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SUMMARY

This preliminary design study was conducted by the Boeing
Vertol Company for the Eustis Directorate, USAAMRDL. The
purpose was to evaluate the practical impact of advanced
structural concepts and advanced composite materials on a
medium-range utility tactical transport helicopter config-
uration with specific payload, mission, and design require-
ments typical of modern (1974) procurement standards.
Structural efficiency and producibility/cost were emphasized.

A baseline metal helicopter was designed which met the speci-
fications. Sensitivity studies identified major structural
systems in which improved structural efficiency would have
significant impact on vehicle size and performance. These key
systems were studied and conceptual designs traded for struc-
tural efficiency, fail-safety, safety, cost/producibility,
reliability, maintainability, survivability, crashworthiness,
and detection avoidance, as well as general specification

conformance.

A free planet transmission concept was studied in some depth
for applicability to this vehicle, and detailed results are
reported in Volume II. An advanced structure helicopter was
developed for the same mission and gross weight as the base-
line, utilizing selected system concepts. A resized helicopter
was also configured with the same mission and payload as the
baseline, but taking advantage of the efficiency of advanced

materials systems.

The preliminary design investigation resulted in an advanced
configuration with a 15-percent reduction in gross weight, a
15-percent reduction in fuel required, and a l6é-percent reduc-
tion in rotor disk area compared to the baseline at competitive
production acquisition costs, without excessive development

risk.

The conclusion from this study is that advanced structural
concepts and materials technology are at a stage of develop-
ment wherein a reasonable level of applied development activity
can lead to demonstration and the introduction of significant
improvements into U. S. Army helicopter systems.
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PREFACE

SRS e R

i This Jocument is Volume I of the final report on the results

of a preliminary design exercise entitled Advanced Helicopter
Structural Design Investigation; Volume II is USAAMRDL Technical
g Report 75-56B, Design Application Study for Free Planet Trans-

4 missions. The program was conducted by the Boeing Vertol
Company for the Eustis Directorate, U. S. Army Air Mobility a
Research and Development Laboratory, under Contract DAAJO02-74-
C-0066, from June 1974 through May 1975.

abuat g b

The work includes definition of a state-of-the-art aluminum
baseline medium range utility helicopter, redesign in advanced
composites with advanced structural subsystems, and resizing
of the advanced helicopter to perform the identical mission of
the baseline helicopter.

e ge

Technical direction was provided by Mr. L. Thomas Mazza, with
the free planetary transmission drive study directed by
Mr. E. Rouzez Givens, both of the Eustis Directorate, USAAMRDL.

The study was conducted at the Boeing Vertol facility in Ridley
Parx, a suburb of Philadelphia, Pennsylvania. The principal
Boeing contributors werc Donald Hoffstedt, Program Manager:;
Sidney Swatton, Airframe Design; John Mack and William Rumberger,
Transmission Design; Erwin Durchlaub, Structural Analysis;

Frank Sauter, Cost Engineering; Arling Schmidt, Weights Analysis:
Robert rinckney, Manufacturing Technology: David Harding, R&M, ;
Survivability/Vulnerability; John Schneider, Preliminary Design; :
and Har' ' Rosenstein, Performance and Sizing.

Radd S R 3 AN SRR G AR e



/3
f TABLE OF CONTENTS
4 SUMMARY v vt vveveeonoeeeneoennonseonneennnssonenenns 3
PREFACE .+ otvevevsssosassosnasosscccsassasncscsasne 4
. LIST OF ILLUSTRATIONS ...ttt eeeeeoscennsocnnsonse one g
P LIST OF TABLES..... 50 G 0 ™ S S O o o 5 B 16
1 1 LTRODUCTI@N. rexil st 55 ol v s om0l ol o) o) o & smemomalia) o fsgsl s o o o5t sl o) o toroms) o 18
1 1.1 ObJeCtiVeS.c:iiisiiueereereeeosonnnsonanssnnces 18
; 1.2 Development of Preliminary Design Concepts.... 19
4 2. BASELINE HELICOPTER..:.:ceseeecnes ceeeeaes Cere e 22
| 2.1 MUT Baseline Design [2scriptioN....cc.ceeeceesss 24
3 2.2 General Arrangement...... e e Gl e SR TE Sep e 24
1 2.3 Airframe Baseline Desigh.......... AT 27
3 2.4 Landing Gear.......... dlo 0 0 0 oo o dbldic o dF ol AT C 29
. 2.5 Propulsion SystemM......... 5 0 &b olabldic dlo 0o o oo alb ¢ 29
9 20 @ Drivie | Siy/sitemise 8 B aulsd w S elers S8 ale Salols e o bue 3 5 33
: 2.7 Flight Control SyStemS....cceevsseesaccasasens 33
5 2.8 Electrical SySteM....ccceeeccesasssconsononnsa 36
1 2.9 AvVionicCS..eeeeseososs SR — O S RSP 36
§ 2.10 Hydraulic SyStemS....cccevoeceecces Jo 080000000 C 36
4 2.11 Main Rotor BladeS........... 5900 %000 D:0.5 0.0 030,00 C 36
1 2.12 Tail RotOr.......... S ceesenenes O .. 40
3 2.13 Transportability........ 0.0 Q.00 O 0G0 O OQD O QL OIGT AQ
- 3. ADVANCED CONCEPT DEVELOPMENT..... OO 04 0. 11043 0 AR D O 42
- 3.1 Airframe - Advanced Structural Concept
Candidates. .. f.i D seenoect oo 5 Gato © dlo 0 o Ao B A IS 42
3.1.1 Structural Breakdown......:oeooveeencecs 43
3.1.2 Conceptual Design Studies........ Moo ol 49
8o lhaB B IRe At INv/e ICOIS TR Mlaklene o sustsieilels ol @i ole B X iouonont 49
3.1.4 Material Structural Efficiency......... 49
3.1.5 Other Factors....cceeeeeses. OG0 0 C L 50
3.1.6 Selection and Logic for Final Study
Configuration - Airframe......eeecevees 50
, 3.2 Drive System.......cooveeoemweuss s el s IeRens N ere 84
4 3.2.1 Boeing Vertol Advanced Trans-
1 mission Design....ceeveennn SR PE N St 84
2 3.2.2 Selection and Logic for Final Study
4 Configuration - TransmissiON.....e.ce.. 84
b 3.3 Drive Shafting ConceptS..cceeesccescss M G LIOK O 86
5 3.4 Control System COnceptS..ccececeesseccascsncans 91
& 3.5 Rotor Blade and Hub COmpariSONS....c.coeeoceess 99
4 3.6 Landing Gear ConceptS........ A ares B 66 et DN
4 3.7 Final Study Configuration.....ccceceeceecessss 119




F 4. DEVELOPMENT OF SELECTED AIRFRAME DESIGN.....c.couse 122
; 4.1 Concept Refinement..........c... Q0 G 0 Ojg O Ak O © 122
4.1.1 Cost ConsiderationS......eceeeeeess vee. 124
i 4.1.2 Design Considerations.......eceeevesee. 125
E 4.1.3 Design Objective......eeeeeceenes SE 0 0 125
: 4.2 Design FeatUreS.....sveseessssesoensossannsas 126
4 4.2.1 Component RE31ZING....oeeeeesensannnnns 126
3 4.2.2 Modular Assembly Concept.......eoeeun.. Ty
‘ 4.2.3 Honeycomb Sandwich Construction........ 129
! 4.2.4 Dual Purpose Structure.......cooceeeens 130
; 4.2.5 Minimization of Highly Loaded
1 Joints and Complex Fittings............ 131
k 4.2.6 Mininal Parts Count....coeveese Sgnoogoc 132
4 4.2.7 Significant Reduction of Mechani- i
E cal FaAStenerS...vceeescesssansscaconnes 132 g
] 4.2.8 Graphite and Kevlar Selectlon .......... 137 ﬂ
4.2.9 Hybrid Application to Skins and ]
B atiEine Syt o < 500%0 o o didETdESIc Fo H dididlo® o o ¢ 137 |
; 4.2.10 Reinforced Thermoplastlﬂ Appli- ;
Claltl RS et Re el iltkeNereranene & B 15| Auolunale) o Hel-Nononelons 138 1
4.2.11 Low Temperature Cure Systems and :
Minimal Cure Cycles......cccvvuens SR ). 4
4.2.12 Automated Processe€S....... 500000003000 140 1
4.2.13 Laminate Tailoring...eceececesecacecenns 141
4,.2.14 Reduced Radar Signature........eeeeeeee 141
4.3 Configuration Definition - Advanced Com-
posite Airframe and Landing Gear.............. 142
4.3.1 Honeycomb Core Selection........ ooooooc 142
4.3.2 Modular Assembly.....vveeeeconcconecnss 146 4
4.3.3 Secondary Structure........... sooolood® [ ;
4.3.4 Airframe Crashworthiness Capablllty 148 3
4.3.5 Typical Panel Construction Details..... 148 :
4.3.6 Airframe ConstructiOn.....eeeeeeeeeeans 149 ;
4.3.7 Landing Gear....ecceescensscoosnscssesen 225 ]
4.4 Airframe Structure AnalySiS.......eeeeceancons 229 1
4.4.1 External LoadS......eecereenencasoscennnn 229
4.4.2 Internal LOAdS.....ceeceeccesroconnnesen 235
4.4.3 Detail AnalySiS...cccececscscccsscncnss 235
4,4,4 Structure Not Analyzed in Detail....... 256 1
4.4.5 Computer Aided DeSign......eceveencanss 259 1
4.5 Parts Count.......cvoves olio o 5™ © o olo o JEbS 5% 3 ee. 262 %

5. DETAILED SUMMARY (COMPARATIVE CHARACTERISTICS OF
BASELINE DESIGN, ADVANCED STRUCTURE DESIGN, AND

RESIZED ADVANCED STRUCTURE DESIGN HELICOPTER)...... 265
5.1 Weight Estimating....ceceeeeeececccccens veeeaa. 268
5.1.1 Introduction.......... 0D O 0,0 0 MO0 O O 00 opa 268

5.1.2 Weight Saving of Composite Airframe
Including Metal Landing Gear and Speci-
fied Metal Fittings Compared to Baseline
Metal Airframe and Landing Gear........ 269

6

= o andop it




Page
5.1.3 ROtOr Group....cc.cetevececcssooasscans 271
5.1.4 Tail GrOUP....ccvsssoensrecnasoncns oo od Tt
5.1.5 DOAY GIOUP::tvseeceossseccososasccsnsonna 271
5.1.6 A.ighting Gear....... soBco00000acC ite el 22
5.1.7 Ergine SeCtiOn.....cevsvcsococonccasssse 272
5.1.8 £ngine Installation......cecceeveocsans 272
5.1.9 Flight Controls.........ceve. 00 0P 0a0C 272
5.1.10 Fixed Equipment....c.eeeeeeeeocosocesans 273
5.2 Performance EvaluatiON...c.ceseeeeecosorscsasa 274
5.2.1 Design Point SelectiOn.......eeeieeceen 274
5.2.2 Effect of Advanced Structures on
RANGEIE ARt SHSZ € <)o) clewe Ve o) sumel arel Blalls 5 5lelelels Slols » 274
5.2.3 Resized Advanced Structure Vehicle..... 275
5.3 Comparison of Vehicle Size and Performance.... 288
5.3.1 Vehicle Size and Weights........occ00nn 288
5.3.2 Comparison of Vehicle Performance...... 288
5.4 Cost Estimating........eiciiiiieeeereccensannes 294
5.5 Cost Engineering Data@.....eceeeseesocosocncs ... 299
5.5.1 Airframe......eeeeeeeccesnsscoansscncacas 299
5.5.2 Main Rotor Blade......ceeeeeeesncssasass 299
5.5.3 Main RutHr Hub........ 5 O30 OO 0 0409 0.0 0 O OJYC 304
5.5.4 Mechanical Flight Controls O Ol O (1O 0 0 Gy 304
5.5.5 Main TransmisSSiOn.....eccovececsncsosen 304
5.5.6 Drive Shafting....... 3 o ol olio GBI 0 0 BIoT 0 olE 304
5135.7 LanAInNg] GEAT .+ < «iele o lsiolole a alle oo ahele s alse s 305
5.5.8 COSt SUMMAYY..:eeeesssssscccnscssosenne 305
RISK/FEASIBILITY ASSESSMENT FOR ADVANCED
STRUCTURES. .. cceeeeens BT P coco0 0™ 5 ol olb o %™ o o ob'c .. 309
6.1 Airframe Structures .......... o B8 dicl o b obldio 309
6.2 Structural Fittings.....cceeceese 8o Sl FANBo o c 309
6.3 Landing Gear ComponentS........ S5 JONEN SNSRIl 5 PRt 3 sl
6.4 Advanced Rotor Hubs...... S o000t dndhooco00a00C 311
6.5 Advanced RoOtor BladeS.....civeececncnncocnesos 311
6.6 Composite Flight Controls......cccceeeencecncns 312
6.7 Drive SysStemM....eeeesececec: sose 90,0800 QIO 0 0 G000 O G 312
6.7.1 Main TransmiSSiON....ccveeeeececses eees 312
6y 720 ST RNk o lele & s [e shelele o hele = lol= = Greomehs chek=Fe o 312
CONCLUSIONS AND RECOMMENDATIONS....scccecesencccsess 314
771 CONCLUSHIOMISE o ol 2l alfs as oo o] o 2l sae ols 3 slle o slolsl[ohels] 5 o o= o 5 314
7.2 RecommendatioOnS.....eceeeeeocecesns dEclo Moldiolo 2o cstlc 315
REFERENCES. .. vt eceeevcses FIEE o ST o 5% B 8 o o™ o Blol’o o 316

APPENDIX A. SPECIFICATION FOR AN ADVANCED
STRUCTURES STUDY FOR MEDIUM-RANGE
UTILITY TRANSPORT HELICOPTER (MUT)..... 317

APPENDIX B. MUT ENGINEERING DRAWINGS.....e0s000... 331
LIST OF ABBREVIATIONS AND SYMBOLS...... SoGopoaooooo ek




? LIST OF ILLUSTRATIONS

. Figure Page

1 Control Factor Effects on Airframe Unit Veight/
Gross Weight for Conventional Design (Qualita-
EHVEH Eole Bods (s soms o smers ol e lonalolals s oE o alb olblo d AN o O C S oo o 21

2 ltedium-Range Utility Transport Helicopter (MUT).. 25

3 MUT Cockpit/Cabin Compartment Mission Loading
Arrangement ....... 5/0.0,9 0 C00,00 O 0y0.a - rr Q00 D60 00 26

4 MUT Baseline Structural Arrangement......cccesess 28

5 MUT Landing GCAY .oveevvossescccsccssssscntsansscs 30

6 Aircraft Fuel v 3teMm ieevesosnnes 5 ddibl dlcloldo ddloldio © 31
7 Propulsion and Drive System Arrangement ......... 32
8 Drive SYStem ..cceeessacasocas 500 odc ol iiBTb o FIL o ¢ 34
9 Dual Mechanical Flight Control System ........ B0 C 35
10 Equipment Installation - Nose Enclosure ........ c 37
11 Main Rotor Blude .......... 5 010 013 010K Ot JOI0 0 Qoo C 39
12 TRani N RO IR BRI & shelele & SE b ol 5 AOIICD MolBolo A 0 0 ook 41

13 Payload/Gross Weight Variation with Subsystem
Weight Reduction, NO RESIiZING seevesneasssscsases 44

14 Effect of Subsystem Weight Reductions ...cceseeese 45
15 Lffect of Subsystem Weight Reductions ....cecceees 46
16 Effect of Fuselage Component Weight Reductions .. 47
17 Effect of Fuselage Component Weight Reductions .. 48

18 Concept A - Graphite AS/Kevlar Epoxy Honeycomb
SlaREWIKEIN & e < 550, s Bl s Ruiforere & 8 D0 SF BRSNS ONN ST RN o 55

19 Concept B - Graphite AS/Kevlar Epoxy Honeycomb
SandwiCh ® & ® 2 & & & 5 0 ¢ O 0 0 ¢ ® & » & © 5 & ® & 068 0 5 " 0 P O O BB S SN 57

20 Concept C - Graphite AS/Kevlar Epoxy Honeycomb
SandWich ® & 2 ) & & 0 0 0 O P BSOS SO O S B O S e O 0 E A SO SO seea e 59




| Figure Page

21 Concept D
Sandwich ® @ & & 5 &6 & & ® P O O " PO & 0 " 5 & ¢ 6 & 2 0 O & " O O 0" O P e 00 61

1
o
A
o

T
oy
[
o+
o
>
2
~
=
o
<
[
Y
2t
&

o]
O
x

t<
o
0
3
0

<
Q
o
3
o

22 Concept E - Graphite AS/Kevlar Epoxy Honeycomb
STANAWAICI olexel® B1e Bl 10 2 4cie ols Sholls s cholsyols Hiold 0™ o dlo didlo e 63

1 23 Concept F - Graphite AS/Kevlar LEpoxy Hcneycomb
h Sandwich ....eeveeeseces 8000 8000800080800 0K 00C 65

24 Concept G - Graphite AS/Kevlar Epoxy Skin/
Stringer ® 6 ¢ 8 * @ 9 6 B 2 O S O B O S S O S ST S S L G PSP S O S SN S 0 LoD 67

25 Concept H - Graphite AS/Kevlar Epoxy Skin/
i LY |@58 6 (0 0 6 HIEEIE O 0 CHEHIIN 00 0 AGIAPIC0 910 0 d10 o 0Io ¢ 69

26 Concept J - Graphite AS/Kevlar Epoxy Skin/
Stringer .s.eccescecsess 50 0 o bl oI dio o 5 o &kl o o 71

27 Concept K - Graphite AS/Kevlar Epoxy Skin/
SRS Ui 0 0 A 500080 000000008000 003 000000 a0c 73

28 Concept L - Graphite AS/Kevlar Epoxy Skin/

Stringer' ....... ® @ & 8 0 & & 5 O O & 0 & 9 B B &S S SO SLBLO eSS 75
29 Concept M - Graphite AS/Kevlar Epoxy Skin/ 3
SIEEINGEr .o sleies oe o6 s Shellel SHe¥aTla Shelele o Tolafieval ofchole foteralioRe o 77

