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1.0 SUMMARY

1.1 General Description

The tip turbojet helicopter described herein is designed es a cargo
helicopter having a payload of 12 tons and a gross weight of 72,000
pounds. The rotor system utilizes four blades with two engines mounted
in an over-under configuration on each blade tip. Each blade has a
radius of 56 feet to the centerline of the engines and a chord of 6.5
feet. Titanium alloys are used, when practical, throughout the rotor
system constiuction.

1.2 Structural Design Philosophy

1.2.1 Purpose

It is the purpose of this part of the report to provide sufficient load
and stress data to illustrate the feasibility of the rotor system from
a8 structural viewpoint.

1.2.2 BScope

The information contained herein is to provide a brief preliminary sur-
vey of loads and stresses in the major structural components of the
rotor system. The rotor system is analyzed progressing in order of
force transmission from the engine nacelles at the tip to the gimbal
at the rotor shaft.

Due to the lack of structural design details, certain refinements must
be eliminated in this preliminary effort which will be considered in a
production or prototype effort. Simplifying assumptions are clearly
defined in the appropriate places within the report.

The special engine environmental vertical load factor of #40g used in
the rotor system static analysis was conservatively estimated during
development design and prior to the dynamic load study completion. The
rotor system stiffness has increased such that the engine environmental
vertical load factor computed during the dynamic load study has a magni-
tude of #3.4g. Tuerefore, the static rotor system stress analysis is
conservatively presented herein usirg the #40g loading factor in conjunc-
tion with the rotor-overspeed-operation, both-engines-operating condi-
tion.

1.2.3 TFatigue Considerations

The fatigue analysis primarily consists of an investigation of the rotor
system to i1llustrate thet the alternating stresses developed during
normal flight conditions are below the component material endurance
limit and nondamaging.




In cases where attachment bolt static margins of safety are low for cen-
trifugal force loading, a start-stop fatigue investigation is conducted
to determine the required bolt diameter to establish a 10,000-hour
service life when & fatigue notch factor of 2.0 is applied to the S5-N
data.

PR 5
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The prediction of component fatigue strength, in some cases, is accom-

plished through the use of available fatigue notch factors. Only those

components which are major structural members are considered from a fa- ~
tigue viewpoint. -
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2.0 OCONCLUSIONS

2.1 Critical Static Design Conditions

2.1.1 Engine Nacelle and Attachments

Although the structursl significance of the engine nacelles is recog-
nizeGg at this time, it is felt that they do not contribute structurally
as rotor system major load carry members, and as such are not analyzed
during Phase 1.

2.1.2 Engine Mount System and Attachment

The critical engine mount system and attachment loading occurs during
the rotor limit speed condition, and during the rotor-overspeed-opera-
tion, both-engines-operating condition. The critical engine mount areas
are the attachment bolts and lugs and the heat expansion fitting.

2.1.3 Main Rotor Blade Tip Engine Retention Structure

The critical main rotor blade tip and attachments loading occurs during
the rotor limit speed condition and 4during the rotor-overspeed-operation,
two-engines-operating condition. The critical areas are the attachment
lugs.

2.1.4 Main Rotor Blade Typical Section

The critical main rotor blade typical section is at rotor station 170.00
during the static droop condition.

2.1.5 Main Rotor Blade Root Retention Structure

The critical main rotor tlade root retention structure loading occurs
during the rotor limit speed condition. The critiral areas are the
tension-torsion strap and its retention bolt.

2.1.6 Stub Blade and Retention

The critical stub blade loading occurs during the transient cyclic stick
whirl condition. The adjustable 1ink attachment lug is eritical.

2.1.7 Main Rotor Hub Assembly

The ecritical main rotor hub assembly losding occurs during forward
flight, 41 miles per hour, 2.5g, 562 feet per second tip velocity condi-
tion. The critical hub .reas are the blade retention lugs and pins.




2.1.8 Gimbal and Attachments

The critical gimbal and attachments loading occurs during the 2.5g
loading condition. The critical areas are the bearings and Section
17-17 as defined on page 87.

2.1.9 Restraint Spring Assembly
The outside spring fiber stress is critical

2.1.10 Static Margins of Safety

A summry of the critical static margins of safety is presented in
tabular form on the following page.

2.2 (Critical Fatigue Design Conditions

The start-stop condition is the critical main rotor system fatigue
dz2sign condition considered in this analy-is. The eritical rotor system
components during the start-stop condition are the engine to mount
attackment heat-expansion fitting, the rotor system component attachment
bolts, pins, and lugs, and the tension-torsion strap assembly.

The alternating stresses developed during a steady-state, in trim,
normal fiight condition are below the rotor system component material
endurance limit and nondamaging.

Further fatigue consideration of the main rotor system will be conducted
upon the accomplishment of strain-measured flight maneuvers.

oo
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TABLE 1

SUMMARY - CRITICAL STATIC MARGINS OF SAFLTY

Section Name Margin of Safety Page
Due to .s.] Fo-
L4.1.2 |Engine Mount System and Attachments
Engine to mount attachment bolts Bolt bending .01 ] 16
Main mount, Section 2-2 Combined load { .20 | 20
Heat expansion fitting, Sect. 4-4 | Combined load | .15 ] 28
Inner lug to mount weldment Combired load | .16 | 33
Mount to tip attachment bolts Bolt bending 01 ) 36
4.1.3 [Main Rotor Blade Tip Engine
Retention Structure
Mount pickup fittings Lug shear-out | .16 | 43
Pickup fittings, Section 8-8 Combined load | .17 | &7
4.1.4 |Main Rotor Blade Typical Section Buckling 101 62
4.1.5 |[Main Rotor Blade Root Retention
Tension-torsion strap retention
pin Pin bending .2k | 65
Tension-torsion strap assembly Tension .00 | 69
4.1.6 |Stub Blade and Retention
Adjustable link attachment lug Lug shear-out { .60 | Tk
4.1.7 |Main Rotor Hub Assembly
Stub blade to hub attachment lugs | ILug shear-out 0301 T7
Stub blade to hub attachment pin Pin bending 021 78
Adjustable link lug analysis Lug shear-out | .23 | 82
4.1.8 |Gimbal and Attachments
Gimbal ring, Section 17-17 Combined load | .27 | 88
Pivot pin bearing Radial beariné
load Akl 89
Rotor shaft bearing lug, Section
18-18 Combined load A8 91
4.1.9 |Restraint Spring Assembly
OQutside spring Spring load 0941 92




