de on the outboard end . It had onl~ minor damage whe im recei~ed . Addit ion a l
damage was imposed on t he trailing edge to require a repair t i mat w as a ppro x im m ma t clv 24-un .
hong and 5—in. Wi de. ‘J he repaired area included part of t ime regloil that w as  reinfore et f to

— 
‘P distribute load from the outboard hinge fi t t in g.

l’he spoiler test was accomplished in time sanie manner us lii i t done h~ 
( erier at l)y na m i l i e s

to qua lif y ( lie production spoiler. ‘[ ‘ins was for t he crm l i~al condition ~ ith t h e  spoi ler
def lected 20~. I~oad ing wa s to I 50’~ of the design limit load , l ime lest w Is  successful
w ith no failure in the repair area.

3
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In addition to the repair and test of time spoiler , test coupons were cut l’roni t ime spoiler
am id from t he con mmporments repaired in Phase Ill . ‘these were tested to various conditions to
ver i f y  time repair adequacy.

l ime various Phase IV tasks are discussed in detail in t lme following sections .

2. 0 REPAIR OF THE F -I I I  OUTBOARD SPOILER

I)uring Phase III of this program , seven aircraft comp onents were repaired to demonstrate

the feasib ility of procedures t hat will he incorporated in the handbook, Small speci rnemis
were subsequently cut froni the components to evaluate the repair quality. An eighth
component , an F-I I 1 spoiler , was selected for repair during Phase IV . This provided a
part where the ultimate load was quite high. In addition, the test cost was compatible with
the overall program budget. The spoiler was repaired and tested as a component wit h
simulated Ilight loads. It was then cut up and small specimen tests conducted.

2.1 DESCRIPTION OF THE SPOILER CONSTRUCTION AND
THE REPAIR DESIGN

A photo of the spoiler is given in figure 2. This shows the underside of t h e  component
w ith the two attachment fittings. The forward holes are for the fixed hinge pins. The aft
holes are t’or t he actuator rods. A closeup of the end of ’ t h e  spoiler is shown in figure 3. The
cross sect ion of th~ spoiler is that of a thin wedge, shown in figure 4. It is flat on the upper
surface,

‘l ime spoiler design is f’or the F-I 11 A/ B model aircraft. A sketch showing the planform
geometry of t he spoiler is given in figure 5 (ref . I). Details of construction are shown in
f igure 6 with table I identif ’y ing the pertinent materials , t hicknesses , and core densities .

‘[he design of t he spoiler requires the ability to withstand limited time exposure to 350°F.
Accordingly, high-temperature adhesives were used in construction. Those approved for
repair are Aerobond 3030. AF- 1 30, and Reliahond 398 (ref. 2).

The spoiler wds obtained from the Sacramento AL(’. The part had been surplused as
part of a remodif ’icat ion program. As such , it was undaniaged. Since typical damage to
this type ot’ part is in the trailing-edge , damage was inflicted in that area , as shown in
f igure 7. The damage was toward the outboard end of the spoiler. It included part of the
skin that was padded up to distribute load froni the hinge fitting (see fig. 6 , table 1). rIte

damage extended inboard approximately 24 in. and about 5 in. into t lue spoiler chordwise .

Sketches illustrating the repair concept are shown in figures 8 and 9. Figure 8 slmows the
upper surface and a repa ir cross section. The repair is flush on the flat upper surface.
‘[he 0.020 flush patch is spliced to the component skin wit h a 2.50-in. w idu. internal splice
plate. This allows a 1.25-in, w ide lap bond on each side of the splice. l’he ii~p bond widt lm
was selected to give skin splice strength greater than the strength of the 0.020 sammdwich
face. The typical ultimate strength of 2024-T8 I aluminum is 65 ksi ( ret ’. ~t . 1’hiis gave a

4
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b u l l  s trength requirenment f’or the 0.020 ski n of ’ 1 300 lb/ in . Reliahond 398 was used t’or
( hue ad hes ive . This was tested during Phase II. i’iie typical strength f’or a 1.25-in , w ide lap
w as approx im miate l~ 2000 hh u i i i  (ref. 4) . i’his was adequate and provided a positive margin
(if sa l e t \  - rhe material selected f’or t he patch plates was 0.020. 2024- 1 3 hare aluminum .
The arrowhead fittimig was to he machined froni 0.25 . 707 5- ’tb hare aluminum plate . The
rep lacement core was 4 .5- l/ ~~hON±(50 52 ,f . *