30 Concept Q

Graphite AS/Kevlar Epoxy Mixed ..... 79
31 Concept R - Graphite AS/Kevlar Epoxy Mixed ..... 81

32 Relative Cost of Fuselage Structural
Arrangements ® 8 6 & & 0 8 & 5 S O O S & PO OSSO S S S B L S G e e 83

Sy

33 Tail Rotor Shaft Improvements (UTTAS sized) .... 88

34 Concept B - Graphite-Epoxy Integral Flange :
Drive Shaft Test SpecCimen ...ceecesccscsssaseces 89 ‘

35 Concept C - Graphite-Epoxy Shaft with Tailored
Laminates ® @ @ & 5 5 & 06 6 5 S 0P S S O OB S O S ST S OO S SO G E S e 00 90 5

36 Comparison of Ballistic-Damage-Tolerant Fiight
Control Components with Their Metal Counter-
parts ® & & & ® O O O 8 O 0 6 9 8 0 O S OO D S OGS S S S S E S OB O 8Os OSSN S 94

37 Single Mechanical Control SYySteMm ...ceceeeecccocss 95

38 MUT Flight Control System (Single Mechanical
With Single Electrical Backup) ..cececessssscscs 97

9




YO TR S g

Figure Page
i 39 Boelkow BO-105 Blade ........... cesecesssecsecsss 103
E 40 HMTS Blade Concepts ceieweeeacens 53 diio o dlo 6% oldid o dio o o 104
E 41 Blades Fabricated by Fiber Sciences ....eeseseses 105
g 42 Root knd Concepts .te.vieeevcoceocncs 5 aoc cmellelanale syene N0
3 43 Hub A (Baseline, Scaled Down YUH=-6lA) ...ceeeeusn 108
} 44 Hub B (One-Piece LTF) ....ccveeeens a0 O\C Scoocaan L8
j 45  Hub C (LTF Tip-to-Tip BladesS) ..eevececeans ceee.. 110
E 46 MUT Baseline Main Rotor Blade Modified to Fit
: LTF Hub ...... slomolte] molliiole] & ENCH ke ia) SNeNaNoR=NoNs JE SGE S Eboookl ket
% 47 MUT Main Landing Gear (Lever Suspension; Double
: Piston Kneeling Type; 2 Stage) ....... 000 aoadcs k!
'é 48 Main Landing Gear Kneeling System Schematic

(Baseline) c.eceees T I B

49 MUT Main Landing Gear (Lever Suspension; Single-
Piston Kneeling Type; 2 Stage) ...... R0 00 blaoddob. dk5(E

50 Shock Strut Comparison ...... o 1005 VoRele Sk lo (o ToRoRerlnns SRS (= [o0- MRS L¥/)

51 Preliminary Sketch of Advanced Material Shock
Strut ® & 5 0 9 8 & 0 0 O G & O 0 S0 S S S O S OB 4O O E SO PSS S S P00 S S e S 118

52 Recommended Final Study Configuration .....ceee... 120
53 Fuselage Modularization (Extreme Example) ....... 128

4 54 MUT Airframe - Identification of Metal Primary
A Load Fittings in Airframe .....ccecevcvceoeee.oas 133

55 Assembly of Airframe Modules (All Mechanical
AttaChmentS) @ 0 @ 0 0 2@ 6 00 0 0 0 00 0B SN0 SO OB O G 00 g8 0 135

56 MUT Airframe ~ Final Configuration Exploded

f. View of Module and Subassembly Components ....,.. 143

% 57 MUT Ai~frame Total Modular Assembly ............. 145 A

| 58 MUT Airframe Crashworthy Features ............... 151 E
59 Attenuating Pilots Seat w.ieeeicccsccssseccacesens 153 <;

10




60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

ttenuating Troop Seat ...cevecrvnne OIAINIEO OIP X O O (ous
Typical Sandwich Frame Construction .......ecee..
Typical Composite Skin Panel .....eeecseccccssocs

Airframe Module 1 - Canopy LEnclosure Skins, Trans-
parencies and Nose Avionics Bay Subassembly .....

MUT External Vision Plot (From Aircrew Stations)
Side-by-Side Seating ...... 010 00400 0 Q000 000 00,0C nogc

Side-by-Side Pilot and Copilot in Crashworthy

SEALS ittt ecss et et aac sttt st sssscaan s ceoes
MUT Cockpit Enclosure Design Consideration ......
Crashworthy Features in Cockpit Enclosure .......
MUT Cockpit Enclosure Design Considerations .....
MUT Cockpit Enclosure Design Considerations .....
Airframe Module 2 - Floor Structure .......ecee.s

Airframe Module 3 - Upper Deck Assembly and
Fairings - Deck Structure .....ceeceseaes Moo oldiclc e

Airframe Module 4 - Bulkhead Sta 163 and Side
Panel Assembly ~ Side Panel DetailS ...ececeosces

Airframe Module 5 - Tank Support and Side
Avionics Structure - Subassembly Side Avionics
Compartment .....c000. S ochoooddntoo0acd SRS T o o did

Airframe Module 6 -~ Tailboom and Vertical
Stabilizer Torque Box - !lain Assembly and Field
Splice Joint Details ..... 0 IS0 0 0 0 0 dbibiclo b o 5
Airframe Module 7 - ‘vailcone Fairing Assembly ...

Airframe Module 8 - Tailbumper and Absorber
Assembly e & 0 & O O & 8 5 0 S & B O " SO S PO S SO S SS A S e e PP e s e . e

Airframe lModule 9 - Horizontal Stabilizer and
Actuator Exploded View ...... O M0,0 0.QJQ O 0 Q.0.0x0 08 0 0 e

Airframe lModule 10 -~ Vertical Stabilizer - Tip,
Lecading Edge and Trailing Edge Fairing .eeceoeeee

11

187

193

199

205

207

209

215




Figure

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

Airframe Module 11 - Cakin Sliding and Hinged
Doors - Assembled View ....eeeeeecens

MUT - Main Landing Gear ...seesssesss

MUT Nose
Fuselage
Fuselage
Fuselage
Fuselage
Fuselage
Internal
Internal

Internal

Internal Loads for Tailbumper Impact Condition ..

Strength and Modulus for Unidirectional HTS/
Kevlar Hybrid Laminat@s ...ceeeescssosssssscscces

Charpy Impact Strength of Unidirectional Kevlar
49 Hybrid Composites ....c00e000.

Tail Boom Section at Fuselage Sta 239 ..iceeeeese

Maximum Compression and Shear Loads on Tail
Boom Shell

Schematic for Skin-Stringer-Frame Semimonocoque
Tail Boom Shell

Drop Test Damage to Helicopter Floor Panels .....
Sandwich Shear Panel - Optimization Study .......
Airframe Parts Per Pound

Effect of Tipspeed Disc Loading and Design Cruise
Speed on Gross Weight ..eveeeececcsscssssccsscnacns

® s e o v o000 s

Landing GEAr .u..ceecssecssaccsronssssanss

Vertical Shear

Vertical BERANIRG | % & t=els ol sl slelis ale svels o o o o
Lateral Shear
Lateral Bending ..eceecsessesssscsnsoscass
BOIRCAIE . . ol ete) e o) shems s 'onems sheriots to]s s sk o 'sl ome =] ors 5 0%
Loads for Nose Gear Impact Condition ...
Loads for Vertical Takeoff Condition

Loads for Symmetrical Dive and Pullout
Condition ..

® ® 8 05 200 B0 B LSS0 re e

Page

217
226
227
230

231

233
234
236

237

238

239

245

246

248

249

252
257
260

264

276



Figure Page

100 Effect of Tipspeed Disc Loading and Design Cruise
t Speed on Weight EMPLY .v.evevseensecscasncsnnsees 277

101 Effect of Tipspeed, Disc Loading and Design Cruise
g Speed on Fuel ...cce0eus ™5 60 d™ oo ook o IEIA MR o Moo AU

102 Effect of Tipspeed, Disc Loading and Design Cruise
Speed on Diameter ....... 500000C 50000QG0000n0aa00 AU

103 Effect of Tipspeed, Disc Loading and Design Cruise
Speed on S011dity ..ceseeccecccss 00 0 &0 BIEE slele e aaaae 280

104 Effect of Tipspeed, Disc Loading and Design Cruise
Speed on Initial POWEr ...csecesessoscscnsseassss 281

105 Effect of Tipspeed, Disc Loading and Design Cruise
Speed on Gross Weight .....0. SRR o e e Re e oo Ko on- D252

106 Effect of Tipspeed, Disc Loading and Design Cruise
Speed on lieight EMPtY ..ecececscccsosescssessesse 283

107 Effect of Tipspeed, Disc Loading and Design Cruise
Speed On Fuel ® & ® & & 5 & & 5 O 5 & 0 S S O &P O S S SO0 RSN SS e e 284

108 Effect of Tipspeed, Disc Loading and Design Cruise
Speed on Diameter ...eeeeesscscessessossssnssassss 285

109 Effect of Tipspead, Disc Loading and Design Cruise
Speed on SOLIAIEY Lo el oen cweanns et ososmmsesoisonee 2806

110 Effect of Tipspeed, Disc Loading and Design Cruise
Speed on Initial POWEr ..ecscecesccsscssnssnacocees 287

111 Size Comparison of Baseline Versus Resized ;
Advanced Structures Helicopter .iceeveeesessecesss 230 ]

112 Metal Baseline Aircraft PerformanCe ...ceceeeces.s. 291

113 Advanced Structural Derivative Aircraft
Performance ® & &5 & @ @ & & & & 5 O S 3 6 6 0 0" OSSO OO eSS 00 Pe e 292

114 Resized Advanced Structure Aircraft Performance.. 293

115 Manufacturing Man-Hours per Pound for Composite
Honeycomb Panels of Sandwich Construction ....... 296

116 Manufacturing Man-Hours per Pound for Composite

Skin/Stiffener Type Parts of E-Glass (Woven,
Style 181) ® 9 @ 9 ¢ O @ ¢ O O B S OO O O PSS O OO P SO E NSO OO ES BSOSO 297

13

e b T Fiide




T

4 Figure Page

117 Manufacturing Man-Hours per Pound for Composite
Box Frame Structure of Graphite/Kevlar/Epoxy .... 298

118 Scatter (Standard Deviation) of Estimate by Parts
Count is Only 42 Percent of Scatter of Estimate

‘ )5S (3151 01 S I PSS 00000000 DoDOOCOC 306
% 119 MUT Airframe Cost Element Comparison, Metal

§ Versus Composite ....... Ol ehoTelte o] oMo ) = 5 SIQICIGQR © eeeses 307
; A-1 MUT Design EnvelopesS ..eeeeeccecassocs S elelelelorene S o1t S 159
é A-2 Advanced Technology Engine Weight ....... olols 0% os 328
} A-3 Typical Performance of Three Advanced Technology

Engines ........ 500000 C SO0 o0 oo e eR LR ke Lo ne e he e s R 312 8

B-1 Baseline MUT Three-View Drawing ..ccececesccseasss 331
B-2 MUT Baseline Airframe Structure ............... es 333
B-3 MUT Advanced Composite Concept 1 .....ccviiveeeess 335
B-4 MUT Advanced Composite Concept 2 ..... S SO EE I T
B-5 MUT Concept Variations for Tank Bay and Tailboom. 339
1 B-6 Two MUT's in C-141 Aircraft .......... ceseeeseees 341

BE-7 MUT Integral Tailboom/Fuel Bay (Bathtub and Lid
Concept) eeceenceresnes ceseenns Y K |

B-8 MUT Integral Reduced-Section Tailboom ........... 1345
B—9 MUT Horizontal Stabilizer Behind Tailboom ....... 347

B-10 MUT Exploded View of Honeycomb Sandwich Panel
Concept sceeeervreescccscccccns sesesescssecesssene 349

B-11 MUT Cockpit EncCloSUre ...ccecececeseccscescecncesnes 351 E

B-12 MUT Underfloor Structure and Floor Panels ....... 353

B-13 IMUT Mixed-Concept Geodesic Structure ............ 1355
B-~14 IMUT Airframe Upper Deck Module .....cceeeene ceses 357

1 B-15 MUT Composite Structure Primary Airframe
Arrangement .....ccccicccitisecesctccstccnsacnnsss 359

14




3
o Figure Page
f B-16 MUT Tailboom configuration for wound Concept .... 361

p-17 [UT Composite Control Link Concepts cececesscccecs 363

B-18 NMUT Airframe Crashworthiness FeatuUreS cecesssecooss 365

E‘ B-19 IMUT Integral Tailboom/Fuel Bay Joint to

E Fuselage Study W ieesssesesecuessssecs s onenene 367

{ B-20 IMUT Composite Airframe Structure Final

3 Configuration o e GlVOTD & ShedE B 8T SR s joge Shepsnee slEeys 8 369

. p-21 NMUT Direct Drive Engine Installation Concepts 1

f and 2, and Required Tailboom/Fuselage Carry-=

E through Structure e enenell b B o TAGA R AEEe EREE oF 30 371
E
3

NI T




LIST OF TABLES

;‘

Table Page
; 1 MUt Baseline Aircraft Preliminary Design
] COMPABRISONCNeNeNte] s srelclehetelel shale le allowe s [chs l=Ne 2ol ok shehels © = el o I 20
i‘ 2 Baseline Aircraft SizZe...ie et veeerveninnossnnsonns 22
; 3 Preliminary Design Baseline WeightS........... o e 28
é 4 AvVionics EQUIpmMeNnt....eeveecesoeceosoncsoassosnans 38

5 Structural Category of Airframe Major
Assemblies......... 50 0y 0 0 Gicidiolp d 0 SIEEIPIIGIKD © &b o ¢ Shels o 43

TR

3 6 Concept Screening Analysis - Aircraft
; Primary Structure (Sheet 1) ...cceeevecensnenonanns 51

1 6 Concept Screening Analysis - Aircraft
E Primary Structure (Sheet 2) ...iveeiveecrnocnncsaans 52

6 Concept Screening Analysis - Aircraft
Primary Structure (Sheet 3) ....cciiieererneenccans 53

7 Comparison of Material Systems and Helicopter
Loading ConditionNS..sceeeeceescesssoacsnssnsessnss 54

8 Concept Screening Analysis - Main Rotor
TEANSMENSISHIGRERRsrETar: £ Bl B 8 & Sate e tencl s e Rare ot ter i = 85

B I

9 Concept Screening Analysis - Tail Rotor/
Engine Drive Shafting......eeceeeeecesnseonsecncnns 87

10 Concept Screening Analysis - Flight Controls...... 93 é
11 Advantages and Disadvantages From Design of

Flying Control Bellcranks and Idler Arms in
Composite MaterialsS....veceeeeasoossocresasncnnose 98

12 Concept Screening Analysis - Rotor System
(Hub Plus Blades)...... 8000000 TI0C 00 000 Ne a0 C 102

13 Concept Screening Analysis - Main Landing Gear.... 113

14 Final Study Configuration Selection Summary

of Selected Concepts....... 0000 dIo0I0 000000000 GGk G 121

15 GRS SIS R RNt leRete hets 2hs = ofs = sl-fe = = = sodoldoo o db S o = 23

16 MUT Airframe Crashworthy Capability....ccceeseeese 155
16 i

|
|
= o i
g
s




1 Table Page

17 Summary Critical Conditions for Airframe
StructuUrul ElementS...eeeeseenssscnscsassnsssnssas 241

18 Matorial Systems Properties and CostS............. 242

19 . © of Tailboom Shell AnalysiS.......cieeeeenes 251

20 A1::1ame Module Parts per Lb (Composite
Refined Design as Defined in Section 4)........... 263

21 Configuration Comparison - Geometry,
Performance, Weight and Cost....cvcveeeverennnnces. 266

22 Module Weights Comparison.....eeceeeeeercccesecaes 269

23 Comparative Weight Summary - Preliminary
DEISH G S Pl e IS Tt SRl o BRI & B-RRe Shels £t 3 2 20

24 Cost Engineering Estimates for MUT Airframe
Major Assemblies (Primary and Secondary
St ETEHERINE)) ) oxmmes ana = he] & lame ool 2 50e Lials o lsmel BleE B o absiolotoltics & o1 (slo i 31010)

25 Risk/Feasibility Assessment Bummary.........ecs0.. 310




TR T,

1. INTRODUCTION

1.1 OBJECTI/ES
The objectives of this study were to:

® Define advanced structural configurations using the
latest analytical, material and fabrication technology
to satisfy requirements of structural efficiency,
fail-safety, safety and producibility/cost.

® Conduct a risk/feasibility assessment of advanced
structural concepts to determine the areas of greatest
payoff and to define potential high technical risks.

® Identify supporting research required to achieve the
necessary advanced structural technology, as determined
from preliminary designs and associated analysis.

For the study, Eustis Directorate, USAANRDL, supplied a Speci-
fication for an Advanced Structures Study (SASS) for a Medium-
Range Utility Transport Helicopter (MUT). This specification
(Appendix A) formed the basis for preliminary conceptual de-
signs of the aircraft to meet specific mission capabilities.

To meet the stringent standards of the SASS, the initial task
included sizing a modern baseline metal aircraft structure and
subsystem, and providing a standard against which advanced
structures could be evaluated. When the baseline configuration
was determined, each of the various subsystems was studied

and conceptualized both as components and as systems, to de-
termine candidate components/systems which might decrease the
structural weight of the airframe system (fuselage, controls,
rotor hub, transmission, landing gear, drive shafts, etc.)
while meeting th: basic requirements of the SASS. These con-
cepts were screened, evaluated, and reviewed with USAAMRDL.

The second task included a more detailed comparison of struc-
tural concepts, rating of viable options, and recommendation

to USAAMRDL of the most promising advanced concepts. The sec-
lected configuration was further defined, analyzed, and >
insofar as the conceptual nature of the study required.

The third task involved a comparison of weight and mission per-
formance between the baseline and advanced configuration while
maintaining common geometry. A further comparison was per-
formed after resizing the advanced structures configuration to
perform the identical mission of the baseline ccnfiguration.
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The final task involved assessing risk and feasibility of the
selected advanced structural design and identification of the
highest technical risk areas plus additional supporting re-
search requirements necessary to effectively implement advanced
structural concepts.