3.0 RECOMMENDATIONS

3.1 Static Testing

In those cases where design of comporents and/or assemblies results in
the requirement of an ultraconservative static anelysis, structural
substantiation will be accomplished by static test.

3.2 Fatigue Testing

A minimm of four specimens will be fatigue tested to obtain the re-
quired fatigue data for component service life estimation.
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4.0 STATIC 3TRUCTURAL ANALYSIS

4.1 Introduction

It is the Zurpose of this part of the report to provide sufficient load
and stress data to insure the integrity of the rotor system desigrn from
the static structural viewpoint.

The main rotor system is substantiated to the criteria of Reference 1
utilizing the loads developed in Reference 2. The methods of analysis
used in tkhis report are those which are generally accepted throughout
the airframe and missile industry. Whenever possible, the latest edi-
tion of Reference 4, "Metallic Materials and Elements for Flight Vehicle
Structures,” MIL-HDBK-5, August 1962, is referred to for the material
mechanical properties.

A fittirg factor of 1.15 is not used in the lug analyses margins of
safety calculations for the rotor limit speed condition (tip velocity
of 813 feet per second) as it is felt that the conservatism is too ex-
treme. The rotor limit speed tip velocity is 1.25 times the maximum
design tip speed velocity, and an ultimate safety factor of 1.50 1is
used in the margins of safety calculations.

The rotor system is analyzed in order of force transmission progressing
from the engine nacelle at the tip to the hudb and gimbal at the rotor
shaft.

k.1.1 Engine Nacelle and Attachments

An engine nacelle is provided for aerodynamic streamlining purposes and
does not carry primary structural loads. Since the intent of the Phase
I rotor system stress analysis is to provide a brief preliminary survey
of loads and stresses in the mJjor structural components and since the
function of the engine nacelles is aerodynamic in nature, this portion
of the rotor system stress analysis is not presented for Phase I con-
siderations.

4.1.2 Engine Mount System and Attachment

This portion of the main rotor system stress analysis is concerned with
the static structural substantiation of the engine mount system, includ-
ing the mount system to engines and blade-tip attachments. The engine
mounts are analyzed in order of force transmission, progressing from the
engine attaclments to the blade-tip attachments.

4.1.2.1 Ioading Analysis

Preliminary static stress analysis completed during the engine main mount
system development design period established that the maximum engine main

——ro = -— - -




mount loading occurred during the rotor limit speed condition, and dur-
ing the rotor-overspeed-operation, two-engines-operating condition.

The aft engine mount experiences its highest loading during the rotor
overspeed operation.

The engine mount system loads presented in Figures 1, 2, and 3 are de-
veloped below for the following critical loading conditions:

Condition 1: Rotor 1limit speed (813 f.p.s. tip veloeity).
Condition 2: Design maximum rotor speed - one engine out.
Condition 3: Rotor overspeed operation - both engines operating.

The loads presented at a given location in Figures 1, 2, and 3 are the
applied loads acting at that point.

Condition 1:

Engine weight: W = 370 1lb/engine (1limit)
Blade tip velocity: VT = 813 f.p.s.

Q= %]-g = 14.51 rad/sec.

Centrifugal force load per engine:

1L.51

2
c.p. = L3 (370)(56) = 136,000 1b. (1mt)

The additional load due to centrifugal force acting on the main mount
and that portion of the nacelle supported by the main mount is assumed
to be acting at rotor station 661.00.

Weight: W =100 1b. (1limit)

2
C.F. = ﬂ%)- (100)(55.6) = 36,700 1b. (1limit)

Condition 2:

Engine weight: W = 370 1b. (1limit)
Blade tip velocity: Vg, = 650 f.p.s.

Q= -65% = 11.60 rad/sec.

_ (11.60)%

Cc.F. 352 (370)(56) = 87,000 1b. (1imit)

The gyroscopic moment tends to force the rotor blade leading edge down
and has a magnitude of:

M, = (1.67)(2,304) -65% = 44,700 in-1b. (1imit)
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The centrifugal force load due to the main mount and nacelle acts at
rotor station €€1.00 and has a magnitude of:

_ (1.0)°

C.F. = 35.5 (100)(55.6) = 23,300 1b. (limit)

The engine thrust is 1,500 pounds (limit) per engine. The moment about
the z axis due to the centerline of the engine thrust being located
11.25 inches outboard of the engine to main mount attachment centerline
is reacted as a couple by the main and aft engine mounts.

_11.25 - .
P =g (1,500) =1,125 1b. (iimit)

The aft mount is assumed to weigh 11.2 pounds (1imit). The centrifugal
force load due to the aft mount weight is:

2
C.F. =-(%é—%)— (11.2)(55.6) = 2,600 1b. (limit)

Condition 3:
Engine weight: W = 370 1b. (limit)
Blade tip velocity: V, = 683 f.p.s.

Q= % = 12.20 rad/sec.

