
 

 

 
Best  

Available  
Copy  

 



UNCLASSIFIED 

AD 421746 

DEFENSE DOCUMENTATION CENTER 
FOR 

SCIENTIFIC AND TECHNICAL INFORMATION 

CAMERON STATION. ALEXANDRIA. VIRGINIA 

UNCLASSIFIED 



NOTICE: When government or other drawings, speci- 
fications or other data are used for any purpose 
other than In connection with a definitely related 
govenment procurement operation, the U. S. 
Government thereby Incurs no responsibility, nor any 
obligation whatsoever; and the fact that the Govern- 
ment may have fonulated, furnished, or In any way 
supplied the said drawings, specifications, or other 
data Is not to be regarded by Implication or other- 
vise as In any manner licensing the holder or any 
other person or corporation, or conveying any rights 
or pennlsslon to manufacture, use or sell any 
patented Invention that may In any way be related 
thereto. 



\ -I • t- '

it

in
i! Ci

*'

3C1 ‘.\\

....-
T»S1A b

3 OCT 

tlu

sjFjamJF. wMmAfCTiF^



Hi  ...«.r.«k.^C.'M_^.  ..' AxSfrU -...!> --.. i MC ^i'-^.-... ... .   ' < utfvWa^Lä - ^_-. uriMi' »*i ^.:a. rj .WMW&&MU*I^ .■'■    « ■ ■ ^w. 

^GD . \ z ^ 
x 2   j •> ■ 

2 2 i j 
i   >   e 

S   ^   J   R e   K   a   2 
»   «   5   > 

< 
s 

s 
^ 

z 
0 

fv. i  <  •  H * 
\ 

z   a  u   ■ s i • 

^ • 
u 
0 

•7 
o o 

v> o 5 

1 
SU 
0< . 
<Q -J   r 

U   E 

u o 

i o 
0    2 

a \ 

o S 
0 J 

^ UJ  o 
0 K   Z 

I    » ,5 z u 
M tu U 

z 
.< 
z 

o a 
h < 

c 5 , 

s • - > 

H 
i. -  'J 
M Q  « co .    E ' vi 

. 
1 t   D' 

M    P \    u 1     '   1.               ' 
Q \  a. v—          ^** \>- > 
3 

St >\ l 3b 
' z 

Q H 

0      \ —»—— • ,   ,; ,     ;        ' O   u,' 
Ü h 

0 V> o < 
p Q. 

0 2   2 

VO < •• rr  0 
O Ü 

X 
U 

V) 

d \L J uj n. 
o V) < $ Z   3 «J < J 2 s o i WJ j u 
e: u 4- e 

0 O Cs Cs -^ ^j o CJ H o Cs \A Z-' ÜJ 
ct: Cs O CD CO c3 J£ o —^T o O CO 

yp ■< z 1 1 1 1 i 1 1 ct 1 1 1 >- ~ 
o o 0 ■* VA vO C\J lA Cv fA r^ CN j£ r- CN \A CM t z CO H Ps n n CV V\ H H H CO CD H ^c CM 

8^ < < 
0 ' 8 o 8 rH "lA fA O O O IT» VJ n \A \A o E 

2   '- S3 #'- o o o ■   H vO O C o o CC "L-N vO fA 
^ O J n r-\ (^ CN ■L-N F^ o o r- r~- r~ H "JN r-f 
c o CV' i I 1 r- "L-\ VN UN CS C\ o r» V» \A ^ hl        i 

v2 

Cd Vf\ 1 V\ ■VN \s\ i | 1 1 i i i i t 1 t V) 
< 

H 

1 1 f\ CM CN; CM CM CM CM CM CM CM CM CM CM CM CM » 
m U LU     10 s 

f? J < 0 
0.  2 

|M III 
0 

h 
i         > 

■—!» . " 
«MM 0 X 

2 

G > 
U3 • 

• • 

=3 P 
to 

Ü 
U2 

►j 

O ,' 
r** 

^H 19 f^ o 
a 1   c y * 

-0 '0 ^. 1 
\           ■           ' '   -« 

>*• *—   l < 1^1 ' —; 
"-•1    u w ^~« CM f—• '•ft 

r^ u 3 /-S t—4 2 I-J Wi 
*-• 
M • < 

2 ä 
S 

rt Oi hJ 
H ■# NO Jg a 

• N 
C/) 

Ed 
ö P H •< k. -^ --■" •— Cd S 

12 < <; v-» w U2 P S^ w tO IS; ^ ^ »— o 
,53 »—<• 6 QS • < 

t-4 • o o w td Ü o • • i' 

K 
§ E u; ra *£• «** « s M —3 KH V *^» 

0 ci i-^4 < • • s w M i^ H ♦ • , 
■ < 

2 
, < < •< < to ^3 a < o A EM Ct< < &M 

u r-tf- 
> J Ü 

E 
\   h \ > <n s H H H H H H O CM CM CM H H 

P 0 
: O     \ 

4 „i ,„ 

/ 



jiiÜtrfeha »^»^.■'.■"illtLtftfi»» f ' i.i. 