Most of the detailed concept evaluaticn centered around the
fuselage, which was identified as the maximum pay-off structure
for improvement of payload/gross-weight ratios. All systems
were considered, however, in identifying potential advanced
concepts and evaluating their relative impact on the final
weight and cost of the aircraft.

1.2 DEVELOPMENT OF PRELIMINARY DESIGN CONCEPTS

The sizing and preliminary design of a baseline niodern state-
of-the-art helicopter was performed using HESCOMP, the Heli-
‘opter Sizing and Performance Computer Program developed for
NASA by Boeing Vertol Company under Contract NAS2-6107. The
utility designation with litter loading requirement, the re-
quirement for transportability in a C-130 and a C-141, the nap-
»f-the-earth maneuverability, and the hot-~day hover requirement
1zed the cabin, the rotor height, the tail rotor and the main
rotor, respectively. The reliability, maintainability, surviv-
ability, and vulnerability requirements, plus the specified
maneuver load factor of 3.50, and requirements for fail-safety
and design-to-cost, forced a reevaluation of historical weight
trend curves upon which HLSCOMP is based. The differences be-
tween a baseline helicopter derived from traditional weight
trends and a baseline helicopter reflecting modern design
practices (see SASS, Appendix A), are presented in Table 1.
Qualitative impacts of control factors on structural weight
are shown in Figure 1.
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TABLE 1. MUT BASELINE AIRCRAFT PRELIMINARY
DESIGN COMPARISON

Historical Effect of
Design Modern Design
Parameter Prediction Requirements
Gross Weight (1b) 8,477 9,544
Weight Empty (1b) 5,583 6,431
Rotor Diameter (ft) 36.7 38.9
Installed SHP 1,843 2,065
Mission Fuel (1lb) 1,437 1,655
Payload (1b) 960 960
VCR (Kt) at S/L Std 150 ¥
ROC (fpm) from HOGE,
4,000 ft, 95° 450 &=
Mission Endurance (hr) 2.3 2.3
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(1) Airframe Unit Weight Definition may be found in MIL-STD-1374.

Figure 1. Control Factor Effects on Airframe Unit WeighQV
Gross Weight for Conventional Design (Qualitative).
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2. BASELINE HELICOPTER

The HESCOMP sizing results for the MUT baseline aircraft, with
weight trend corrections based on Army UTTAS design experience
(reflecting procurement requirements similar to Appendix A),
are presented in Tables 2 and 3. A baseline design description
follows the tabulations.

TABLE 2. BASELINE AIRCRAFT SIZE

Length (Body and Tail Boom) 40.25 ft
Length (Cabin) 6.0 ft
Length (Body) 19.8 ft
Length (Tail Boom) Incl Stinger 20.3 ft
Main Rotor Location 12.3 ft
Cabin Width Outside 8.0 ft
1 Horizontal Tail
1 Aspect Ratio 4.28
. Area 21.1 sq ft
3 Span 9 45 Bt
1 Mean Chord 2.22 £t
; Taper Ratio 0.66
) Thick.ess/Chord 0.15
] Vertical Tail
] Aspect Ratio 1.722
1 Area 21.6 sq ft
1 Span 5.67 ft
b Mean Chord 3.3 ft
] Taper Ratio 0.43
} Thickness/Chord 0.23
4 Main Rotor
; Diameter 38.9 ft
Solidity 0.100
Disc Loading 8.0 psf
Number of Blades 4
Blade Twist -12.0 deg
Cut-out/Radius Ratic 0.230
Tip Speed 750 fps
Tail Rotor
Diameter 7.8 ft
Solidity 0.227
Net Disc Loading 13.8 psf
Number of Blades 4
Blade Twist -9.0 deg
Blade Cut-out/Radius Ratio 0.250
ri Tip Speed 700 fps
u Main Rotor/Tail Rotor Gap 0.5 ft




TABLE 3. PRELIMINARY DESIGN BASELINE WEIGHTS

Item Weight Total Weight
Item (1b) (1b)
Propulsion Group
Main Rotor Group
Rotor Blades (4) 563
Rotor Hub 364
Drive System 1047%*
Primary Engines (2) 468**
Engine Installation 186
Fucl System 190
2818
Structures Group
Horizontal Tail 42
Tail Rotor 56
Fuselage (includes Vertical
Tail) 1067
Landing Gear, Nose 68
Landing Gear, Main 217
Landing Gear, Tail Bumper 11
Engine Section 135
1596
Flight Controls Group
Cockpit Controls 67
Main Rotor Controls, Lower 263
Main Rotor Head Controls 178
Horizontal Stakilizer
Controls 19
Stability Augmentation System _35
562
Weight of Fixed Equipment 1455
Weight Empty 6431
Fixed Useful Load 498
Operating Weight
Empty 6929
Payload 960
Fuel 1655
Gross Weight 9544

*Main rotor drive system rating is 1604 hp. Tail rotor drive
system rating is 182 hp.

**pPower required for baseline helicopter, sized for takeoff at
4000 ft density altitude and 95°F, and 450 fpm vertical rate
of climb (at T/W=1.03, both engine operative) is 2065 max
standard SL static shaft horsepower.

—
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2.1 MUT BASELINE DESIGN DESCRIPTION

The baseline MUT aircraft, designed to comply with the specifi-
caction for an advanced structures study for medium-range util-
ity transport helicopter (Appendix A), is shown in Figure 2.

The design features a single main-rotor system employing the
hingeless composite rotor blade concept and is powered by twin
advanced~-technoloyy engines. The aircraft incorporates modern
state-of-the-art structure and is supported on a tricycle land-
ing gear with the addition of an attenuating tail bumper.

The pilots' comnartment accommodates a crew of two. The cabin
width and height is sized for seven passengers and will meet
the specified mission requirements of four combat equipped
troops and a crew of two. The cabin width is sized for four
troops or three litters placed laterally (see Figure 3). The
internal cross section dimensions resulting from the litter
requiremenrts are the same as those of the current YUH-61A
(UTTAS) ; hence, the crew compartment and the cabin width and
height are practically identical.

The aircraft missions include aeromedical evacuations, and the
transport of special teams and/or equipment or supplies. An
external hook 1is provided to transport oversized loads up to
2000 pounds (see Figure B-1 in Appendix B).

2.2 GENERAL ARRANGEMENT

The aircraft fuselage consists of three sections: cockpit area,
mid-fuselage area, and the tailboom/empennage.

The cockpit arrangement provides the crew with maximum crash
protection, good visibility in all directions, normal ingress
and egress through hinged jettisonable side doors, emergency
egress through an overhead window, shatterproof windshields,
and windshield wipers. Flight controls, avionics, and nose
landing gear are also located in zid around the cockpit area.

The mid-fuselage area contains the troop/cargo compartment,
fuel system, and the equipment bays. Floor and ceiling attach-
ments for troop seats, litters, and cargo are provided in the
cabin area. This section absorbs loads imposed by the engines,
main rotor transmission, and other components of the dynamic
rotcr system, landing gear, and tailboom. The cakbin area is
enclosed by two doors on each side. A forward hinged door is
used for litter loading and an aft sliding door for troop
ingress and egress. With both doors open, a width of 50 inches
is provided for loading cargo.

The self-sealing fuel cell is located just aft of the cabin
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and 1s conmpletely enclosed by airframe structure. The elec-
tronic equiprnent compartments with large access doors are lo-
cated on cach side of the aircraft, outboard and adjacent to
the fuel cell compartnent and just aft of the main landing
gear well. The entines, main rotor transmission, and other
components of the dynamic rotor systen are located ahove the
cabin ceiling.

The tailboom supports the tail rotor, shafting, gearboxes,

tail punper, and vertical and horizontal stabilizers (see
Figurec 4).

2.3 AIRFRAME BASELINE DESIGN

The primary structure is a modified semimonocoque construc-
tion consisting basically of aluminum alloy skins, stringers,
and franes. Stainless steel and/or titanium is used where
feasible (e.g., in firewalls and fittings). Generous use is
also made of fiberglass, bonded honeyconb, and other composite
materiales in secondary structure (doors, fairings, etc.).

The cockpit area structure is arranged to provide good struc-
tural continuity with the mid-fuselage section for crash pro-
tection. llard points are provided for attaching the nose gear.
The cockpit section is spliced to the mid-fuselage section at
sta 78.

The mid-fuselage structure, above the cabin ceilinqg, consists
of buttline longitudinal beams and built-up torque boxes which
extend almost the full length. This rugged structure supports
the engines, main rotor transmission, and all other conponents
of the dynamic rotor system. Hardpoints are also provided to
accorriodate the main landing gear and a removable carqgo hook

in the aft end of the cabin area. The cargo operator's station
is adjacent to the hook access opening in the floor. The floor
structure consists of lateral floor frames and longitudinal
beams, allowing continuity of structure from the fuselage nose
to tailboom and accommodating the floor loading requiremnents.

The tailboom is shaped to provide an effective box structure

required for the tail rotor, empennage, and tail bunper. The
tailnocr. and the mid-fuselage section have a field splice be-
tween them at sta 239,

The vertical stabilizer supports the tail rotor, gearbox, and
shafting. Construction is basically aluminum alloy two-spar,
rib, skin, stringer type. The spars extend into the tailboom
and are mechanically attached.

The variable incidence horizontal stabilizers are the sane
type construction as the vertical stabilizer. Each stabilizer
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has a lug located inboard on the front spar for attachment to
a common torque tube through the tailboom (see Figure B-2 in
Appendix B).

2.4 LANDING GEAR

The landing gear is a tricycle type with the main gear attached
to the aft side of the cabin aft bulkhead. The nose gear 1is
attached beneath the cockpit section.

Each main gear consists of a two-stage oleo having kneeling
capability. These features also permit survival in a 95th per-
centile crash by absorbing energy prior to structural deforma-
tion of the airframe.

The nose gear is a single, 360-degree swiveling, nonretract-
able oleo strut with dual wheels. A viscous shimmy damper and
swivel lock are incorporated (see Figure 5).

The attenuating tail bumper is installed to protect the tail-
boom from structural damage during high-angle flared landings
(vertical impact capability of 18 fps).

Ground steering is accomplished by the tail rotor and differ-
ential braking of the main wheels.

2.5 PROPULSION SYSTEM

The propulsion system includes two new advanced technology
engines with particle separators in the air induction system,
exhaust system including infrared suppression, engine compart-
ment cooling, compressor bleed air/pneumatic system, engine
mounting with isolation units, propulsion system controls and
instrumentation, fuel system (see Figure 6), lubrication sys-
tem, fire detection and extinguishing system, also the nacelle
group, comprising fixed and hinged segments of engine cowling
(see Figure 7).

The air-induction subsystem consists of a semiannular inlet
and an aerodynamic-shaped shroud which houses the nosebox
transmission.

The exhaust subsystem consists of a titanium tailpipe and a
titanium ejector shroud to provide ample engine compartment

cooling.

The infrared suppression assembly is readily installed upon
removal of the tailpipe and ejector shroud.

Engine bleed air provides anti-icing protection, and heating
and ventilation for the nacelle inlets.
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Figure 7. Propulsion and Drive System Arrangement.
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The fuel system consists of a single self-sealing, crash sur-
vivable fuel tank and supply lines designed for ballistic pro-
tection. Independent collector tanks, integral with the main
fuel tank, feed each engine. Normal feed and crossfeed are
accomplished by suction pumps on each engine. Aircraft re-
fueling is accomplished on the ground from easily accessible
locations. Frangible fittings to tank attachments and self-
sealing breakaway fittings are typical throughout.

The fire detection and extinguishing system consists of sensing
devices in each engine. Two extinguishing bottles are provided
with discharge selectivity from the cockpit into the firebox
areas.

2.6 DRIVE SYSTEM

The drive system consists of two-engine right-angle-nose, main
rotor, intermediate, and tail rotor transmissions; accessory
gearboxes; and interconnecting sectionalized shafting. All
shafting, except that trom the engine to the nose trans-
mission, is aluminuwm alloy tubing with flexible steel couplings
between sections (wc¢e lFigure 8).

The lubrication =ystem for the main rotor transmission consists
of a primary an! a backup system. The primary system normally
supplies cooling o1l to the generator (on the aft accessory
gearbox), bearings, gears, and return to reservoir. A section-
alized oil cooler is located on the accessory section of the
main rotor transmission. In an emergency, the backup system
supplies 0il to critical bearing and gear meshes only, thereby
limiting flight time. Engine oil is also cooled through the
sectionalized cooler on the accessory section. The forward
accessory gearbox and the intermediate and tail-rotor trans-
missions have completely integral air-cooled systems and re-
guire no separate coolers. The advanced technology engines

may incorporate a completely self-contained lube system.

2.7 FLIGHT CONTROL SYSTEMS

Flight control of the aircraft is accomplished by a redundant
mechanical system coupled with inputs from a redundant SCAS
(Stability Control Augmentation System) to the hydraulic actu-
ators controlling the main and tail rotors (see Figure 9).

The main rotor actvators impart motion to the nonrotating ring

of the swashplate assembly. This motion is transferred to the

rotating ring of the swashplate which provides pitch control to
the rotor blades through pitch links.

The tail rotor actuator imparts motion to the rotating sliding

sleeve on the tail rotor shaft. The sleeve transfers pitch
control to the tail rotor blades through pitch links.
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Figure 9. Dual Mechanical Flight Control System.
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2.8 ELECTRICAL SYSTEM

The primary electrical power supply is provided by the ac gen-
erators, one on each accessory gearbox (AGB). One generator
is capable of supplying the entire aircraft electrical power
if necessary. The generators also provide for dc power by
converting through transformer/rectifiers.

A 28-volt battery (located in the nose avionics compartment)
is used for engine starting and is interlocked into the
electrical system for emergency use.

2.9 AVIONICS

The avionics equipment for the aircraft provides fixed commu-
nications and tailored navigation capabilities to the crew.
All avionics equipment is accessible for ease of maintenance.
Most of the equipment 1s located in the fuselage nose aud some
in the bays in the sides of the fuselage just aft of the main
landing gear well (see Figure 10).

The avionics equipment is listed in Table 4.

2.10 HYDRAULIC SYSTEMS

The utility hydraulic system operates at 3000 psi. It supplies
power for kneeling/unkneeling of the main landing gear, and
serves as an emergency source of hydraulic pressure for the
flight control system. The system consists of an accumulator,
an ac electric-driven hydraulic pump, a two-stage handpump,
plus filters, relief valves, etc.

The flight control hydraulic system consists of two independent
systems, with the utility system as an emergency backup in the
event of dual system failure. Each system is completely sepa-
rated from the other and consists of pump-cooler unit, hydrau-
lic component module, accumulator, and associated hydraulic
lines.

2.11 MAIN ROTOR BLADES

The aircraft's main rotor system consists of four hingeless
blades. The inboard end of each blade is designed to provide
the flexibility required for flapping and lead-lag motions.
The blades are basically of composite structure, including a
fiberglass D-spar, titanium root end fitting and leading edge,
and a Nomex honeycomb core. Provisions are incorporated for
blade lag damping, erosion and lightning protection, deicing
and tuning. The blade design achieves the best balance between
weight and strength (load paths and vibratory forces) and in-
corporates the Integral Spar Inspection System (ISIS) for
failsafe operation (see Figure 11).
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TABLE 4. AVIONICS EQUIPMENT

1 Unit

1 Qty per Weight

% Aircraft Description Identification (1b)

1 Communications
2 VHF-rM Radio Set All/ARC-114 7.0
1 VHF-AM Radio Set AN/ARC-115 7.2
1 UHF-A!1 Radio Set AN/ARC-116 7.5
3 Interphone Control C-6533/ARC 1.8

Automatic Direction Finder, AN/ARN-89

o e bt o

1 Receiver, Radio R-1496( ) /ARI-89 6.8
1 Control, Radio Set C-7392( )/ARN-89 3.1
1 Amplifier Impedance AM-4959( )/ARN-89 0.2
1 Antenna, Loop AS-2108( )/ARN-89 2.1
1 ADF Compensation Network 0.2
Gyro Magnetic Compass Set, AN/ASN-43
1 Gyro, Directional CN-998( )/ASl-43 5.5
1 Transmitter, Induction T-611( )/ASN 1.2
Compass
1 Compensator, Magnetic Flux CN-405( )/ASN 0.2
Transponder Set, AN/APX-72 A
1 Receiver-Transmitter RT-859/APX-72 15.3 !
1 Control C6280A(P) /APY 3.0
1 Mounting MT3809/APX-72 1.7
Communication Security Set, TSEC/KY-29
3 Communication Security Set TSEC/KY-28
3 Control Indicator Assembly C-8157/ARC
3 Mounting MT-3802/ARC
Auxiliary Equipment
b Transponder Test Set TS-1843/APX 2.8
1 Mounting MT-3513/APX 0.5
1 Computer, Mark XII KIT-12/TSLC 14.5
1 Mounting (Vibration MT3949A/U 1.5
Isolated)
VOR Radio Set, AN/ARN-82
Receiver, Radio R-1388/ARII-82 10.

ol el o N S

Glide Slope Market Beacon, AN/ARII-58

1

Control

Mount

Tactical Landing System

LORAN C/D Airborne
Navigation System

Receiver, Radio

C-6873/ARN-82
MT~3600/ARN-82
AN/ARN( )
AN/ARN( )

R-844/ARN-58
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2.12 TAIL ROTOR

The tail rotor consists of a tail rotor head, controls, and
blades. The tail rotor head is driven by the torque trans-
mitted from the tail rotor drive shaft, through the tail rotor
transmission, to the tail rotor shaft (see Figure 8). The

hub adapter is splined and fastened to the tail rotor shaft.

A rotating sleeve around the tail rotor shaft with pitch links
attached, transfers pitch control to the blades. The head con-
sists of two short fiberglass flex straps mounted perpendicular
to each end of the straps; the complete assembly is bolted to
the hub adapter. The blade design consists of Nomex honeycomb
and fiberglass with 1einforcements where necessary. Deicing,
erosion, and balancing provisions are incorporated (see

Figure 12).