2

C.F. =Q255%L (370)(56) = 95,800 1b. (limit)

The gyroscopic moment per engine tends to force the rotor blade leading
edge down and has a magnitude of:

M_ = (1.67)(2,504) %85 = 47,000 in-1b. (Limit)

The centrifugal force load due to the main mount and nacelle weight acts
at rotor station 661.00 and has a magnitude of:

2

C.F. = _Qz}_éz_g)_ (100)(55.6) = 25,700 1b. (limit)

The static engine thrust is 1,700 pounds (limit) per engine. Per the
discussion on page § of Volume IV, an additional in-plane load normal

to the blade axis is applied.

P, = 1,700 + (5)(370) = 3,550 1b. (limit) per engine
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The vertical engine load ncrmal to the blade axis is:
P, = (+40) (370) = #14,800 1b. (1limit) per engine

The aft mount reacts the in-plane engine loading.

P_= % (3,550) = 2,600 1b. (1'mit) per engine

The centrifugal force load due to the aft mount weight of 11.2 pounds
(iimit) is:

_ (12.20)2

C.F. = 555 (11.2)(55.6) = 2,850 1b. (limit)

4,1.2.2 Stress Anelysis for Main Engine Mount - (Ref. Volume III,
Figure 20)

This portion of the main rotor system stress analysis is concerned with
the static structural substantiation of the main engine mount, including
the engine and blade-tip-tc-mount attachments.

The material properties presented below are obtained from Reference 10.
Material type: T1-6AL~-4V titanium
At room temperature:

Foy = 162,000 p.s.1i.

F, = 94,000 p.s.1.

( Ref. 10, page 39)

At 400°F. temperature:

o = (.785)(162,000) = 127,000 p.s.i.
(Ref. 10, pages 52,53)
Fo, = (.785)(9%,000) = 74,000 p.s.i.

b.1.2.2.1 Ioeding Analysis

Per the discussion on page 7, the critical engine mount centrifugal
force loads occur during the rotor 1limit speed condition.

The general geometry and loading sketch, rresented in Figure 4 on the

following page, establishes the upper lug attachments for both engines
to be critical for the rotor limit speed condition centrifugal force.

13




C.F. = 308,700 1b. (limit)
Wy =37 1b. (1imit)

FAN

I 13.00"

'/ét 2L o* 1
e 300 } / S Heat expansion fitting
2 e / 27
' 3’_@5/@
=
G + - H-— gsymetric
y L ]
D
/ \b g
crF— +
)
Wy

Figure 4. Main Engine Mount - General Geometry and
Loading Sketch.

4,1.2.2.2 Engine-to-Mount Attachment Bolts

1.25 dia. bolt, NAS 46k; A =1.23 in°; 2 = .192 in’

?

Material type: lAL-8V-5Fe titanium alloy

At room temperature:

At 400°F. temperature: F

HiTi 20 series bolts

The material properties are obtained from Reference 7, page 2.

Ftu = 200,000 p.s.1i.
120,000 p.s.i.

su

by = (-8)(200,000) = 160,000 p.s.1.
Fou = (.8)(120,000) = 96,000 p.s.i.

1h

e




The maximum bolt loads occur during the rotor limit speed condition:

11.25W
p =CF. T _ 136,000 , (11.25)(370)

x 2 13.00 2 13.00
65,300 1b. (iimit)

L}

The bolts are loaded in double shear.
2 ‘
As = .(.g).h).)(‘l_"?il_ = 2.45 1n2
€8 -
e TE%J- = 27,900 p.s.i. (1imit)

_ 96,000
M.S. = 115)(27,900)

Bolt Bending-Stress Investigation:

-l=

1.30

The method of analysis used in determining the bolt bending-stress level

is obtained from pages 1€0 through 164 of Reference 9.

In the following

analysis, the applied load is assumed to tend to "peak-up” on the inner
lug near the shear planes rather than be carried as a uniform load across

the irner lug.

P = 68,300 1b. (limit)

D=

\ I’d.' d on pin
ety | 3

b g

Bushing

| i
—H ‘ f, I

p/2 "7&‘ w

Y

Figure 5. Bolt-and-Ilug Loading Sketch - Engine-

to~-Main-Mount Attachment.
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The inner lug is a portion of the turbojet engine ring and is loaded

at an angle of 30 degrees. The outer lugs are a part of the main engine
mount and are loaded at an angle of €0 degrees. The bolt bending stress
analysis presented on the following page assumes the inner and outer
lugs to be axially loaded and considers the loed "peaking" effects on
the inner lug only.

If the oblique loadings in the attachment system are resolved into
axial and transverse components, the value of the minimum allowable
ultimate load (P"‘min) is reduced which results in a shorter morent
arm and a smeller bolt bending stress. 1In addition, if the excess of
strength in the outer lugs is considered, an additional moment arm re-
duction is realized.

Preliminary analysis has established that when the excess outer lug
strength is considered, assuming axial lug loeding, the vector quantity
of the bolt horizontal shear and reduced bending stresses resuits in a
slightly higher margin of safety than that obtained on the following

page.

In view of the above discussion, the bolt bending stress analysis
presented on the following page is considered to be satisfactory.

15




Lug material properties:

Fo, = 74,000 p.s.i. d = 1.&5 in.
= 71 D = 1. in.
Ftu = 127,600 p.s.1i. g = 065 1in.
Pyr, = (3-24)(74,000) T iy
b 4 = 1. .
T4 - 240,000 1b. S 7 Sl
(1.936)(127,000) T b
P! = (1.
Y 246,000 1o, t, = 2.251n
S _[a_11D _f115 _ 1]1.4
Pao 240,000 1b. r [D 2]t2 [—Egl 2]—-—2_25
Pantn _ . = .192
AFon = D, =(1.lb = 3.24 107
r tu A= th-(_. }(2.25) = 3.24 in
Y = .68 (Ref. 9, page 162, A = (w-l))t2 = (2.3 -1.44)(2.25)
Figure b) - 1.936 102

G

b & ?*8**(;?)
22 + 065 + (.68)(2522) = .997 1in.

