
S(NASA-CR-155334) STR CTR L A -LSIfS_OF 78-i3476 
ULTRA-HIGH SPEED AIRCRAFT STRUCTURAL 
CONPONENTS Final Report (Kansas Univ.) 
148 p HC A07/MF A01 CSCL 20K 

G3/39 
Unclas 
53635 

THE UNIVERSITY OF KANSAS CENTER FOR RESEARCH, INC. 
'2291 Irving Hill Drive-Campus West 

zi _Lawrence, Kansas 66045 

https://ntrs.nasa.gov/search.jsp?R=19780005533 2018-02-20T02:22:01+00:00Z



FINAL REPORT��

for��

STRUCTURAL ANALYSIS OF ULTRA-HIGH��

SPEED AIRCRAFT STRUCTURAL COMPONENTS��

December 1977��

Kenneth H. Lenzen��
Principal Investigator��

William H. Siegel��
Graduate Research Assistant��

prepared under NASA Grant NSG 4006��

?THE UNIVERSITY OF KANSAS CENTER FOR RESEARCH, INC. 

2291 Irving Hill Drive-Campus West  
Lawrence, Kansas 66045  



CONTENTS��

INTRODUCTION 2��

The Hypersonic Research Airplane Concept 2��

The Hypersonic Wing Test Structure 4��

Purpose and Scope of Work 7��

THE BEADED PANEL TEST SPECIMEN 9��

Beaded Panel Description 9��

Ren4 41 Material and Formability Properties 12��

PRETEST PREPARATION 16��

Beaded Panel Measurements 16��

Edge Stiffeners 18��

End Suports 24��

Strain Gage Instrumentation 25��

Positioning of Strain Gages on Beads 25��

Displacement Transducer Instrumentation 28��

Moird Fringe Technique Preparations 28��

Test Equipment 30��

TEST PROCEDURE 33��

DISCUSSION OF EXPERIMENTAL RESULTS 34��

Moird Fringe and Displacement Transducer Results 34��

Strain Gage Results 36��

Force/Stiffness Results 43��

Edge Stiffener Performance 45��



CONTENTS (continued)��

Summary of Experimental Results 47��

FINITE ELEMENT ANALYSIS 49��

Finite Element Model EDGE2: Description and Results��

Finite Element Model EDGE3: Description and Results��

Finite Element Models BEAD, FLAT, and DIAG: Descriptions��

Introduction 49��

of Analysis 49��

of Analysis 50��

and Results of Analysis 57��

SEMICLASSICAL ANALYSIS 61��

Introduction 61��

Section Properties of the Beaded Panel 61��

Semiclassical Buckling Analysis for Pure Compression 66��

COMPARISONS OF EXPERIMENTAL RESULTS WITH SEMICLASSICAL ANALYSIS 69��

SUMMARY OF RESULTS 71��

CONCLUSIONS AND RECOMMENDATIONS 73��

APPENDIX A: EXPERIMENTAL DATA 75��

APPENDIX B: THE FORCE/STIFFNESS TECHNIQUE 118��

APPENDIX C: THE MOIRE FRINGE TECHNIOUE 121��

APPENDIX D: PROJECT MANAGEMENT AND COORDINATION TASKS 126��

REFERENCES 135��

ii��



FIGURES��

1. � Hypersonic research airplane configuration concept. � 3��

2. � Hypersonic wing test section of the proposed hyper›�
sonic research airplane. 5��

3. � The hypersonic wing test structure (HWTS). � 6��

4. � A hypersonic beaded skin panel used for this project � 1O��

5. � A strength interaction curve for the hypersonic beaded��
skin panel tested for this project.2 Note: the2magnitude��
of the pressure load is 0.75 LBf/in (5,170 N/m ). 11��

6. � Rend 41 tensile specimen dimensions. Specimens 0.037��
inches (0.094 cm) thick. Dimensions in inches and (cm). 12��

7. � Typical stress-strain curve for Ren6 41 tensile specimen��
test. 13��

8. � Dimensions of the Z-section edge stiffeners made from��
annealed stainless steel. Dimensions in inches and (cm). 18��

9. � Side stiffeners, end supports and stabilizing rod mounted��

to the beaded panel. 19��

10. � Nastran model EDGEl. � 20��

11. � Nastran model EDGE2. � 22��

12. � Displacements of the edges of the Nastran mocels EDGE1��
and EDGE2. 23��

13. � Strain gage instrumentation locations. Note: strain��
gage identification numbers should be proceeded by the��
number 4 to correspond with,the remainder of the report. 26��

14. � Location of strain gages mounted on the beads for maximum��
sensitivity to the diagonal mode of instability proposed��
in the semiclassical analysis. Note: 62 � 12.80. � 27�e �

15. � Displacement transducer (DT) locations. � 29��

16. � Moire fringe photographic equipment positions. � 31��

17. � Beaded panel assembly installed in the testing machine. 31��

18. � Strains recorded by axial gages at an applied load of��
2000 LBf (8,900 N) in iin/inch. 38��

lii 



19. � Strain measurements recorded by gages mounted on the��
center cross section of the beaded panel. 39��

20. � Load bending-deflection responses for structures with��
(a)no eccentricities and (b)with eccentricities of��
magnitude’a. 40��

21. � Average of strains recorded by gages mounted on the��
flats of the beaded panel at the center cross section 42��

22. � Additional edge support bars and straps mounted on the 46��
panel��

23. � Finite element buckling model EDGE2. The restricted��
degrees of freedom indicated along the sides of the��
model are for buckling analysis only. 50��

24. � Finite element buckling model EDGE3. The restricted��
degrees of freedom indicated along the sides of the��
model are for buckling analysis only. 52��

25(a) Comparisons of static stresses computed by finite��
element models EDGE2 and EDGE3 with experimental results. 54��

25(b) � Comparisons of static stresses computed by finite��
element models EDGE2 and EDGE3 with experimental results. 55��

25(c) � Comparisons of static stresses computed by finite��
element models EDGE2 and EDGE3 with experimental results. 56��

26. � Finite element buckling model BEAD. The restricted��
degrees of freedom indicated represent simply supported�
edges. 58��

27. � Finite element buckling model DIAG. The restructed��
degrees of freedom indicated represent simply supported��
edges. 59��

28. Section parameters of the beaded panel. � 62��

iv��



APPENDIX FIGURES��

Al Moir4 fringe photographs (a)Calibration photo (No��
load), (b)24,000 pounds (106,760N) load. 76��

Al (continued) Note differences in curvature of center��
two flats of the panel in (c) 36,000 pounds (160,140N)��

Al (continued) (e)42,000 pounds (186,825N) load, Cf)��

Al (continued) (g)48,500 pounds (215,750N) load, (h)��

load, (d)40,000 pounds (177,930N1) load. 77��

44,000 pounds (195,720N) load. 78��

the panel after failure, no load. 79��

Al (continued) (i)The panel after failure. 80��

Al (continued) (j)The panel after failure. 81��

A2. (a)Moird fringe measurement locations. 82��

A2 (b)Moire fringe measurements. 83��

A2 (continued) (c)Moir6 fringe measurements 84��

A2 (continued) (d)Moire fringe measurements 85��

A2 (continued) (e)Moird fringe measurements 86��

A2 (continued) (f)Noird fringe measurements 87��

A2 (continued) (g)Moird fringe measurements 88��

A2 (continued) (h)Moire fringe measurements 89��

A3 Strain gage plots (a)gage 401 90��

A3 (continued) (b)gages 402 & 403 91��

A3 (continued) (c) gages 404 & 405 92��

A3 (continued) (d)gages 406, 407 & 427 93��

A3 (continued) (e)gages 408 & 409 94��

A3 (continued) () gages 410 & 411 95��

A3 (continued) (g)gage 412 96��

A3 (continued) (h)gage 413 97��

v 



A3 (continued) (i)gages 414, 415 & 424 98��

A3 (continued) (j)gage 416 99��

A3 (continued) (k)gage 417 100��

A3 (continued) (1)gages 418, 419 & 422 101��

A3 (continued) (m)gage 420 102��

A3 (continued) (n)gage 421 103��

A3 (continued) (o) gage 423 104��

A3 (continued) (p) gage 425 105��

A3 (continued) (q) gage 426 106��

A3 (continued) (r)gage 428 107��

A3 (continued) (s) gage 429 108��

A3 (continued) (t) gages 430 & 432 109��

A3 (continued) (u) gages 431 & 433 110��

A3 (continued) (v) gage A34 ill��

A3 (continued) (w) gage 437 112��

A4 Force/stiffness plots. (a)gages 401 & 402 (b)gages 403 &404 113��

A4 (continued) (c)gages 405 & 406 (d)407 & 408 114��

A4 (continued) (e) gages 409 & 410 (f)gages 411 & 412 115��

A4 (continued) (g) gages 413 & 414 (h) gages 415 & 416 116��

A4 (continued) (i)gages 417 & 418 (j)gages 419 & 420 117��

B1 Mechanics of the force/stiffness technique. 120��

Cl Moird fringe equipment setup. 124��

C2 Mechanics of the Moir6 fringe technique. 125��

C3 Sample Moird fringe calibration photograph of the��
beaded panel. 126��

Dl Arrow diagram of the major beaded panel project activities. 130��

D2 Timetable of major beaded panel project activities. 131��

vi��



TABLES��

1. � Experimentally determined modulus and 0.2% offset yield 14��
strain of Rend 41.��

2. � Material properties of Rend 41 as reported in reference 14. 15��

3. � Specified and measured thicknesses of the beaded panel. 17��

4. � Principle strains and their directions at a load of��
20,000 pounds (88,960 N). Strains inpinches/inch. 37��

5. � Comparison of section model buckling results with semi›�
classical analysis. 60��

6. � Numerical values of the beaded panel cross section��
parameters. 65��

7. � Semiclassically derived buckling loads. � 68��

APPENDICES TABLES��

Dl Major Project Activities. 129��

D2 Manpower Requirements. 132��

vii��



ABSTRACT��

The concept of a hypersonic research airplane is one which has��

been studied for several years. The project reported on in this��

paper involved the testing of a hypersonic beaded skin panel to��

failure. The primary interest was focused upon the buckling char›�

acteristics of the panel under pure compression with boundary con›�

ditions similar to those found in a wing mounted condition. Three��

primary phases of analysis are included in this report. These phases� �

include: Experimental testing of the panel to failure; Finite element��

structural analysis of the beaded panel with the computer program��

Nastran; A summary of the semiclassical buckling equations for the��

beaded panel under purely compressive loads. A comparison of each��

of the analysis methods is also included.��
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2)�Ec � 

FCb � Critical2axial compressive stress for bead instability,��
psi (N/rn)��
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FCF Critical axial burkling load for flat instability, 
LBf (N) 

I Moment of inertia per unit length, XY plane 
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Hypersonic Wing Test Structure��

Strain gage��
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SUMMARY��

The concept of a hypersonic research airplane is-one which has��

been studied for several years. Early studies included research into��

new structural concepts with emphasis placed upon developing the best��

cost/weight efficiency, performance and reliability obtainable.��

As a part of NASA’s continuing research into hypersonics, Dryden��

Flight Research Center has been laboratory testing an 85 square foot��

(7.9m2) hypersonic wing test section of a proposed hypersonic research��

airplane. In tests performed to date on the wing test section, the��

structure has exceeded all expectations of strength and durability��

The project reported on in this paper has carried the hypersonic��

wing test structure Droject one step further by testing a single��

beaded panel to failure. The primary interest was focused upon the��

bucklina characteristics of the panel under pure compression with� �

boundary conditions similar to those found in a wing mounted condition.��

Three primaryphases of analysis are included in the report. These��

phases include: Experimental testing of the beaded panel to failure;��

finite element structural analysis of the beaded panel with the com›�

puter program Nastran; a summary of the semiclassical buckling equations��

for the beaded panel under purely compressive loads. Comparisons be›�

tween each of the analysis methods is also included.��



INTRODUCTION��

The Hypersonic Research Airplane��

The concept of a hypersonic research airplane (HRA) is one which��

has been studied for several years (ref. 1-10). Early studies included��

not only basic conceptual design, but also research into new structural��

concepts. This research has provided a portion of the technological��

base necessary for future hypersonic developments.��

Much of the research done has been devoted to theoretical analysis��

of various structural concepts which meet the requirements of a hyper›�

sonic airplane. Emphasis has been placed upon developing the best��

cost/weight efficiency, performance and reliability obtainable. Weight��

efficiency in high performance aircraft is a critical factor explain›�

ing the need for a weight efficient structure.��

One HRA concept studied by NASA is shown infigure 1. This pro›�

posed vehicle would cruise at Mach 8 for five minutes. It is a single��

place design with a wing span of 38 feet (ll.58m), a length of 101 feet��

(30.78m) and an estimated weight of 75,600 pounds (3.36xlO 5N). The��

wings and tail are hot radiating structures fabricated from super��

alloys.��
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Figure 7. Hypersonic research airplane configuration concept. 
Note- Dimenstons are in feet and (meters). 
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The Hypersonic Wing Test Structure��

As part of NASA’s continuing research into hypersonics, Dryden��

Flight Research Center has been laboratory testing an 85 square foot��

(7.9m2) hypersonic wing test section, shown in figure 2, of the pro›�

posed HRA vehicle. The objectives of this program are to verify ana›�

lytical predictions, construction techniques, assembly techniques and��

in general to improve flight loads measurement technology.��

The hypersonic wing test structure (HWTS),shown in figure 3, is� �

made from Ren6 41 (with the exception of the lower leading edge heat��

shield panels which are TD Ni Cr) and is capable of operating with��

surface temperatures in excess of 18000 F (1250°K). The HWTS employs��

corrugated spar and rib webs and beaded skin panels. Aerodynamic��

smoothness is accomplished by attaching heat shields over the beaded��

panels.��

The HWTS carries loads somewhat differently than do conventional��

aircraft. Bending loads normally carried by spars in conventional��

wing structures are instead carried by the beaded skin panels in the��

HWTS. Shear and torque are carried in much the same manner as in con›�

ventional wings.��

4 
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Figure 3. The hypersonic wing test structure (HWTPS). 






























































































































































































































