<.13 TRANSPORTABILITY

The C-141 aircraft is capable of transporting two MUT helicop-
ters with at least a 6-inch minimum clearance. (See Figure
B-6 in Appendix B.) The following tasks are accomplished
before loadiny:

1. Fold main rotor blades.

2. Kneel main landing gear.

3. Remove tail rotor blades from the aft helicopter and
reposition tail rotor blades on the forward helicopter.

4. Remove tips from the vertical and hori-ontal
stabilizers.

5. Remove tailcones.

6. Remove tail bumper and fairing from aft helicopter
only.

The C-130 aircraft is capable of transporting one MUT helicop-
ter when the following tasks are accomplished:

1. Fold main rotor blades.
2. Kneel main landing gear.
3. Reposition tail rotor blades.

4. Remove tips from the vertical and horizontal
stabilizers.

The C-5 aircraft is capable of transporting six MUT helicopters
simply by folding the main rotor blades and kneeling the main
landing gear.
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3. ADVANCED CONCEPT DEVELOPMENT

3.1 AIRFRAME - ADVANCED STRUCTURAL CONCEPT CANDIDATES

Using the MUT baseline as the configuration, a sensitivity
trade was performed to identify the maximum payoff areas for
welght reduction. The results of this analysis are shown in
Figures 13 through 17. Each major subsystem was examined by
assuming weight reductions of 0, 10, 20, 30 and 40 percent with
respect to the baseline. The "cascading" or multiplying effect
by the single subsystem weight reduction on other baseline sub-
systems was accounted for in the exercise.

Fuselage structure and drive system weight reductions are
significantly more rcwarding than the other major areas. Since
much of the weight in the drive system is gear steel and
bearings, the fuselage was identified as the major payoff area
for advanced materials.

The conceptual design effort on application of advanced materi-~
als to the MUT centers largely around the airframe structure.
Innroved structural efficiency of the drive cystem was approached
through study of an advanced concept free planetary drive sys-
tem (discussed later in this section). Other major subsystems
were considered and a number of promising configurations were
evaluated.

The candidates for each system were evaluated for conformance
to design objectives on a point rating system as better than
or poorer than the metal baseline design. For example, fuse-
lage structural efficiency rating was approached as follows:

Strength/Weight (Structural Efficiency)

Specific factors in comparing primary structure concepts were:

e Continuity of load paths
Number and location of joints
Complexity of fittings

Dual function load paths
Minimum gauge inefficiencies
Structural element size

Number of cutouts

Material structural efficiency
® Construction efficiency (special cases)

The results of the screening/selection process are presented
in tabular form in the discussion of each major subsystem.
Comparative rankings among advanced concepts were used in sel-
ecting the least cost approach, based on a common material
system. Thus, the selections were reduced to such factors as:
the number and complexity of structural components, the number
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of fasteners and assembly attachments, adaptability/utilization
of production processes (such as filament winding, tape wind-
ing, broadgoods wrapping, automated tape layup, pultrusion), etc.

3.1.1 STRUCTURAL BREAKDOWN

For the purposes of this investigation, the fuselage was divid-
ed into major components or elements producible singly or in
combination. Factors such as tooling, materials and process
compatibility, field repair, transportabil.ty, replacement of
damaged structure, etc., influenced major assemblies. The
number of joints were kept to a minimum consistent with these

factors.

Table 5 lists the components which are included in the ad-
vanced concept designs as well as the structural category of
each component (primary or secondary).

TABLE 5. STRUCTURAL CATEGORY OF AIRFRAME
MAJOR ASSEMBLIES

Type ot
Assembly Structure

Cockpit enclosure

Forward box frame assembly

Upper deck and buttline beam assembly
Floor panel and underflow structure
Bulkhead and rear box frame assembly
Fuel and electronics bay structure
Tailboom assembly

Vertical stabilizer assembly
Horizontal stabilizer assembly

10. Pilots door

11. Side sliding door

12. Side hinged door

13. Engine fairing

14. Tailboom drive shaft fairing

15. Nose electronics door

16. Side electronics door

17. Tailcone

18. Access panel, upper deck

19. Tail skid

20. Tail skid fairing

21. Vertical stabilizer tip

22. Transmission cooling duct

23. Leading-edge fairing (vertical stabilizer)
24. Transmission fairing

25. Intermediate transmission box fairing
26. Door track

O 00~ U =N
¢« 2 e e 4 e e e &

nnunnunmnnnhnninnnnmnovogwgoogd

P = Primary structure

S = Secondary structure
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3.1.2 CONCEPTUAL DESIGN STUDIES

The heclicopter airframe has a relatively light loading inten-
sity compared to high-performance military fixed-wing aircraft.
Thin laminates for skin and support structure will be reqguired
when designing in composites to achieve lower airframe weight
than conventional aluminum construction. The relatively light
loading spectrum for MUT inevitably leads to gauge limiting
problems (minimum practical manufacturing ply layup is in
excess of calculated design thickness required). This con-
straint adversely impacts airframe structural efficiency and
limits the weight gain of composites over aluminum alloy.

Three main composite design categories comprising different
structural approaches were considered to improve structural
efficiency:

e Category 1 - Honeycomb sandwich hybrid

® Category 2 - Skin/stringer/frame panel molding with
selected use of stabilizing foam

® Category 3 - Filament wound, or geodesic, or mix
of categories 1, 2 and 3

Within each category, alternative structural arrangements of
certain components were considered.

A series of structural design studies was conducted to provide
numerous competitive approaches for selective evaluation:;

these studies are presented as reference drawings in Appendix B.
The candidate structures were then rated against the primary
and secondary selection factors; these ratings are presented

in Table 6 (category 1 concepts shown on sheet 1, category 2

on sheet 2, and category 3 on sheet 3). 1Isometric sketches
illustrating each configuration are presented in Figures 18
through 31. All ratings were in respect to the baseline metal
configuration which was defined to meet the SASS requirements
for each selection parameter. The comparative production costs
of each concept are shown in Figure 32.

3.1.3 RELATIVE COST

The relative costs of each candidate were estimated assuming
complete utilization of graphite (AS)/epoxy at a 1974 produc-
tion quantity price of $50/1b. (The comparable 1974 price of
sheet aluminum is $6/1b.)

3.1.4 MATERIAL STRUCTURAL EFFICIENCY

A nunmber of material systems were screened against typical
helicopter loading conditions. These systems, the mechanical
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strength properties used for screening, and their relative
structural performance under each of the loading environments
are presented in Table 7.

3.1.5 OTHER FACTORS

Other considerations such as safety, fail-safety, and SASS
cenformance elements of detection avoidance, crashworthiness,
repairability, maintainability, and survivability were rated
in comparison to the bascline configuration.

3.1.6 SELECTION AND LOGIC FOR FINAL STUDY CONFIGURATION-
AIRFRAME

Table 6 shows that two concepts, namely F and C, both similar
honeycomb-sandwich designs, emerged as joint winners, each with
a rating total of 5.

However, the conformance element ratings in the same table
reveal a low rating for concept C due to the lack of a field-
splice joint for removal of the tailboom and empennage,
whereas concept F incorporated a field-splice joint.

Concept F (Figure 23) was selected for its general superiority
over the other concepts, but the final selection for further
refinement also included the feature of an exterral mechanical-
attachment tailboom~splice joint as shown in the circled view
of concept E (Figure 22, circled view on right-hand side).

An alternative method for joining the tailboom to the cabin
structure in the fuel bay, stations 163 to 239, via a horizon-
tal joint at WL175 and a vertical joint at station 163 was
investigated (see Figure B-19). Despite the redeeming features
of this method such as good fail-safety and joirc-attachment
access, the arrangement was considered cost-prohibitive due
mainly to problems associated with fabricating long field-
splice joints which are required to align simultaneously in
two planes (vertical and horizontal) and the number of splice-
attachment bolts involved.
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Table 7. Comparison of Material Systems and Helicopter Loading Conditions

1 2 3 4 5 ] 7
Prelininary Design Matenial GRAPHI 7 KEVLAR 49/ | SGLASS/ E GLASS/ GRAPHITE HYBRID, 107576
Seletion tor Maximuin AS/EPOXY EPOXY EPOXY EPOXY AS/THERMO- | GR K48/ {REF)
Structural Ethciency PLASTIC EPOXY
1181 STYLE) {50 50)
MATERIAL PRQPME_}
OENSITY @) PCt 0055 0050 0.066 0065 0058 0.0525 0.101
STRENGTH
Tension 0° KSI 126 200 219 604 173 147 73
Compresvion 0° KSI 165 40 10 648 132 94 65
Shaar * 45" K51 50.2 28 364 143 456 286 47
Fatgue (R 01107 ¢ KSi 432 432 218 18 432 432 8
MODULUS
Axial 02 MS| 185 "o 6.3 38 168 2 103
Shear + 457 MSt 45 30 17 08 36 3.t 39
SPECIFIC PROPERTIES
Flu » 0° KSI/PCI 3380 4000 3320 929 2982 2800 782
Fcu o 0° KSi PCI 3000 800 1870 997 2276 1790 733
wap 459 KSI/PCI 913 560 662 220 786 545 465
v (R 010 KSI/PCH 785 864 326 12 745 824 79
Elp O° MS5I/PCIL 336 220 9% 58 269 213 102
Gip +45° MSI1/PCH 82 61 26 125 62 59 385
QMPARATIVE SPECIFIC PROPERTIES
STRENGTH With respect
Tension oGl 10 1183 0982 0.275 0.882 0828 0.231
Compression e 8 base 10 0.267 0557 0.332 0.759 0597 0.244
Shear equal 10 10 10 0613 0.605 0.241 0.861 0597 0504
Fatigue 1.0 1101 0415 0154 0.449 1.050 a.101
MODULUS
Axial 1.0 0.655 0.283 0.173 0.860 0.634 0.304
Shear 10 0741 0317 0.152 0.756 0718 0.471
WEIGHT (Reciprocalt 10 1100 0.833 0.846 0948 1.048 0545
RANK '_'_..
Distribution ot Material tor various
critical loadings and structural element
configuration
@ Lesser of Tension or Compression 1 6 4 ] 2 3 7
@ 207, Tension or Compression 1 5 4 7 2 3 6
0% Shear
© o0 1 4 5 7 2 3 6
40% Fanigue
@ Sandwich  Mimimum Gage 2 1 5 6 4 3 7
B80% Weight
20%
(®) Skin'Stringer Mimimum Gage 1 4 5 7 2 3 6
30% Weight
s ey
@ Sandwich and Skin/Stringer 1 4 6 § 3 2 7
50% D)
50%
© 60% Tension or Compression 1 5 4 7 2 3 6
25% Shear .
10% £ Modulus
5% G Modulus
() sandwich Minimum Gage & Modulus 1 2 5 6 4 3 7
80% Weight
10%
5% E Modulus
5% G Modulus
() SkinfStringer Minimum Gage & Modulus 1 4 5 6 2 3 6
30% Weight
50%
12% E Modulus
8% G Modulus
@ Hybro 1 2 5 6 4 3 7
0%
50%
1 4 5 6 2 3 7

OVERALL RANKING
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Figure 18. Concept A - Graphite AS/Kevlar Epoxy Honeycomb Sandwich.
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Concept C - Graphite AS/Kevlar Epoxy Honeycomb Sandwich.

STABILIZER
ASSEMBLY

If

TAIL-BOOM DRIVE
SHAFT FAIRING

TAIL BOOM
CLAMSHELL
COMCEPT

FUEL &

ELECTRON
—BAY 4

STRUC

MAIN LANDING
GE ﬂ.ﬂ EI'-'GI Fi

|




| ROTOR HUB
1 {REF) /
' rRansMissionBOX | _
. (REFI \:rh'q /
L g e
'S -
P &
TRANSMISSION if iy ] )
FAIRING 3 £ ENGINE FAIRING
a].’ 4
{ % *u N .-'J
' o5+ 34 LYCOMING
T T ENGIME |REF
~ § - T VERTICAL
-+ e STABILITER

ASSEMBLY

| TAIL BOUM DHIVE
SHAFT F BARING

TAIL ~O0OM

TAIL CONE

BULKHEAD ; CLAMSHELL
AND REAR ‘ COMNCEPT
BOX FRAME e
ASSEMBLY SIDE ?J:;:.f P:?Alnli?ll\:;.ll i I:
| o i L , ASSEMBLY '
i 2Tl sKID E
W TAIL.EOOM
LSSEMBLY
& Fuil &
% | ELECTRONICS
|| —fEaAY
sTRUCTURE

FLOOR PANELS
AND
UNDERFLOOR
STRUCTURE

%'] . MAIN LANDING
.. A GEAR (REF
r:-': o T

£
’,'.‘-F-‘i. 1508 GEAR
A% IACF)

PILOTS DOOR SIDE HINCED

LY
DOOR

;phite AS/Kevlar Epoxy Honeycomb Sandwich.

59 + 6O

TYPICAL SPLICE JOINT

|UPPER AND LOWER)
MECHANICAL
FASTENERS

ALTEHMATIVE
TYPICAL SPLICE JOINT
|UPPER AND LOWER]
HOT BONDED




ROTOR HUB
(REF)

TRANSMISSION BOX |

IREF) rzrhﬂ
T

TRANSMISSION 5;1]’ %}-’AJ i

FAIRING '_d.:}} H-"i. {L“}
-J.'-_n:;'o'; {’wmumu
"4+ ENGINE (REF)

ENGINE FAIRING

THANSMISSION

COOLING DUCT TAIL BOOM DRIVE
SHAFT FAIRING
ACCESS PANEL
UPPER DECK

UFPPER DECK AMND
BUTT LINE BEAM
ASSEMBLY

BULKHEAD Ip

AND REAR

BOX FRAME

ASSEMBLY TAIL BOOM
BATH TUB

& LID COMCEPT

SIDE
ELECTRONICS

TAIL-BOOM |
ASSEMBLY

|NN ER AND OUTER
COVERS LAMINATED
COMPOSITE PLY LAYUP
_EPOXY MATRIX

{TIIIIE

TYPICAL HONEYCOMB
SANDWICH
CONSTRUCTION

FUEL &
ELECTRONICS

=BAY

STRUCTURE

BONDED
HONEYCOMB
CORE PLASTIC

/ FLOOR PANELS

AND
o UNDERFLOOR
{./ STRUCTURE

COCKPIT
ENCLOSURE

é (REF)
\ [£75) nose aean

ST (REF)

PILOTS DOOR
SIDE HINGED

DOOR,

NOSE
ELECTRONICS
DOOR

Figure 21. Concept D - Graphite AS/Kevlar Epoxy Honeycomb Sandwich.
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3.2 DRIVE SYSTEM

Drive system structural efficiency was addressed principally
through a mechanical design study of the main transmission;
the concepts and ratings are shown in Table 8. Interconnect
shafting was rated separately in Section 3.3.

USAAMRDL authorized a separate study of a Curtiss-Wright free
planetary drive transmission, sized for the MUT configuration,
as part of this contract. This design study and the conclu-
sions drawn are described in USAAMRDL Technical Report 75-56B,
Design Application Study for Free Planet Transmissions.

3.2.1 BOEING VERTOL ADVANCED TRANSMISSION DESIGN

Boeing Vertol has conceived an advanced transmission design
which is believed to be lighter and less expensive than the
baseline state-of-the-art configuration. This system contains
features considered proprietary at this time, and _he description
is reported separately. Comparison factors are presented in

Volume II.

Table 8 compares the baseline transmission to the Boeing
Vertol advanced transmission and the Curtiss-Wright free
planetary drive advanced transmi ion.

3.2.2 SELECTION AND LOGIC FOR F1lwAL STUDY
CONFIGURATION - TRANSMISSION

Lt i

Upon completion of the evaluation of the free planet system
application to the MUT and a comparisca with the Boeing Vertol
advanced transmission concept, it was decided to recommend

the latter, since weight reduction i3 closer to 20 percent
than the 10 percent realized with the free planet drive, and
the parts count and associated cost are reduced.

i e

ok, kg
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3.3 DRIVE SHAFTING CONCEPTS (Refer 9)

The advanced system candidates considercd tor drive shafting
evolved from an evaluation of the best means of incorporating
graphite/epoxy materials in place of aluminum.

Previous studies on the HLH program, as well as other studies
by industry and U.S. Army investigators, established that
boron/epoxy, compinations of fiberglass, Kevlar, and graphite,
and all graphite shaft concepts are principally advantageous

in increasing the length of individual shaft segments without
going into supercritical shafting frequency ratios at operating
speeds. The weight savings in the tubes is compounded by
elimination of shaft elements, adapters, bearings and flexible
couplings (see Figure 33).

AS type graphite properties have been selected as representa-
tive of the most structurally efficient and cost competitive
material. It offers relatively low risk when filament wound
with a properly compounded epoxy resin, where low impact
velocity and ballistic impact damage are considered.

This study evaluated straight shafting with adapters (Concept
a): shafting with integral flanges (Concept B), which eliminate
adapters (see Figure 34); and shafting with integral flanges
and integral flexures (Concept C, Figure 35), which eliminate
both adapters and flexible couplings, allowing tail rotor
shaft elements to be combined and mounted in split bearings

at intervals determined by shaft geometry elastic properties
and operating speed.

In applications where length is dictated by drive system com-
ponents, such as the high-speed engine shafts and the tail
rotor shaft between the intermediate and tail rotor boxes,
advantages of composite shafting are not enhanced by capability
to go to longer shaft elements and to eliminate intermediate
supports. In these applications, judgments must be made on

the basis of shaft weight reduction, and elimination or
simplification of end attachments and flexures.

SELECTION AND LOGIC FOR FINAL STUDY CONFIGURATION - SHAFTING

Concept B (Table 9, Figure 33) was selected because of lack of
demonstration of integral flexure in graphite shafting. Use

of filament winding, elimination of end adapters, and a
reduction in shaft segments offer improved structural efficiency
and the best opportunity for cost-competitiveness without un--
due developmental risk.