THE £StS8St/Vi* COMPANY 

) 

n. 

^ 

. NUMBER   D2""00^  

UNCLASSIFIED TITLE   L^dinp: ::d-e3 ggTSlSElS! : SgS Soar 

MODEL Mn       X-SOA              CONTRACT NO. ••'"33(S57)-7132 

ISSUE NO ISSUED TO — .  

CLASSIFlfD TITLE. 
(STATE CLAStiriCATION» 

See Sub-sections 

CHARGE  NUMBER 

.--.if ^ 
> 
uj .... . u-J-V—J— 

IC 

PREPARED^ha ^^ tl±k 9jdJA^üm tu o 

yi 

Uj 
§ CLASS, ft DISTR 

SUPERVISED BY_ 

1 
RELIABILITY C. ,  ''"'* 

I APPROVAL       
/ ' <OATII 

VOL. 

SEC. 

NO. D2-80085 
PAGE 1 OF 



j l-Y-'j^.-^'-jiti, >,..i i*m Cur. ■^JWh.u<ii^t^A,..Jkr-.'...■,_ ^^ ■ •-t>■»*..j-w^^tl'l3u. Jr.J.vglmai3a.- ■ ^i'Ai-'ri     -■    ...■ •.'- T '■^frltfi'v.tit.)-^::^-: ■•-'' ^-l..^.' .l^L: '*.:L.. ^ 

o 
MQDgL    X-20 

DOCUMENT NUMBER   D2-80085 

SECTION OR ADDENDUM NO.       3        Vo1« 1 

TITLE 

LEADING EMS CONCEPTS AND ATTACHMENTS - PEEUMINARX 

I -: ) NO. OF PASES _ 139 

DATE. 

WORK ORDER 

0/    /•//," //-     F4L5- 
PREPARED wtmidd ZLJZZ&L/ a K S 

•;i;;rclf.,v".>01;:en, 

APPROVED BY^2:.—.c'^^-x.::;--!-^^-'' / 

APPROVED WJ&JP*'1 i^rdr'^<-$'Vr 
y      -n 1 .,.-■ f      ' 

APPROVED BY 
«i Ü. liepler 

^90 
UNIT  NO. 

056172 

ITEM NO. 

v 
v      \ 

Sub-section title page 
Documents 

PA6E    3-1 

Ul 4046 0000 

\3 4-3-fe3 



.'il^^^^^i.;^r'..^.L-.:..>..._:L..^'-^i^-..., : ... ■■«.■ntün-^^ii . ■In ~,.SL~.:I-/J.:' {..•■^.s.   ^'^il-, r"^-  -■^■-■■^•: «*, ..■>.,.■ ^.IA ^WH 

•   ) 

> 

3.1   S2S2B 
3.1.1 A aeries of five leading edge concepts vere subjected to three 

separate envlronment test programs. Each configuration was exposed 
to a sonic environment, a thermal 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 various design features to obtain infomation for a production 
configuration and to verify analytical procedures. 

3.1.2 The Phase A of the sonic test program (IT-J-^IT-IA-Reference l) 
consisted of the exposure of each specimen to a random noise 
environment of 152.5 db SPL* (overall) for 30 minutes. 

3.1.3 The heat test program (LT-5-6l7-2-Reference 1) consisted of 
subjecting each specimen to four 27009P. heat cycles of forty 
minutes duration, and one 3000oF. heat cycle of ten minutes 
duration. The data collected vas used to determine design 
temperature distribution. 

3.1.^   After the heat progrea each specimen v&s exposed to a sonic environ- 
.ment of 152.5 db SPL (overall) for 30 irlnutes Rnd then to 155.5 ^b 
for <m additional 30 minutes, aceprding to Phase B of LT-5-bl7-l- 
Beference 1). 

3.1.5   The load progrea (LT-5-6l7-3-Reference l) consisted of slov-load 
testing five specimen configurations (detailed on drawings number 
25-203la, 25-20367, 25-20372, 25-20376, and 25-20376) at a rate of 
180 pounds per minutes, and rapid-load testing of two Bpeclmen 
configurations (detailed on drawing! number 25-2031+1 and 25-20376) 
at a rate of 9^,000 pounds per minute. All specimens were instrumented 
with deflection clips used in conjunction with the pbotograpUe- 
deflection-meafurement technique. Four of the slov-load tested 
specimens (25-20367, 25-20372, 25-20376, and 25-20373) were instru- 
mented with rosette strain gages. 