‘[he lower skin patch shown in section A-A of figure 8 was nonflush and lapped the skin by
1.25 in. simi lar to the interm ual splice plate. A cross seL’t ioml of the assembled parts is given
in section B-B. An 0.O l i  doubler was placed tinder the patch plate where t u e  0.036 padded-
up area was removed (see figure 9~,

2.2 DESCRIPTION OF THE REPAIR PROCEDURES

‘rime boundary of t h e  damage was outlined using a h armonic Bond Tester as shown in
figure 10 . This gave an indication of the extent of any delamination th had progressed
beyond t he usual damage.

Removal of the damaged material was accomplished with a high-speed air-driven router ,
figure II. The router assembly is shown in figure 1 2, The router was guided by use of ’ a
tncta l strip template. The width of the template was sized so cuts could be made on both
sides . The cut on the inside of the template was made through the entire depth . The cut on
the outside of the template was i .25 - i mu . wider to allow (‘or lap of the internal splice strap as
shown in figure 8. sect ion A-A. After niaking (lie router cuts , the strip of skin was removed
as shown in the sketch in figure 13 . T ue cure strip was remove d with a sharpened putty
knif ’e. figure 14 . The core residue was removed with a tine samiding disk and vacuum pickup.

After remova l of the damage , t he detail parts were fabricated . Mach ining of time sheet nietal
detai ls is shown in figure 1 5, The replacement core is shown being machined in figure 16.
Prior to machining, t ime honeycomb core wa s stabilized by bonding a layer of adhesive and
ny lon fabric to one surface , This surt ’ace was t h~n vacuunu ehucked to the core machine
bed. After machining, the core detail was placed in a degreaser to soften the adhesive.
‘[lie layer of nylon fabric (pee! ply) and adhesive were then carefully removed. Time edge
of t ime core piece was trimmed to fit snugly in the repair area , Time metal sheet details amid
tra iling-edge piece were preassembled to ensure proper fit .

(‘ure of t u e  repair was accomp lished in two cycles or stages . I’he initial cure cycle involved
bonding t h e  tlusim upper skin patch , splice strap, arrow head section shim , and core plug
(see fig. 8 and 9). Prior to bonding, the sheet metal details were prepared by phosphoric
acid hand anodizing. The detail steps of this procedure are listed in table 2 (full descriptio mm
in ref . 4~ ‘[he core was cleauied by immersion in trichloroet hylene ( ‘l’(’F and baked.

Fhe bond was made using Reiiahond 398 adhesive~ no pr imer was used. ‘[imis simulated time
procedure used at t he Ai,( ”s . AI:301 5 foam was used to splice the core inter f ’aces and time
core to t ime trailing-edge arrowhead , the assembly is shown ready f’or vacuum bagging and

*4 5  lb/ft 3. 1/8 in. ce ll s u e . 0.00 1 foil thickness . nonpcrf orated . 5052 aluminum alloy.
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cure in t i g t lme 17 As sh o w  ii. the spoi ler is placed upside down with the fi t us im (upper
suu rtae e pl.uced aga inst a flat 0.0(iO La ul phitt ’. I lie edge of ’ t he arrowhead f i t t ing is s lm owm i
exie i mt led bevoimd ti m e trai h im ig edge . I lmis exces s was removed by m mi ac hm i n i um g a f te r  h) o m m d u m m g.

A f t e r  assemubl ~ f ig. I 7). t Ime repair area wa s covered wi t i m FF1’ re lease fulni t w o  Ia~ ers of
P\’ -\ f i bergla ss cloth , and a i mi e f a l caul plate . l’ lmm s was f’ollowed h\ t l i erm nuiv ’(iti plc wires
and standard shop haggi img materia ls , ‘ l Ime cure was at ~5t ) i’ for 11t) mmmiii w i th  ~S.psi

pressure . t ime flush tipper su rface is show im af ter  curing and trim mmmmm im l g mm f igure I

1-o hf ow imm ~ t Ime f i r s t— s tage  cure , the bonded area was visually i mms pecte & h to em m sure thm ~it t ime
detai l s had  held positiom i and t h at time athlme siv e f ’oam m m had expanded properl~ amid w as  f ree
of oids . l Ime core surface w a s  then sanded flus h wi th the outer s k i m m surface . ‘I he sanding
debris was remm mos ed by vacuum , and (lie surf ace of ’ t ime core was wiped w tIm nme t hm v !et h i~ I—
ketom ue \I F K