86




i i R S S S b e i R Pl e AN o

t z € ONINNVE LdIONOD
0 0 0 0 3DONVWHOANOD
SYSIVHINID T Q
¢ + + 0 ALIEVAIAEANS |2 2
. + + 0 ALIMBYNIVINIVW [T @
- 0 0 0 ALIgVYIvdIY |3 2
+ + + 0 SSINIH LHOMHSVYHD =
+ + + 0 JINVAIOAY NOI1D3130 o
9 € -1 IVLOL ONILYYH
z 1 - 0 1S00/AL111812N00Hd [ m =
0 0 e 0 Al3dvs |2 2
z 1 -1 0 A134vSivd | T g
z 1 1 0 ADN3ID1443 IVHNLIONEILS | &
SILSNI TOHWY VSN AQ LOoEBISAAUT 1APUN UOIIINIISLOD JO PoYylaw Axoda,alydelb 23 04 P12adxa ubtsap 1jeys ausodwo) oy 1213u30) INIT3Sve - H3IHOOd
i oL {0 JNVS

UONEIAdO [RIN14GNS

104 PayYsIQeISa S|BAIIIUY sbuiieag
12 531nx 3|} OF 1uadelpe sLioddns
pareisus ase sbunieaq nds sBunig pue siabuey Buueag

pue pajeuud die sabuey 4
1un Buol Au0 U apew Alg
wasse 1;eys 1nq g P dwes

1310epE P213AIl JO SAPOW $1jeYS J0 JaQuNU aseaidag SUOKIIBS UBBMIBQ
dinpey pue "1500 ‘1yBiam ‘wnuiwne 104 3lisodwod sBuidnoD 13345 31QIx 3ty
$3UILID ING Y SP AweS | atnisqng aunjaseq se aweg wnulwnie pAldAly @

03HY3I43Y + H3l113d
—SHOLOV4 IONYWHOINOD

sSOMyg S3IONVIS
117dS H1IM LdVHS AYHOILNI HLIM
dW0D 3031d INO 14VHS 3LISOdWOD

L14VHS 311SOdW 0D SYLINNMOG a31vos

3 1d30N0OD 8 1d3DNOJ V 1d3DNOD INIT3SvE

sHun OQQ’L Uo peseg ‘SISOD e
LNW 104 1032U0D 1jeYys 153G 4O UOI1IB(3G “3AILD3IF80

H3400d HONW -
-
HI”OO0d L=
+-
JWVS 0
-1
H3ill3d L
+1l
431138 HONW [4

14edJ31UN0D 34NJONLS Bulaseq 01
aAesedwod aq j|1m s1030e) Huney

Buiyeyg anig auibug/ioloy jte | — sisAjeuy Buiuaaidg 1dasuo) ‘6 3jqel

87



- (pP9ZTS SVYIIN) s3iuswsaoxdul 3Feys Io3zod [Tel °€£ 2anb1g

%1lS "NOILDONA3IY LHOIIM
%97 ‘NOILDONQ3IY S1¥vd

g ——
SANNOd L0 ‘1HODIIM 1VI1IO0L
LE S1¥Vd MOIvw

AXOd3/3LIHdVYEO

—
SANNOd B'Z9 ‘1HOIIM TVIO1

BS ‘S1¥Vvd HOTVYW
S3gnNL wniv

4
3
E
E
-
.




-uswtoods 3IsaL

33eys 2aTaIg 2bueTd Texbajul Axodg-o3tTydexs - 49 adeouo)d " ¥€ a21nbT1d




‘gg 2anb1g

-sojeutwe] paIoTTel U3TM 3Feys Axodg-o3itydead - D 3dsouoD

S3IONVId TVIOILNI _._

(NOILVLN3IS3dd3d
IVNLd3ONOD)
SONIYY3Eg 111dS
S1d4300V 38NL NO

140ddNS ONIYV38

JYNX313
IVYNLONYULS




3.4 CONTROIL SYSTEM CONCEPTS (Refer to Table 10)

The baseline aircraft employs a dual mechanical flight control
system similar to the YUH-61lA, with metal push rods, torque
tubes, and bellcranks (see Figure 9). Concept A is configured
in a similar manner but uses selected composite components.

Composite components have been developed for survivability
improvement under U.S. Army auspices (see Figure 36). One of
the problem areas is bearing vulnerability, and concepts have
been developed which permit operation after ballistic impact
on bearings.

Accordingly, an advanced candidate system using a single
mechanical system was considered (Concept B, Figure 37).

Another concept was considered (Concept C) wherein the longi-
tudinal, lateral, and collective control systems were retained
as dual mechanical systems, while the directional system, con-
sidered less critical, used selected composite components.

Concept D (Figure 38) proposes a single mechanical system
employing composite components, which is backed up for safety,
fail-safety, and survivability improvement by a single elec-
trical fly-by-wire system developed for the Boeing Vertol 347
experimental helicopter.

Concept E is similar to Concept D except that it employs a
single metal mechanical system with fly-by-wire backup.

Concept F eliminates the mechanical contrel system and replaces
it with a triply redundant fly-by-wire system similar to that
developed for the U.S. Army HIH.

Some of the adventages cited from previous Army studies on
composite ~ontrol system components are listed in Table 11.

SELECTION AND LOGIC FOR FINAL STUDY CONFIGURATION - CONTROL
SYSTEM

The single mechanical system with fly-by-wire backup, Concept
D (Table 7, Figure 38), was selected. This system will use
composite bellcranks and torque tubes, but the push-pull tubes
will remain metal. A number of considerations were debated

in selecting this system for preliminary design. The fly-by-
wire backup protects the system against mechanical "opens, but
the electrical actuator cannot override a jam in the mechanical
system, since the input spool or valve to the hvdraulic
actuators will be immobilized. However, Boeing Vertol field
experience has not revealed a single case of mechanical jam,
and CH-47 system tests with deliberate disconnections of push-
pull tubes have failed to produce jams at critical locations.
This problem can be handled in detail design.
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Another discussion centered around recommendation of an all-
composite single system, Concept B, versus a system with
fly-by-wire backup. Safety, fail-safety, survivability,
mission reliability, and operational reliability are improved
in Concept D, while maintenance reliability may be somewhat
reduced due to the electrical components. Composite push-pull
rods were not judged to be structurally efficient or cost-
competitive with metal rods; and increasing rod diameter in
metal can improve survivability. The weight and cost of the
fly-by-wire backup is substantial, however, and might trade
off against a single survivable all-composite system. More
flight control system work is recommended to fully evaluate
all trade possibilities.

Concept D was finally selected as a compromise approach with
limited associated risk.
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A. Idler Bell Cranks

B. Aft Bell Cranks

C. Quadrant Assemblies

Figure 36. Comparison of Ballistic-Damage-Tolerant Flight
Control Components with Their Metal Counterparts.
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E TABLE 11. ADVANTAGES AND DISADVANTAGES FROM DESIGN
OF FLYING CONTROL BELLCRANKS AND IDLER
ARMS IN COMPOSITE MATERIALS

PROPOSED DESIGN: Chopped strand composite fibers in epoxy
matrix with continuous uniperipheral wrap when required.

FABRICATION METHOD FOR PRODUCTION: Matched metal die mold.

ADVANTAGES (over baseline 7075 T73 aluminum alloy items)

1. Lighter weight items (12 to 25 percent) for similar
strength and stiffness to 7075 items.

2. Cheaper to produce in quantity.
Higher composite material costs offset by the various
final machining operations necessary from basic metal
forging plus extra corrosion protective treatments
and heat treatment to T73 to alleviate stress corro-
sion also final finish treatments.

3. Lower environmental corrosion threshold.

4. No stress corrosion problems.

5. Increased ballistic tolerance.

6. Increased fail-safety: less chance of crack
propagation, etc.

7. Easier procurement (quality aluminum alloy currently
in short supply).

8. Shorter production time to produce items.

DISADVANTAGES

Initial tooling cost can be higher (heated match metal dies).

NOTE: The above is summarized from existing studies on compos-
ite designed flight control membersc in USAAMRDL technical
reports.
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3.5 ROQTOR BLADE AND HUB COMPARISONS (Refer to Table 12)

The soft-in-plane hingeless system concept selected for the
baseline configuration was retained.

3.5.1 ADVANCED BLADE CONCEPTS

The basic blade configurations considered were as follows:

Blade A

3 Baseline blade shown in Figure 1l1; fiberglass composite with
advanced state-of-the-art features including load-sharing
titanium leading edge.

Blade B
: Scaled-up version of the BO-105 foam-filled fiberglass blade
F with a light protective titanium leading edge (Figure 39).

It was judged that a direct scale-up of the BO-105 blade con-
cept resulted in a MUT blade which did not compare favorably
in weight with the baseline (blade A), and the time required
for layup of the larger MUT blade made the processing technol-
ogy questionable from a materials shelf-life point of view.

(Eia

Blade C

Multiple tube spar filament-wound composite blades based on the
technology under U.S. Army development at Fiber Sciences, Inc.

Two blade design concepts for filament-wound multitubular
rotor blades for the MUT helicopter were considered (see
Figure 40). These, in combination with the concepts already
fabricated by Fiber Sciences (see Figure 41), formed the base
for establishing a design concept for an alternate blade to be
considered in conjunction with the LTF advanced composite hub.

Two distinct spars with root end configurations have been
identified which might satisfy the requirements of fail-safe
structural properties, safety, survivability, and cost (see
Figure 42).

It next became apparent that the hub configuration selection
and the blade configuration selection could not be performed
separately because of rating system incompatibilities.

3.5.2 ADVANCED HUB CONCEPTS

The following hub configurations were considered:
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Hub A - Baseline Hingeless Hub (Figure 43)

This titanium hub, similar to the YUH-6lA, is an articulated
hub; 1t retains tension torsion straps and pitch bearings. The
flap and lag hinges are eliminated, and effective hinging is
established through flexibility of the inboard portion of the
configuration A composite rotor blade.

Hub B - Co-Planar Lag-Torsion-Flexure Composite Hub (Figure 44)

This Boeing Vertol design eliminates all mechanical hinges and
bearings. When used with the baseline transmission, the hutk
plate ties to the splined rotor shaft. The blade root end
flexure requirements are eliminated. (This exemplifies why
blade and hub must be considered as a system.) The blade
attachment is made at about 20 percent radius, and a two-pin
(moment transfer capability) attachment is required. Blade
folding will be manual about one of the attachment pins. No
lag dampers are required.

Hub C - Cross-Strap Lag Torsion Flexure Composite Rotor Hub
(Figure 45)

This concept 1s similar to hub B (LTF), but the hub straps for
pairs of opposing blades are continuous and cross at 90 degrees
in separate planes. This design can be considered with detach-
able blades, or the hub can be integrated into the blade and
the blades manufactured and assembled as tip-to-tip units com-
prising two blades with integrated carry-through hub flexures.
Blades must be scissored rather than folded, and would require
removal for transport.

3.5.3 RATING THE CONCEPTS

With the above blade and hub basic concepts defined, it is
possible to rate the most attractive combinations against each
other.

In preparing to rate the rotor system candidates, it became
apparent that the selection of the transmission concept affected
the choice of the hub concept. Hub Concepts A and B could

adapt to a splined rotor drive shaft, but Concept C presented
more difficulty, and the increased thicknesses due to the
crossed straps was also a consideration in overall aircraft
height and hub drag.

The rotor systems were grouped and rated as shown in Table 12.
This table ranks the more attractive hub and blade combinations.
Final configuration decision considers the application as a
function of transmission/rotor shaft concept.
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3.5.4 SELECTION AND LOGIC FOR FINAL STUDY CONFIG ' N -
ROTOR SYSTEM

Concept E (Table 12, Figures 45 and 46) was selccoted, combining
the composite lag-torsion-flexure hub with a simplified two-
pin automated-tape-layup fiberglass rotor blaie with titanium
leadinag-edge protection.

Selection of this hub configuration for an advanced structural
system was made in spite of lack of demonstration. Develop-
ment work is in process or is planned by government and industry
in the U.S. and in France. The dynamics of the soft-in-plane
rotor and the hinge sequence and characteristics are understood.
The system remains to be developed and demonstrated, however.
The simplification and cost and weight reduction in the hub,

and resulting weight reduction and simplificatiorn in the blade
root end fabrication make the system a clear choice for an
advanced structural system.

The LTF hub concept integrated into a tip-to-tip rotor blade
configuration (Concept F, Table 12) shows even more promise,
but this system entails higher risk and makes incorporation

of filament-wound blade technology extremely unlikely. The
filament-wound blade fabrication process under development by
the U.S. Army may result in reduced rotor blade costs, but no
adequate means of leading-edge protection is available for
production application which will meet maintenance man-hour
objectives. When this problem is resolved and sufficient data
on interchangeability and flightworthiness is demonstrated,
this system may be reevaluated for use with the LTF hub. The
filament -wound blade concept is not believed vial le with a
soft-in-plane rotor hub of the YUH-61lA or BO-105 .ype because
of the laminate tailoring requirem=nts in the blade root end
to achieve effective flap and lag hinge elastic characteristics,
although intensive design and development might evolve a suit-
able approach.
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CONCEPT |

Two Tubes Side-by-Side
{Diss'milar or Identcal)

CONCEPT 1l

Four Tubes Side-by-Side
(Dissimilar or Identical}

Low Fabrication Cost and
Minimum Fabrication
Complexity

Good Baltistic Tolerance

Provides the Most Efficient
Use of Structural Material

Compatible with the
Greatest Number of Root
End Concepts and Tip
Concepts

Higher Fabrnication Cost,
More Tooling and Handling
Complexity

Very Goori Ballistic
Toleranc:

Less F.fficient Structurally
Because of Extra Webs

Root End Concepts
Require Structural
Bridge

Figure 40. MTS Blade Concepts.




UH-1D

Leading-Edge
L.ongos
{Glass/Epoxy)

Trailing-€dge Asdar

Longos absarbent
(Keviar/Epoxy! Rod snd

Balance

i Fibsmrgions
Ao ds

2 Thick
Walled
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i ibes (2 Halves)
{Glass/Epoxy)
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{Glass/Epoxy)

Typical Blade Cross Section
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Inter! d :Q:. Wraparound Skin
nterleave o - u }
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RAool Bar } Bdat
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Locking
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iEach Tuba) Ep._.‘“ B

Root End Concept

Root End Concept i

Figure 41. Blades Fabricated by Fiber Sciences.
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1) Root Ends for the Two-Tube Spar Concept

2l [beW¥abNiATeund bl Full Tupe Wraparound (Cane)
Terminal Concept
Uninoseblock

Fibarglass
Hub Attach Pin Uninoseblock Hub Attach Pin (Fiberglass)
g ;EEEE.L
t_‘ 3 I
No. 1 Tube

Root ends for the two-tube spars can be either wound terminal or cane type constructions.

e For cure of the spar tubes as a total spa', or within the cured outer skin and doublers, the wound terminal tubes are
simply laid into heavy fcam wedges and positioned on proper centers.

¢ The cane construction requires that the No. 1 tube be folded and wrapped around the pin in a counter clockwise
direction; the No. 2 tube is laid next to the No. 1 tube and wrapped clockwise around the pin thereby capturing the
free end of the No. 1 tube. The leading edge un is then brought around the pin in a counter-clockwise direction,
thereby capturing the free end of No. 2 tube. Additional fiberglass unidoubler pack is added tc the cane arrangements
before the No. 1 tube is wrapped (not shown for clarity). It must be wound around the terminai and be . part of the
tube prior to assembly. This fiberglass material eround the pin provides confidence to permit PRD-49 or Tharne! 300
to be wrapped around the p:n as retention material.

2} Root End for 4-Tube Spar Concept

Fiberglass
Hub Attach Pin  Uninoseblock

No. 1

5 Mo, 2

— — No. 3
'——‘—-—.——l—*\" No. 4

4-Tube Spar

There is little differance in fabricating the pin root end for a fourtube spar. Four tubes would result in four vertical
terminals for the wound ended tubes and in two vertical terminals {shown at left) for the cane concept. In each case a
structural fitting is required to bridge the loads properly betwren pins and assure adequate load sharing. This fitting can
be made of precured composite.

Figure 42. Root End Concepts.
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Figure 43. Hub A (Baseline, Scaled Down YUH-61lA).
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3.6 LANDING GEAR CONCEPTS (Refer to Table 12)

The baseline landing gear system, Concept A, is illustrated in
Figure 47 and is similar to the YUH-61A, designed for 10-foot-
per-second sink speeds plus 20-foot-per-second hard landing
and crash impact loads without gear yielding. Transport of
the MUT in a C-130 or C-141 requires kneeling the gear, and
the baseline system provides for integral kneeling, using the
system illustrated in Figure 48.

The system was reconfigured in Concept B to a single-piston
design (Figure 49) more suited to composite application while
preserving the integral kneeling capability and strength
criteria. Shock strut assenblies for Concepts A and E are
compared in Figure 50.

The desire for further simplification led to Concept C, which
eliminates integral kneeling in favor of ground support equip-
ment to bleed and refill the oleos for transport.

Application of composite structure to the gear is shown in

the oleo assembly (Figure 51). A composite version of Con-
cept B using graphite epoxy in the shock strut and trailing
arm is designated Concept D, maintaining integral kneeling.

Concept E is similar to Concept D but uses boron aluminum in
the shock strut assembly and graphite epoxy in the trailing
arm.

Concept F combines the composite system of Concept E with the
GSE kneeling system of Concept C.

SELECTION AND LOGIC FOR FINAL STUDY CONFIGURATION - LANDING
GEAR

Concept F (Table 13) was selected, employing a single-piston
two-stage shock strut design with a graphite/epoxy trailing
arm and GSE kneeling system. It was decided, however, to
recommend retention of aluminum design since production quan-
tities of the MUT would make die forgings cost-effective over
boron aluminum or graphite (based on 1974 material costs).
This conclusion should be reevaluated if material costs are

reduced with time.

