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SUMMARY

The development of the graphite/epoxy spoilers for the S3A aircraft brought

on the need for i nspect io n c a p a b i l i t y  in the field. As a part of the contract

a program w deve l op Inspection standards and techn i ques for t h i s  pur pose was
• undertaken .

Preliminary specimens were defined , develo ped , and evalua ted prior to prepa-

ration of the selected standards. The spoiler was zoned according to

structura l requirements and the need for spec i men definition to inspect each

zone was i nvestigated. Ten preliminary specimens were used in this evaluation .

As a resul t of these i nves t iga t ions a f i nal standard speci men was desig ned ,

con ta in ing four types of cons t ruc t i on wh i ch s imu la ted the spoil er struc ture ,
and which contained known defects. A procedure for comparative eva l uation

of the standard and an actua l spoiler was then prepared for each of the four

areas .
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SECT I ON 1
INTRODUCTION

The S—3A spoilers are surfaces hinged off the rear spar of the wing . They

function as roll contro l devices and speedbrakes. Each wing has four

spo i l e r s , three upper and one lower. The l ower spoiler is located on the

wing underside , and is a simple beam supported by two hinge fittings. The

spoiler is positioned by ~‘ push rod attached to each fitting . The spoiler is

quadrilateral in shape , approximately 80” long , 8” wide at the outboard and

15~ wide at the inboard end.

A composite spoiler assembly composed of only four basic parts was designed

as a direct replacement for the existing lower metal spoiler assembly. The

C complete assembly, including the trailing edge seal is shown in Figure 1.

The compos i te spoiler fits in the same space as the existing l ower meta l

L spoiler , is hinged off the existing outer panel rear spar supports , and uti-

r ~ lizes the same actuation system. The general dimensions are shown in Figure

2. The spoiler is composed of two contoured graphite/epoxy skins of variable

thickness , a glass reinforced plastic honeycomb core , and two existing metal

hinge fittings attached with fourteen bolts threaded into inserts potted in

the core. The skin arrangement is shown in Figure 3.

The S-3A Grap hite/Epoxy Spoiler Deve l opment Program was conducted under

Contract N62269-73-C-06l0. Five graphite/Epoxy spoilers were fabricated.

One was sectioned to evaluate processes and manufacturing , three were static

tested and one was fati gue tested.

After testing was satisfactoril y completed , all allotted funds had not been

spent; so VSD applied for an extension of the contract to include the devel—

opment of UDI standards for the composite spoiler. In addition to the

fabrication of reference standards , the deve l opment of field inspection

techn i que s was pursued using the ultrasonic unit available to Navy inspec-

~~ 
don personnel . A Sonic Instruments ultrasonic unit (Federal Stock No.

6RX6635-070—6669-SXTX) borrowed from the Navy was used in this inve sti gation .

The initial phase of deve lo p ing NDI standards for the compos i te spoile r was

accomp lished throug h the fabrication and eva l uation of ten experime ntal

qua lity Con t rol Defect Specimens (QCDS). These preliminary reference panels

were built to investi gate the best material for producing buil t — i n  defects ,

1
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the minimum detectable defect size, the influence of vary i ng the number of

s k i n  p l y s , the influence on attenuation properties of the amount of resin

in honeycomb cells , and the influence on attenuation and physica l propert ies

of the amount of bleeder material used. The final standards were designed

i 
ut i l i z ing  the information gained from the preliminary reference panels.

These standards were fabricated in triplicate with two panels to be furnished

to the Navy for field use and one panel to be retained by VSD for use In

future production inspection . A ll reference panels were characterized by
r a d i o g ra phy , ultrasonic through transmission (immersion and contact) and

I ultrasonic pulse—echo methods. Procedures for field inspection us i ng contact

ultrasonic throug h t ra nsmi s s io n were develo ped and comple te techn i que da ta
shee ts are i nc luded  as Appendix A.
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SECT I ON 2

RE FERENCE STANDARD PANEL DEVELOPMENT

Ten experimental spec i mens were fabricated to prov i de the basis for the

des i gn and configuration of the fina l standa rd panel. The basic materials

and processes used were the same as those used i n the spo i ler  developme nt
program . These spec imens were designated Qual i ty Contro l Defect Specimens

(QCDS) and were used both in d e f i n i n g  fabr ica t ion techn i ques and in spec t ion
procedures. At the start of work all areas of the spoiler which have dif—

ferent cross section geometry were defined as zones. The lower spoiler has

ei ght distinct zones of construction as required by either functional or

structura l constraints. Figure 4 defines these structural zones. One

requirement of the specimen deve l opmen t work is the determination of how

many different standards were required to satisfactorily inspect each of

the defined spoiler zones.

Specimen QCDS—2 was a honeycomb pane l 7.62 i nches by 8.69 inches , wi th 8

p l y faces representing the average skin thickness encountered in the spoiler.

This panel was used in eva l uating the various materials available to simu—
r late bond line or interlaminar defects. Five types of defect materials were

placed in the adhesive bond line both above and below the core. Two types

of chem ical f i l t e r  mater ia ls  were used. The f i rs t  was a type “E” g lass
filter , Gelman Instrument Co.; the second was a teflon Millipore filter.

These materials were encased in mylar tape or RIV 140. RTV 11 was used as

the f i f t h  mater ia l . Deta i l s  of QCDS — 2 are shown in Figure 5. ND I  resu l ts
of the comp leted specimen ind i cated the best of the candidate mater ia ls  was
the g lass filter material sealed in mylar tape .