UW07I.I000 

«SPL - Sonic Pressure Level 

B£UFi/VC 
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3.2 TABUE 0? CONTEinS 

3.1 

3.2 

3.3 

3.3.1 

5.^ 

3.5 

3.6 

3.7 

■3.5 

3.9 

Volume I 
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1. D2-6785-I Structuml Integrity Development and ?e:,t Pros^ora - 
Detail Han - Structures Technology 

2, Leading Edgt S^snent - Forward Body (Test Only) 2^-20572 
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3» Leading Edge Gegment - Forward Body (Tost Only) 25-20378 

k.   Leading Zdge Segment - Stiffened (Test Only) 25-20567 

5» Leading Sdge Se-^ent - Forward Body - Cnstiffened (Test Only) 
25-20341 

6. Leading Edge Segment * Forward Body -.Kive^.ed (Test Only) 25-20576 

7. Support Assembly of. Leading Edge Segment - Forward Body 
(Test Only) 25-20355, 

S. Support Installbtion of Leading Edge Segment - Forward Body 
(Test Only) 25-20375 
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3.3.1 PHOTOGRAPH AND ILLUSTRATION INDEX 

Pig. Ho. 

3-1 

3-2 

3-3 

3-^ 
■ 

3-5 and 
3-6 

3-7 and 
3-Ö 

3-9 and 
3-10 

3-11 and 
3-12 

3-13 and 
S-l1* 

3-15 end 
3-16 

3-17 

3-18 

3-19 

3-20 

3-21 

3-22 and 
3-23 

y-2k and 
3-25 

3-26 end 
3-27 

3-28 and 
3-29 

3-30 and 
3-31 

3-32 

3-33 

Title 

Typical Leading Edge Speelaen Mounted on 
Sonic Test Fixture 

Typical Leading Edge Specimen vith Heat 
Shields Installed 

Sonic Test Instrumentation Locations 

Thermocouple Prohe Holders and Terminal 
Board 

25-20372 Monitor Thermocouple Locations 

25-20367 Monitor Thermocouple Locations 

2>20378 Monitor Thermocouple Locations 

25-203^1 Monitor Themocouple Locations 

25-20376 Monitor Tbt-nuocouple Locations 

Lwcp end Zone Layout - Control Thermo- 
couple Locations 

Photographic Deflection Measurement 
Locations 

25-20372-1 Rosette Strain Gage Location 

25-20367-1 Rosette Strain G&ge Location 

25-20378-1 Roeette Strain Gage Location 

25-20376-1 Rosette- Strain Gage Location 

25-20372-1 Strain Gf.ge Instrumentation 
Before Load Test 

25-20367-1 Before Load Test 

25-20378-1 Before Load Test 

25-203U-I Before Load Test 

25-20376-1 Before Load Test 

Typical Leading Edge Positioned In Prog- 
ressive V7ave Horn for Sonic Testing 

Progressive Wave Horn 
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3-19 

3-20 

3-21 

3-22 

3-23 
3-2'i 

3-25 
3-26 

3-27 
3-28 

3-29 
3-30 

3-31 
3-32 

3-33 
3-3J+ 

3-35 

3-36 

3-37 . 

3-38 

3-39 

3-M) 
3-^1 

3-^2 
3A3 

3-^ 
3-^5 

3-^6 
3-Vr 

346 
3-^9 

3-50 

3-51 
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3.3.1 

. 

l.J 

(Continued) 