All other systems were retained as defined in the baseline
configuration.
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CONCEPT A
CONVENTIONAL STEEL & ALUMINUM

SHOCK STRUT
AXLE (LOW ALLOY

STEEL FORGING
TRUNNION PIN

WHEEL &
BRAKE UNIT

TORQUE ARMS

MUT Main Landing Gear (Lever Suspension 2ouble

| Figure 47.
piston Kneeling Type:; 2 Stage).
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CONCEPT B

SHOCK STRUT

AXLE (LOW ALLOY
STEEL FOR

|

TRUNNION PIN

—""\\\ WHEEL &
— ™ BRAKE UNIT

MUT Main Landing Gear (Lever Suspension; Single-Piston

Figure 49.
Kneeling Type: 2 Stage).
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3.7 FINAL STUDY CONFIGURATION

The results of the screening exercises on the major subsystems
were reviewed at USAAMRDL with Eustis Directorate personnel,
pricr to selecting the systems to be incorporated into the MUT
advanced configuration. Figure 52 and Table 14 illustrate

the features. The refinement process on the airframe was
conducted in some depth and is reported in Section 4.
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4. DEVELOPMENT OF SELECTED AIRFRAME DESIGN

4.1 CONCEPT REFINEMENT

In the refinement stage, the various design features outlined
in Section 3 were integrated into the Concept F configuration
together with specified Army requirements (crashworthiness and
safety features, etc.). The final preliminary design config-
uration 1is shown in Figure B-20 in Appendix B.

Supporting the general structural arrangement drawing is an
isometric exploded sketch (Figure 56) of the final airframe
concept together with isometric sketches of all eleven airframe
modules (Figures 63 through 79). Further isometric sketches
illustrate the crashworthiness features in the airframe, the
identification and location of all metal primary fittings in
the structure, the method of mechanically attaching all modules
together, and finally, a picture of the fully assembled
helicopter.

The overall vehicle envelope remains the same as the baseline
(total length, width and height), but individual components
have in some cases been vresized and/or repositioned. Design
guidelines are reviewed in Table 15 and a listing of the
principal geometric and construction differences from the
baseline design is given below. This is followed by a detailed
discussion of design considerations during finalization of the
preliminary design, and a definition of the modularized air-
frame assembly.

The principal differences between the baseline metal arrange-
ment and the advanced composite design are as follows:

1. Honeycomb sandwich construction primarily replaces
baseline skin/stringer design.

2. Cockpit section spliced to cabin section at sta 91
(baseline sta 78 is splice position).

3. Cabin height in composite arrangement is 57 in.
(baseline =54 in.) (affords more space between
litter stack in cabin).

4. Tailboom section area reduced considerably at
forward end on composite design. Lines more
streamlined (tear drop shape).
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Table 15. Guidelines

PRIMARY

1. STRUCTURAL EFFICIENCY

2. FAIL-SAFETY

3. SAFETY (OPERATING 15,000 HOURS AIRFRAME
LIFE ~ SAFE LIFE DESIGN REQUIRED
T SATISFY FATIGUE LIFE)

4. PRODUCIBILITY AND COST

5. SATISFY MISSION REQUIREMENTS

SECONDARY
1. REDUCTION OF DETECTION (REDUCED SIGNATURE FOR
2. REPAIRABILITY A. NOISE
B. RADAR
C. INFRARED
TO LEVELS AS PER PAGE 1
OR APPENDIX 11}
3. MAINTAINABILITY
4. VULNERABILITY (REDUCE VULNERABILITY OF CREW
CRITICAL SUBSYSTEMS AND COMPONENTS)
5. CRACHWORTHINESS (TO COMPLY WITH MIL STD 1290 AV

ALSO TR 71-22)

95TH PERCENTILE SURVIVABLE
6. USE OF STANDARD PARTS (FASTENERS, TUBE, TIE RODS

CABLES, FITTINGS, ACCESSORIES)

MATERIAL PROPERTIES — MAJOR CONSIDERATIONS (MIL-HDBK 5, 17, AND 23)
1. FRACTURE TOUGHNESS
2. ENVIRONMENTAL PROTECTION
(AGAINST A) HUMIDITY, B) CORROSION, C) RAIN AND SAND EROSION,
D) SUNLIGHT AND FUNGUS)

OTHER REQUIREMENTS
1. AVIONICS — USE UTTAS AVIONICS PACKAGE ( 350 POUNDS); ALL ITEMS
AS STATED ON PAGE 12 OF RFP.
2. CARGO HANNLING — CARGO HOOK AND CONTROLS REQUIRED TO TRANSPORT
AND RELEASE EXTERNAL LOADS UP TO 2,000 POUNDS.
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E 5. Horizontal stabilizer moved back of tailboom
structure - minimizes cutouts in narrow tail-
boom section; permits simpler, lighter attach-
ment to tailboom; and allows horizontal
stabilizer to be made in one piece (for lighter
weight and a cost reduction through reduced
parts count) .

6. Redesigned landing gear oleo; kneeling operation
on advanced concept is by ground equipment
hydraulics.

7. Field splice joint, tailboom to fuselage, incor-
porated at sta 239.

8. Extension of tailboom structure into the fuel bay
up to sta 163 bulkhead replaces the buttline beam
arrangement of baseline structure.

9. Composite materials generally replace aluminum
alloy except in specified locations.

4.1.1 COST CONSIDERATIONS

Considerable cost data has already been published for evalua-
tion of highly loaded primary aircraft structure using high
modulus and high-tension graphites and boron. However, limited
costing is available to date on helicopter primary structure
designed for relatively low stress intensity and a high degree
of vibratory loading, into which category the MUT airframe

falls.

Preliminary information is available on the recently developed
AH-1G composite-wound tailboom and also on the Boeing UTTAS
horizontal stabilizer, both of which are helicopter primary
structure components fabricated with lower modulus composite

materials. ]

It has been established that reduced parts count is a driving 1
factor for cost reduction; and using this principle as a major %

design objective, the final configuration airframe design has
been investigated and developed to an unusual degree of detail
for a preliminary design study specifically to establish accu-
rate and realistic parts counts as a means of generating reli-
able costs data (an alternative to trend curves).

The in-depth airframe study also affords visibility into most 5
primary and secondary structure areas of the helicopter, thus
assisting the cost engineer in determining possible complexity
factor allowances to be applied to fabrication costs. Similar-
ly, it gives the weights engineer a method of checking the
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factored composite/metal weight trend used, for by dividing
the parts count realized in the study in depth by the weight
of each module, the parts per pound figure is found, and it is
directly comparable to existing composite and baseline metal
structures.

4.1.2 DESIGN CONSIDERATIONS

The primary airframe structure for a contemporary heliccpter

design usually comprises a form of skin stringer construction
mainly in aluminum alloy material with some steel components

and certain secondary structure areas in nonmetallic material
such as fiberglass.

Aluminum alloy costs, although rising, are still considerably
lower than advanced composite materials such as boron, graph-
ite, or Kevlar, which are projected to lower price levels over
the next few years. When contemplating an all-composite or
near-all-composite airframe design, ways must be found of off-
setting the higher materials costs by utilizing the many
inherent advantages of reinforced plastics. However, it must
be remembered that low-cost materials is only one of the primary
considerations for the specified helicopter. Other consider-
ations are reduced fabrication cost methods, high structural
efficiency, producibility, safety and fail-safety, and general
aircraft specification requirements. Further, secondary con-
formal requirements are reduction of detection, crashworthi-
ness protection to 95th percentile, maintainability, repair-
ability, and reduced vulnerability.

With all the above considerations in mind, a combination of
innovative design features and new material applications are
proposed in the final configuration to demonstrate an all
around superior composite airframe design over the previously
described baseline metal concept.

4.1.3 DESIGN OBJECTIVE

The objective is to design an advanced concept airframe and
landing gear system that meets all Army specifications pre-
viously outlined while realizing acquisition cost equivalence
and weight savings over the metal baseline concept.




4.2 DESIGN FEATURES

3 The advanced airframe has the folloging design features:

1. Resizing of components due to superior structural
1 efficiency of the selected advanced composite
1 materials.

TR

2 2. Modular assembly concept.
{

TR

3. Honeycomb sandwich construction.
E 4. Dual purpose structure.

5. Minimization of highly loaded joints and complex
fittings.

6. Minimum parts count.

7. Significant reduction of mechanical fasteners by
replacing with bonded joints within module assemblies.

8. Graphite AS (or equivalent graphite material) and
Kevlar material selection.

9. Hybrid application to skins and fittings.
10. Reinforced thermoplastic materials application.

1l1. Low-temperature positive-pressure cure systems
and minimal cure cycles.

12. Automated processes.
13. Laminate tailoring.
14. Reduced radar signature.

4.2.1 COMPONENT RESIZING

The higher strength-to-weight and modulus-to-wa2ight ratios
attainable with advanced composite materials allow components
to be designed lighter and/or smaller for the same load- and
stiffness-carrying capability.

However, due to the limitations imposed by the design specifi-

_ cation requirements for the MUT cockpit and cabin sizes, it is

2 impossible to attain maximum benefit from this inherent material
advantage. Within these limitations it has been possible to
resize the tailboom, horizontal stabilizer (slightly), and the
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overhead structural support system in the main cabin,which
confers further benefit in that an extra three inches of
internal height become available in the cabin to allow suit-
able clearance between three litters (the baseline did not
quite meet the requirements for 18-inch spacing between litters
using standard Army equipment because of dynamic system space
requirements). An example of the resizing limitation problem
as it affects the cockpit enclosure design is shown in

Section 4.2.3.2.

ST

- 5.‘:‘5':_ % T

4.2.2 MODULAR ASSEMBLY C(~CEPT

The advantages of making monolithic moldings of whole segments
of airframe structures are obvious, and an idealized structure
would be two half-total airframe moldings bonded together on
assembly (see the illustration of an extreme example, Figure
53) . However, practical considerations in tooling, automated
processing, and aircraft system installations preclude at this
time such an extensive molding method. Another limitation is
the number of subassemblies fulfilling special functions that
are required in numerous locations (that is, crash attenuation
structure, removahle floor panels, ballistic protected fuel
tank, etc.).

L S T

A careful evaluation of all these specialized design areas has
indicated that a reasonable arrangement for the largest prac-
tical MUT module sizes commensurate with meeting all functional i
reqiirements is as follows: 4

Module _: cockpit enclocure (including pilots doors)
Module 2: floor structure (including nose gear support) 4
Module 3: upper deck assembly and fairings ;

Module 4: bulkhead sta 163 and side panel assembly
(including main gear support)

Module 5: tank support and side avionics structure
Module 6: tailboom and vertical stabilizer torque box %
Module 7: tail cone fairing

Module 8: tailbumper and absorber assembly

¥

2

SRR

Module 9: horizontal stabilizer and actuator

NS

SR Y
ER TS TR

Module 10: vertical stabilizer; tip and leading-and
trailing-edge fairings

Module 1ll: side hinged and sliding doors
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Each of the above modules is designed in the most suitable
material and configuration for the particular loading spectrum
and environmental conditions to be met, and they represent the
largest separate assembly units:; however, smaller subassemblies
may be made up in each module. In the final assembly of the
complete airframe, all modules are attached to each other by
mechanical means only.

4.2.3 HONEYCOMB SANDWICH CONSTRUCTION

Analysis of honeycomb sandwich versus skin/stringer design in
composite materials indicates that, for the MUT airframe ap-
plication, despite certain disadvantages, the sandwich method
is the better approach for much of the airframe. Accordingly,
after preliminary design studies of various constructions, a
honeycomb sandwich, Concept F, was chosen as the final config-
uration for further detail design and analysis. Some of the
main advantages and 1isadvantages of this construction follow:

4.2.3.1 Advantaqes of Honeycomb Sandwich

1. Honeycoml* vomposite structure panel design for airframe
applicat s.wns is regarded as low risk. Various composite
flight articles in this construction have already proven
suitable, and fabrication problems have mainly been re-
solved. By opting for refinement of this system, th=
follow-on development can be concentrated mainly on joints
and some fittings which comprise a much smaller percentage
of the airframe parts.

2. Sandwich construction skin and frames show between 10 and
15 percent weight saving over conventional aluminum alloy
skin stringerl If the composite skin stringer design is
to be competitive, it must be loaded into the tension field
regime (high o/ocr) where little data is available for
composite materials - hence this is considered higher risk.

3. Fail safety is increased. If one skin of hone.comb panel
is damaged, loads are redistributed in the damaged lamin-
ate and are carried locally by the other skin while the
honeycomb core supports the skin in the area of the damage
and slows the propagation rate.l Whereas, should a single
structural element of a skin stringer system sustain a
crack, unrestrained propagation could cause structural
failure.

1l Bert, C. W.,and Berger, H. K., Structural Cost Effective-
ness of Composites, Society of Automotive Engineers No.
730338, April 1973.




4. Fewer parts are required than in multiple stringers and
cleating systems (with intersecting frames). Also, the
honeycomb sandwich system requires fewer frames due to
increased panel stiffness. The number of fasteners and
the associated expense is drastically reduced.

5. The skin/stringer system exhibits reduced stiffness due
to skin buckling, so stiffening members must be stronger
and heavier. Also, stringers tend to twist during
buckling, producing peel stresses.

6. The honeycomb panel construction confers improved aero-
dynamic smoothness and less skin wrinkling under in-
flight loading. The drag penalties are reduced, in
addition to the asthetic improvement.

7. Sonic insulation and fatigue resistance are improved
with honeycomb panels.

8. Improved panel impact damage results with thin laminates
fully supported (this fact was demonstrated convincingly
by drop tests on floor panels).

4.2.3.2 Disadvantages of Honeycomb Sandwich

l. The weight of the adhesive necessary to attain bond fil-
lets to honeycomb core at inner and outer skin surfaces
is inefficient unless proper processes are employed.

2. The panel weight advantage can easily be dissipated by
carelessly designed boundary/joirt members.

3. Care must be taken to insure long-term protection against
water infiltration into the core cells; aluminum core
can corrode if improperly selected or processed.

4. 1Inspection of panels requires more sophisticated equipment
than inspection of skin/stringer structure. (Conversely,
rivet and rivet hole inspections are eliminated, and costs
may actually be reduced.)

5. Honeycomb structure might be heavier in very lightly load-
ed applications.

4.2.4 DUAL PURPOSE STRUCTURE

This is an advantageous design arrangement wherein a single
structural element performs two or more functions not nec-
essarily simultaneously. For example, on the proposed com-
posite floor structure module, the underfloor beams perform

a triple function: cargo support structure, fuselage bending
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and load carrying (compression and tension), and backup
structure for the crash attenuation box. Another example is
the bulkhead at Station 163, which has a multiple function.

It reacts surge loads from the fuel tank, forms part of the
support structure for the main transmission and hub, supports
the main landing gear, and redistributes vertical and torsional
shears from the tailboom.

By careful incorporation of such multifunctional arrangements
within the airframe, ccnsiderable savings in cost and weight
can be realized without compromising fail-safety features.

4.2.5 MINIMIZATION OF HIGHLY LOADED JOINTS AND COMPLEX
FITTINGS

Careful design visualization of the MUT airframe concepts from
the earliest preliminary design stages and implementation of
the modular assembly concepts were methods employed to reduce
the number of complex and costly joint fittings normally found
in conventional constructions.

Minimization of the occurrence and intensity of concentrated
load points was a prime objective throughout; it led to utili-
zation of simple overlap attachments. An example of this
method is the jointing of the forward tailboom/tank support
structure to the deck module, where the deep longitudinal
beams over the deck were arranged to be in alignment with the
walls of the tank support structure underneath, such that the
primary tailboom and empennage bending loads are diffused
gradually over the complete tank bay length on each side from
the tank support structure into the deck and beam structure.
In this instance simple bolted cap-to-cap attachment with
minimal stress concentration replaces one or more potentially
sophisticated and expensive concentrated load joint fittings.

However, there are certain parts of the structure where the g
use of a relatively complex fitting is unavoidable, such as 3
at the transmission attachment points, engine support attach-
ments, landing gear locations, etc. The design of these high
load intensity fittings in composite materials represents a
risk factor which, coupled with the elevated cost factor for
the fitting material and fabrication phase, renders the use

of composite fittings doubtful in this application. For this
reason it was decided that aluminum alloy fittings be utilized
at all positions indicated in Figure 54. Fittings of 7075-T-
73 were tentatively selected. However, improved aluminum
forging alloys such as 7175, 7049 and 7050 (in -T66, -T736

and -T73 condition) should be considered. These alloys offer
improved mechanical properties and/or improved fracture tough-
ness and stress corrosion cracking properties over 7075-T73.




It shiould be noted that there are several ongoing study con-
tracts where composite and composite/aluminum fittings for
various aircraft applications are under development. These
may well afford an improved technical base for reappraisal
of the proposed MUT metal fittings. It is estimated that
approximately 150 pounds of metal fittings and supports on
the MUT are potential composite candidates.

4.2.6 MINIMAL PARTS COUNT

Recent industry and in-house cost studies of component assem-
blies have identified a positive relationship between parts
count and fabrication costs for both metal and composite con-
struction, and the fact has been established that reduced
parts count is a driving factor leading to lower manufacturing
costs.

within each module assembly the separate parts count has been
reduced to a minimum, commensurate with mandatory design re-
quirements. As an example of parts count reduction, consider
the comparison of the proposed MUT tailboom composite struc-
ture against the tailboom structure of a similar size utility
helicopter currently in the U.S. Army inventory. (Both are
bare tailboom structures, primary and secondary, not including
any mechanical attachments such as bolts, rivets, etc.)

® Existing production metal tailboom - 450 parts

e MUT composite tailboom - 40 parts
NOTE: The existing production tailboom is of metal skin/
stringer construction; the parts were counted from

parts lists on drawings.

4.2.7 SIGNIFICANT REDUCTION OF MECHANICAL FASTENERS

Construction within each module is arranged so that all frames,
ribs, and fittings are bonded together either on assembly or

as a cecondary bonding operation if necessary. The only ex-
ceptions are where it is extremely difficult to gain adequate
access to apply curing pressure, and where a replaceable item
may be reinstalled. All joints will be primary bonded, and

no extra fasteners are required except in limited applications
where there is the possibility of peeling.

All identified metal fittings are considered detachable and
will therefore be mechanically attached. Modules will be
mechanically attached to each other on final assembly. The
attachment details are shown in Figure 55.
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It should be noted that many cost analysts are of the opinion
that the cost of alignment, drilling, deburring, hole inspec-
tion, rivet installation, and rivet inspection are equal to
or greater than costs attributable to parts count.