I t

Fi gures 6, 7, and 8 show reproductions of the C-scan recordings at increas ing

ga in  s e t t i n g s  obtainec~ with ultrasonic through transmission with the panel

immersed in water .  The gain sett ings for the Sperry UM 721 unit used for

* immersed throug h t ransmiss ion  are shown wi th  a notation such as X l+3 .
The Xl indicates the machine se t t ing  of the Coarse gain adjustment , whi le

- - ‘I the +3 indicates the Fine gain setting. The larger the gain se t ti ng , the

greater  the ampl i f i ca t ion  of the rece i ved ultrasonic signal .  Other machine

se t t ings  g iven include the frequency of pu lse tuning (Tuned) , the pulse

length (PL ) ,  and t he reject set t ing.  The types of transducers used for

t r a n s m i t t i n g  (1) and receiving (R) are also indicated . The glass fibe r

f ilter sealed in mylar tape (#4) was selected as the one of the f i v e  mate-

r ia ls used which best represented a lack of bond between skin and core.

4
I

_ _ _ _ _ _ _ _ _ _ _  

• _  
_
~~~t~~~~~ ~~~~~

:___________ _ _ _



r ~

—• -- -  -.—----- ~~~~~~~ 1 
~~~~~~~~~~~~~

T 
~~~~~~~~~~ r1

.~4 .~~

r i
. 14 14

: , ! 
.
~~ ~~ 

.
~~

C.1 
~-l H ci Z/ /  ~~~~~~~~~~~~~~~~~~~~~~~ ~ : ~~~i!• ,.•

‘ .~~ H
14 ~~‘ ~

, f t ~ 43
H H p.., :I.~. H

H H H 
~~~

p4 C C 
~ ~~ ZI —-—---:-_ ~~~ •••4 )~ 4) 0I — 

4) •2) C 0)
1 

~~~~~~~~~~~~~~ 
C 

14 14
to ~ f t f t  ~ 4)

~~~~~~~~~~~~~~~ p1 0 
~ 0 ~~ 

0
J • 

~~ 
f t H H H O H  ~p~ H

C .w .~~ ~~~~ ~~~ 
43

C C 
~ C) H H

4) 14 14 
.
~~ C.) ~ 0

H to rj~ o• 
.~~ ~~

‘ 
to p4-

.

4: t.—
• 

— —-- — to
0 H

c’ c
Z p4
0

• N
0

I ‘-~• 5 H c~1 ~~ ~~~

— p4 41 41 ci ci ci ci ci ci
J LI 0 0 0 0 0 0 o 0N ~~ N N N N N N 0

— 
.

*

-. ... - 
- -.

~~
- • L:~ -~ ~~~~~~~~~



r

I
• 4)

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~~ ci
0’

_ _ _ _ _ _ _ _ _ _ _ _  ~~~~~~~~~~~~

o I [ 1f J U 1I 1H I ~T T T I l l h 1 T I U T H F H I I H H I  ~~ ~ ~~~~ ~~
~~~

H ~~~~~~~

.

~~~

~ 0 ~ ~ 0 ~ ~

~ z
I ,

• I ~ , ,• I_ _ - 1 4 0 )  U
‘ r’~ ~ r ff l T TI~WT ~~L~ I ~~~~~~ .“ 0~~~~I’~JOJ c c F~N Lf\ () ..-4 p4

L. I h”1 E1J’9 ~~~~~~ c
t
~ to

IU1~~~~~~~~~ C~~~~~
to

_1
_

’ ~‘ ,~~~~~ I 
________  

t~4 t .:’ ~~• ‘~~~‘ / ~~. —
, ‘. I Ua

• 
I-;, o (}— — ;._r-T ;~

~~ ~~~_~‘ c ,  ‘.~~~~~~‘ c

‘0
I



rrP
~V

- 

_ 
_  

_

1 
_

_

_ _

I 
_ 

_ _ _ _ _ _ _  _ _

_
_ _

_

P ~ 
_______ : ::._: : T ______TT_ ______ __________

- _____  _______  

_ _ _

~ ~~L. 
_ _ _  _ _ _ _  _ _ _ _  _ _ _

_ _  _ _ _

_

_ 

Li

II
~~~ 
W •~~~~~~~~~~~~~~~~~~~~~~::~~~~ - ___________________.

~~~~

_ - -_____

_ _ _  _ _ _ _ _ _  _ _ _ _

_ _ _  

___Li
I. ~~i• — - ——-—- -—-—-—--- ---——--. --- ——..-.••--..- —--- —-- -- 

____  ____________.
.‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ ______

4 ____ 
- —- 

____

X1+ 3 TUNED 1 MH z PL 5O~
T8~P 1/2” 1MHz Foc R E J E C T  0

FIGURE 6: QCDS 2 U L T R A S O N I C  RE CORD ~ X1+ 3

- -  . 

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

_ _ _ _  _ _ _ _ _ _



• .—.—•—• - —•.———,,— .—•— ~.—• —•———— ••—• ~1~ ~~~~~~~~~~~~~ .__._ _ •  _,_ •• ___•• •— •————.— .. -•.—.—.— —

_ _  

I~’-I ==: 
_

_

_

_

_ _

_

4 
-=

-~~~

- 

_ _ _

________________ :: ~~~~~~~~~~~~~~~~~~~~~~~~ :ii .~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _________ -•____

xi+ 6 TUNED 1 MHz PL 5O~ .
T&R 1/2” 1MHz Foe R E J E C T  0

F I G U R E  7: OCDS-2  U L T R A S O N I C  R E C O R D ~ X1~ 6

10

-~~~~~~~ -~~~~~~~~~

-

~ 

•. 
.