TIme ne\t  step was to prepare the metal surfaces for bomud ing the minim flush lower sk in patch
plate amid tIme doubler show im in f igure 10 . ‘lime areas surroum ud immg the area to be cleaned
were masked w it l m al umm iinum f’oil tape as show ii im m t ’igure 19 , ‘the humid s ur face on the
spoiler , t he doubler , ami d tIme patch plate were t h en ph osph oric acid amiod ized 1w the pro-
cedure minted prev iously in tai) le 2. Following time surf ace preparatiom u . t Ime nmaskimmg
mm ia teria ls were removed amid t ime doubler am id pa t cim plat e taped in position . ‘lIme assembly
was (lien bagged and cured at 350° F f ’or 60 nun under 35-psi pressure . ‘[hue repair is s hmi iwi i
.u t t er cume amid debagging in f ’igure 20.

l ime completed repair wa s imispected usimig t hmrough —trans nm issioni ultrasonics amid a portable
ila rmi mo ii ic Bon d ‘leste r . l ime results were sat i s fac tor y  : mio voids or delaminations were found .

3.0 TEST OF THE SPOILER

l ime spoiler te st comidition was the same as time cr i t ical condition used by General l)ymia mics
to qua h it ~ t Ime co nmponemit for service. ‘[h is  was test condition SP— 2 wit im the spoiler
def lected 20 and t ime center  of pressure at 50~ 

; c lmord ( ret ’. 5 ) ,  l ime design hi n imit loath ( 1) 1 1,)
w ,~~ 3 7—psi pressure imm hoard and 5 .9—ps i outboard (ret ’. 6). ‘l Ime ult imate load distr ibution ,
w hm uc im is I S t Y , of t Ime I)LL is shown in figure 2 1. ‘I’ imis gave a total ul t i imiate loath of 615 7 .ô
pounds . l Ime position of (lie a c t  uator linkage for test is showmi in figure 22 ( re t ’. 7) .

‘l’iie spoiler was nimouimted on a stro nmg hac k for test ax shown in figures 23 and 24 (ret ’. 8).
‘two rows of eight loading pads were used to distribute time load. i’hme load was applied
t imroughm a w ii it ’f’.e—tre e arrangement wit h a hydraulic actuator coupled to a load cell. ‘l Ime
load was applied imm 20’ -. I)l.L incr em m me nts to 1 00’ 1)1.1.. ‘the Increments were themm
decrea sed to l (Y 1)1 1. until ult imate ( 150’ ; I)LL ) was reached.

l)ef leetion readings were taken at three locations along t h e  trailing ed ge. L.ocations of t ime

electrical deflect ion indicators ( F 1)1 I are s li ow mm i m m figure 25. The def iect ioims t h at were
recorded are plotted in figure 26 .
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I h ere w a s  mo imid i e , i tu o mm du irim mg tIme te st  ot any failure . \ pos t tes t  visual imms peetioi i . h owever ,
res eale t h bond ‘ ‘ ‘ parat ions iii thmree areas . I’Imese were at time specit ile im ’s cormm e rs outs ide the
repaired are.i as s iow ’im iii figure 27. Subseq ue imt h~ . inspecti o ns were nmade using water —
coupled t hr uu ug h—fr a ns imu ission ultrasonics auth a Ilar mnoi mic Boimd I es ter . ‘I fmese ver i f ied tIme
t h ree d e la m mmiim a te d area s , ‘I here ~~as mm iumdicat ioii of any fai lure iii t u e  repaired area .

4.0 TI ’ ST OF SPECI MENS FROM THE REPAIRED COM PONE NTS

\ t ’t e r t ime co n mmpommeimt x Imad heen repaired and nomidestruct i ve l inspected , specimens were
cut from time repaired areas to assess t he quality of ’ t he hommds th at had been obtained . The
( (cat ion am id t~ pes of ’ s pecim i meims are immd icated iii figure 28 .

l ive t\  pes of spec i mmme i ms were used. ‘ th ese included lap sh ear . drum pee l, amid we dge tests for
the meta l laminate areas . Peel and f latwi se tensio im tests were used for time skin-to-core homids.
I’he speci meum s were of a standard conif iguration. l)etai ls of time wedge test speci mmm eii are
shown m m  figure 2~ . In s ommme cases where time skin was quite thm m n . it wa s imec ess ar ~ to bond oii
addition a l materia l t’or te st ing. Accordingly , t ime metal tim uck nes s for botim t u e  wedge and
lap slmear tes ts  wa s iimcreased to 0. 1 25 in.

