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INTR ODUCTION

In suppor t i$ the Heavy Lift Helicopter Advanced Technology Component (HLHIATC )
Proqam , a fiberglass box beam was fatigu e tested on the rotor blade fatigue test m achine
in the Structures laboratory at the Applied Technology I tboratory of the US A rmy
Re’sea:ih and Technology Laboratories The beam was designed and fabricated to simulate
t h e  spar of the HLH rotor blade , a similar Iayup scheme but a differen t manufacturer s
preampreynated fiberglass tape were used The box beam was tested at a fatigue load
level sufficient to cause fa ilure within a reasonable number of fatigue cycles (5 x10 ) to
determine beam fatigue strength and observe failure modes and rates. The beam was
tasted to fa.luc• on 29 April 1975.
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PREPARATION OF SPECIMEN FOR TEST

The Boeing Company, Verto l Division furnished a 180 inch long fiberglass box beam to
the Structures laboratory of the Applied Technology Laboratory. The beans was urn
form in cross section over its entire length with the exception of 17 inches on each er i l
where the cross section was gradually built up with unidirectional materi al to provide
additional end grip suppor t (see Figure 1) . The layul) on the flanges of the beam wd S

45 , 0~ 90. 45 and on the vertical web was 45 , ‘0 , ~ O. ~45 . with ) 0 parallel to
the lonqitudi n,j I .is~ is of the beam . This layup was s im iLar to that used art the H LH ATC
blade spar dt•sujrl Manufactur rig flaws t Ii5I’~(r I IIII ,it I  I’, ‘I dimples arid ~ rarsk les
( Figures 2 and 3) •ars d were in i’yIdt’Il( i’ liw e r i t i ?  i’ i’IiItt L I t t  thC beam

3 PLIES CROSS-PLY (
~ 45° )

32 PLIES UNIDIRECTIONAL (0 0 )

FIANCE

—- . 25 11YP
12 8 ITYP )

S Pt %~S ~~~
I.-.

1 P LY CROSS - PLY
• WEB

, 3 PLIES CROSS-PLY
DOUBLER

I

I 1 PLY CROSS - PLY
I-’. Si B T Y P J

I - f  . .- • — - ——~

2 ( T Y P
8 9 3

F igure 1. Cross sect ion of box beam .
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Upon receipt of the beam, an aluminum bulkhead was installed 12 inches from each end ‘I

to allow a failure detection system to be installed. This device, called the Integral Spar
Inspection System ( ISIS), monitors the differential pressure iii a sealed spar whose inter
or has been partially evacuated. Cracks that have propagated through the wall thicknes s
are detected by a loss of vacuum in the spar. Aluminum shims bonded with tooling
epoxy were used to build up the inner surface on each end of the beam (Figure 4) .
This was necessary to insure that the surfaces were flat and parallel for the end grip
adapter on the tes t machine. Aluminum doublers and a steel grip pad were then bonded ri

the outer surfaces of the beam. Holes were drilled through the grip pad, doublers, and
box beam for a stee l bushing. The bushings were installed in the holes, the grip adapter
was inserted in the end of the beam, and the adapter pin was installed through the beam
and adapter . The beam was pinned in this manner to allow self aligning in the machine
and to eliminate extraneous chordwise loading conditions.

Strai n gages were installed at seven stations along the beam as listed in the table below
and ~ iown in Figure 5.

STRAIN GAGE LOCATIONS

Station
(Distance from

Strain Gage Actuator End)
Location (in .) Type Gages Remarks

1 12 3,4 Bending (f lapwise ) Gages on doublers
Two 2-arm nonc ompensating

bridges

2 21-3/4 Bending (tIepwise~ One 2-arm compensating
br idge

3 55-3/4 Bending (Ilapwise ) One 2-arm compensating
bridge

4 90 Bending (f lapwise and Two 2-arm compensating
choidwise). torsional bending bridges