~ 
—
~i~



r i

r ~~~~~~~~~~~~~~~~~~~~~~ 
r — — — —

~~~~~~~~~ : = ____ :~~~:_________ — — — — -  
• - _________

____--___

_______________ — LLi 1- 
_ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _

.

~~~~~~~ 
c-—-- —----- 

__________________________

1. 
—•-— -_________ ______________ ____________

- . . L:N

• 
_ _ _  

.. --—- --.--——- •— - - .  -—_____ — • _____ _

~~

..

~~~

T

~~~

N .  -— _______ _________ ____________

-
‘ I ~~~~~~~~~~~~~~

—- i=_ -~~~~~~~~~~~ =• ~~~~~~~~~~~~~~~ -—--- — ~~~~~~~~~~~~~~~~
—

~~~~~
-
-• -~~~~~~ •-~~~~~~~~~~~~~~~=~~~~~~ •—  — • ____

_______ _________________ ______-- •J -- 

--_ —- ._ _ _  _ _

X1+ 8 TUNED 1 MHz PL 50~T & R  1/2” 1MHz Foe R E J E C T  0
-
. 

•
• FIGURE 8: QCDS-2 ULTRASONIC R E C O R D  ~ X 1+8

11
1
.4, 

.

_ _ _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~ 

_ _ _ _ _ _



One of the objectives of the standards deve l opment program was to adequately

simulate defects such as skin ply delam inations or skin to core debonds.

Both of these defec ts a re a i r gaps wh ich  have been lef t in the material  by
the separation of layers . The inclusion of f i l t e r  mater ial  which Is ap-
prox i mately 8O-85~ a i r  space was selected to si mu la te an a i r  gap . D i f f e re nt

f i l t e r  materials provided differing responses to ultrasound. The glass

f i l t e r  mater ia l sealed in mylar tape was highly sound attenuating and re-
ma ined v i s i b l e  in the ultrasonic through transmission C—scan record ing at

a high gain setting, i.e., th is ma te r i a l  e x h i b i ted a g a i n  lev el res ponse
represen tative of a naturally occurring defect.

Figures 9 and 10 are positive prints of radiographs of QCDS-2. Figure 9

was an exposure made with the beam perpendicular to the top surface while

i n Fi gu re 10 the beam was pa r a l l e l  to th i s surface .

Pulse—echo and through transmission inspection techniques were investigated

with the Navy ’s Sonic unit. A satisfactory pulse—echo method was not found

since a meaning ful difference in display between norma l and defect areas

could not be obtained . The difficulty in distinguishing the responses in

the two areas is not encountered when through transmission is used . Figure

1 1 shows a photog raph of the instrument display in a throug h transmission

mode transmitting with a 2.25 MHz transducer and receiving with a 1 MHz

transducer in a norma l area . Figure 12 shows the display when the trans-

ducers are placed over a built-in defect. The responses in the two areas

are readily recognized .

The QCDS-3 specimen is a 21 ply solid laminate as shown in Figure 13. Two

types of defect material were used ; one set was glass fiber filters sealed

in mylar tape , and the other set was teflon tape . Defect sizes ranged from

3/8 inch diameter to 1 inch diameter , and a l l  we re l oca ted in Pl y 13 as

shown in Fi gure 13. The results of these embedded materials again show

the sealed f i l ters to g i ve a ga i n l e v e l  response more re p resen ta ti ve of a
defec t in the material. Figures 14 , 15, 16 , and 17 show reproductions of

the C-scan recordings at increasing gain settings obtained with ultrasonic

through transmission with the panel i mmersed in water. The defects con-

structed with the teflon tape show two disadvantages: First they disappear

from the recording at a l ower gain setting (Fi g. 16) than the glass in mylar . 
-

defec ts , two of which  s t i l~1 show up at the maximum gain setting (Fig. 17).
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Second , the two teflon de fects of the largest diameter disappea r before
the smaller defects (Fi g. 15). The inconsistency of results with the tef-

Ion mater ia l  and the des i rab i l i t y  of results at hi gh gain settings led to

C the choice of glass fiber filter sealed in mylar tape as the defect mater ia l
to be used in fo l lowing pre l iminary specimens and in the f inal  standards.

Figure 18 is a pos i t ive print made from the radiograph of the solid lami-

nate reference panels QCDS-3 and QCDS-6 through 10. The radiograph shows

the comb ination of the g lass f i l ter w i t h  the mylar tape qui te  w e l l .

Pulse-echo and throug h t ransmission inspection techni ques we re invest i gated
for the so l i d  laminate using t he Navy u l t rasonic uni t .  Fi gure 19 shows the

instrument d isp lay when using a 2.25 MHz transducer in the pulse-echo mode

in a norma l sect ion of laminate. The shorter return time for the si gna l
over a bu i l t - i n  defect is s hown in Figure 20. Since thickness var ia t ions
in a laminate will also produce a time shift in the display, much caution

should be used in drawing conclusions from pulse-echo time shifts.

Figures 21 and 22 show the instrument display obtained using a throug h trans— S

mission method on the same norma l and defect areas. The transdusers used

were a 0.5” diameter 2.25 MHz for transmitting and 1.0 MHz for receiving.

The simple contract of large received signals in Figure 21 and no rece i ved

signal  in Fi gure 22 is more obvious than the time shift seen with the pulse-
echo method . ThiI;kness variations in the laminate would onl y cause small

ampl i tude changes in the peaks seen in Fi gure 21. it should also be noted

that depth of a defect from the surface is not obtainable with “C” scan thru

transmission ultrasonic inspection .

~-
•

~~ 