M = (P/2)b = —%0—9- (.997) = 34,400 in-1b. (1limit)
% = 2%99_2.0_0_ = 177,000 p.s.i. (Llimit)

The bending modulus of rupture factor (K = 1.68) is obtained from page
115 of Reference 3

M.S. = 755 f LTf—s%:ﬁ’z‘—} _‘.._'01

4.1.2.2.3 Upper Lug Stress Investigation - Upper Engine

P_= 68,300 1b. {1imit) (Ref. pege 15)
Py = WT =370 1b. (1limit)

P = f+py2 m 68,300 1b. (1imit)

4.1.2.2.3.1 Link Tear-Out
= (1.1)(2.30 - 1.44)(2) = 1.89 in°

16




f, = Qi%g—o = 36,100 p.s.i. (1imit)
127,000

M.S. = mm - 1= 1.51

4,1.2.2.3.2 Link Shear-Out

A = (1.1)(2.30 - 1.L4)(2) = 1.89 in2
f = 56%_%3_0 = 36,100 p.s.i. (limit)

_ T4 , 000 _ |
H-So—mm-l— .hé

L,1.2.2.4 Section 1-1 Stress Investigation

T 4

1

—
yi:"l- L

®

‘——Eﬂ___’.
(o)

Figure 6. Main Engine Mount - Section 1-1 Geometry.

Section Properties:

A= (2.9)(5.6) - (2)(1.7)(.8) - (2.5)(3.2)

= 16,23 - 2,72 - 8,00 = 5,51 1n?

b/ 5 5
.- g2.92§5.62 ) 2[g1.7E§.82 . (1.36)(2.&)2]- gz.slzzga.zz

Lo,k -2(.0725 + 7.84) - 6,83

Lo,k - 22,65

19.75 inh

17




< o (16.23)(1.45) - 2%.25)(1.25) - (8.00)(1.65)

23.56 -3.40-13.20 _ 6.98
5+51 - 5.51

1, - 28E0P o[CONTP, (5605 ] - e2)2)
(8.00)(.39)%+ (16.23)(.19)°

11.38 +.59 - 2(.33+0) - 4,17 - 1.22 = 11.97 - 6.05
= 5.92 inh

= 10263 inc

4,1.2.2.4.1 Loading Analysis

- -l .85 - ,\O
a = tan ;1*_5- = 13.64 Px z/\: z!
Pl 3.45
P ,=P_ cos a+P sina z y
x' °x z .

b

= 68,300 cos 13.62° + 37081n 13.62° pe
/
= 66,500 + 87 = 66,500 1b. (limit) \

"
"

Py sina - P, co: @ o Figure 7. Main Engine Mount -
68,300 sin 13.62°- 370 cos 13.62 Section 1-1 Loading Sketch.

15,700 1b. (limit)

4.,1.2.2.4.2 Stress Analysis

=
n

3.45P_, -.85P ,

(3.45)(66,400) - (.85)(15,700)
215,700 in-1b. (1limit)

00)(1.26 .
£, = (215’715.%,‘21 26) _ 46,000 p.e.1. (1ims%)
_ 16,700 _
ft = —-5—5—51— = 2800 p.B-i. (l‘lmit)

£f =%+ f = 48,800 p.s.1. (1limit)

£ = ﬁsr-g-gg = 12,100 p.s.1., (1limit)

_ (1.5)(48,800) _ _ (1.5)(12,100) _
Rt-—-—l-z,(L,G&y—l-.STG, RB-—z,E-—O&—Z,(’ = 245

18



Combining the tensile and shear stresses vectorially, the margin of

safety is:
M.S. = - -1= .53
RS * B 'L“"‘

s

4.1.2.2.5 Section 2-2 Stress Investigation

3.25

1.05

y
Figure 8. Main Engine Mount -
Section 2-2 Geometry.

Section Properties:

A= (3.25)(6.25) - (2)(1.8)(1.15) - (2.85)(3.25)
= 20.35 - b1k - 9.26 = T.05 in°

r - Bev)6esy -2[<1-8>(;15>’ v .on)er] - (2:85)(3.25)

66.10 - 2(.23 + 15.12) - 8.16
66.10 = 38.86 = 37.2"" inh

< . (20.35)(1.625) - (2)@(_._8;19.3) - (9.26)(1.825)

33,00 - 5.39 - 16.90 . 10.71
7.05 7.05

1.52 in.
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3 3
1= {62J02) . (20.35)(.105)%- 2[(1'15%29'82 v (2.01)(-22) | -

y-y
(3.25)(2.85)° 2
12 - (9026)('3@)
= 17.88 + .22 - 2(.459 + .10) - 6.27 - .86
= 18.10 - 8,25 = 9.85 in
Loading Analysis: __‘ 2.55 p—
My_y = 6.55 B, +2.55P, P < .
- (6.55)(68500) + (2.55)(370) 2
= 47,000 + 940
= 447,900 in-1b. (1imit) 6.55
_ (447,900)(1.52)
T = 9.8%4_ x y -1’--—-—i

= 69,000 p.s.{. (1limit)
Figure 9. Mein Engine riount -

¢ T.0 negligible

_ 68,300 _
f = —713; = 9700 p.s.i. (1imit)
R = .(.12)_(@1.0_09.2 = .815’ Rs = 1.5 9700 = .197

t 127,000 Th,

Combining the bending and shear stresses vectorially, the margin of
safety is:

o

M.8., = ﬁ==2- -1= 20
+
Rt RB

4.1.2.2.6 Section 3-3 Stress Investigation

4.,1.,2,2,6.,1 Section Properties

A= 2[(5.95)(1.5) - (:5)(1.25)(-875) - (1.44)(1.5) ] +(.58)(3.3)
= 2(8.925 - S4T - 2,1€) + 1.914 = 1L4.35 1n2

= _ 2[(B.925)(2.975) - (.547)(5.53) - (2.16)(2.15) ] + (1.914)(.29)

14.35 '
_ 2(26.55 - 3.03 - 4.65) +.56 _ 38.30 _
o TRLE s - 2,67 in,

20
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B snntitfielon

A I o

/’ 4
; /A 1
. N |
x‘—f x 3e3 X
N
-']"21" i N 1
y : i‘s
%
2,19
e 5.05 —

Figure 10. Main Engine Mount - Section 3-3 Geometry.