Wedge spec im e ns were cut from (hue im iet a l Ia mm iina te areas of all of time conmpone nts. It was
fe l t  t imat this test gave tIme tmiost critical eva luatiom i of ’ time metal surface preparation quality.
A dchit io uiah ty pes of spc~’immmens were selected to evaluate ot h er properties . I-lonevcom im b peel
specimimem is were taken t’ronm t hree areas of the (‘— 141 leadi img—edge component . Ihiese
represented areas where t iiree different cleaning methods were used: i.e.. nontan k anmodi ie ,
h’asaie ll 105 , aimd 2’ - hmvdro l luoric acid (ii F). Metal—to—metal (m/ m) peel specimens that
had  been exposed to salt spray were tested f’or t hree components . Lap slmear tests were
commdu cted on t hree ot lmer components to ver i f y time design val ues that had been used f’or
t ime splice overlap.

One comnpoiment . t ime ‘1 — 38 nmain landing—gear door . was exposed to simu lated fligh t
weat h ering cycles prior to specimen removal. rime exposure consisted of 30 days of
I— h r cycles uimsolving excursions f ’rommm —6 7° F wit h s i ummu lated 40,000-ft altitude pressure
to I 40’ F/ l 00’ re lat ive hm uimu id ity at sea level. X - rays taken before and af’ ter t ime exposure
iiidicated t h a t  no miioist ure h ad  entered time core area ,

‘Flue results of t h e  tests are given in ta bles 3 and 4. ‘l’Ime test results on time (‘— 1 4 1  Ieadii mg—
edge repair were quite good. Core failure was obtained witii the peel specimens as shown
in ligure 30, The test values were comm sis temmt l y  imigim . The wedge tests t’or this compo im ent
were invalidated because the crack growt Im jumped to tIme s urt ’ace w lmer e an additional
metal strip had been hoimded to increa se the metal t h ickness. Subsequent opemming of the
repa ir iimterface , imowever , (lid indicate satisf ’actory coimesive failure . figure 31 .

‘[he metai- to-nmeta l salt spray exposed peel speciimmens are shown in figure 32 , ‘[hose f ’rom
the repaired area of ’ t ime (‘-SA ail eron con iponm ent looked very good, and time test values were
high. I ,ower v~u l ties were obtained on time s peci ni men ms f ’rom the auxi l iary pow er unit (APU)
pa nm el and time stahi lator. ‘l Ime stab ilator specim e mms were tak eim f ’ronm along tIme Iammm inat ed
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t i a i h iim g edgi.’ . E~um m & fh i nm e ior~ si t ~ us imu d icafed :t loi mg t h e  specimm ien t i ms t i l e edge w here  lime skin
bee im ms to upeim for t ime co ne (see fi g, $3 ) .  (‘ otms equent ly . f l i ts resulted mi a loss in peel st remmgt h m.

I he lower failure values for time \l’U access Panel appt-ar to be priimm ari l y  a proh lem im w i t h
inaihequ:tte cu rimig press u re on t h e  repair detai ls . ‘I’hme c ut re was muu a d e ti sing a vacu ut mu m hag.
l Ime p.itc lmes wert - ptef ’orim uei h by i’oto—peenin g . ‘l ime core plug was not preh ’orimme d. It wa s
ex pected t i mat the plug would f ’urim ’u i imto place wit im time bondi mg pressure. I’ l mis did happen.
hut t ime result w as appa rent f ~ soimme i’eduict ion in pressui’e iim t ime tu ie ta l—to—n ieta l  hoimi lhimies
mme xt to time core. I hm is w a s  indicateih by ( hue lowered pee l and wedge values and w as
add it ionall~ al) tiar(’iit lu,’ exa ,mmi mlation of ’ lime failure surf ’aees. h’bR ’ \ th id show that  f l it ’ u s e
of ’ vacuum ui bag curing s hould he h immmite d to simp le repairs. l)ouhle contoured details
ex peciall y present a prob Iem ~m because of t l memr tn lme rent coimf igurat ioim s t i f f n e s s  and (h ue
increased pressure required to pull time details i m mt uu i u it i immat e c o zmta c t  . ‘l ime use of extra
a dh esive in t imese .1 reas o t t e rs  otme liossibte si ihi t tion.