Two honeycomb sandwich reference panels were fabr ica ted representing the

minimum and maximum numbers of skin plies present in the spoiler. QCDS-4

had s ix  piy upper and lower skins , wh i le QCDS-5 had eight ply l ower and ten

ply upper s k ins.  Each specimen contained 6 defects fabr icated from g lass

f i l t e r s  enclosed in my lar tape ; construct ion de ta i l s  are shown in Fi gure 23.
5~~-

The information furnished by these two panels along with the examination of

the ply drop-off area in one of the static test spoi lers provided a basis

~
‘ 

‘
~~ for deciding whether or not the fina l reference standard should include a

b ‘
~~ separate reference a rea for each ply th ickness in the spo i le r .  Three ul tra-

sonic C-scan recordings of QCDS-4 and 5 using immersion throug h transmission

are shown in Fi gures 2~ , 25, and 26. Both these panels were more hig hly

attenuating than QCDS-2 (compare gain settings Figures 6 and 24) and QCDS-5
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was more hi ghl y attenuating than QCDS-Le. Figure 27, a positive print of the

radiograph of the two panels , a l so  shows more de ns ity in core ce l l s .  In
Figure 28, positive prints of radiographs of these panels with the beam

perpendicular to the core walls , shown an even greater contrast in densi t ies
within the panel. As reported in previous studies (2—l +2000I5QCR-5) the
difference in sound attenuation l evel is due to differing amounts of resin

accumulat ion in the core and has no re lat ion to the number of skin p l i es

I 
in the test panels. 

- 

-

Static test article #2 was examined ultrason i cally and radiographically in

the sect ion where skin p l ies  drop from 10 ply to 6 ply. Figure 29 shows a
reduced reproduct ion of the ul t rasonic through transmission C-scan recordings
of the spoiler. Numbers indicate the number of skin plies. No difference

in attenuation leve l is noticed as the ply number changes. However, it will

be noted that the core splice area and the beve l ed edge always show as at-

tenuating areas because of the change in loca l densi t ies.  Fi gure 30 shows
P a pos i t i ve  print of the radiograph made of th is  area . Skin ply changes are

only d iscernib le as gradual density var ia t ion . 
5 5

The f in al standards were desi gned w i t h  an average nu mber of sk in p l i es s in ce
the var ia t ion does not appear to s ign i f i cant ly  affect NDI resu l ts .

Five 21-p ly so l id  laminate panels designated QCDS-6 , -7, -8 , -9 and -10 were

fabricated to determine the effect of over or under bleeding resin from the

: ! advanced composite material on physica l properties includ i ng thickness , fiber

volume , ultrasonic and radiographic responses. Construction details of these

specimens are shown in Figure 31. Each spec i men contained one defect as

indicated for reference in radiographic and ultrasonic evaluat ion . The nun~-

ber of b leeder p l i es  used for each spec imen and the effect on thickness and
fiber vo l ume percent is shown in Table I. Figure 32 presents a reduced

reproduction of the u l t rason ic  thru transm ission recordings for each of the

f ive  specimens and a radiograph for each is shown in F igure 18. Ne ither

ultrason ics or radiography indicates a measurable difference in the panels

eva luated.

A sing le specimen desi gnated QCD S-l 1 was fabr ica ted to represent the area of

the outboard tab stiffe ner. The basic difference in construction is due to

the add i t ion  of a precured skin and core s t i f f ene r  area to the bas ic  spoi ler  F
cross Sect ion . The sect ion of the spec imen which represents the spoi ler

24
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— honeycomb with added skin is referred to as Area 2; the section which repre-

sents the spoiler edge with the added core and skin stiffener is referred to

as Area 1. Confi guration details are presented in Fi gure 33. Severa l defects

were simulated in this specimen including two which were fabricated by re-

moving adhesive from the bond line and four with added glass fHters covered

• with my lar tape .

TABLE I EFFECT OF B L E E D I NG ON T H I C K N E S S  AND F I B E R  VOLUME

Specimen Plies of Average Fiber
I Number Resin Bleeder Thickness Vo l ume ~

QCDS-6 14 0.1212 66.6
— 7 10 0.1216 66.7
-8 7 (optimum) 0 .12 11 66.7
-9 3 0.1292 65.0
—1 0 0 0.1371 59.8

Figures 34 and 35 show the ultrasonic through transmission C-scan recordings

J at two sensi L iv i ty settings. The two areas where adhesive was removed are

not detected due to the filling of these areas with epoxy from the composite

ma te r i a l  , or f low of adhesive into the area .

Fi gure 36 show s a pos i t i ve  print of radiographs made of the panel. A view

with the beam perpendicular to the skin surface and a view made with the

beam parallel to the skin surface are shown . The four defects created with

added material are detected , but those where adhesive was removed are not.

I’ ’ Evaluation of this panel using the Sonic unit showed that the area containing

I 
the precured tab stiffene r (Area 1 , Figure 33) gave slig htl y different

responses than the area representative of the main body of the spoiler (Area

2, Fi gure 33). Figure 37 shows a photograph of the instrument disp lay ob-

t a m ed when us ing a through transmission mode in the precured tab stiffener

; .‘~~~ section (Area I; transmitting with 2.25 MHz and receiving with 1 MHz trans—