I
Y-y

> b
- o[ Q200DE | (8.505)(.305)2- LEDULDY (.57 2.867 -

36

A5)( ) (2_16)(_52)2].+ (3:3)(.58) (1.914)(2.38)°

2(26.35 +.8% -.05 - 4,48 -,58 -.49) + .05 + 10.85 = 5Sh.0€ in

12
4

> >
1, - 2| BULSY L (o.005)(2h0R- LY (sunyu36f -

3 3
(1.hh2§1.5) - (2.16)(2.&0)2]-+.izéé%é2¥22— + (L.914)(0)°

L]

4.1.2.2.6.2 loading Analysis

Rotor Limit Speed Condition: -

C.F. = 136,000 1b. (1limit)
Wy = 370 1b. (1imit)

M, = (13.00) (68300 )+(4.32)(370)
= 890,000 in-1b. (limit)
P = 136,000 1b. (limit)

2(1.67+ 51.40 -.02 -1.01 -.41 - 12.42) + 1.74 + C = 80.16 in

4

_.1,-&»32 be— z
657350'4* S tby

Sl 1

67,700 |

1b.
-——

cg Section 3-3

Figure 11. .Ma.in Engine Mount -
Section 3-3 Loading Sketch (Cond. 1).
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Rotor Overspeed Operation - Both Engines Operating: -

93,200 1b. (1limit)
3,550 1b. (limit)
1“,8(” 1b. (11m1t) y (Ref. Figure ), page 12)

47,000 in-1b. (limit)
166,500 in-1b. (limit) i

'j‘ = b:Ug"U“"U

O]
=

=M+ 432 P, + 6.5 P 5 p 6.5
= 166,500+ (4.32)(14800) l A W

+ (6'5)(93)200) x Yy P:_ ‘—_—*
= 836,500 in-1b. (1limit) P,

13p

aux-x = M)( + 2} - ﬁ‘_ -¢é-oGo Sect. 3-3
T 1E

= 70,100 in-1b. (limit)
Figure 12. Main Engine Mount -
h.)aPy = (4.32)(3550) Sectioh 3-3 Loading Sketch

= 15,350 1b-in. (limit) (Cond. 3).

Y=y

O

4.,1.2.2.6.3 Stress Analysis (at point A)

Rotor Limit Speed Condition: -

My = 890,000 in-1b. (limit)
(8.9)(10°)(3.28) _ .
£ = ST = 54,000 p.s.1. (limit)

The shear load is assumed toc be carried by the two members extending
along the x-axis.

2(8.925 -.547 - 2.16) = 12,44 1n°

136,000 1b. (limit)

6,000
£ = 22220 - 10,900 p.s.1. (1imit)

The material properties are obtained from page 13, and are used in the
stress ratios preseuted below.

o>
Hoon

ge
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Corbining the stress ratios vectorially, the margin of safely is:

M.5. = == - 1 = ,.ue_
ENERY

Rotor Overspeed Operation - Both Engines QOperating:

Myy = 836,500 in-1b. (limit)

p)
Fkby = iw%%ggl.(l’_eg). = m,'m p.s.i( (1im1t)

M _ 70,100 in-1b. (1limit)

i
Py, =LL°—Q-%9I%Q’-12 = 2,760 p.s.i. (1imit)

To determine the torsional stress distribution into the two members
extending along the x-axis, the member thicknesses are reduced by the
area of the removed materisl.

_8.925 - .54 - 2.16 _
tl 595 1.045 in.

T 15,350 lb-in. (limit)
37 _ (3)(15,350)

T et (5.95)(1.045)2(2) + (3.3)(.58)°
= 3,25 p.s.i. (limit)

0
fs, = 2?—'2% = 7,500 p.s.1. (1imit)
sy %*% = 1,800 p.s.1. (limit)
fc = —1,:—35 =1,030 p.s.i. (limit)

The maximum compressive stress 1s:
f = + + = .8.1.
ferax fby o, * T, 54,500 p.s.1. (1imit)

f

)
I

The maximum shear stress 1is:

forny = fop * T, *fs, = 12,600 p.s.i. (1limit)

A T Yy
-— ‘ ’2!‘-2 1 ’ - .
“b‘lle'r,gogoo"a"" Rs"lﬁgooﬁoo”‘g56

Combining the compressive and shear stresses vectorially, the margin of

safety is:
M.S, = =t -] = I 4k
(37 +

23




4.1.2.2.7 Heat-Expansion-Fitting Stress Investigation

The hest expansion fitting is designed to rotate in the x-z plane due to
engine thermal expansion. It can carry tension or compression loads and

bending moments about the x or z axis.

4.1.2.2.7.1 Loading Analysis

Rotor Limit Speed Condition:

P_= 68,300 1b. (1imit) (Ref. page 16)

Rotor Overspeed Operation - Both Engines QOperating:

The loading imposed during condition 3 is obtained from Figure 3 pre-
sented on page 12.

Pop = 93,200 1b. (1imit)
1>y = 3,550 1b. (1imit)
e 14,800 1b. (1limit)
Mx = }47,000 in-1b. (1limit)
. = 166,500 in-1b. (1limit)

The heat expansion lug on the lower engine attachment is critical.

