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3.1
3'1 ll

3.1.2

13,1.3

3.1.4

3.1.5

SUMMARY

A series of five leading edge concepts were subjected to three

. separate environment test programs. Each configuration was exposed

to a sonic environment, a themmal gradient test, a second sonic
exposure, and finally, a static load test. The purpose of these
tests vas to evaluate these five basic leading edge concepts and
their verious design features to obtein information for a production
configuration and to verify analytical procedures.

The Phase A of the sonic test program (LT-5-617-1AvReferencé 1)
consisted of the exposure of each specimen to & random noise
environment of 152.5 db SPL* (overall) for 30 minutes.

The hest test progrem (LT-5-617-2-Reference 1) consisted of
subjecting each specimen to four 2700°F. heat cycles of forty
nminutes duretion, and one 3000°F. heat cycle of ten minutes
duration. The data collected wes used to determine design
temperature distribution. '

After the heat progrem each specimen was exposed to a sonic environ-

ment of 152.5 db SPL (overall) for 30 minutes and then to 155.5 db

for an scditional 30 minutes, aceprding to Fhase B of LP-5-617-1~
Reference 1).

The load progrea (LT-5-617-3-Reference 1) consisted of slov-load
testing five specimen configurations (deteiled on drawings number
25.20341, 25-20367, 25-20372, 25-20376, end 25-20378) et a rate of
180 pounds per minutes, and rapid-load testing of two specimen
configurations (detailed on dravings muber 25-20341 end 25-20376)

at & rate of 94,000 pounds per minute. All specimens were instrumented

vith deflection clips used in conjunction with the photcgraphic-
deflection-rmeecurenent technique. Four of the slovw-load tested
specimens (25-20367, 25-20372, 25-20376, end 25-20378) were instru-
mented with rosette strain geges.

#SPL, - Sonic Pressure level

340714000
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3.4 TITTRODUCTION . . | :

=€ In jevezber of 1960 five forward body leading edge concepts were
e chosen for evaluation. A total of ten specimens were subjected to :

sirulated flight test conditions for comrarative evaluation.' The

followving sequence of tests were performed on the specimens:

1, .Sonic = 152.5 db normal inc¢ident random sound.
" 2. Thermel cycles - Four cycles to 270C° F.
Cne cycle to 3000° ¥
3, - Sonic - 155.5 db norual incident random sound.
4, Ult,nate Load - Load rates 10 vounds per minute and
04,000 pounds pcr minute.

heqe tests were cenducted to obtain zatv'ae, thermal -stress, and

: o oxidation resistance proverties since emrirical test data was
recuired to-cvaluate complex structures and to verify analytical
design.procedures.

‘ - This is the third scction of three of DZ-80073 covering the testing

£ %-20 leading edse concerts and cousisis of three volumes. See

oéCthﬁu 1 and 2 for w‘""w& jot chroud testing of concepls having
the same external configuration. '

U3 4288 2000 REV. 0/62 2-5142-2
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3.5.1.2

TEST SPECIMEN AND INSTRUMENTATION

Test Svecimen

.A typical leading edge test specimen assembly, mounted and ready for

" 25-20378 1 DS L.E. Double Skin SPZ-4
| 25-20378 2 DS L.E. Double Skin - ° SPZ-4

.25-20341 I . DS L.E. Unstiffened SPZ~1

[::>Boeing drawing lot and specimen numbersare used interchangeably as dash
numbers to the basic Boeing drawing number in this document.

sonic testing, is shown in Figure 3-1. ZEach specimen assembly consisted
of two parts: (1) A leading edge segment fabricated from molybdenum
=0.5% titanium alloy with an oxidation-resistant coating of molybdenum
disilicide; and (2) a backup structure from Rene' 4l material. During
thermal cycling, simulated heat shields coated with Mo-.5Ti skin were
added as shown in Figure 3-2 to provide the proper thermal environment
on the leading edge and leading edge beam.