~~~~ 
ducers). Figure 38 shows the display when the transducers are p laced over

a built-in defect. The displays shown in Figures 39 and 40 are those obtained

~~¾ ‘ when placing the transducers in corresponding positions in the other section

of the panel (Area 2). The displays in Areas 1 and 2 are similar , but the
‘

•
~~ , I~~~ 

gain settings were : Coarse 4 and Fine 7 for Area 1 while in Area 2 settings
I~~~ :3 were Coarse 6 , Fine 5.
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SECTI ON 3

F I N A L  REFER E N CE STA N DARD S

• I 
The information gained from the preliminary reference panels , QCDS-2 throug h

-Il indicated that the compos i te spoiler should be inspected by calibration

for fou r sepa rate inspection areas: (I) the main honeycomb sect ion , (2 ) the
tab stiffener area wh i ch extends out over the solid lam i nate , (3) the tab

st i ffener area w i t h i n  the main honeycomb sect ion , under the 2—pl y sk in

doubler , and (Le ) the so l id  laminate edge. Th ree panels includ i ng each of

these four areas were desi gned with each area containing four defects fabri—

cated w ith g lass fibe r f i l t e r s  cove red by my lar tape . Defect s izes range
from 1/4 inch diameter to 1 inch diameter. Figure 41 shows details of the

layout and construction of these panel s which were designated QCDS-12 , -13,

and - h i .

~~ :~ 
All materials and processes utilized during the fabrication were the same as

3 those emp loyed during the complet ion of contract ~I62269—74—C—O629. All

exposed honeycomb was sealed to prevent introduction of moisture into the

specimens. The same finish is app l ied to the specimens as that appl ied to
the comp lete spoi lers w i t h  the exception of the addition of a coat of white

epoxy paint to the screen (aerod ynamic) surface. Three panels we re fabr icated
and cured together to try to obtain close dup lication . The three panels

are shown in Fi gure 42. Each of tne three panels was eva l uated using ultra-

sonic i mmersion throug h transmission , radiog raphy and ultrasonic contact

through transmission . Fi gures 43, 44 , and 45 show reduced reproductions

of the ultrason ic i mmersion throug h transmission C—scan recordings of a

representative panel. Figure 43 shows the recording made for the solid
- :.: laminate (Area 4) wh Ile Fi gures 4L~ and 45 shows recordings made at two

gain settings for the honeycomb and tab stiffener (Areas 1 , 2, and 3) .
A positive print of the radiograph of the panel is shown In Figure 46.

Inspect ion techniques using contact u l t rasonic through transmission are

detailed in Appendix A. A procedure for each of the four standard areas

i s  presented includ ing step i n s t ruc t ions , table of machine settings , a
r figure showing the standard spec i men construction in the area which the

procedure covers and two scope displays of the standard showing the CR1

response to nrma l and de fec t i ve  const ruct ion.
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SECT I ON 4

CONCLUS I ONS AND RECO MM ENDAT I ONS

As a resul t  of the work done and reported on in the preceed ing sect ions ,
severa l conclus ions and recomendat ions have been made. Contact u l t rason ic
throug h transmission is a reliable and sensitive method which wi l l  allow

the detect ion of de lam inations or debonds as small as 1/4” in diameter in the
~~ I 

solid lam i nate areas or 1/2” in diameter in the honeycomb areas of the corn-

posite spoiler. It should be remembered that with any contact inspection

method , the surface preparation of the part being inspected can have great

influence on results. Every effort should be made to insure a clean , smooth

surface for inspection .

Ultrasonic throug h transmission , as detailed for inspection of the composite

spoiler , does have some limitations. Th rough transmission , can locate

and define the dimensions of a delamination or debond L~ut does not prov i de

information concern i ng the distance of the defect from the surface of the

part. It also should be noted that with throug h transmission it is possible

to increase the sensitivity setting so that ultrasonic waves be i ng driven

around a smal I defect can be detected.

Other techniques for backup and for providing additiona l rnformation about a

defect located with ultrasonic throug h transmission are being investi gated

and wi l l be reported In report Number NADC—76234-30 under contract Number

6226 9— 75 — C— 0428.

C::
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S-3A GRAPHITE / EPOXY SPOILER INSPECTION PROCEDURE

I . This ultrasonic procedure w i l l  be used to detect delaminations or

debonds in skins or adhesive bondlines .

II.  Eq~iiprnent

1. Ultrasonic Flaw Detector manufactured by Sonic Instruments , I nc.

(Federa l Stock No. 6 R X 6 63 5-070-6 6 69-5X -7X )

2. Transducers

2.25 MHz , 0.,” diameter , Type LZ-C2

1.0 MHz, 0.5” diameter , Type SFZ

H 3. Cable , two — 8 f t .  microdot/~ NC connectors

L ~. Transduce r ho l der (see Fig. A- I) or equivale nt

5. Coup lant , water soluble cellulose base gel

6. Battery power unit , if applicable.

I I I .  Access

Lower spoiler should be at maximum extension

I ‘V . Preparation of Part

Surface of part r ous t  be clean ~r,d f ree of ~ucF surface irreiro I~ r fies

as blistered or chipped paint.