Fig. No. Title 

3-3'» Sonic Test Facility Control System - 
Schematic Diagram 

3-35 Thermal Gradient Test Fixture 

3-36 Thermal Gradient Test Fixture in Open 
Position 

3-37 Load Test Fixture 

3-38 Sonic Test Program 

3-39 Thermal Gradient Test Program (Maneuver 
.Cycle 

5-'K) Thermal Gradient Test Program (Trajectory 
Cycle 

3-1*! 25-20567-1 Displaying Typical Load and 
Deflection Keasurement Technique 

3-^2 25-20572-1 After Sonic Test 

3-^3 25-20372-2 After Sonic Test 

3-hk 25-20367-1 After .Sonic Teat 

3-^5 25-20367-2 After Sonic Test 

3-46 25-20378-1 After Sonic Test 

3-4? 25-20378-2 After Sonic Test 

3-^8 25-20341-1 After Sonic Test 

3-49 25-20341-2 After Sonic Test 

3-50 25-20376-1 After Sonic Test 

3-51 25-20376-2 After Sonic Test 

3-52 Deleted 

3-53, 
5-54, and 

3-55 

A Typical Trajectory Thermal Gradient 
Cycle 

3-56, 
3-57, and 
3-58 

■ A Typical Maneuver Thermal Gradient 
Cycle 

3-59 25-20372-1 Before Heat Test 

3-60 25-20372-1 After Heat Test 

3-61 25-20372-2 Before Heat Test 

3-62 25-20372-2 After Heat Test 

3-63 25-20367-1 Before Heat Test 

3-64 25-20367-1 After Heat Test 

U J 42U 2000 REV. 8/62 

REV SVM iM3 £r£I£V/V4J 

Voluumcl' 
^ D2-80085 
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3-52 

3-53 

3-54 

3-55 

3-56 

3-57 

3-58 

3-59 
3-60 

3-61 

3-62 

5-63 

3-6^ 

3-65 

3-66 

3-67 

5-68 

5-69 

3-70 

5-71 
3-72 
3-73 

3-74 
3-75 
5-76 

3-77 

3-78 

3-79 
3-80 

3-8l 

3-82 
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3.3.I   (Continued) 

( Flg. No* TltlB Page Ho. 

0 3-65 25-20367-1 After Heat Test 3-83 

3-66 25-20367-2 Before Heat Test 3-81* 

3-67 25-20367-2 After Heat Test 3-85 

3-68 25-20367-2 After Heat Test 3-86 

3-69 25-20378-1 Before Heat Test 3-87 

3-70 25-20378-1 After \ Heat Cycles 3-88 

3-71 25-20378-1 After \ Heat Cycles 3-89 

• 3-72 25-20378-1 After \ Heat Cycles 3-90 

3-73 25-20378-1 After Heat Test 3-91 

3-7^ 25-20378-2 After Heat Test 3-92 

3-75 25-20378-2 After Heat Test 3-93 

3-76 25-203lil-l Before Heat Test 3-9^ 

3-77 25r203lfl-l After Heat Test 3-95 

3-78 25-203^1-2 Before Heat Test 3-96 

3-79 25-203Ü-2 After Meat Test 3-97 

3-80 25-203to.-2 After Heet Test 3-93 

'   3-81 25-20376-1 Before Heat Test •3-99 

)•; 
3-82 25-20376-1 After Heat Test 3-100 

3-83 25-20376-1 After Heat Test 3-101 

3-8^ 25-20376-2 Before Heat Test 3-102 

3-85 25-20376-2 After Heat Test 3-103 

3-86 . 25-20376-2 After Heat Test 3-io^ 

3-87 25-20372-1 Slow-Load Tested 3-105 

3-88 25-20372-1 Slov-load Tested 3-106 

■ 3-89 25-20372*1 Slov-Load Tested 3-107 

3-90 25-20367-1 Slow-Load Tested 3-108 

3-91 25-20367-I Slow-Load Tested 3-109 

3-92 25-20367-1 Slow-Load Tested 3-110 

• 3-93 25-20378-I Slow-Load Tested 3-111 

3-9^ 25-20378-1 Slow-Load Tested 3-112 

3-95 25-20378-1 Slow-Load Tested 3-113 

3-96      , 25-20376-1 Slow-Load Tested. 3-3JA 

3-97 25-20376-1 Slow-Load Tested 3-115 

3-98 25-20376-1 Slow-Load Tested 3-116 

.) 
3-99 25-203U-1 Slow-Load Tested 3-117 

ui «sa 2000 REV. l/«2 2-5M2- 2 
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3.3.1   (Continued) 

Fig. No. 

3-100 

3-101 

3-102 

3-103 

3-10^ 

3-105 

3-106 

5-107 

3-108 

3-109 

3-110 

> 

5rlll 

5-112 

5-113 

3-11^ 

3-115 

5-116 

3-117 
5-118 

5-119 

5-120 

) 

UJ 4288 2000 REV. 8/C2 
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Title 

25-205^1-2 Eapid-Load Tested 

25-20376-2 Eapid-Load Tested 

25-20376-2 Papid-Load Tested 

25-20376-2 Rapid-Load Tested 

25-20376-2 Rapid-Load Tested 

25-20372-1 X-ray After Load Test 

25-20567-1 X-ray After Load Test 

25-20378-1 X-ray After Load Test 

25-20578-I X-ray After Load Test 

25-20376-1 X-ray After Load Test 

Amplitude Distribution Limits for All 
Specimens Tested 

25-20572-1 Sonic Test Spectrum 

25-20372-2 Sonic Teat Spectrum 

25-20367-1 Sonic Test Spectrum 

25-20367-2 Sonic Test Spectrum 

25-20378-1 Sonic Test Spectrum 

25-20378-2 Sonic Test Spectrum 

25-20541-1 Sonic Test Spectrum 

25-203!tl-2 Sonic Test Spectrum 

25-20376-1 Sonic Test Spectrum 

25-20376-2 Sonic Test Spectrum 

Page No. 