Two preliminary coating processes were .used to apply the molybdenum
disilicide coating: (1) SPZ-1 (pack cementation); and (2) SPZ-4
(fluidized bed). The process by which the coating was applied varied
with each specinen and is tabulated below: ' -

Boeing . ' : . )
Drawing .~ Specimen _ Coating
Number . : No. ‘ . Description Process
25-20372 1 DS L.E. Unstiffened “sPz-1

Single Shell

25-20372 2 DS L.E. Unstiffened " SPZ~1
. : Single Shell

25-20367 ' A S DS L.E., Double Skin . SPZ=1
* Long Segments

25-20367 2 DS L.E. Double Skin SPz-k
. - Long Segments’
Short Segments
Short Segments
Shell Corners Reinforced
Single Shell
25-20734). . 2 DS L.E.:Unstiffened . 8PZ-1

Shell Corners Reinforced
Single Shell

25-20376 1 DS L.E. Riveted Ribs  SPZ-4 Details
Single Shell SPZ~1 Assembly

25-20376 C2 DS L.E. Riveted Ribs  SPZ-4 Details
Single Shell SPZ-1 Assembly

U3 4288 2000 REV. 8/62 . 2-5142+2
rev sym_94:-3:63 BoE/NG | D2-80085
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‘f j Be5e241 Tor: tre soric test phace, two non-contact deflection pickups were

34542 - Instrumentation . 1

used to ronitor the -specimen structural response and the sonic en~
vironment vas monitored with one Altec 212R-200 microphone located
in front of each specimen as shown in Fige 3=3e :

3.5.2.2 For the thernal cycle test phase, each specimen was instrumented with
' eleven, 22 gage, refrasil insuleted, chromel vs. alumel thermccouples,
and eighteen platinum vs. platinug 13% rhodium alloy thermocouple
probes. ‘ : ' .
3.5.2.2.1 The chromel vs. alumel thermocouples were spet welded to the Rene 41
backup structure, and the platinum probes were positioned on the
leading edge seguent and heat shieldse

3.5.,2.2.2 Tae proba type thermccourles consisied of a platirus ve. platinum
157 rnodium alloy thermocouple encused in 2 12-inch long, O.1d5-inch
Gl ter aluaina ineculator. The therrocourle was gpotucslded-to a
O.ueh-tneh thick platinug dise, 0.250-inch in dioreler, velen wau
then flame srrsged with & 0,009=inch leyer of aluwnini to preveat re-
acticn of plaotirum with the ¢fsiliclde coniings Srrdng lcoded nolders
(Fig. 5-4) verc used to positicn the probes szainct ile test cpscls
men gurface.

3.5.2.2.3 Mouitor thersocouple locations are ghown in Figs. 35 tkrourh 3-14.
’ and control thermocouple locations ere shown in Fige 2-15 and 5-16.

N— e

S Je54243 All of the epecimens that were lozd tested were instrumented with

: deflection clips used with the photosraphic~dellcction-neasuranment
‘tecnnicue. Cliv locatiens are snown in Figure 2-17. lour of the
specimens tested (cdetoiled on drewings nuwoer 25-?“367, 2o=20772,
. 2520375, and 25-20375) were also instrumented with resette strain
ceges o5 shovn in Figures 3-18 through 3-21. Photograrhs of cach -
‘specimen in Figures >-22 through 3-31 illustrate instrumentation
before testing.

{ ) 3 . : : ) &
g s .
U3 4288.2000 REV. 8/62 . ’ : 2-5142-2

REv SYM_1-3-63 BoEnG |N D208 - |

/3 Volume T lsecr, | pace 311,
3




vy

il e o et N N e B i g e LR il A AT e R i

3.6.1.1

3‘6.2.1

3,6.2.2

3,6.2.3

34603

TEST SETUP

——————— ~

For sonic testing, the leading edge test specimen backup structure was
bolted to 2 steel jig (Fig. J=1) which was, in turn, .bolted to floor
tie~down rails such that the specimen leading edge was positioned
appreximately three feet inside the progressive wave horn chamber

(ﬁgﬁ 3"32) e

The rencon noise source corcisted of four Altec-lansing Model 6786
_electro-pneunatic itrarnscucers mounted at the throat of: the progressive
.wave horn (Fig. 3-33)e Foucr to the transducers was supplied by two

200 watt McIntosh Awplifiers, CShaping of the test specirum was

accomplished vsing an Allison S~-n2n-9 noise generator and cctave band

equalizer. - A schemztic diagram of the facility control system is
" ghown in Fig. 3-34.