V . Procedure

• •1.~ 
1 . Place transducers in holder. Attach cables to transducers. Attach

~
h~ ~~~~~~ cable from 2.25 MHz transducer to “T” receptacle and 1 MHz trans-
.

.

ducer cable to “R” receptacle on instrument. Turn on instrument for

warm up.

2. Select area of inspection using inspection area/reference standard

usage instruction , Figure A-2. Turn to procedure sheet specified

for this area and follow calibration and inspection instructions.

3. Inspect all of the selected area before proceeding to another area

of inspection.

•
1; 43
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I PRC ( IH IH  P.E

I Defect Depth
I 

~~~pect ion Area — Honeycomb section of spoiler , excluding tab stiffener area.
Adhesive Line~~Reference Standard — Area 1

Procedure Adhesiv e Line

1. Place couplant on both surfaces of Area 1 on Reference Standard .

2. Place transducers In holder on Area 1 of Reference Standard , with 2—2 5MH Z

transducer on inner surface (red surface) of standard.

3. Adjust spring tension on holder to obtain tight fit on standard .
Skin

4~ Position tran sducers in an area where there is no marked defect . Adjust Adhesive L ine (
‘ 1 instrunierit initial settjpn-~ as shown in Table A—i . Core

-
~~~ 

5 

5. Ad just gain controls , if necessary, to produce the display shown in Adhesive Line
I
I Skin

~- Figure A-n .
Adhesive Line

6. Move transducers over largest marked defect . Display should be as in Alum. ~creen

Figure A-5 . ____________

FIGU~I 7. Slide transducer holder off and on marked defects , r h P c k in i -  tension
I -

- - F a~1, 1~ t-7c- r~ .,  e~co’•~ coupl in1~ and responseL shown on disr  iay .

8. Place cot1p lant. on both surfaces of spo~ ler in area - - ‘ insrIec~~~~ cIn. -• -I 

-

______

~~. Po s itHir~ transducer h- ai der  on spoiler. Compare di~ nlny to t 1•~:L~ t~~~It11~~ nej 
____