5-118 

3-119 

3-120 

3-121 

3-122 

3-123 

5-124 

5-125 

5-126 

5-127 

5-128 

5-129 

5-I3O 

5-131 

3-132' 

3-155 
3-134 

5-155 

5-136 

3-157 

5-158 

2-S142-2 
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In Movesbcr of I960 five forward body Reading edge concepts were 
chosen for evaluation. A total of ten epecirens were subjected to 
sirulated flight test conditions for comparative evaluation. The 
follovdng sequence of tests were perfornied on the speciBiens: 

1. .Sonic - 152.5 db norrr.al incident random sound, 
2. Theraal cycles - Four cycles to 2700° F. 

One cycle to 5000° F. 
3. Sonic - 155.5 db nonuCL incident random sound. 
k.   Ultimate Load - Load r?tes l80 oounds per minute, and 

9^,000 pounds per miauta* 

These teets were ccncuctc-d to obtain fati^ae, therrial stress, and 
oxidation resistance properties since enpirical test data waa 
recuired töevaluate complex structures and to verify analytical 
design.procedures. 

This is the third section of three of D2-80O85 covering the testing 
of X-20 leading edge concepts and consists cf three volumes. See 
Sections 1 and 2 for plasna jot shroud testing of concepts having 
the same external configuration. 
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3.5 

3.5.1 

3.5.1.1 

3.5.1.2 

TZST SP3CIKIN AND INSTRUMENTATION 

Test Specimen 

A typical leading edge test specimen aseerably, mounted and ready for 
sonic testing, is shown in Figure 5-1. Sach 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' hi material. During 
thermal cycling, sir.ulated heat shields coated with Mo-.5Ti skin were 
added as shown in Figure 5-2 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-^f 
(fluidized bed). The process by which the coating was applied varied 
with each specimen and is tabulated below: 

Boeing 
Drawing 
Number 

£> Specimen 
No. 

I> 
25-20572 

25-20572 

25-20567 

25-20567 

25-20578 

25-20578 

.25-205^1 

25-205^1 

25-20576 

Descrintion 

DS L.E. Unstiffened 
Single Shell 

DS I.E. Unstiffened 
Single Shell 

DS L.E. Double Skin 
Long Segments 

DS L.E. Double Skin 
Long Segments 

DS L.E.  Double Skin 
Short Segments 

DS L.S.  Double Skin 
Short Segments 

Coating 
Process 

SPZ-1 

' SPZ-1 

SPZ-1 

S?Z-k 

SPZ-^ 

SPZ-'f 

DS L.S. Unstiffened 
Shell Comers Reinforced 
Single Shell 

DS L.S.-Unstiffened 
Shell Corners Reinforced 
Single Shell 

DS L.S.  Riveted Ribs 
Single Shell 

SPZ-1 

SPZ-1 

SPZT^ Details 
SPZ-1 Assembly 

25-20576 2 DS L.S. Riveted Ribs       SPZ-^ Details 
Single Shell SPZ-1 Assembly 

tl^Boeing drawing lot and specimen numbers are used interchangeably as dash 
^numbers to the basic Boeing drawing number  in this document.  

U3 428» 2000 REV. 8/63 2-S142-2 
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3.5.2 

3.5.2.1 

3.5.2.2 

3.5-2.2.1 

3.5.2.2.2 

3,5.2.2.3 

3.5.2.5 

Inntnmentaticn 

Tor ti.e so'ic tert phice, two non-contact deflection pickups were 
used to nonitor ths.-apteiasn etructural response and the sonic en- • 
vironner.t MM monitored with one Altec 21BBr200 microphone located 
in front of e;ch cp^ciaen as shown in Fig. 3-3. 

For the thermal cycle test phase, each specir-wn was instrun^nted with 
eleven, 22 ^ace, refrusil in^uleted, chrotnel vc. aluriiel thermocouples, 
and eighteen platinum vs. platinur; 13^ rhodixna alloy thermocouple 
probes. 

The chromel vs. alurtel thcrrxjcouplea were spot welded to the Rene 41 
backup structure, and the platinup probes were positioned on the 
Itading edje oejient and heat srielos. 