The test fixture uced for thermally eveling the leading edge specimens
b < 5 1) P

is shown in FTig. 3-35. The crecimons were held in position on a
tzble of alurina brick awith L' shaved clazping bolts. A stainless
steel support, shajed to conferm to the curvature of the lealing edge,
positicned the lamps. Tho Pinture was hinped so the lary assertlies
could be rotated up and away to facilitate speciven inclullation and
inspection. Tig. 2.56 ghous the test fixture In the open pocition.

General olectric 16NCTS gusrtz tube neating clemeuls were u:»d'in

. air-cooled ceramic reflectors. 7The coolingralr wec cistributed to
cach lamp asserbly by means of 2n aluminun elloy ranifold and copper
tubing. The lamps were irstolled pypronimately one~hslf to three-

-quarters of an inch above the epeciren surface.

_A¥ezen heat control zones were used. Xach coatrol zene recud
jgoitron vewer controller and an orereior to monuslly conirol
The reguired heat progrars were drawn.on the strin chart of U
resnective control recorders. U
ad;usted the power to raise or lower the oot inpul tn the = ecinen
according to the pregram derande & single Leeds=lorinruy Sreedomap

G recorder was uscd for esgh control zone ot 2 chart rpeed of six

inches per minute. The temperciure iraces for each heat cycle vere

produced with a different color ink.so the same prograns could be
re-used. '

The external surface of the heat shield was_ndt to exceed 2700° T,
Since the control thermocouple wos internally mounted, en extra
recorder was used for each heat shield to monitor the external
surface temmerature., The chart speed for these recorders vas one-
half inch per minute. ‘

The test fixture for load testing is shown in Figure 7-%7. Toad
was applied through a loading head consisting of a curved rubber
block backed up by wood and aluminum. “he applied load was reacted
through a back-up structure on wnich the specimen was mounted.

20 D na
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3.643.1 Two eheets of teflon were placed between the rubber and specimen to
i ) ] decrease iriction and to minimize tengentiel leads on the curved
surface of the sprcimen. Cutouts in the teflen which allowed clearance

for the rosetie gages and lead wires were filled with rotting compound
to maintain load continuity over the test specimen surface.

3,643.2 The setup sequence upon receirt of each specimen wag to install geges
and deflection clips, instell teflon sheets, pot the cutouts, and
mount the specimen in the test fixture. '
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3.7.1.2

3.7.1.3

L 3-702
3.7.2.1

. 30702.2

TEST PROCZDURE

Sonic Test Program LT 5-617-1 (Fig., 3-38)

Each specimen was exposed to a random noise environment of 152.5
db SPL (overall) for 30 minutes. The microphone and deflection
pickups were tape recorded during the initial portion of each

test phase for later spectral analysis and amplitude distribution
analysis. Octave band analysis was made at the start of each test.

The specimens, upon return from thermal cycling per LT 5=617-2,
(see 3.7.2) were subjected to an additional 30 minutes at 152.5 db.
An octave band analysis of the microphone and deflection pickup
outputs were again tape recorded during the first 10 minutes of

the test, After 15 minutes the test was interrupted for specinmen
inspection after which the remaining 15 minutes of testing were
completed., '

The final phase of the sonic test program consisted of subjecting
each test specimen to a random noise environment of 155.5 cb SPL
(overall) for 30 minutes. The spectrum of this phase was 3 db
higher in all octave bands than the previous phases. The specimensg
were visually inspected at 5 minutes, 15 minutes, and at the
conclusion of the 30 minute test., The output of the micropione

and the two deflection pickups were tane recorded at the teginning
of the test. A 5 cps bandwidth power speciral dencity analysis wag.
rade of the microphone and pickup outpuits for the first and Yinal
test periods for each specimen, This cata was stored with sonic
test facility.

Heat Test Program LT 5-617-2 (Figs. 3-39 and 3-40)

The test specimens were delivered to the Heat Lavoratory after
completion of the initial phase.of the sonic test program, To
facilitate the temparature control of the backup structure and
simulated heat shields, the fibrefrax insulation between them .
vas removed for testing and chromel vs..alumel thermocouples were
spotwelded to the backup structure., The specirmen was vositiored
on the alumima brick test bed and locked in place with "L'" ehaped
bolts., One-eighth inch fibrefrax board was cut to fit snugly

in the ends of the specimen to recduce air circulation. The
final step in specimen preparation was to mount the thermocouple
probe-type sensors on the external surface.

zach leading edpge test specimen was subjected to the heat program
shown in Fig. 3-39 and 3.40, The heat program consisted of four
40 minute heat cycles followed by a 10 minute heat pulse.