\ . hues Iron’ tIme \ — 6  f i r m pa im el m’epair were ~‘er\’ good , (‘ore fa ilure was obtained w i th  time
honuevconu h pee l specinu ens . slmow im j im figure 34 . h’ht~ f

’aihed hap shear speeinmi’mis are shmow nm
in I gui re 35 . l Ime Va lutes ohtaimmed were coimi parable to I h ose ob tai mted for t Imat ad im e s iv e

I’ I 2 7_ 3 f tluring h’lmase II of t h is progratm i.

l’he Ia ilti re sit rt ’.iees o f weth ge s pec lt mme ns fro m tIme 1—3 8 i ti~t i mm Ia ndinig—gear door are showm i
in f ig u re 3 i i , hi igh m crack gn 1W lii is minted oii om m e specit uien. (See (hu e f ’o l low i mug muote anirl
list ml mg . I I imi s is tIme sp ec m mu men to tIme righmt in tIme phmoto t h at sh ows a imigh percentage of ’
adhesive fail u re, I ins mna~’ be :t r jb u z t & ’tJ to inadequate suurlaL ’t’ prepara t ion. Apparent lv
t ime surf ace ih ith mmnt ammodi ie properl y. However . resu Its I m u m  tIme ot h mer three speei mneims were

~,iI usf aclo r ~ w t im crack growth w it lmin tIme range of expected values.

I ite - im ar bi trar y ra f t  mug Imas been estab l ishme d f’or wedge text values. ‘l’ imis
is sh o w  im beb iw . I Imus rat iiig is prit imaril y applicable to time 250” F curiiig
c iii es ies . I Ime va hue if t lie wedge test data is less def ’i mmed for of hmer atlhiesives .

I —hr crack g rowt lm . in. Rating

Ut )  to 0. I 0 \“er v good

0. 11 to (1 .25 (;um~ th
U, 76 1(1 ,tbove Marginal to non accepta ble

I in pr icess i rig con I rol . I he average of ’ I U speci lu me ims shiot t Id mint exceed
i t t . , and nun individ u al va lue slmoukh excee t h 0.7 5 iii. to lie acceptable.

I .i lure surlact ’s u t  I ite wedge tes ts  for t h e  F~I I I spoiler are sh ow mm i tm figure 37 , l’Iie values
were ci ins t s te m m lI~ good. l ime t ,t i led lap sh ea n specim ime ims are sh iowim tim h ’tgu re 3 ~~ . Soimme
p(urosit ~ h appurciut tim I lie t w o  ott t s i de spe c iim uei m~. I h i s  was ummilo t bte di~ t lute to so mime
re duced bonding press iu me iii t Itese a re~ts . I he Value s were stil l quite ailequaf ef ~ above t lie
design requ irenuen I ol I 3(M) lb in. ( see sec. 2 I.
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Figure 5. — Spoiler P/an form Geometry (re f. 1)
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Note: Refer to Table 1 for
material identification 
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Figure 8. F - 111 Outboard Spoiler Upper Surface and Repair Cross Section
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Masking tape Area to be cleaned

~~ JI 

~

~
Sy

~ 
Core cavity area
masked to prevent
acid contamination

—p

Figure 19.—Areas Masked to Prevent Acid Contamination During Surface
Preparation for Bonding Closure Skin Patch
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Note: Load shown is 150% DLL for
the spoiler surface deflected
20 (ret , 6) -

~~

LU
cc
cc

\ c c

\
\

0555,100

0.
LU
LU

Center of Pressure at 50% Chord

Figure 21.— F- ill Spoiler Load Distribution
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Hinge 

i~~~t

actuator linkage 

2.20 in.

3° 40’

Rear spar (ref .)

