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1.0    PREFACE 

This report consists of data substantiating the structural integ- 

rity of the nose landing gear assembly and the trunnion pins re- 

quired for attachment to the airplane. 

This assembly is for the Ryan Aeronautical Corporation, San 

Diego. Ryan XV 5A Airplane.     The basic landing and taxi loads 

are obtain&d from Ryan (basic loads) report dated October 10, 

1962 hereafter noted as reference (1) in this stress analysis. 

All loads are considered as limit and proper conversion to ul- 

timate loads have been made. 
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2.0     REFERENCEwS 

1.     Ryan Report dated,   10 October 1962, and Drawing SCDL002 

4 (Geometry) 

2.      MIL-HDBK5 

3.      Roark - Second Edition Stress and Strain 

4.     Peery - Aircraft Structure« 1950 
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3. 0    DRAWING REFERENCES 

1511L103 

1511L104 

1511L108 

1511L121 

1511L123 
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3.0     DRAWING REFERENCES    (con't) 

ISl'LZCK                            .     Pin - Trunnion 

15UL220                                  Bolt - Croasbeam 

1511L300                                  Retraction Actuator 

• 1511L302                                   Piston 

15111303     •                            Cylinder Assembly 

1511L304                                  Bearing 

! 

1511L305                                  Nut 

• 

* 
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4. 0 MINIMUM MARGINS OF SAFETY 

BASED ON ULTIMATE LOADS 

PART 

Cylinder 
(1511L104) 

P. 165 tiru 
P.  191 

SECTION 
jCRITICALl 

COND. 

AMA 

Jteä- 

Turning 
[FWD) 
Spin-up 

. (FWD) 
Spin-up 
<FJVD) - 

~"^if        I (IWDP 

C«C 
Drag Brae« 

JCug  
Trunnion Spin-up 

_l(iWD) . 
Trunnion Pin Spin-up 

Trunnion        St>in-up 
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VTOLlAFt) 
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Inner 
Cylinder 
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Spin-up 
(FWD) 
Spin-up 
(FWD) 
Spin-up 
(FWD) 
Spin-up 
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(FWD) 
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(FWD) 
Spin-up 
(FWD) 
Turning 
„(FWD) 
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4. 0 MINIMUM MARGINS OF SAFETY       co^t'o 

m 

• 

PART SECTION 
C RITICAL 

COND. 

ufning 
CWD) 

LOADING MARGIN 
OF 

SAFETY 

1.79 

BENEl 

..X 

.... x: 
X 

TEN. 

x_ 

COMP. iTORSIOh 

...    .... 
i 

.   "t  
i . .   ... 

SHEAR 

x_ 
x 
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Torque I .Ink 
Upper 
(15i:Ll35 

P. 213 thru 

P. 219 

A-A 
hT 

{] 

B-B II 
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(1511L134) i ,_., x 1 
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!             
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X 
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Torque Link 
Lower 
{1511L136) 
P. 224 thru 
P. 236 

A-A 
T 
(1 

urning 

II B-B 1.x ♦ LGE  

* LGE„_ 

 .Ji- 

„.59-.. 

C-C II X.. 
X 

j 

]..JC.. 
D-D II X 

Socket   fcrg. 

/{ 1 
Ball 
(1511L137) 
P. 237-238 .-.X_. 
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i 

i 
i 
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i 
1.81 3 

Turning 
(FWD) 

Pin-Drag 
Brace 
(1511L146) 
P. 240 
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j • 
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PART SECTION 
CRITICAL LOADING MARGIN 

OF 
SAFETY 

.20 

.21 

COND. 

oln-up 
rwD) 

BENU 

...      . . 

TEN. COMP. TORSK» SHE/« 
Shear" 

Brg. Drag Brace 
Lower 

mm 
■' 

■B 

   A-A 
Springbacl 
irwP)-. x 

1 
1 

Draj: Brae« 
Upper 
(15111.202) 
P. 248 thru 
P. 254 

rlngback 
FWD)-_ 
pin-up 

ringback 
pin-up 
F_WD)-_T 
»rlngback 

 X_ 

 X X 

■ 

._x.... A-A H 1.31 

A-A 
s c ••* T  ..4 i _^_^ 

.055 Coluzna 3J? 
S 
( 

X  

Luff _x_ .24 
Attachment 
Hoi« 

Ä • 
Brg. .28 

. » 
• • 

Bolt 
(1511L220) 
P. 255 

•    'ß' i>; ' 

• X .20 

j • 

Croaabeam 

(15111.203) 

P. 257 thru 
P. 267 

/' / 
t * 

*    t 

 1 

*    i' 

  
Trunnion 
Lug 

Spring back 
iFWD) X .01 

A-A X Q X X f LOE 

B-B 
Extension 
(Pnr>nir) 

t                      1 

Y * .05 

C-C •i X 1.12     ' 
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4. 0 MINIMUM MARGINS OF SAFETY        COKTtO 

4 
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PART SECTION 
CRITICAL 

 . 