P M

CF .y _9,20 166,500 .
P > *13 7 T 59,400 1b. {1imit)
P M
e Y 4. 3.,5% 47,000 _
Py 5t 3 el i3 5,400 1b. (1limit)

4.,1.2.2.7.2 Engine-Fittirg Stress Analysis

Rotor Limit Speed Condition:

P_= 68,300 1b. (1limit)
For link tensile tear-out:
A, = (2)(1.15

ft"‘%%%g

M.Sl

72)(1.3)(2) = 2.24 in°

[}

30,500 p.s.i. (limit)

. 127,000 )
(1.5){30,500)

1= 1.78

2k

g2T

f—ry

e

;,;1
i
X




RV N

Ry

B

wee

Figure 13.

e 5.0 ’J

Heat-Expansion-Fitting General Geometry Sketch.
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For link shear-out:
A = A =2.24 ir
s t
¢€8,300
f E"éh_ 30,500 p.s.{. (1imit)

L ,000

- 1 -1 =
M-S = 0,500 T

Rotor Overspeed Operation -- both Engines Operating:

P, = 59,400 1b. (limit)

Le.

The engine-fitting lugs are satisfactory for the conditicn 3 losds by
comparison to the higher loading developed during the rotor limit speed

condition.

4.,1.2.2.7.3 Section h-k Stress Investigation

4,1.2.2.7.3.1 Section Properties
A= (2.0)(.8) = 1.56 in°

3 ]
;. (2.0)(.18) r {
y-y 12 ‘
4 z'-/v z .78

=] .079 in ' /A =
;. (18)(2.0) y! 1
z%-2" 12 fe—— 2,00 —>

= .52 1nh Figure 14. Expansiocn Fitting -

Section 4-4 Geometry.

4,1.2.2.7.3.2 Lloading Analysis

Rotor Limit Speed Condition:

xl

p = 8590 _ 3 500 11, Y
b ¢ 2
(1imit) \
1>

M, = (.30)(34,200) '

= 10,260 in-1b. (limit) 3 o ;9 550
P, = P, cos 35°= 34,200 cos 35° | \

= 28,000 1b. (limit)

y

P, = P, sin 35% 34,20081n 35° (

= 19,600 1b. (limit) Figure 15. Expansion Fitting -

Section 4-4 Loading Sketch {Jond. 1).

26
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Rotor Overspeei Operation - Both Engines Operating:
P = M =) 29"‘00 1b.

¥ = (1imit) ' -y
X
Py - 25-—2‘°° = 2,700 1bt.
(1imit) y

= ( 50)1’ + (3.0)P
(.3)(29,700) + (3] (2,700)
i7,000 in-1b. (limit)

Px|
&. 55°
P ———
P_cos 55°+ P_ sin 55° X + x’],%(\ X
x 3
'p

[}

P .=
y
= 29,70 cos 55 * 2,700 sin 550 \
= 17,000 + 2,200
= 19,200 1b. (1limit) Pyu
y
Px,= P_ sin 55 = P cos 55

= 29 700 s1n 55°- 2,700 cos 55°

= 24,300 - 1,600 Figure 16. Expansion Fitting -
= 22,700 1b. (1imit) Section 4-4 Ioading Sketch (Cond. 4).

4.1.2.2.7.3.3 Svress Analysis
Rotor Limit Speed Condition:

£, = 1&?—0@%@ = 50,600 p.s.1. {1imit)

£, = %O%Q = 18,000 p.s.i. (1imit)

£ = l%%g = 12,600 p.s.1. (iimit)

The material properties are obtaired from page 13 of this report and
are used in the stress ratios presented below.

- {1.5)(50,600 +18,000) _
127,000

< (1.5)(32,600) _
R, 74,000 .256

Combining the bending and shear stress ratios, the margin of safety is:

M., = L -1 = .18
T

.810

_T




Rotor Overspeed Operation - Both Engines Operating:

1 3 (.
£, = ( 7’?g$é( 39) . 84,000 p.s.i. (limit)

22,700
£, = 1.; = 14,600 p.s.i. (limit)
f =19,200 = 12,300 p.s.i. (limit)
5 1.8

The bending modulus of rupture factor for rectangular sections is 1.5
(Ref. 6, page 320). Using the 1.5 bending modulus of rupture factor,
the bernding stress ratio is:

1.5)(84,000) _ o

:

1.5)(127,000
R, = (1.5)(14,600) = .1725
127,000

1.5)(12,300) = .25
74,000

m‘;ﬂ
"

The margin of safety 1s obtained by combining the shear stress ratio
with the bending and tensile stress ratios.

1
V®, + Bp) 45,

4.1.2.2.7.4 Mount-Fitting-Lug Stress Analysis

M.s.

-1= .15

Rotor Limit Speed Condition:

P = 68,300 1b. (limit)

For link tensile tear-out:

A, = (3.0)(1.15 - .72)(2) = 2.58 1n°
f, = 68,300 = 26,500 p.s.i. (limit)
t 2.58 ’
_ 127,000
M-Sc = (1.5)(%,500) — 1 = 2-20
For link shear-out:
_ 2 L
AB = At = 2-58 in -
£, ='§§f§§9 = 26,500 p.s.i. (limit) -
74,000

M.8. = 115713, 500) ~ L~ ]
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B

Rotor Overspeed Operation - Both Engines Cperating:

P = 59,400 1t. (limit)
The mount-fitting lug is satisfactory for the condition 2 loads bty com-
parison to the higher losding developed during the rotor limit speed
condition.

4.,1.2.2.8 Section 5-5 Stress Investigation

Note: The four .25-inch
thick webs are neglected
in the section properties

calculations. e— T30 ———p
' 7.@* I
f— 6.2k —

be——— 3.20 —>

x >t Y. 4O typ.
]
b
\\\ F 2.45

— z : [.hO typ.