Maximum temp:ratures of 2700°F during the L0 minute cycle and
7000°F during the 10 minute pulse were attained, The simulated
heat shields were subjected to two or three of the above-mentioned
heat programs because only four sets of heat ghields were fabri-
cated for the ten leading edge heat programs conducted. ‘here
failures to the disilicide coating on the simulated heat shields
had occurred, Sears Roebuck furnace cement was applied to retard
further erosion.
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3.7.3.3

- loadr inciement.

< serewstatiached to the

Foon Terrerature lozd Test LI5-617-3

Five epecimens, 25-20367, 2520372, 25-20376, 25-20378, and 25-20341,
were slew-load tested 2t 180 pounds per minute, and two specimens,
25-20341-2 and 25-20376-2, were rapid-load tested at 94,000 pounds
per minute. . o - y -

The four slow-load Specirens, 25-20367, 25-20372, 25-20376, and 25-
203578, were instrumented with rosette strain gages and loaded in
increrients of 100 pounds. Strein data recorded was Tecorded at each

During the loading of the specimens, rhotographs were taken of the
specimens and the load dial siuultanecusly at regular intervals (tenw
second intervals for slow-louding and sixteea frames per second for
the rapid-loading). The motion of graduated ¢lips and pointed
speeiven ab eritical deflection
tc a frid placed over the camera lenc

e @

pvcints was re-

Pige 3=41

e drye

corded relative.

suows a typicsl avscimen with zero load and wmayiwaw: loede. The grid
indicates the deflecticn.

/7
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3.8 TEST RESULTS
Sy 3.8.1 °  Sonic Test

3.8.1.1 None. of the - tem- specimens tested developed visible failures due
to sonic excitation. Photos of the tested specimens are shown in
Figs. 3-42 through }-52.

3.8.1.2 All < ten  sonic env1ronment amplitudes exceeded the required peak/%ms
- ratio of 3. Plots showing the test runs with the minimum and the
paximum amplitude distribution curves are on Fig, 3-110. All of the
. other test runs were within these limits. :

3

3,8.1.3 .© Plots of the sonic test spectrum.for each specimen tested are shown
on Figs. 3-111 through 3-120.

3,8.2 °  Thermal Cycle Test

3,8.2.1 Time versus temperature strip chart records of.each control thermo-

couple were obtained for each specimen. No data was reduced from
these records except the plots for typlcal test runs as shown ia
Figs. 3=53 through 3-58, '

3.8.2.2 '~ The monitor %hermocouple tabulated data has béen included in this
' report in Volumes 2 and 3. ‘For comparative purpcses, photographs of
specimens before and after heat cyclic testing are presented in
. Figs. 3=59 through 3-86.

3.8.3 Room Temperature Load Test

3,8.3.1 Load versus deflection data is tabulated for each of the glow-load
specimens in Volume 3 of this document. All rosette strain gape data
is presented in Volume 3.

.2,8.3.2 Load versus time curves for the two repid-load specirens and load

C versus deflection data are presented in Volume 3, For specimen
| , 25-20376-2, the first load cycle was considered invalid (see 3.9.2.3),
: ~ so none of the data was tabulated.

3,8.3.3 'Photographs of all of the specimens after load testing are presented’
in Figs. 3-87 through 3-104, X-ray rhotographs of the slow-load
-tested specimens are presented in Figs. 3-105 through 3-109.
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3.9 - TTST OBSERVATIONS
v ‘) 4 3.9 mermal Gradient Test
3.9.1.1 Specimen 25-20372=1
Before the heat test, the surface of the leading edge was uottled and

! pitted, but there were no brecks in the disilicide coeting (Tige 3-59).
q - Three minutes after the ctort of the third cycle, the test was halted
due to a short circuit between two lampse. The lawaps and a thermo-
couple had to be repaired. Then testing was corpleted o tebulated
data vag recorded after 7C0 seconds in the third cycle due to a
cracked recording head in the digital detz oystem. After the heat

¥ . test (Fig. 7-60), there was no apparent coating failure.