4.2.8 GRAPHITE AND KEVLAR SELECTION

High strength and high modulus materials such as boron,
graphite HT, and graphite HM provide the highest structural
efficiency in primary airframe structure, but material costs
are high. Further, as discussed in Section 4.2.9, the rela-
tively low stress intensity airframe primary structure is
largely gauge limited; therefore, the selection of very high
strength or stiffness materials at extra cost was not
justifiable.

For primary structure purposes the use of Kevlar 49/epoxy
alone is unacceptable due to the low compressive strength of
the material but cculd be advantageously combined with inter-
mediate strength graphite, identified as graphite AS on the
structural illustrations. (The nomenclature AS infers use of
a Hercules AS graphite product. This is tentative only;
further characterization of graphite intermediate range
materials could result in the use of a similar grade produced

by another company.)

Although the density of both Kevlar 49 and graphite is low,
at approximately 0.05 pound per cubic inch the prepreg price
varies considerably:

$50/1b (any quantity) based on 60-per-
cent fiber volume

$20/1b (large quantity) and 1974 material
cost

e Graphite AS

® Kevlar 49

Since both of the above materials have near compatible ccef-
ficients of linear expansion, it was decided that a discrete
blend of the two materials be used for essentially all primary
structure items, and the Kevlar 49 alone be used for secondary

structure.

4.2.9 HYBRID APPLICATION TO SKINS AND FITTINGS

The blending or hybridizing of the Kevlar 49 and graphite can
be effected using an epoxy or thermoplastic matrix. A compro-
mise strength and stiffness level must be accepted in the mix;
this is discussed in the stress analysis materials selection
discussion (Section 4.4.3).
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Preliminary stress analysis has revealed that the majcr portion
of the airframe primary structure is relatively low stress in-
tensity and in much of the area is gauge limited in that the
theoretical number of plies required for strength and stiff-
ness is less than that considered a practical minimum for

field service conditions.

By using hybrid laminates of Kevlar 49 and graphite AS such
that Kevlar is used in approximately a 2:1 proportion over
p the more expensive graphite, a lower cost laminate is obtained
‘ which possesses the required strength and stiffness criteria.

Kevlar 49 contributes further to the laminate characteristics
by affording increased impact resistance, reduced radar signa-
ture, and increased damping. The mechanical effects of the
proposed hybridization are discussed in the stress section.

N (P T

4.2.10 REINFORCED THERMOPLASTIC APPLICATIONS

Until recently the use of thermoplastics in aircraft struc-
tures was confined strictly to internal furnishing such as
trim moldings and duct work. However, with the emergence of
improved matrices, which exhibit strength characteristics

‘ approximating the existing epoxy systems, and with the tech-
3 niques now developed for combining these matrices with rein-
1 forcing fibers, such as fiberglass, graphite, and Kevlar 49,
a whole new fabrication process for composites is available.

With suitable analysis and development, reinforced thermoplas-
tics materials seem well suited for low stress intensity
primary structures such as the MUT airframe.

The Boeing Company has played a leading role in developing
these newly emerging systems and has completed two Navy con-

tracts to investigate their potential applications and to i
characterize various material combinations and fabrication
methods? §

The principal advantages of thermoplastics over conventional i
thermosetting systems is in reduced fabrication and material i
control costs where considerable savings are indicated. Rein- 1
forced thermoplastic sheets can be laminated in the flat or

held as pre-pregs and indefinitely stored in a manner similar

to metal sheets, whereas uncured or B-staged thermoset

materials must be placed in refrigeration until approximate

usage time and open or room temperature exposure time care-

fully controlled.

2. Hoggatt, John T., Investigation of Reinforced Thermo--
plastics for Naval Aircraft Structural Applicacions,
Contract N00019-72-C-0526, D180-17531-1, May 1973:
and NASC Report D180-12884-1, May 197l.
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Another advantage is that all trim or scrapped reinforced
thermoplastic material can potentially be sold off to an
active chopped strand molding composites market, whereas there
is no market for raw or cured epoxy trim and scrap.

In-process scrappage will be reduced since reinforced thermo-
plastics can be recycled in the event of a break in curc¢ cycle
or dimensional discrepancy.

The fabrication cost savings alluded to earlier are effected
mainly because of the suitability of thermoplastics to post-
forming processes with short heat/pressure cycles. Reinforced
thermoplastic sheets can bc made up in the flat with any
selected ply orientation and ply thickness as broadgoods, or
it can be suitably modified by a numerically controlled tape
layup machine, then laminated and stored.

Match metal mold dies or autoclave mold/bags are used to post
form the sheets under heat and pressure to straight line ele-
ment shapes (for example, flanges, channels, Z sections, etc.)
and to single curvature shapes. Discrete compound curvature
forms are also attainable.

Laminating and post-forming times average minutes, as against
hours for an epoxy molded item, thus saving expensive auto-
clave or tool usage time. 1In a large production run, this
not only substantially reduces costs but also relieves the
demand on autoclave and tool capacity, and therefore facili-
tates rapid production.

Two promising thermoplastic matrices identified as suitable
for use with composite reinforcement for airframe applications
are polysulfone and phenoxy. The former is superior for

2509F useful temperature environment but is more expensive

and requires higher fabrication temperatures than the latter.
Phenoxy is a suitable matrix material for the operating tem-
perature range of most MUT airframe applications, from =-650F
to +160°F.

4.2.11 LOW TEMPERATURE CURE SYSTEMS AND MINIMAL CURE CYCLES

Composite thermosetting matrix systems curing at 350°F and
more recent systems curing at 250°F have similar strength and
stiffness characteristics, but the 2500F system minimizes
thermal mismatch problems whz=n bonding together materials
having different thermal expansion coefficients, and it is
more tolerant of part/tool thermal mismatch. Thus, a 250°F
system might permit utilization of lighter weight aluminum
tooling with faster heat-up rates and free-machining char-
acteristics.




A known technique for minimizing the number of cure cycles on
a fabricated component is by designing for "cocuring", whereby
all parts in the assembly are located together and simultane-
ously cured in one operation. For example, a honeycomb panel
could be made and cured this way with inner skin, outer skin,
honeycomb core, and Z-edge members all prefitted, as opposed
to the method where skins and edge members are laid up and
cured independently, and then core, skins, and edges are
joined in an assembly bonding operation. The latter method
requires increased fabrication man-hours, longer cure cycle
time, and usually more tooling fixtures.

4.2.12 AUTOMATED PROCESSES

wWherever possible, fabricated assemblies are designed to facili-
tate use of automated processes. The predominantly straight
line element primary structure honeycomb panel inner and outer
skins may be laid up on a numerically controlled tape layup
machine such as ATLAS, which has three-dimensional layup capa-
bilities. Some large panels lonc themselves to drape-forming
of widegoods laid up flat by machine and transferred to the
mold tool. Another more limited manufacturing cost-reduction
tool is the pultrusion process where unidirectional or some
combinations of uni- and angle-ply filaments may be pulled
through a die of the required cross section to form a beam
cap, a channel, or other member of constant cross section.
After passing through the resin bath and the forming die, the
stiffener sections can also be pulled onto a mold which will
form them lengthwise to any reasonable single curvature shape
before curing takes place.

The use of rapid heating and cooling match metal die tools

for efficient mold forming, compacting, and curing of various
panels and fittings facilitates high production rates; it also
confers other advantages, primarily those of close tolerance
control, dimensional repeatability, and excellent finish.

Another automated process considered is thermoplastic postform-
ing, where high rates of production can be attained by bumping
out identical moldings from prelaminated flat panels under

heat and pressure. Postforming capability of flat graphite
skin/HRH core honeycomb panels has already been demonstrated
for simple curvature?

2 Hoggatt, John T., Investigation of Reinforced Thermo-
plastics for Naval Aircraft Structural Applications,
Contract N00019-72-C-0526, D180-17531-1, May 1973; and
NASC Report D180-12884-1, May 1971.
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4.2.13 LAMINATE TAILORING

Here advantage is taken of making up shell structures by
successive layers of prepreg tape, where the numbers and
orientation of plies can be controlled exactly and tailored

to fit the precise strength or stiffness requirements at each
section of the structure. Longitudinal or lateral skin rein-
forcements can easily be added or dropped off at will using a
programmed tape on the layup machine to form components having
high structural efficiency.

An example of efficient laminate tailoring on the MUT airframe
is the tailboom honeycomb shell where extra longitudinal
laminates may be added for tuning, if necessarv, and circum-
ferential laminates are added at the forward and rear ends for
local reinforcing where joint fittings are attached.

This discourse highlights a shortcoming in the use of filament
winding for construction of a tailboom, in that continuous
winding applies the same volume of wetted filaments along the
total length of the boum despite a usual decrease in sectional
area of the structure due to taper. This results in signifi-
cant thickness increase at the small end resulting in a non-
optimum tailboom. One possible solution is to continuously
wind on sufficient material for the tail end stress condition
and then to have a second layup operation limited to the
forward end of the boom as required for the higher bending
moment at that end. When the geometry, loads, and ninimum
gauge material allow, continuous nonlinear geodesic paths may
be found to minimize this effect. 1In this case, lower costs
may result, which trade off against a reduction in struvctural
efficiency.

4.2.14 REDUCED RADAR SIGNATURE

The general replacement of metal by composite structure on the
MUT final configuration will reduce the overall radar cross
section in two ways. First, the honeycomb sandwich skin panels
with Nomex core provide a favorable absorption method. Second,
the low dielectric properties of the hybrid composite skin
cladding all over further contribute to reduced signature.
These methods augmented by the use of electronic countermeasure
techniques and the minimization of reflective angles associated
with the airframe contour can effectively reduce radar
reflectivity.

141

Ly

(/e o czioc




4.3 CONFIGURATION DEFINITION - ADVANCED COMPOSITE AIRFRAME
AND LANDING GEAR

The airframe structure is comprised of a series of intercon-
necting modules (as shown in Figure 56) which are mechanically
attached to form the complete airframe (as shown in Figure 57).

The airframe is a semimonocoque design; although the tailboom
is truly monocoque, the main fuselage structure is essentially
composed of longitudinal beams plus vertical frames carrying
the horizontal and vertical loads and moments in lieu of skin
panels. 7This arrangement is due to the numerous large cutouts
in the external skins for cabin doors, hatches, avionics doors,
and the 1like.

The principal construction method for the airframe is honey-

comb sandwich using all composite materials, although some

assemblies such as the cockpit enclosure and avionics nose

and side doors, all of compound curvature, are constructed
A

of molued channel section support members bond=2 to skin
moldings to form box section components.

4.3.1 HONEYCOMB CORE SELECTION

Nomex nonmetallic core is commonly used. However, special
energy-absorbing metallic core is used in crash attenuation
applications, namely, the crash box in the forward underfloor
structure area, and the main forward rollover frame.

While aluminum honeycomb is relatively low cost and is exten-
sively used, it lacks resiliency and dents easily, especially
at low density, and cannot be used in structural applications
where low dielectric properties and radar transparency are
required. Aluminum also corrodes in the presence of moisture,
which leads to debonding of the face and thus requires fre-
guent and costly inservice examinations. 1In addition, aluminum
is a poor thermal and acoustical insulator. 1In spite of these
shortcomings, aluminum honeycomb is the most commonly used
type in structural parts, because no other commercial honey-
combs have as high a shear modulus and compressive modulus

at equivalent weight.

Nomex honeycomb core HRH10 is a high temperature fiber/phenolic
resin honeycomb available in various densities and core sizes,
which is not subject to corrosion and is readily bonded to
graphite and Kevlar 49 materials forming a chemically inert
system.
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- Final Configuration Exploded View of

Figure 56. MUT Airframe
Module and Subassembly Components.
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Although the shear modulus of Nomex is lower than aluminum
honeycomb, its allowables are adequate for the relatively
light stress intensity airframe structure of the MUT in most
areas; however, in localities where honeycomb core is required
for specialized purposes such as crash attenuation, then
aluminum honeycomb with high energy-absorbing characteristics
is used.

when, due to tolerance variations, an aluminum honeycomb sand-
wich panel, which is overly thick, is subjected to high pressure
and made to conform to the controlled thickness of a metal

mold die, a core crippling mode is induced with accompanying
deterioration of strength characteristics. Nomex, however,
under similar circumstances, will deform along the core to

skin line and will not progress into the crippling mode when
panel thickness tolerance does not exceed 4 percent (approxi-
mately 0.015 in. per surface on a 1.0-in.-thick panel).

4.3.2 MODULAR ASSEMBLY

The airframe structure consisting of eleven modules of primary
and/or secondary structure is joined on final assembly,
together with the nose and main landing gear, by mechanical
attachment (see Figure 55). The various module attachment
joints fall into five categories: manufacturing joints, field
splice joints, quick-release joints, mechanical entrapment
(sliding door rollers and guider in tracks), and pivot/bolt
joints.

There is a field splice joint at station 239 which facilitates
rapid removal of the tailboom and empennage from the main fuse-
lage. The horizontal stabilizer is connected to the tailboom
by a pivot/bolt joint and is easily removed after first de-
taching the tailcone fairing by cover plate removal and re-
lease of quarter-turn fasteners. The manufacturing joints are
bolted attachments, with either locking type anchor nuts or
ordinary locknuts and suitable core material stabilization at
the joint. The modular airframe construction method affords
high repairability turnaround times, in that individual modules
may be relatively easily replaced if seriously damaged.

Within each module, localized damage is repaired in situ by
overlap splice and similar secondary bonding schemes.

The various fairings contained on certain of the modules are
detachable by quick-release quarter-turn fasteners.

A general description of each module is included in this
section. Isometric sketches indicating design details and
materials for each are snown with the description of each
module. The capacity of the crash-resistant fuel tank is
260 gallons, not including 5-percent void content; the space
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available in the cargo bay is 145 cubic feet, leaving 6 inches
of clearance around the sides and at the top.

k An aluminum wire mesh (adhesive bonded) may be added on all
exterior skin panels of modules with connecting bonding straps

E for lightning protection if necessary. (The weight penalty
for this is 50 pounds total.) Other suitable protection

g schemes are under investigation.

4.3.3 SECONDARY STRUCTURE

P e R

This category of structure requires stiffness, high impact
resistance, and resistance to erosion and corrosion. Kevlar
49 meets all these requirements and will be used exclusively
for all designated secondary structure items. It has similar
: fabrication characteristics to fiberglass; any operations

E which can be completed in S or E glass can be performed with
E Kevlar 49. (The drilling and cutting of Kevlar 49 requires

4 slightly different tools and procedures which have been

- established.)

Studies to date indicate that the most cost-effective second-
ary structure design commensurate with low weight is honeycomb
sandwich construction. However, many of the secondary struc-—-
ture panels required are in areas of compound curvature where
it is not feasible to use regular hexagonal core and where
broadgoods layup skin panels will require the introduction

of material darts and similar,time-consuming hand operations
to ensure a wrinkle-free compound contour.

One solution suitable for production quantities is the use
of fiber-reinforced thermoplastic design, whereby a suitable
sandwich panel in the flat is fabricated using selected com-
posite woven fiber broadgoods with a thermoplastic matrix as
upper and lower skins sandwiching a nonm:tallic reinforced
plastic "Flex Core" {Hexcel). The Flex Core cell configura-
tion provides for excellent formability into compound curva-
tures with reduced antielastic curvature and controlled
buckling of the cell walls. HRH-10 Nomex is the selected
material for the Flex-Core configuration.

Secondary paneling of this construction may be laid up and
cocured in the flat, then subsequently postformed under heat
and pressure in a molé to form any reasonable compound-
curved shape.
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4.3.4 AIRFRAME CRASHWORTHINESS CAPABILITY

The cockpit and cabin structure was specially designed to in-
corporate all crashworthiness requirements to the 95th per-
centile to comply with MIL-STD-1290 (AV), and a tail bumper
with energy absorber unit is incorporated to protect tailboom
during high impact flared landirnjys (see Figure 58). Sections
A-A and B-~B of Figure 58 illustrate the pilot and troop crash
attcnuating seats, respectively. Figure 59 shows further
details of pilot seat, including armor protection, and Figure
60 shows additional troop seat details.

The compleied airframe design was reviewed for anticipated
capability to meet specification requirements. The results
are summarized in Table 16.

4.3.5 TYPICAL PANEL CONSTRUCTION DETAILS _

Figures 61 and 62 illustrate design details of two typical
composite honeycomb sandwich frames, and a similar construction
typical skin panel which would be subject to light to medium
stress intensities with a relatively high vibration environ-
ment. The primary structure honeycomb sandwich components of
the airframe are designed as thermosetting moldings using an
epoxy matrix, while the secondary components are thermoplastic
post formings using a phenoxy matrix. The oo-ective was to
minimize cost by generating a simple low-weight design with ﬁ
minimum parts count, no special machining of the core, posi- :
tively sealed core edges, minimal fabrication operations,
minimum curing cycles and time required in an autoclave, and
also to meet load and fatigue criteria. 3

4.3.5.1 Franme

The frame inner and outer skins are molded together around
the edges to form an integral flange with no separate edge
members required. The higher loaded frames will have extra
ply reinforcements added around the flange cap locality. The
Nomex core is supplied with sufficient tolerance control on
its face surfaces that no machining is necessary, and there-
fore trimming of the edges to the required shape is the only
operation required on the core. The bonded preformed C.C.A. 1
foam wedge strip serves as an efficient core seal and forms

a ramp for bringing the inner skin down onto the cuter skin; §
it also prevents collapse of the core edge during cure under
pressure. The manufacturing method for a production run on
this item is a one-shot cocure mold operation using match
metal nold die tooling. The inner and outer skins are prepreg
tape layups using an automatic layup machine. The correct °*
shape skins are laid up on a flexikle carrier for handling
into the molds, and an adhesive sheel is interposed between
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the skin and core on each side. The semiautomatic fabrication
and minimal cycle curing combined with low parts count for
each component should result in a low-weight cost-effective
airframe.