Figure 17. Main Bngine Mount - Section 5-5 Geometry.

4.1.2.2.8.1 Section Properties

A= (7.3)(11.00) - (3.2)(10.2) - 2[(1.52)(9.&) + (.53)(10.2)]
= 80.30 - 32.6 - 2(14.3 + 5.4) = 80.30 - 72.00
= 8.501n2
3 3 3 31
7.3)(11.0 3.2)(10.2 1.5)(9.4 . 0.2)°
Iy-y=( )§2 Y )£2 ) _2[( 5l£9 )+(53)§§ 2)J

810 - 283 - 2(105 + 47) = 810 - 587 = 223.0 inh
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3 3 3

1 - (11.0{27.3) ) (10.2%3.2) _2[(9.h)§;.52) . (16.3)(2.36)2 +
b

(02)(-3) ,  (5.4)(3.38) |

356- 27.9 - 2(2.85+ 79.8 + .13 +61.7) = 356- 27.9 - 288.8 g
39.3% in

4,1.2.2.8.2 loading Analysis

Rotor Limit Speed Condition:

Pop = 308,700 ib. (limit) (Ref. Fig. 1, page 10)

Rotor Overspeed Operation - Both Engines Operating:

From Fig. 3, page 12:

. = 212,100 1b. (limit) z
B, 7,100 1b. (limit) y \

29,600 1b. (limit)

o
]

o
N
1

P
= 94,000 in-1b. (limit) My-«—{%-i'—
X
M* PPy
'

%zz
o

= 710,000 in-1b. (limit)

'

Figure 18. Main Engine Mount -
Section 5-5 Loading Sketch (Cond.3).

4.1.2.2.8.3 Stress Analysis

Rotor Limit Speed Condition:

A = 8.30 in®
P
£, = iF - 50%;80 = 37,200 p.s.i. (limit)

Using a 1.15 weld factor, the margin of safety is:
127,000

M.S. = 1.15 1.5 37,200 - l = .98 3
Rotor Overspeed Operation - Both Engines Operating:

2 4 b
A=8304n", I _ =2 in, I, =39.31in

Cy =5.51in. C, = 3,65 in.
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= MM = 17,500 p.s.i. (limit)

Toy = 553 .0
Mx 0,0,0)

fsT = 3% - E%BE = 3,080 p.s.i. (1imit)

; vhere: K = (.4)(10.6)(3.6) =15.25 ind

fs, = 3%*—?8'# = 3,570 p.s.i. (limit)
212,100 .

£, = —8"%" = 25,600 p.s.i. (1limit)

\ Using a 1.15 weld factor, the ultimate stress ratios are:
_(1.150.50 + 25,600) _
R, = 127,000 -585

_ (1.15)(2.5) (3,080 + _
i T 5000 125

Combining the bending and shear stress ratios, the margin of safety is:

M.S. = = -1= .68
Yr2 +8Z -l—

4.1.2.2.9 Engine-Mount-to-Blade-Tip Attachment Lugs

Material properties for T1-6AL-4V titanium alloy are obtained from page

15.

At 400° F.: F,, = 127,000 p.s.i.
oy - 74,000 p.s.i.

4.1.2.2.9.1 Loading Analysis

Rotor Limit Speed Condition:

P = 308,700 1b. (1limit) (Ref. page 10, Figure 1)

Rotor Overspeed Operation - Both Engines Operating:

The condition 3 loading is obtained from page 12, Figure 3.

212,100 1b. (1limit)
7,100 1b. (limit)
29,600 1b. (1imit)

94,000 in-1b. (1limit)
= 710,000 in-1b. (limit)

‘éz >F N.U ‘<"U N.‘U
n
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4,1.2.2.9.2 Section Properties

Note: Nc scale.

3.00 dia. x .10 deep spotface
1.58 dia.

.90

Figure 19. Inner Lug - General Geometry Sketch.

The section properties at the section under analysis are presented in
that section's stress analysis.
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L.,1.2.2.9.3 Inner-Lug-to-Mount-Weldment Stress Analysis

Preliminary analysis has established condition 3 to be critical.

Weld area = (4){.20}(5.50-2.125) = 2.70 in°

P 212,100 . 710,000

& — I§7f7767 = 99,750 1b. (1limit)

P ng%%Q - 37,000 p.s.i. (limit)

Using a 1.15 weld factor, the margin of safety is:

4,000
(1.15)(1.5)(57,000) ~

M.S. = l = 016

4.1.2.2.9.4 Section €-f Stress Analysis

Preliminary analysis has established condition 3 to be critical.

Area = (2)(1.60)(.85) = 2.72 1n?

P = 99,750 1b. (1imit )

G S ggf%QQ = 35,700 p.s.i. (limit)

127,200

M.S. = Tﬁm - 1= 1.31

4,1.2.2.9.5 Bolt Hole Stress Analysis

The load per bolt is:

P = 225129 = 50,000 1b, (1imit)

Lug Tension Tear-Out:

The lug tensile load is P/2
conservatively assumed to

be carried as shown in the L
loading sketch. <P
g i, 29é?99 - 25,000 1b.(1imit) p/2
= (1.00)(.80) = .80 in® ¢ symetry
25,000
ft = _Téa—_ = 31,200 p.s.1i. Figure 20. Inner Lug Loading
(1imit) Distribution.
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Using a 1.15 fitting factor, the margin of safety is:
127,000

M.SO = = ] = . 6
(T.15)(1.5)(31,200) | 2
Lug Shear-Out:
Shear area: A = (2)(.8C)(1.31) = 2.10 in°
50,000
f = Sy = 23,800 p.s.i. (1limit)
Using a fitting factor of 1.15, the margin of safety is:
74,000
oSo = { o l = .
. (T.15)(1.5)(23,800) 4&

4,1.2.2.9.6 Outer Lug-to-Mount Weldment Stress Analysis

This portion of the main engine mount stress analysis is satisfactory by
comparison to the inner lug to mount weldment stress analysis.