One 4-arm torsion bridge

5 124 118 Bending Iflapw ise) One 2-arm compensating
bridge

6 158 5/16 Bending (flapwi ie ) One 2-arm compensating
bridge

7 167-118 Bending (flepwise) Gages on doublers
Two 2-arm noncompensating

bridges

8
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ACTUATOR END REACTION END
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a rid run for ¶~ ~. 10~ ~~‘ ‘ ‘c Repeat t,r ~ t I  f ,ii ’ uT ,’  occurs If 4 , ~J ? i ’  5 ‘ ‘ 1
reached ~‘.i t ’ ’ f l  the .ip,i t , i I , t i r c  nI the hydrau l ic  SyStem , ‘‘‘,i ~,( r1 T ’ i’ 4 13 !r i ’ST
strain leve l olitainabla’ ann increase t ’ - ’ axial load to 100,000 ~~iur~ii’ - and

L(F L T I I ) I ( 4 ’  test inq
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n-”ac~c~ 5 minutes af te r each increasp irs stra in i’v~ l and every inn,? T P i’t i’d t  ‘i’~ Strain
measurements were recorded on an oscilloqraph
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,,nri~ ‘ I ,  t u n ic ~s sc i f s

creased ,) !f, t ,s it ’ s ‘‘ ‘ 3400 n’ss n u i ~~ s ‘ -~“c l ’4’’ ‘ ‘ i ’ 111~,,k Tn peak was rs ’  u in  led ‘t ea’ Figure
T 3 i  At t hss ) i u l u 1! ,s bolt in the tes t f ix tu re faa led , ,iui st nsq T he tes t Iii 1w d T i i ( , ) L a ’ I I  The
crac k 1. ’ . - ,s ’  • 1 ci n’ ’’ ’’ I ‘ a t  Is. ’~ ‘‘‘n’ t ‘~. ir r i ’ ,I ,s ’;,I h.iti i) rot s .)(

~ited I’  t i , a ’  i i n ’ s i ’ n  u t  I’ s ’

bean’t a ’r’ t 2 u ‘ui ’s i; P-e siuti’ t~s ~‘j i ~i ~ u l .’ar’~ Srnt ,k p was also otswrsi,”ii ri Its , ’  Q~ I))

area st t~~i’ i , ,,, t ,  ,‘, i’nul LI I  It’, t u-, ’.s ’ r’ T P ,s ’ i h s t u t i h i ’ r s  at 1)11th crisis were hot T i ’  t Ins’ touch,
and debondirsq ts, ’tss ei’’’ It ’s ’ ,lnuat , h i ’ rS  ,3nS(i lIsp h earTs had obviously started Two addition
al fatigue c racks w .’ r i ’  ,Ii Su l discovered - (irs,’ a~qsn u u * insat i ’ i ,~ 

40 inches from the reaction end
of the twam i “e,s r tn. test  r ,~ k I on (I,.’ bottcxn flaisqe ,~nil one near midspan on 1h
top fl ange .

After rep lacem ent is t  the failed boll , test inq resumed A strain of 3&)O nu n’  uiunches per
inch peak I,’ peak was achiev ed in the test 54’(~tunn when an ax i a l  u iV f ls ’ c t ’ i s ’ ’  rif t nictec t os
again shut clown III. ’ machine The maximum s t r . s ’ n  ‘‘iii shifted away Ins sri’ midspan
(se e Figure 14) Aft e r several mor e thetdowns ansi ins ~~ect inn S , th~ l,nu T 1’ ‘ s  I L ) ?  was

removed ansi testinq resumed The frequency was increased qraduat ly t i t , ”,I t - i~ peak of
the resonance curve The amplitude n 4 t 5 rs’ strains i’ ~ t vs ’ ,~wd as frequency 1, li’,SSC(l At
20 Hertz and 22,000 cycles thi’ beam failed ,. i t , ict r ,-s~shir ,~ I I ~ sr it,.’ qt ,t’ ‘ i  ‘1 the
reaction end w4’se re smoke had b-es~r’ ) iV PvsOt iS l v observed The f i tw r qlass t i - ,~~’ ’ -  ‘,~~