3.9.1.2  Specimen 25-20372-2

Tig. 3-01 shows pretest conditicn, and Fig. 7-62 shows no ceating
fuilures after 5 lests.

2.9.1.3 Specimen 25-20367-1

Fig. =63 shows pretest condition.  There was no ncticeable Gauage
to the sypccimen mfier 5 heut cycles (Fige 3-6h and 3-03).

32.9.1.4  Specimen 25-20%67-2

. Tig. 3-06 ghows pretest condition. The hent shields froum a previous
b e test werc. reused on this specimens Fig. 3-67 and 3-50 show vost
) tost resulis. The eroced heat shields hzve been repaired with Seers
Roebuck Furnzce Cerent. The coating en thie leandin; edge seguent
becare & little mottled, but no fzilures occurred.

%.9.1.5 Specimen 25-20378—1

Fig. 3-69 shows pretest condition. During the second heat cycle,
i . a platinun thermocouple cane in contact with the heot shield under

one 1 znd caused a small hole to ercde (Iisg. 3-7C)e  The hole wes’

yatched with Sears Reebuck Furnace Cenment and testing contimved,
i A

a
stop the fourth heat cycle, it was found that Zore 2 had heen over-
hoated zn undetermined euount (Figss 3-70 ené 7-71). This vas
apparently caused by the centrol thermocouple chifting pesition during
the test. Tigz. 3-72 shous the Zone 7 side. Tige. 3-75 shows coating
failure after 3000°F heat pulse.

3.9.1.6 Specimen 25-20373-2

. Fige. 2-74 shows the heat shield on Zone 1 side of specimen eroded
eround ed-es. The coating failed around coue of the rivets, and a
one-quarter inch hole eroded under the control tlermocouples Fig,
7-75 grows the area under Zone 6 lazed dve to over-heating, and a
small hole ercded at the control thermocouple location.
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3.9.1.7 Spedimen 25-20341-1

. -; Fig. 3-76 shows pretest condition and Fig. 3-77 shows no
noticeable coating failure after heat tests., The ten
minute heat pulse had to be repeated. An over-tempera-
ture switch was set incorrectly and the power to Zone &
was cut off each time the temperature exceeded 2200°F,

3.9.1.8 Specimen 25-20341-2

Fig. 3-78 shows pretest condition., Figs. 3-79 and 3-80‘
show specimen after heat tests. A rivet on the Zone 7
heat shield failed during tesats.

3.9.1.9 Specimen 25-20376-1

The hole around the rivet on the leading edge,'seen in
the pretest rhoto in Fig. 3-81, was a manufacturing
error. The heat shields had been used previously on
25-20378-2, Fig. 3-82 and 3-83 shows post-test condition.
Only noticeable damage was further erosion of heat shields.

3,9,1,10 Specimen 25-20376=-2

- FPig. 3-54 shows pretest condition. One of the heat shields
was cracked when it was mounted on the backup structure
(Fig. 3-85)., It was sealed with furnace gement. During the
heat cycles, two rivets eroded in the heat shield (Fig. 3-86).-
There was no coating failure to the leading edge.

1

3.9.2 Load Test

3.9.2.1 Specimen 25-20376 failed at a load of 1983 pounds by brittle
. fracture of structural elements (Figs. 3-956, 3-97, 3-98, and
3.109) when it was slow-load tested. '

‘3.9.2.2 The slow-load tests, on the first four specimens, resulted
in unexpectedly high loads and plastic deformations. The
possibility that strain-rate-sensitivity of -the specimen
material (Fo-0.5 Ti) would alter these results under higher
load rates prompted further investigation througk the rapid-
.load test progranm, . o

3,9,2,3  Both rapid-load specimens were inadvertently unloaded by an
improperly set deflection ewitch., The ewitch was supposed
to be set so the loading would be halted on failure of the
. specimer. Each specimen was loaded a second time to accomplish
the desired test. ' ‘ -

3.9.2.4 Specimen 25-20341-2 failed initially at a load of 1100 pounds
when rapid-load tested. A delay im the test machine unloading

system resulted in a maximum load of 2900 pounds *being applied
_"to the backup structure. Flg. 3-100 shows the failed specimen.
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