The probe type thwrtvcouylcs coasieted of a platinuB vs. platlnua 
1;\ i rhodlua alloy themocouple encased in a 12-iach long, 0.125-inch 
diameter r..lu;:.ina insulator.    The thirrocoutlo VUJ sr-'f/.l::-:(!-to a 
0.ü25-inch thick platinua disc, 0.250-inch it. di aeter, which was 
then flaow sprayed with a 0.O05-inch layer of aluiuina to prevent re- 
action of platinuic with the disilicide coating.   Spring loaded holders 
(Slg. 3*k) were used to poeitloa the proles agsdnst the test LV ^ci- 
nea eurfaee. 

Monitor theraocouple locations are shown in Figs* 3-5 through Z>-lk. 
and ooatrol themocouple locationa are ahown in Fig. 3*15 and i-lo. 

All of the epecin'enfi that were load tested were instruaented with 
deHectien clips wot with the photographic-deflection-measurement 

'technique.    Clip locations are shown in Figure 5-17.   Four of the 
apecimena tested (detailed on drawinge number 25-2036?i 23-20572, 

.25-20376, and 25-20378) were also instrumented with rosette strain 
gagea r.s shown in Figures 3-l8 through 3-21.   Photographs of each' ■ 
specimen in Figures 3-22 through 3-51 illustrate instrumentation 
before testing. 

* '■ 
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5.6 

5.6.1 

3.6.1.1 

3.6.2 

5.6.2.1 

5,6.2.2 

3.6.3 

TEST SSTOP 

For sonic tesUag, the leading edce test specimen backup structure was 
bolted to a BtttX jig (Fig. >1) ^ch was, in tvj-n,.bolted to floor 
tie-down rails euch that the epecimen leading edje was positioned 
apprcxiciately three feet inside the progressive wave horn chanber 

(Jig. 3-32). 

The randoa noise source ccr.cisted of four Altec-Lansing I'odel 6786 
iliOtro-pntuinatio transducers nounttd at the throat of- the progressive 
wave hern (rig. 3-53). Power to the transducers ma supplied by two 
200 watt HcIatoBh AnplifiM». Shaping of the test spectrum was 
aoeoomliahad using an Allison 3-naa-9 noise generator and octave band 
equalizer. • A acheiaatio diagram cf the facility control system is 

shown in Fig. 5-3^« 

The test fixture used for theroally cycling the leading edge specimens 
is shown in rig. 5-55. Tho r-eeimens were hold in position on a 
table of aluniaa trick with "L" shaped clanping bolts. A etainlaa« 
steel support, shaped to confem to the curvature of the leading edge, 
positioned the lamps. The i:i"ture v^s hincod so the lamp asseinblles 
could be rotated w and aray to facilitate speisen iactallation and 
inspection. Fig. 5-^ shows the test fixture in the or^n position. 

General Electric l6^C'r5 quartz tub« heating elements were uc^d in 
air-cooled ceramic reflectors. The cooling-air was distributed to 
each l?:np assen.bly by r.ieor.s of ah alurr.inum alloy nsanifold and copper 
tubing. Th* lamps were Installed Approximately one-half to three- 
quarters of an inch above the specimen surface. 

«gtaeaheat control zonos were used. Each control zone required'an 
ignitron power controller and an operator to manually control it. 
The required heat rrograma were drawnon the strip chart of the 
res-.ectiv- control recorders, ".ring the tezz  the operators 1 "ll-> 

lusted the -owe; to raise or lower the heat input to the specimen 
according to the program deirand. A single .Leeds-Korthru? Speedomap 
G recorder w^s used for eaph control »one at a chart speed of six 
inches per ninute. The temperature traces for 03ch heat cycle were 
produced with a different color ink.so the sane programs could be 

re-used. 

3.6.2.3   The external rurfaco of thereat shield was not to exceed 
Since the control thermocouple was internally mounted, an extra 
recorder was used for each heat shield to'monitor the external 
surface temperature. The.chart speed for these recorders was one- 

half inch per minute* 

-"he test fixture for lead, testing is shown in Figure 5-57. Load 
was apDlied through a loading head consisting of a curved rubber 
block backed up by wood and aluminum. The'applied load was reacted 
throurh a back-up structure on which the specimen was mounted. 
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5.6.3.1 "wo eheet". of teflon were placed betv.een the rubber and epteimB to 
decrease friotien and to Dinimize tangential lo&ds on the curved 
surface 01 the speciwen.    Cutouts in the teflon vhich allowed clearance 
for the roaette WB and load vires were filled with potting co:npound 
to raintain load continuity over the test specimen surface. 

The setup sequence upon rectipt of each specimen was to install gagea 
and deflection clips', Install teflon sheets, pot the cutouts, and 
mount the s-iecimen in the test fixture. 