on reference panel. (Figure A-~., an-I ~~~~~~ 1- - j  ___________

lfl . ~~jI~ t r ansducers  to scan WIt }~~rt def ~.rte- ~ lir its of in Io~~c
4 - i

~~~ r5 7L r c~a .
, -

.~~~~ 
_ _takin~ care to ~l .  r,r - t1e ~ ~~~~ coupIin~ ~1e~~~~I-~ -n t r ~ i - s d-~~cr r s  and spoi~~er .  - _______

p •4 _ _ _

- ~ 
Hi .  A di:;plav ifl’ - - t -~~tt  ~h c 5 r  j n  C~~i 1n1r - 4~ 5 wil l  ~ • t H i t t e ~ rH~-CH l.1- 

-

‘ ir~~i nr~t i cn  - I r  ] E ~~~I ’ 7 f l I I  . ..I. -

12. ~~~ and repo .’t d~ fnc t  ir.~ ic~t~ icnr .
-~~~ 

‘
~. 

F I ( U F ~E -\ -

- ~~ ~~L=i i~ j~~~~~ ~~~~~ ~~



_ _ _ _ _ _ _  - 
___________________

PROCEDURE 1

Defect Depth _____________________________________

Adhesive Line~~~- - 0 TABLE A-i, MACHINE SETTINGS

-- — -  

AREA 1

Adhesive Line ©• Q 0 
Sweep Range Coarse 1 Fine ~4

0 Sweep Delay Coarse 0—3 Fine Max

Attenuator all down

(‘,ain Coarse 6 Fine 0

Reject 
- 

0
Skin 1

Adhesive Line~~ ) 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Freq. — 1-~~z 1.0

Core III Ill I I 11 Damping 7
- Adhesive Line ® ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Mode Thru

Skin

Adhesive Line~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Rep . Rate Auto

C ________________________________________ Filter Oflurn. creen ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —_

Exploded Section A—A

FIGURE 3. A R E A  I DEFECT LOCATIONS

FIGURE A -4 :SC )P T-H DT~ P 1IAY FOP NOR MAL FIGURE A-5 :SCOPE DISPLAY FOR D E F E C T
R E S P O N S E  IN A R E A  1 IN A R E A  I

46
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PROC

Inspection Area — Tab stiffener area which extends over solid lariinate

edge.

Reference Standard — Area 2

PROCMDUH E

1. Place couplant on both surfaces of Area 2 on Reference Standard.

2. Place transducers in holder on Area 2 with 2.25 MHz transducer on
inner (red) surface of standard.

• 3. Adjust spring tension on holder to obtain t ight f i t  on standard .

~~. Position transducers in an area where there is no marked defect .

Adjust initial instrument settings as shown in Table A—TI.

5.  Adjust gain controls , if necessary , to nrctl luce the display shown Tab Sti

in Figure A— ’t.
L. 

6. Move transducers over largest marked defect . Display should be as Ad~~
Doutin Figure A— n .

If ~ I S~7. Slide transducer off  and on marked defects , checking tension ad .just — A1~~
-

. merit , good coupling , and responses shown on display .

0. Place couplant on both surfaces of spoiler in area of inspection .

Note that this area is very limited in size and careful positioning of F

- transducers is necessary.

7. Position transducer holder on spoiler . Compare display to that

~
- I obtained on reference panel. (Figur e A— 7 and ~ i~~ure  A - Y )

10. Slide transducers to scan within defined limits of inspection area~
L 3 taking care to assure adequate coupling between transducers and spoiler .

Note that definite edge effects are obtained if transducers extend over

the edge of the part.

11. A display like that shown in Figure A-8 wi l l  indicate a probabie

delamination or dehond .

12. Mark and report defect indications.

FIGU 

- .  - 

_ _ _ _

I - 
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- I  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _

P R O C E D U R E  2

TABLE A -Il, MACHINE SETTINGS
_ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  A R E  A 2

\~~~) I I ~weert Range Coarse 1 Fine 5

— 
I I Sweep Delay Coarse 0— 3 Fine Max

1’ ~ I
t I ( Attenuator All Down

0 0 Gain Coarse 1i Fine 8

I I Reject 7

_______ 

Freq—Mi -I z 1.0
AREA 2~~ ~~AREA 3

Tab Stiffener _______________________________ Damping 7

Adhesive 
Adhesive Mode Thru

Doubler ~~~~~~~~~~~~~~~~~~~~~~~~~~ Rep. Rate Auto
Skin —-—~~-- . ?AdhesiVe

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— l--..—-—...-. Filter onAlum . _______________________________________

FIGURE 6. AREA 2 AND AREA 3 DEFECTION
LOCATIONS

FIGURE A-7 : SCOPE DISPLA Y OF N O R M A L  FIGURE A-8:SCOPE DISPLAY OF DEFECT
RESPONSE IN AREA 2 fl’.~ A R E A  2

47 
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FT ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Spoiler Tnspectiort Area — Th~ sti ffener area which extends into honeycomb section . PROC
- ference Standard — Area 3 — See Fi~ ure A — C .

- - P rocedure:
I 1. Place couplant ori botk surfaces of Area 3 on Referent- p Standard .

2. Place transducers in holder on Area 3 w i t h  2.25 !IEz transducer on

inner (red) surface of’ standard .

3. Adjust spring tension on holder to obtain tight fit on standard .

14. Position transducers in an area where there is no marked defect.

Ad.lust initial instrument settings as shown in Table A—Ill.

I 
5. A i lu s t  r a i n  control , if necessary , to produce the display shown in

Figu re A-9.

~~. Move t ransducers  over largest marked defect . flisplay should he as in

L 
Firure  A — l U .  

Tab St it
7. Slide transducer of f  and on marked defec ts , checking  tens ion adjustment ,

- good coupling , and responses shown on display . Skft

8. Place couplant on both surfaces of spoiler in area of inspection . DOUb~4

~ote that this area is very l imited in size and careful positioninC of Alum . 3c

transducers is necessary . 
________

I 
~~. Posit ion t r o r r - C - tr er  holder on spoiler . Compare display to that obtained FIGUI

I on reference an t - I .  (Fi~’ure A—~ and Figure A — i D )
10. Slide t ransducers  ~~~~ scan wi th in  def ined linits of inspection area,

t ak in ~ care t I  t t r r- r ls  ~- i t - r i~~te c~~upH ~~nt ~ between transducers and
spoi]t-r . 1 0t0 t~~-t t  Ie f ’~~r~~t e  edge ef f e r t r  are C~]IItc1f lt-~~ if t r - i n r d~~rers

• t -y~~ en ~~ver t~~ t-~~cr of t~~~1 1
~ 2 p~~y si n nb 1

I 1.. A disnlay l i k e  t. - ~,. t shcwn in  Fl - - -~re A — i f  ~~~~~~ ~ j~~~~Jj ~~~~~~ t 
~~ ~~ prob~t : ’

r .—~; delaru nat x-r or ~~P t (  T O  ____________

12. ~ar 1-~ and report I .-fr- - t I n i i  c at l i o n.s

FTC,I RE

L

.4
’
, 

_ _ _-

I’ 
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PROCEDURE 3

TABLE A -Ill , MACJUNE SETTINGS
_ _ _ _ _ _ _  _ _ _ _ _ _ _ _  A R E  A 3

Sweep Range Course 1 Fine 5

/ ( Sweep Delay Course 0— 3 Fine ~t~tx
(
~ID Attenuator All Down

~~~~ Li
~~~~~J 

C:urse 6 Fine ~

A R E A  2 ~~~~ A R E A  3 Damping 7
Mode Thru

Tab St i f fene -.

Skin _____

____________ 
___________ 

____ 

~~ e~~~
te Auto

Doubler ~~~~~~~~
Skin . ->Adhesive

Alum. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

F I G U R E  6~ A R E A  2 AND A R E A  3 DEFECTION
LOCATIONS

H

I—

F F G t J P E  A -9 :~~cQp E DTH~ I A Y  FOP N O R M A L  FIGURE A-10 :SCOPF DISPLAY OF D E F E C T
PF ,~-Po~- .~~J-: TN A R E A  3 TIN AREA 3

48
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p
ler In~~~ection Area Solid laminate leading e-lge

-.
~I Reference Standard - Area 14

Procedure

1. Place couplant on both surfaces of Area 14 nn Reference Standard.

2. Place transducers in holder on Area 14 of Reference ltandard , wi t h 2-2Mh Z

I transducer on inner surface (red su r f ace )  of panel. tlse adjustment washer

in 2.2 5MH Z side of transducer holder to allow transducers to move closer

together.

3. Adjust spring tension on holder to obtain t igh t  f i t  no standard .

14. Position transducers in an area where there is nn o~ir ke~ defec t . Adjust

instrument in i t ia l  sett ing as shown in Table A—IV .

5. Adjust gai n controls , if necessary , to produce the i i spiay  shown in Figure A— l2 .

6. Move t ransducers  over largest marked d efe c t .  2isplay Sh O U i i be as in y i r u r e

7. Slide transducer holder off and on marked defect , cI~ec k inr ~ tension adjust-

ment , good coupling and responses shown on display .

8. Place couplant on Loth surfaces of spoiler in area of inspection.

9. Posit ion transducer holder on spoiler . (Torrup are J ir n l ay  to that c l - t am ed ~n

r I) reference panel. (Figures A —1 2 F U l l  A— ’ ~)

l~~. Slide transducers to scan within defined limitr of inspection area , t ak ing

care to assure adequate coupling i Ct ~~~ Ct -f l  t ransducers and spoiler.

11. A display like that shown in ~igur e i .~~L wi~~l i r d i m~.e n probnv t-
I Im~ I
I. ( 10 r tmi n ~tt - f l  -