1” Parallel to rear spar

— p

Figure 22—Position of the Actuator Linkage With the Spoiler Extended 200
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C m u uupu t ’ ssu ~m u m
pad ( i V i m  lb p1) 

______ 

— —

Test specimilmi I Test Detail Ispecime n

Simulated
mi m i  l uuu k —

3
0 40’ Strongback

fit t ing

Detail I — _______ —

Load cell — _________ —

Hydrdulic
ac im mat mu — ________ -

Reac imor1 t : imrmh i ___h.h.\

~\,,,,,

>

~~ 

~
- i

Figure 2.T~ — Sketch Showing the rest Setup for the F. 111 Spoiler
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l O i n . (typ) 
rii~~i

3,0 in. (typ both ends)

1 + T

Spoiler 2

-
~~~ Fwd

I nbd

i

Hinge

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ wer su rface )

Figure 25. —Location of Electrical Deflection Indicators
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O.80.in. long
l.90’mn . long bond separat ion

Detail II

Detail Ill

0.90-in, long
bond separation

Detaif I
Detail I

Fi~ure 27.—Areas of Bond Delamination
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(a) C-141 Leading Edge
Three wedge tests
Three honeycomb peel tests

Cut three wedge ‘‘c’ Cut one honeycomb peel
specimens from specimen from each surface
rn/m edge area preparation area

(b) T-38 Stabi lator
Two wedge tests
Two rn/rn peel tests
(salt water ex posure)

4-

-4-

-
4

-4

—

/
/

/
Cut specimens 

/ 
—

~~from m/r. S bond
- —..,,, P areas 

)

--4

—
4

Figure 28.— Component Specimen Testing
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(c ) C5.A Aileron Trailing Edge
Three wedge tests
Three rn/rn peel tests (salt spray exposure )

rn/rn bond are as
Cut specimens from _____________________

Id) F~111 Titaniu m Fuselage Panel
Three lap shea. tests
Three wedge tests

Cut lap shear
spec imens across
bonded splice

I strap
I I

—
i i - -

—1. _i - —
—V

--‘-- -p
Cut wedge
specimens
from rn/rn
bond areas

Figure 28.— Component Specimen Testing (Continued)
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(e) C-141 APU Access Panel
Three wedge test s
Two rn/rn peel tests (salt spray exposure)
Three honeycomb flatwise tension tests

Cut m m  specimens
from patch periphery

0

If ) T.38 Main Landing Gear Door
Four wedge tests
Expose for 30 days in flight
simulation cabinet , x .ray before
and after to detect wate r ingestion

~~~p Cut two specimens each
0from the interior and

exterior patch plate
periphery

Figure 28.—Component Specimen Testing (Continued)
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(g) A.6 Fin Panel
Four wedge tests
Three lap shear tests
Three honeycomb peel tests

Cut specimens from both
internal and external
splice plate bonds

(h) F.111 Outboard Spoiler
Four lap shear tests (two exposures to salt spray )
Four wedge tests

Cut specimens from ~~~
-
~~~~
“

both the internal and - -

external splice plate bonds ‘
~ 

- 

- >

~~~~~~ 
~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Figure 28.— Component Specimen Testing (Concluded)
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FEP separator f i lm or omit
adhesive (opt )

6.00 0. 125

— ______ _____ _______ 

‘$l 
~1 h 0. 125 nom

/
1 1 I I f7 o.75

~~~~~~~~ 4~~~~~~~
o.ço

6.00 ’ 0.125 (

~ HH~
Five 

I~~~~~~~ 
1.00 0. 125 

~~~~~~~~ Trim 
Adhesive

Trim Wide Specimens

Initial
Adhes ive 

~
_____ 5

\ 
crack length

1.00

0.125 

Wedge (see detail below)

41 6.00 — Ir

~

Wedged Crack Extension Specimen

1.0” ~~~ —.

~ ~

.*— 0.125

di
1.0’~’ ~ I i i

L 0.25
Wed ge Detail

Figure 29.— Details of the Wedge Test Specimen
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Specimens taken from this area

Figure 33. — Location of Bondlitie Porosity in the T-38 Stabilator T. E. Repair
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TABLE 1.— IDENTIFICA TION OF SPOILER MA TERIALS

Identification
number Item Material

External skin , 0.020 2024.T81
basic thickness

2 External skin . 0.036 2024-T81
first level pad’up

3 Internal skin , 0.020 2024-T8 1
basic thickness

4 Internal skin , 0.036 2O24-T8 1
first level pad-up

5 Core midpanel 3.1- 1/8-O. 7N (5056)

6 Core pad-up area 6.1-1/8-15N (5052)
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TABLE2-PROCEDURE USED TO PREPARE THEALUMINUM
SKIN SURFA CES FOR BONDING