3.6.3.2 
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3.7 TEST P1?0CZ:nURE 

5.7.1 Sonic Test Propraa IT 3-617-1 (Fig. 3-38) 

3.7.1.1 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. 

3.7.1.2 The specimens, upon return from thermal cycling per LT 5-617-2, 
(see 3.7.2) were subjected to an additional 50 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 specimen 
inspection after which the remaining 15 minutes of testing were 
completed. 

3.7.1.3 The final phase of the sonic test program consisted of subjecting 
each tost specimen to a random noise environment of 155.5 db SPL 
(ovc-rall) for 30 oinutea. The spectrum of this phase was 3 db 
higher in all octave bands than the previous phases. The specimen^ 
v;ere visually inspected at 5 fflinutee, 15 minutes, and at the 
ccu-.clusion of the 30 minute test. The output of the microphone 
and the two deflection pickupe were tape recorded at the beginning 
of the test. A 5 cps bandwidth power spectral density analysis w.-.r 
r.ade of !;he microphone and pickup outputs for the first and final 
test periods for each specimen. This data was stored with sonic 
test facility. 

3.7.2 Heat Test Prorram LT 5-617-2 (Firs. 3-39 and 3-^0) 

3.7.2.1 The test specimens were delivered to the Heat Laboratory after 
completion of the initial phase.of the sonic test program. To 
facilitate the temperature control of the backup-structure and 
simulated heat shields, the fibrefrax insulation between them . 
was removed for testing and chromel vs.•alumel thermocouples were 
epotwelded to the backup structure. The (specimen was positioned 
on the alumina brick test bed and locked in place with "L" shaped 
bolts. One-eighth inch fibrefrax board was cut to fit snugly 
ia the ends of the speiimen to reduce air circulation. The 
final step in specimen preparation was to mount the thermocouple 
probe-type sensors on the external surface. 

3.7.2.2 Each leading edge test specimen waa subjected to the heat program 
shown in Fig. 3-39 and 3-^0. The heat program consisted of four 
kO  minute heat cycles followed by a 10 minute heat pulse. 
Maximum temperatures of 2700°? during the kO  minute cycle and 
3000oF 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 shields were fabri- 
cated for the ten leading edge heat programs conducted. Where 
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 

3.7.3.1 

3.7.3.2 

3.7.3.3 

■ 

Kooa Tctrrrrature Io"-d ^est LT3-6l7"3 

Jive 6pvc:r:eas/25-20367, 23-20372, 23-20376, 23-203/5, E-nd 25-203^1, 
were »low-leai tested at l80 pmrnda per r.inuto, and tvo spocimens, 
23-203;^l-2 and 25-20376-2, were rapid-load tested at 9^,000 pounds 
per minute. 

The four slow-load Specbens, 25-20367, 25-20372, 25-20376, and 25- 
2037S, were instrumented with rocette strain gajgM and loaded in 
inert--ents of 100 pounds.    Strain data recorded v;ns -recorded at each 
loafc.increment. 

Siirinj the loadinc of the specir.eus, photographs were taJ'.on of the 
sptciaeaa and the load dial simultane«ualj at rejular intervals (ten- 
second intervals for slow-loading arid sixteen fraaes per second for 
the rapid-loading)«   The motion of graduated clips arid pointed 
serewsvattaehed to the speeltnen at critical deflection points was re- 
corded relative-to a (jrid pieced ever the camera lens«   Fir,. 3«*1 
chows a typiccd specicien with aero load and maximum load.   Thei-rid 
indicates the deflection« 
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3.8 TEST RESULTS 

3.8.1 Sonic Test 

3.8.1.1 None of the  ten specimens tested developed visible failures du« 
to sonic excitation. Photos of the tested specimens are shown in 
Figs. 3-^2 through 3-52. 

3.8.1.2 All  ten sonic environment amplitudes exceeded the required peak/ms 
ratio of 3« Plots shoving the test rims with the minimum and the 
maximum amplitude distribution curves are on Fig. 3-110. All of the 
other test runs were within these limits. 

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 tfcsnperature strip chart records of. each control thenno- 
couple wtre obtained for each speci&en. No d&ta wss reduced from 

these recoro'.- except the plots for typical test runs as shows in 

Figs. 3-53 through 3-58. 

3.8.2.2 The monitor $her.t.ocouple tabulated data has been included in this 
report in Volumes 2 and 3« For coaparatlve purpcses, photographs of 
specimens before and after heat cyclic testing are presented in 

Figs. 3-59 through 3-86. 

3.8.3 Poom Temperature Load Test 

3.8.3.1 Load versus deflection data is tabulated for each of the slow-load 
specimens in Volume 3 OJ this document. All rosette strain gage data 

is presented in Volume 3» ' 

3.8.3.2 Load versus tirtic curves for the two rapid-load specimens and load 
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)1 

so none of the data was tabulated. 