~~~
- 1 f -  ~-o1

12. Mark and rer-ort  defect indications.

:4 FIC
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P R O C E DU R E  4

T A B L E  A - I V , M A C H I N E  S E T T I N G S
A R E A  4

Coarse O~ 3 _

____ 
Coarse 1 Fine 9

Free—MH z 12
Damping 7

______________________________________ Mode Thru
— — 

,
~~~~~~ / Rep . Pate Auto

~~~~“ e~ t s  Oute r sk in // Filter On

i n n e r s k i n/
se A - ia .  S E C T I O N  A - A

FIGURE A -il: AREA 1 DEFECT LOCATION

on

- .  ~~~~~~~~

-

-

FIGURE A -l2: SCOPE DISPLAY FOR NOR MA L FIGURE A-13: SCOPE DISPL -\ Y FOR D E F ECT
RESPONSE IN A R E A  4 TN A P F - \  4
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—-

Spoiler Inspectior 11 — Solid h~u~ i n a r I S I .i ~~ig-~ (Alternate ~~ ocedure) A L T I

Reference  ~tandai d — Area 14

1. Place couplant on inner ( red ) ~~~~~~~~ of Area -, 1 “er r o e  Standard .

2. neriove t r ar l r - ( -rj e r s  f rom hold~-r and -1 ~~sn - ‘
~~~~ 1. 0 “~~r t r~mr - 1u 4’r aol  A

cable fron ‘ °
‘ post . 4

3. Adjust in it i a l  in~~t r u~~ent -t~~in ’ c  as ~k- ~wo i n  - H e  A— .

14.  Place 2.25 ‘
~~~2 

transducer in an area where thor- is no marked defect .

5. A -t l u st  ga in  cont rols , if nece~ fla r y ,  to r r ~- ] :ce  l in h i l a y  as in ~~~Jre  A— i -

C . Adjust  Fine Sweep Pange Control to r h ac e  na . r neak on a ver t ical

--r i - i mark .

7. Move t r ar i n Il i lce r  over ] a rgent  marked def ’c-o~~. ‘L1- r peak in - li splay

shoul-~ si-u ft  one “ i l l  mit  to the  le f t  an in t’igir e A — I  5.
I

~~. ~1ace c uplant ,  on inner  ( r e d )  ; u r f c- r - of spoiler in aroa of increction .

~~~ . Place- t r ’-inr- lucer en oroil  ~-r , compare di si— ] ay to that  obta ir e- i  cur.

rn~~e ro r c e  Pa~ c I .  (Fl  c ures  -~ ~~~~~ I r  A— i 5 F’I~

in . Slide ~- xuncl’ c~ers 00- s o a p  n-j t~ - i n  defi -el lull.] of ins~~ - -- I t ~nn a n o n ,

takiri -; care to wr~ rru a T e  u n t o  cn~~~ . u n ]  : I c ~~t loO IIOc transducer and spoiler .

lI~ ~ J j T h y  l i ke  t -oct  shown in T-’i~-nrc- 1 — . ,  w i l T  r - i ”- - ~ 0 rural c~- o 
-

~ -~~ lei~~~~~~
I
inIn~~~i~~~n or It-t ool.

~~~~~~ 12. - tr ] .  n i  rerv rt defect  indications.

V

FIGUR
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A! A! F] J~PO ( E D U R E  4
_ _ _ _- 

T A B L E  A -V , MACHINE SETTINGS
A R E A  4

) A

L 
Sweep Pange Cc un r c — a IL Fine - 

- 
I-

~~ Q 
~~~~~~~~~~~

__
~~~~~~~~~~~~~ 

— -  weep Delay Coarse Fine

r
~~~~~~~~~

t0r ~~~
r
~~~~~~~~~

1

r ineI

2 .2~
Damping

I-lode Pul s~—~c

______________________________________ ken .  nate  Auf .
I 

/ ~~~~~~~~~~~~~~~~~~~ -

de fe ct s  P ut cr s k i n/  F i l ’  ~~ I -

s kin

SEc I ION A —A

FIGU RE A-I l :  A IflZA 1 D E F E C T  LOCA TION

-
~~~~~~~~~~

F I GU R E  A —14: SCOPE I ) I S PI .A Y  i i~ ‘~~~ u 1-’IGT ’P F. \ -1~~: SCOPE DTS1 ‘1 d Y OF DEFECT
RE SPONSE TN A P I \ 4 TN ‘PEA 4 
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