LOADING MARGIN 
OF 

SAFETY 

.01 

COND * 
BENU .IEJ1.. COMP.  TOKSIO* 

i 

... !  

SHEAR 

X 

^04> 

Shear Face 

Axla 
(1511L130) 
P. 278 thru 
P. 280 
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i' 
X 

i 

  

.52 A-A 
Turniai 

  

Retainer n 
■ X .32 ,       , 

Support 
(1511L129) 
P. 281 .10 x 

. 
i 

Piston Head 1 

(1511L124) 
Thread! 

V 
M 

rOL(AFl 
ax Vert. 

') 
     ,  .X 

i 

4- LGE 
—           '   — P. 286-287 

Cam-Lower 
(1511L123) 

P, 28C-289 

^ 

..._.? 30__ Ejttcndcd   pft«{l.. 

Bearing 
Adapter 
(1511L121) 

   i   
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.-..•A?._  ;... .-       
P. 290-291   ■ 

Orifice Sup- 
port Tube 
(15111,126) 
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PART SECTION 
CRITICAL 

COND. 
LOADING MARGIN 

OF 
SAFETY 

1.68 

.04 

... B_ENn T EN._ 

X _ 

COMP. 'TORSK* SHEAR 

Brf. , Glaud Nut 
(1511L127) 

P. 297 thru 
P. 299 

A-A 

   B-B 
-.-'■■. 

Pin 
{1311U2S) 
P. S00»30X. 

* 
  

! 

i 

X f LGE 

*       »'■''' 

Cylinder 
(15111.303) 

P. 303 thru 
P.  308 

RETI LACTIC )N ACTl rATOR 

Lug   —    
ShMtr 
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_.   .0? 
f LGE ThMftd« 

• i 

^    '   ' Piston 
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P. 309 

  

.-x__  ,— 1.56 
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(1511JL304) 

P. 310 

 . 

.20 Brg. 

" '    ' l, Nut 
(I511L305) 

P. 311-312 

/ 
./ 

* 
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' v ■    f • ■ A-A X   .07 
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5.0    DISCUSSION 

This report include« an an&lysis of the XV5A Nose Landing Gear Assembly 

major components.    These components and their material and heat treat con- 

dition are as follows: 

Components 

1511L103  Inner Cylinder 

1511L104 Cylinder 

1511L108 Trunnion Pin 

1511L121 Bearing .Adapter 

1511L123 Cam-Lower 

1511L124 Piston Head 

1511L125 Pin-Metering 

1511L126 Orifice Support Tube 

1511L127 Gland Nut 

1511L129 Support 

1511L130 Axle 

1511L134 Pin (Torque Link) 

1511L135 Torque Link-Upper 

1511L136 Torque Link-Lower 

1511L137 Ball-Apex 

1311L146 Pin-Drag Brace 

Material 

AMS6427 (4330 Mod.) 

7079T6 Alum. Alloy 

4140 Steel 

2024T4 Alum. Alloy 

7075T6 Alum. Alloy 

7075T6 Alum. Alloy 

2024T4 Alum. Alloy 

2024T4 Alum. Alloy 

2024T4 Alum. Alloy 

2024 T4 Alum.  Alloy 

4340 Steel 

4140 Steel 

2014T6 Alum. Alloy 

2014T6 Alum. Alloy 

17-4PH Steel 

4140 Steel 

Ultimate 
H. T. Condition 

220/240 KSI 

71 KSI (HÄad 
71KSI Forging) 

180/200 KSI 

70 KSI 

80 KSI 

80 KSI 

70 KSI 

70 KSI 

70 KSI 

62 KSI 

180/200 KSI 

180/200 KSI 

64 KSI 

64 KSI 

180/200 KSI 

180/200 KSI 
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5.0    DISCUSSION      (con't) • 

Component» 

1511L.201 Drag Brace-Lower 

1511L202 Drag Braca-Upper 

1511L20 3 CroaBbeam 

1$UL204 Pin-Trunnion 

15111.220 Bolt-Cro:; abeam 

15nL302 Piston 
t 

15UL303 Cylinder Ac a ombly 

1511L304 Bearing 

ISllLSOS Nut 

/ 

CALC 

CHCCK 

JC*/ nevisco OATC 

Material 

7075T6 Alum. Alloy 

707 5T6 Alum. Alloy 

707 5T6 Alum. Alloy 

707 5T6 Alum, Alloy 

707 5T6 Alum. Alloy 

4140 Steel 

2024T4 Alum. Alloy 

20Z4T4Alum. Alloy 

2024T4Atam. Alloy 

Ultimate 
H. T. Condition 

80 KSI 
vv-. ^ *Rm 

80KSI 
• 

■ ■ ' 

77 KSI 
•■■ 

77 KSI 
• 

77 KSI i 
■ 

125/150 KSI 

62 KSI 

62 KSI 
] ■ -. • 

62 KSI 
• 

•L 
■ 
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5.0    DISCUSSION   (con't) 

Secondary bending due to strut deflection is included in the analygit of 

the cylinder and inner cylinder (also known at the piston).    The effect of 

strut deflection is also included in the attach point reactions.    The deflect» 

ion was taken in the direction of the load for each critical condition with 

gear at F. E.  -1. 6 and F. E.  -5. 3.    Loads were taken from Ryan Report 

dated 10 October 1962,  and are listed in Tables III and IV of this report. 