3.8.3.3 Photographs of all of the specimens after load testing are presented 
in Figs, 3-8? through 3-104« X-ray photographs of the slow-load 
tested specimens are presented in Figs, 3-105 through 3-109. . 

/^ 
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3,9 • TEST CB^'E'RVATIONS 

3#9#1 Thermal Gradient Test 

3.9.1.1 Specimen 25-20372-1 

Before the. heat test, the surface of the Itading ed^e was aottled and 
pitted, but there were no bnaka in the dixilicide coptine (?ic« 3-59). 
Three minutes after the start of the third cycle, the test was halted 
due to a short circuit between two lamps. The laapa and a thermo- 
couple had to be repaired. Then testing was completed, l.'o tabulated 
data VBM recorded after ?C0 £eccnci;; in the third cycle due to a 
cracked recording head in the digital d^t^ cysten. After the heat 
test (Fig. >-6o)i there was no apparent coatiug failure. 

3.9.1.2 Speciocn 25-20372-2 

Fig. 3-6l chows pretest condition, and Jig. 3-62 shews no eoatiag 
'   failuvts aftar 5 tests. 

3.9.1.3        Specinan 25-20567-I 

Pig, 3-63 chows pretext condition.- There was no noticeable damage 
to the apecimen after 5 heat cycles (Fig. 5-6^ and 5-65)« 

3.9.1.'»        Specinan 25-203^7-2 

Ilg. 3-66 shows pretest condition. The haat ahields -from a previous 
test were reused on thia spccir.oa. Fig« 3-6? and 3-63 show post 
test results. The ero-led heat shields h'^va bc^r. repaired with Seara 
Roebuck Furnace Ceoent. Tnc coating en the leading edc< 
becaioa a little Bottled, but no failures occurred. 

,L:... 

3.9.1.5   Specimen 25-2037^-1 

Fig. 3-^5 6hows igtest condition. During the second beat cycle, 
a platinun thermocouple came in contact with the heat shield under 
Zone 1 snd caused a eoall hole to erode (Hg. 3-70). The hole was" 
patched with Seara Roebuck Furnace Cement and testing continued. 
After the fourth heat cycle, it was found that Zone 2 had been over- 
heated an undetermined amount (Hga.. 5-70 and J-71). Thia was 
apparently caused by the ccntrol thermocouple shifting position during 
the test. Fij. 3-72 shows the Sone 7 side. Fie. 3-73 shows coating 
failure after 3000oF heat pulse. 

3.9.1.6   Specimen 25-20373-2 

Fi^. 3-7'+ shows the heat shield on Zone 1 side of specimen eroded 
around edges« The coating failed around oome of the rivets, and a 
one-quarter inch hole eroded under the ccntrol thermocouple« Fie. 
>-75'shews the .area under Zone 6 glazed due to over-heating, and a 
small hole eroded at the control thermocouple location. 
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3.9.1.7   Specimen 25-203^1-1 

) 

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 k 
was cut off each tine the temperature exceeded 22O0#r. 

3.9.I.8   Specimen 25-203^1-2 

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 tests. 

3.9.1.9   Specimen 25-20376-1 

The hole around the rivet on the leading edge^ Been  in 
the pretest photo in Fig. 3-81, was a manufacturing 
error. The heat shields had been used previously on 
25-20378-2. Fig. 3-S2 and 3-S3 shows post-test condition. 
Only noticeable daaagi v/as further erosion of heat shields. 

3.9.1.10  Specimen 25-20375-2 

Fig. J-SH- shows pretest condition. One of the heat ehielus 
was cracked when it was mounted on the backup structure 
(Fig. 3-c5). It was sealed with furnace «ement. During the 
heat cycles, two rivets eroded in the heat shield (Fig. 5*86). ' 
There was no coating failure to the leading edge. 

■ 

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. 3-96, 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 speciren 
material (Ko-0.5 Ti) would alter these results under higher 
load rates prompted further investigation through the rapid- 
„load test program. 

3.9.2.3   Both rapid-load specimens were1 inadvertently .unloaded by an 
improperly set deflection switch. The switch was supposed 
to be set so the loading would be halted on failure of the 
specimen. Sach specimen was loaded a second time to accomplish 
fche desired test. 

3.9.2.^   Specimen 25-203^1-2 failed initially at a load of 1100 pounds 
when rapid-load tested. A delay in the test machine unloading 
system resulted in a maximum load of 2900 pounds *eing applied 
to the backup structure. Fig. 3-100 shows the failed specimen. 
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