Phosphoric ,-(cid Nontank Anodize Method

1. Solvent w i pe w ith methylethylketone , trichioroethane or equivalent approved solvent
2 . Abrade with Scotchbr ite type A to remove surface contaminants

3. Wipe dry with clean gauze

4. Apply a uniform coat of cab-o’si l thic kened phosphoric acid (10% to 12%) PR,5Oa

5. Place one or two layers of gauze over the coating

6. Apply more gelled phosphoric acid over the gauze

7. Secure a piece of stainless steel wire screen b over gauze

8. Connect screen as cathode ( - )  and aluminum substrate as anode (+)

9. Apply a potential of 4 to 6 volts for 10 to 12 mm (current density in the range of 2 to 6 amps per
square foot)

10. At the end of anodizing time , open circuit , remove screen and gauze , and lightly wipe off gelled
acid coating

11. Moisten clean gauze with water , lightl y wipe-r inse anodize surfaces

CAUTI ON: Do not rub surface. Test with litmus paper to ensure that all trace of acid has been
removed.

12. Air dry 30-mm minumum or heat dry at 160° F maximum

CAUTION: Do not touch surface with anything. Keep protected but do not wrap unless
absolutely necessary.

13. Prime and bond or bond as soon as practical

apR.50 — gelled phosphoric acid 10% to 12% from Products Research Corporation.
bStainless steel screen , any mesh.
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TABLE 3.-RESUL TS OF TESTS FROM REPAIRED AREAS OF COMPONENTS

Lap shear Honeycomb peel M/M peel
after 14 Honeycomb

Lap Core Load days salt tension
Part length , Load , dens m t X , lb in . / spray, flatwise ,

Identif ication in . lb Ib/f t ~ 3 in . lb n /in . psi

C.141 simulated 4 .4 60a

wing L. E. panel 64b

65c

T~38 stabi lator 40
39

C~5 aileron 57
51
54

F. 11 1  titanium 0.45 380
fuselag e panel

C-14 1 APU 33 220
access panel 33 225

85

T- 38 main landing
gear door

A~6 fin panel 1.06 4020 3.1 30 
~ Core

1.18 3970 29 
~ failure

0.97 3840 29 ~

F~111 outboard 1.18 1850
spoiler 1.26 3220

1. 27 3230
1.18 1810

aNontank anodize surface preparation for skin .
b2% hydrofluor ic acid surface preparation for skin .
cpasaje ,I 105 surface preparation for skin ,

I
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TABLE 4. -WEDGE TEST DA TA FROM REPAIRED AREAS OF COMPONENTS

Wedge test
120°F/100% RH exposure 

—
Initial Crack growth , in.
length ,

Part identification in. 1 hr . 24 hr . 72 hr. 7 days 14 days

C- 14 1 simulated 1. 26 Remainder of test invalid. Failure jumped to wrong
wing L. E. panel 1.44 surface.

1.32

T3 8 stabi lator 1.4 5 1.07 T 1.57 1.72 1. 78 1.86
1 .41 0.09 0.61 0.64 0.74 0.88

C-5A aileron 1.53 0.09 0.31 0.37 0.44 0.44
1.58 0.09 0.28 0.34 0.34 0.44
1.26 0.08 0.28 0.53 0.53 0.62

F. 111 Titanium Tests discontinued. Specimens had very low peel strength .
fuselage panel

C-14 1 APU 2.78 0.05 0.06 0.14 0.26 0.35
access panel 2.45 0.05 0.13 0.21 0.21 0.21

1.37 0.07 0.28 0.28 0.28 0.28

T-38 main landing 1. 63 0. 13 0.41 0.58 0.63 0.71
gear door 1.59 0.08 0.24 0.43 0.54 0.64

1.67 2.48 Failure
1.63 0.42 0.52 0.79 0.84 0.84

A-6 fin panel 1.26 0.10 0.24 0.30 0.41 0.41
1.33 0.18 0.54 0.63 0.69 0.77
1.36 0.08 0.53 0.68 0. 74 0.90
1.02 0.31 1. 15 1.27 1.33 1.38

F- i l l outboard 2.36 0.13 0.18 0.18 C. 18 0.18
spoi ler 7 .75 0.07 0.13 0.13 0.21 0.26

1.87 0.11 0.14 0.14 0.22 0.32
1.82 0.12 0.37 0.37 0.40 0.44
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