Conditions - Spin-up (Fwd.) 92003!f, Springback (Fwd.) 9200#, and Turn- 

ing (Fwd.) 12tS00# are used for strut deflections.    The calculated deflect- 

ion at the axle centerline for Spin-up (Fwd.) 9200# la 1. 7.3 in. , Spring- 

back (Fwd.) 9200# is -1. 144 in., and for Turning (Fwd.) 12, 500# is . 290 

in.    There deflections are utilized In determining the reaction loads on 

the cylinder, piston, drag brace,crossbeam, and axle.    These reaction 

loads are determined by matrix system on pages  133 thru 149. 

The minimum margins of safety for all   of the nose landing major com- 

ponents are listed on pages 13 thru 17. 
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6.0   LIST OF STRESS SYMBOLS 

MJ^matfi STRESSES 

Fty « 

Fb = 

Fbr « 

fcu = 

'Fcy ■ 
Fcc ■ 

Fco = 

F8t = 

Allowable Ultimate Tensile Sues» • pel 

Allowable Yield Tensile Stress - psi 

Allowable Bending Stress - psi. 

Allowable Bearing Stress - psi 

Allowable Ultimate Compressive Stress • pal 

Allowable Yield Compressive Stress - psi 

Upper Limit of Column Stress For Local Failure - pal 

Upper Limit of Column Stress fbr Primary Failure 

Allowable Torsional Stress - psi 

Allowable Shear Stress - psi 

•  • -■: 

-  .. ».•    '"i . • ■ 
■./••■.•♦■ 

•■.,-••     .J 

it   '■'"■',. 

Rbu 

Re 

\ 

«ht 

Rsu 

Rst 

•\ ■ ■■> :  '%•■■ ■>*'.:■ 

■ 1/ ■.-?- ;/i::-": ; 

s      Ultimate Tension or Compression Beading Modulus Stresa Xatib: ^Äu 

ALLOWABLE LOADS 

Pbru   -      Ultimate Allowable Shear Bearing Load • lbs. 

Ptu     s      Ultimate Allowable Tension load - lbs. 

§TRS?S RATIOS 

Compressive Stress Ratio 

Tension Stress Ratio 

Tension or Compression Hoop Stresa Ratio' 

Ultimate Transverse Shear Stress Ratio 

Torsion Stress Ratio 
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6.Q STRESS SYMBOLS (cant.) 

§TRiS6$Sg 
;t 

b 

br 

c 

s 

St 

hi 

he 

Tensile Stress - psl 

Bending Stress - psl 

Bearing Stress - psl 

Compresslve Stress - psl 

Shear Stress - psl 

Torslonal Shear Stress - psl 

Hoop Tension Stress - psl 

Hoop Compresslve Stress - psl 

MISCF:LLAN£QUS SYMPQ^? 

P = Axial Load - lbs. 

M - Bending Moment - In.-lbs. 

T = Torslonal Moment - In-lbs. 

S = Shear Force - lbs. 

£ = Tensile Modulus of Elasticity - psl 

£c = Compresslve  Modulus of Elasticity - psi 

G = Modulus of Rigidity - psl 

0 ■ Radius of Gyration - in. 
t 

1 r Momönt of Inertia - (in.) 4 

9 = Eccentiicity - in. 

CD. ■ Outer Oiameter - in. 

I.D. = .   Inner Diamater - in. 

A = Area - (in.) 2 

CMCCKI 

APm 

RtVltCO OATC 
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LJLSI&jSfiOXMiQM (wnt.).' 

MISCELUNEQUS SYMBOLS - (cont'd) 

Distance from Neutral Axis to Extreme Fiber - in. 

Fixity Coefficient. 

Length - In. 

Thickness 

Angular Deflection - degrees 

Linear Deflection - in. 

Allowable Bending Moment - in. - lbs. 

Allowable Load - lbs. 

Allowable Torslonal Moment - in. - lbs. 

Pounds per Square Inch  . 

Pounds 

Inch "'    V . 

First Moment of Area 

Poisson's Ratio 

Tension Area - (In.) 2 

Bearing Area - (In.) * 

Bending Modulus of Rupture Parameter 

Section Modulus - (in.) * 

Polar Moment of Inertia - (in.) 4 

tr.J. 

•'J 

•• 

i- 

c 

c 

1 

t 

MA 

PA 

TA 

PS I 

LBS 

IN. 

Q 

•"- 

At 

lbr  . = 

K 

2 

L 

^ • i 
i   ■.■■•»■ 

■   'I.    ■ .i   ' 

. ■*•■ -'i ■' • •   '^»1 
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■■■■ .\jt$ .'••■;■.. 
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