4.3.5.2 Skin Panel

The design of this component is similar to that of the frame
1 in that the inner and outer skins are brought together and

Al bonded around edges without the requirement of separate edge
4 members; however, in this case, the skins are not flanged

; over at 90 degrees to the surface as on the frames. The

| corner treatment of the skin panel presents a minor problem
in that with anything but very thin core the inner skin will
not drape neatly over the corners, as material must be lost ]
or skin wrinkles will result. A solution is to miter-slot j

the corners of the inner skin to prevent puckers, then, in a
separate operation, bond a thermoplastic molding onto the :
inner panel surface at each corner. 1

4.3.6 AIRFRAME CONSTRUCTION

The following notes apply to the descriptions of the different
airframe modules and the sketches that accompany them.

1. Graphite AS - This is an intermediate strength, relatively
low-cost graphite material.

2. Kevlar 49 - This is an organic fiber made by the DuPont 1
Company and supplied as a filament, a prepreg tape, or .
in woven form by various companies.

3. C.C.A. - This is Cellular Cellulose Acetate, a strux 1
foam, precured with a density of 6 pounds per cubic foot.

4. Wwhere fiberglass is called out on sketches, assume that ;
it is E-glass/epoxy unless otherwise stated. '

5. Where graphite and Kevlar 49 are called out, assume that
an epoxy matrix is used unless otherwise stated.

6. Assume that all joints are bonded unless otherwise stated,
in both primary and secondary structure.

R 1

7. The isometric sketches are pictorial only and do not repre-
sent any particular scale; also the thicknesses of skins,
panels, etc., may be exaggerated.

8. Isometric module sketches do not necessarily illustrate :
all detail structure, but they do identify basic primary :

and secondary structure required (for example, support j

|

brackets for controls and equipment, etc., are not shown).
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Allowance is made for these items in the 20-percent con-
tingency added to each module parts count).

9. NSRP = Neutral Seat Reference Point

4.3.6.1 Cockpit Enclosure - Module 1 (See Figure 63)

This is the structure housing the flight crew forward of the
fuselage splice joint at sta 91. The cockpit enclosure struc-
ture does not include any floor structure which extends into
the cockpit, being part of the underfloor structure module.

The pilot and copilot load attenuating seats are located side
by side, separated by a center control console which connects
at its forward end to a YUH-61lA configuration instrument panel.

Ingress and egress to the cockpit is by a hinged door at each
side, which is jettisonable in an emergency. A further emer-
gency exit is available at each side through knockout acrylic
windows located in the ceiling above each crew member.

Lightweight windshields are of glass/acrylic nonscratch sand-
wich construction with the capability of resisting a 4-pound
bird impact at 150 knots. Ceiling and door windows are
stretched acrylic. Windshield and window sizes and locations
essentially meet the external vision plot requirements of
MIL-STD-850B for helicopters with side-by-side seating (see
Figure 64).

In the extreme nose section of the cockpit, an external upward-
opening door provides access to avionics units mounted on two
shelves. A telescoping-tube fitting supports the door in the
open position. The nose avionics units are isolated from the
cockpit area by lonqgitudinal and lateral diaphragms extending
from the floor to the upper nose skin, which assist in stiff-
ening the nose structure.

The pilot and copilot seats are of the energy-absorbing type,
which attenuate in vertical, longitudinal, and lateral direc-
tions. Special wells in the underfloor structure allow for
vertical stroking of the seats, which are of similar design
to YUH-61lA seats (see Figure 59). The seats are adjustable
up and down and fore and aft.

The cockpit structure comprises a skeletal structure of wind-
shield posts, door posts, a horizontal eyebrow arch, windshield
support moldings, and a large box frame with vertical posts;
the latter provides the main tie-in structure to the floor

and upper deck modules.
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Longitudinal, Lateral and Vertically Attenuating
Floor Supported Pilot and Copilot Seats Meet
Static and Dynainic Strength Requirements of
MIL 58095 UTTAS Type Seat Design 12 in.

Attenuating Stroke. Avalable with Seat Fully Down Transmssin Support

Strugtiere Desgned 1o Crash
Prevent Detachment of Large

Crash=Resstan Fuel T

MASS Surrountded by Ballistic

RETENTION Batrier and Struciural S

LOADS Proypsction and Survival
Effects. Shell Structure

(ROTOR, TRANSMISSION
AND ENGINES) Fegtors

| Continuous Deck and Deep Overhead Beam Structure.
Supports Transmission/Rotor Hub Against Breakaway

and Mimimize Fuselage Separation Potential.

I Increased Depth Windshield Posts Extend Over
SECTION A-A Cockpit and Connect to Lonyttudinal Beams

Via Intercostal Beam in Box Frame to Protect

Crew From Blade Strike and to Strengthen Cockpit.

Reinforced Windshield Posis Exiend to Lower
Longitudinal Beams to Prevent Upward Collapse
of Nose Section.
Reintorced Duur Frame and Eyebrow Members Form
Roll Bar Type Structure.

Honeycomb Sandwich Backup Structure.
{Canted Frame and Longitudinal Beams)

Nose Skin and Structure Beam Curved
Upwards. Lateral Frame Canted Aft
to Give Non-Plowing *'Ride-Over”’
Capability of Nose.

Longitudinal Impact Crash Attenua-
ton Box. Forward of Pilots Station,
Sohd Slug 5052 Aluminum Alloy
“Cross Core”’, Honeycomb Material.
Core Stroke, 21 in. Weight 30 Ib.

\ LATERAL

IMPACT 4

Continuous Floor Beams Reduce
Separation Potential in Cabin Ar

VERTICAL Stabilized Box Section Frame. Gives Roll§

LONGITUDINAL A IMPACT Protection and “ertical Impact Absorbt'
IMPACT 3
80-n.-Long Belly Skin Exterior. ¥

52 NOSE GEAR - Ply-Reinforced, to Form Rugged One-Piece Surface I E

GROUND IMPACT to Prectude Scooping/Tearing Effects. 5

MUT Airframe Crashworthy Features.
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Tranam issson Sapparnt
Structure Desmgned 1o Crash Losd Facrors o
Prewent Detachmont of Lorge Mass Dems,

Crash=Resistant Foel Tank with Froopbde Fotigs
Surrounded by Balhistee Tolerant, Foam Filed

TENTION Barrser and Structural Shel, for Ballastic Flame,
JADS Protection and Suriival From Hydrauhic Ram
Efftects. Stell Seruciure Desgneed for Crash Lo
. I:éﬁﬂlﬁ!ﬂ“ gt

‘\ Energy-Absorbing Tail Bumper with “Torshok

Unit. {4 in. Stroke) Design Sink Speed 8 fps Pitch
Rate 23°/Sec.Equivalent Linear Velocity at Tail
Bumper = 18 fps (Tailboom Will Not Yield at this
Load Level.)

TAIL BUMPER
VERTICAL IMPACT
(FLARED LANDING)

Main Landing Gear Support in Structural Well
Outboard of Ocevpeed Areas, Precludes Personnel
Injury or Fuel Cell Penetration with Gear
Collaps

Lateral Attenuating Strociure. Aluminum Honeycomb
"Cross Core”', Side Block, Full Depth {6 in. Stroke],
with Decp Vertical Lanvdig Gear Support Chanmel as
Backup Swucture

High Energy Absorbing Mamn Landing Gear

10 fps Nosmal Landing Sink Speed

Load Limiting for Hard Landings Up to 20 ips
Mo Yielding of Strucure.

LATERAL Attenuating Ceiling Suspended Troop Seats with
IMPACT Energy Absorbing Lower Struts and Cables onto
Floor. Meet Static and Dynamic Strength Require-

Continuous Floor Beams Reduce Fuselage ments of TR71-22, {JTTAS Type Troop Seat Design}
Separation Potential in Cabin Arca,

ERTICAL Stabilized Box Section Frame Gives Hollover
PACT Protection and Vertical Impact Absorhtion.

- SECTION B-B




Vertical Seat Adjustment =55 in. (Up 3 in,, Down 2.5 in.)

Longitudinal Seat Adjustment = 6.0 in. (Fwd 1.5 in., Aft 4.5 in.)

i e

Figure 59. Attenuating Pilots Seat.
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3o

Table 16. MUT Airframe Crashworthy Capability

IMPACT
CONDITION

SPEC REQUIREMENT

MUT CAPABILITY ESTIMATE

LONGITUDINAL

20 FPS INTO RIGID WALL
SAFE EVACUATION Of CREW

MEETS REQUIREMENTS

40 FPS INTO RIGID WALL
TROOP COMPARTMENT REDUCTION NO
MORE THAN 15%

MEETS REQUIREMENTS

60 FPS AT 15° NOSE DOWN — REDUCTION
OF COCKPIT OR TROOP COMPARTMENT
LIVING SPACE NO MORE THAN 5%

MEETS REQUIREMENTS

4 W LONGITUDINALLY PARALLEL TOWL
2W LATERALLY

VERTICAL 42 FPS  LIVING SPACE REDUCTION NO PARTLY MET *
MORE THAN 15%
LATERAL 30 FPS - REDUCTION IN COMPARTMENT MEETS REQUIREMENTS
LIVING SPACE NO MORE THAN 15%
TURN OVIEH AIRCRAFT RESTING ON GROUND MEETS REQUIREMENTS
STRUCTUHE 4 WPERPENDICULAR TO WL

GROUND IMPACT AT 100 FPS AT 5° ANGLE-

PASSENGER OCCUPIED
VOLUME REDUCTION NO MORE THAN 15%

MEETS REQUIREMENTS

NOSE PLOWING

FORWARD 25% FUSELAGE UNIFORMLY
LOADED 109 UP AND 4g AFT (109 BASED
ON E.FFECTIVE MASS)
PRECLUDE SCOOPING

MEETS REQUIREMENTS

TAIL BUMPER

NIL-A-008862A

MEETS REQUIREMENTS

10 FPS SINK SPEED AND PITCH ATTITUDE
CORRESPONDING TO IGE HOVER IN 60
KNOT TAIL WIND

MEETS REQUIREMENTS

BLADE STRIKE

ROTOR MAST SHALL NOT FAIL
TRANSMISSION SHALL NOT BE DISPLACED
INTO OCCUPIABLE FECTION WHEN MAIN
ROTOR BLADES IMPACT INTO A RIGID
8IN.-DIAMETER OBJECT IN THE OUTER
10% BLADE RADIUS AT OPERATIONAL
ROTOR SPEED

MEETS REQUIREMENTS

* In the event of a 42-fps vertical impact stroking of the main landing gear with 20 fps capability
leaves residue of 36 fps to be absorbed by the fuselage structure. Further energy is absorbed
by the gear metal attachment fittings passing through the plastic stage before fracture, and also
by composite structure deflections,

Lateral Attenuation — Predicated on main landing gear striking obstruction first and absorbing
some energy before airframe side core is attenuated
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\

Thermoplastic Molded Corner Member

Inner Skin Adhesive Sheet

AT

Qurer Skin

Nomex Core

Celfular Cellulose Acetate (CCA) Preformed

Wedge Strap — Bonded Optional Scuff and Lightening Strike Protection by

Addition of Fine Wire Mesh with 1-Ply Grade 5
Adhesive on Outer Surface

SECTION A-A
Typical Composite Skin Panel.

Figure 62.
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Rubber Seal
{Typical)

Detachable Seal Strap. ;
Special Rubber Push-Out

Kevlar 49 Molding
Bl Anchor Nut
= i r <R {T gl 10 Posg)
Steel f
Countersink "',’
Screw
Winddshield
fpp—
Supapior . Post .

Lightwesght Glass/Aciylhic Sandwich
FPhrce Winds eid

)

i W rinbiihil

SECTION A—A Showing Windshelkd

Adrached a1 Posis

Windshield Suppsin Mi=rmilier
Graptate A5/ Kevlar 49 Molding

Honeyeomb Sandwich Sidi and
Rear lsolation Pangls and Awomics
anid Eguipment Shell

Koular 49 Shins. Nomes Core,

SECTION B-B

Nose Avionics
Bay Subassembly
Honeycomb
Sandwich

Panels

Kevlar 49 Skins
Nomex Core

Detachable Access Panel {2}
Keviar 49 Molding

One-Piece Molded Skin Nose Section
See Separate Nose {Kevlar 49}
Avionics Door Sketch

4

Figure 63. Airframe Module 1 - Canopy Enclosure skins,
Transparencies and Nose Avionics Bay Subassembly. :

(Sheet 1 of 4)

1

;
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s et B

| PusdrOut Emergency Escape
Boeciia) Ristibier Push: Ous Sisil Upper Teanspad ency Each Side.

Molded Honeycomt, Sandwich,
Skin Panel and Integral Door Seal
Retainer Skins — Kevlar 49.
Nomex Core

See Separate Cockpit Door Sketch




Windshield Post

Windshield and Nose Skin
Support Members.
(Graphite AS/Keviar 49)

Two Eyebrow Moldinns Secondaty Bonded Together.
(Graphute AS/Kevlar 491

Detachable Windshwldt Ses! St
Kevlar 43 Molding. (Typral All
Round Windshtelds)

/.:z

\.{

Windsmeld (Reference)

i

Two Doorpost Moidings Secondary Bonded
Together. (Graphite AS/Keviar 49)
» Honeycomb Sandwich Frame —
Graphite AS/Kevlar 49
Skins and Nomex Core
Intercastal Joint Molding
- Graphite AS/Keviar [Typicall
\Ky
Molded Rib and 5t
for Transparancy o
4 {Graphite AS/Keviar
] Figure 63. Airframe Module 1 - Canopy Enclosure - Skeletal

gubassembly. (Sheet 2 of 4)
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pport Members.

Lindshield and Nose Skin Windshield Post
</
raphite AS/Keviar 49) 3

Molded Rib and Strap (2)

{Graphite AS/Kevlar 49)

for Transparency Mounting,

Box Section Frame - Honeycombh Sandwich Moldings
in Two Parts - Channel Configuration and Outer Panel.
Skins Graphite AS/Keviar 49 — Nomex Flex Core.

Door Seal Retainer {Both Sides) with
Rubber Seal {Circular) Bonded in Recess.

Door Frame Joint Molding.
{Graphite AS/Kevlar 49)

Vertical Support Post and Control
Rod Housing {See Separate Sketch}
Sheet 4

Post Base Bracket.

A (Graphite AS) Reinforced Windshield Post —
-,

Moldings {2). (Graphite AS)

Transparency (Reference)



T

Window Control Screw Down
Friction Pad and Bracket Metal.
(Purchased Assembly)

-
Various Muided Post Sections in
Kevlar 49. Bonded to Skin Panels

\
I
§US
SECTION G-G
p
SECTION F-F
——
_J i
m— = |
Q Emergency Door |
Jetison Hinge Pin
SECTION E-E and Cable Assembly. L
(All Metal) o !
e
Hinge Anchorage Fitting Chopped Metal Self Lubricating "

Strand Molding (Graphite AS/Kevlar 49)

Bush in Fitung Inside Opening
nside Open
Metal Door
Handle. Connects
to Outside Handle
Via Linkage.

33

Detachable Hinge Fitting
Chopped Strand Molding.

Kevlar 49 with Unidirectional
SECTION J-J Graphite AS. Selective Reinforcings.

Molded Angle Door Stay and Stop —
Open Position — (Graphite AS/Kevlar 49)

Figure 63. Airframe Module 1 - Canopy Enclosure - Cockpit Door.
(Sheet 3 of 4)
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Lock Pin Conduit Support
3 Bracket Metal. (Detachable)

Auryhic Push Down Window
Detachable Rubber Seal

and Retainer Strip
Typical Al Round Qoor
Edge (Rivet Attached)

ntrol Screw Do
and Bracket Merl
Assemtsly |

SECTION D-D

Outside Opening
Metal Door Handle
and Latch Assembly,
(3 Position — Locked,
Stam, and Open)

?' | | I [ P_" Door Rear Edge Molding.
_‘ﬂ__\
—t (Graphite AS)

£

SECTION B-B Window Track Support

Channel. (Graphite AS)

Kevlar 49 Detachable Inner
Panel Molding Beads at
6-Inch Spacing.

by

Quter Skin
Haneycomb Panel. Kevlar

' 49 Skins and Nomex Core.
Inside Opening

Metal Door

Handle. Connects

to Outside Handle Window Slider/Guide
Via Linkage. Assembly. (Typical

Both sides of Window)}

SECTION A-A

Detachable Hinge Fitting = ‘

Chopped Strand Molding.
Keviar 49 with Umdirectional SECTION C—C
Graphite AS. Selective Reinforcings.

)it Door.




i

Post Sect'a
(Graphitoi
3
yd ¥ ~ N
== ()
N/
Anchor Nut (Typical)
g
Metal Backflap Hinge &
4 SECTION A-A !
i ‘ Detachable Panel (for Access to Controj
f Kevlar 49 Molding with Horizontal Stif
] Flutes or Honeycomb Sandwich Moldif

® s

«
‘ -
'
Metal Folding Door Support Tube
> *
Detachable ‘D’ Section R 3
Rubber Door Seal All Round 0 SIS E

Compound Curvature Door Panel Molded in Segments
and Bonded on Assembly with Nomex Flex Core Skins. SECTION B-B
{Kevlar 49 Thermoplastic)

Nom.x Flex Core or Preformed Foam Blo««s

Figure 63. Airframe Module 1 - Canopy Enclosure - Subassembly,
Avionics Door and Vertical Posts. (Sheet 4 of 4)
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Post Section 12 Honeycutnd Sandwich Molding.
Grapmite AS  Aluminum Aoy Flex Core)

E\chor Nut {Typical)

: Molded Attachment Brackets
4 {Each Sade  Graphute AS)
Detachable Pane' (tor Access to Control Tuhes)
; Kevlar 49 Molding with Honizontal Stiftening
i Flutes or Honeycomb Sandwich Molding
t -
* -
LK <
RS
1 ™
e
\ .

E, -
tachable ‘D’ Section R'
Rubber Door Sea! All Round . T

1 .

Lower Attachment Angles {3) (Graphite AS)

sembly,
;'of 4)

it i Bl it 5 e
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Apart from the two windshield posts, which are two-piece
channel moldings bonded to form a box section, these members
are primarily moldings of channel section arranged so that
the external canopy skin moldings can be bonded over them to
form continuous box section members without the use of mech-
anical fasteners. The vertical members provide protection
for the crew by preventing the inward collapse of the structure
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