- I5 ’s ~ in
shear at the adapter pin connections nI each flanqe ‘ cs-s F - l u a u ’  15) T !ri’ - l ~~, , t - ~rnS on
one flange debonded and , in turn , sheared the t’asu ’ t c  p s t  were used to se ni’ t !,e doublers
to t he beam (see Fig ure 16) The doubler assembl y c- er the oth er flange ‘ i -ui an tensio n
( see Figure 15)

The maximum st r ,lin recorded was 3800 microinches per anc h peak to (le ak as shown in
Figure 17 This stra in was recorded at two asilacent st at ions , so actual maximum
stra in may have reached 4000 mvcroanches per .nch peak to peak between those statio ns .
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Figure 1 .~ Bending strain distribution (16,000 cycles )
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Fig ure 1 7  Bending strai n distribu tion (22 ,000 cycl es).
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TE ST RESUl TS SUMMARY

Pren-iattj r e Ijt ut i u s - ‘ju !urt”s ix i ii’ a-s i ‘ i It ,- ~~~~ (warn is the ri’~ult of _ ho, ihx , ‘~~ ‘

wrinkles 1 cc u i r , s , ,~ cIunu n~sj  f j t s ri i  ,I~~ u)n i  T h e  ‘ n i , t u , s  t .a ’ ’ ua n , ’  ~S tu i i  WJS

26 inches Irons the ~ ‘ nr’ue-d attj cInni~ ’ I w .is ot ise r s ’ s l  af te r  appr Ox i t t  u.a t i ’ 1  3600
fatigue cycle’s Ii,id bc-ens dpplaed The Stra in j! I’ ’ - f  ‘ t , .al f , jslurt ’  t u ij i  ion was
‘950 rr ,~~r ,san’che’s ~x-r inch’s , Two ad-sjst,osial $dtuu ~tut ’ fj al ur~ ’t w eri ’ i ‘bsenve’d at
approx imtsa t&’; y 16,000 cyc les at 40 and 90 inches i rons the jim ’ m a ’ , ’. ,a t t actnr ’ tueni t
The failure .it 40 inches also r esulted from a chor dw s se wti nikls -

2. The Integral Spar Inspection System ( ISIS ) , which depen ds upon a pressure ’
diff ere nt sa l (vacuum ) between the inside of the sealed spar and the outside amhae’it
pressure to detec t leaks such as cracks and flaws, indicated t hat leakage had oc urred
at appro x imatel y the same time the failure was observed. However, it is believed
the leaka~~ occurred in the failure area at the same time d uff Iculty was experienced
in sealing the doubler bolt holes For this reason , ii cannot be absolutely concluded
that thse ISIS provided failure indication

3 Sectioning of the box beam at comp letion of the tes t indicated that essentially all
of the unidirectional p1 ies had delamir’i,ated in the failure ar ea Local charring
(requirir-ig 4500 to 500°F temperature buildup) ind.cativc of a large number of lcx al
fibers working against one another w,is evisient in th~ failure area

4 F atigue trstnisq was terminated after 22 ,000 cycles when a shear failure ( curred in
the grip area Smoke was emanating from the root end 1ust prior to fas lur e l rs ter la nn s
nar ch arrin g was evident between the p in s ’s  of the unidirect iona l material an the
beari ng f ai lure area The beam had been designed to reac t to hearing loads without
the use of doublers It was decided to install aluminum dou blers to reduce the
possability of grip fa al ur e Even with the use of doublers the comhsned strenqt h of
the unsul irectiona l material ar-rd doubler was i nadequat e to reac t the loads
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‘ ~‘ ~‘as- ‘ ‘ ‘ t s - ’ .t ‘ - - - - t - ’ ’  ~ ~i’ 1 s ) f ’ ’ ‘ s n a i l ’ s , ‘I is  i ,‘ Tm & udi’d that the Integral St ar

S ‘ , ,‘tr” ( IS~~ & - ‘  l”~~i ’ s m i  is i~ j is ,nu ~ pre’ssurr differe ntial (vacuum) between
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