4,1.2.2.10 Main Engire Mount to Blade Tip Attachment Bolt Analysis

Bolt dia.: = 1,375 in.
Mat'l type: Hl Ti 20 series bolts

The material properties are obtained from page 14 of this report.

160,000 p.s.i.
96,000 p.s.i.

At 400° F. temperature: F

tu

su

4,1.2.2.10.1 Bolt Shear Stress Analysis
2
)

A = {{ (1.375)° = 1.485 in°

Preliminary analysis has established condition 3 to be critical. The
load per bvolt is:

B = 99,75C 1b. (1imit) (Ref. page 33)
£ = % = 33,600 p.s.i. (limit)

Using a 1.15 fitting factor, the margin of safety is:
96,000 €6

M-S. = T sNMT5)3,600) ~ L C

3L

[




4,1.2.2.10.2 Bolt Bending Stress Analysis

The method of analysis used in determining the bolt bending-stress level
is ovtained frcm pages 160 through 164 of Reference 9. In the following
analysis, the applied load is assumed to "peek-up" on the inner lug near
the shear planes rather than be cerried as a uniform load across the

ianer lug.

P = 99,750 1b. (limit) D ,E-

1)

Bushing o~
P/2-r-JL j(--.'g jii?‘{.___
: : = f2>]*4 f= F/2

ue ﬁz }

e}

111

>

Figure 21. Bolt and ILug Loading Sketch
Main-Mount-to-Blade-Tip Attachment

Lug material properties:

F,, = 127,000 p.s.1.
e 74,000 p.s.1.
d = 1.38 in.
D = 1.58 1in. 1° .80 1in.
W = 5.6 ino
a= 2.1 in. p = 1.00 in.
fa 11D _[2.1 171.58 _
] [‘D - 2]1:—2 [“Fl-s - “2']1.66 = 1ot
A = Dty = (1.58)(1.00) = 1.58 1n?
A, = (W-D)t, = (3.6-1.58)(1.00) = 2.0 in?
Pgr = A F, = (1.58)(74,000) = 117,00C 1b.
u
Péu = A F, = (2,02)(127000) = 263,000 1b,
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Since Ppp <P

= Py, = 117,000 1ib.

Pumin

Abrytu

T

= 583

$5
j

]

.28 (Ref. 9, page 162, Figure L)
t t,

b = ?l + r(-f-) =-'-§9 + (.28)(T1‘°°) = 47 in.
x
2

M

]
~

Yo = 2&%2 (.47) = 23,400 in-1b. (1imit)

.2552 in)

[/}

Z

- 25,400 _
fy 5553 91,800 p.s.i. (limit)

Using a 1.15 fitting factor, the margin of safety is:

- 160,000 4=
SR CHT) 6RO [ C0: ) .]Ll

%.1.2.3 Aft Engine Mount Stress Analysis - (Ref. Volume III, Figure 21i)

This portion of the main rotor system stress analysis is concerned with
the static structural substantiation of the aft engine mount, including
the engine and the blade-tip-to-mount attachments.

The meterial properties presented below are obtained from Reference 10.

Material type: I[Ll-GAL-4V titanium alloy

At rocem temperature:
F, = 162,000 p.s.i.

tu
F 94,000 p.s.i. (Ref. 10, page 39)

su
At Lo0°F. temperature:

Fo, = (.785)(162,000) = 127,000 p.s.i. l(

F (.785)(94,000) 4,000 p.s.1. ]

4.1.2.3.1 Loading Analysis

[}

Ref. 10, pages 52, 53)

L}

su

From a review of References 1 and 2, the critical aft engine mount loads
occur during the rotor overspeed operation wiih both engines operating.
A loading analysis 1s presented in each section and/or components analy-
sis.
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4,1.2.3.2 Engine-te-Mount-Attachment Bolts

- o = e i
525 dim. belts, NAS AL A = 3067 in®) zZ . .i0L in’

Mat’l type: TAL-12ZR tifanium ailoy

The material properties presented below are cltained frewm Reference 12.

At 4o0°F. Temperature:

Ftu - (,97}{}_1#'_):0‘30} = 1’61,300 p-s.i.
Fsu = {.97)(%¢,000} = 87,000 p.s.i.

The maxiuum bolt load is obtained from Figura 3 presented on psge 12.

Boit Shear Stress Anelysis:

The bolt is icaded in double shear,
A= (2){.3C58) = LA136 in”

= 2,@~ 'Y .41‘\
f = K5y 4,2% p.3.i. {limit)
Using a 1.15 fitting factor, the margin of safely is:
H
87,000
3 = =3 ¥ - = J"’E‘i
M. = s ey Tt =

Bolt Bending Stress fnalysis:

The methcd of mnalysis used in determining the bolt bending stress level
is obtained from pages 16C through 164 of Reference 9. In the following
analysis, the applied load 18 conservatively sssumed to be carried as a
uniform load across the liugs.

P =2,600 ib. (limit)

b 0125 + 0225 + 01575 = ohg?f-) 111.
g (b)::gégg (.4875) = 634 in-1b, (1imit)

£, g%% = 26,400 p.s.i. (limit)

M

Using a fitting factor of 1.15, the margin of safety is:
141,000

MoSo = 1.15 1.5 2 ; o l == 2010




4,1.2.3.3 Engine-to-Aft-Mount Attachment Links

The aft-mount-to-engine attachment lugs are designed to carry exial ten-
sion or compression loads. Frecedom of movement is provided by a spheri-
cal or monoball type bearing.

Material type: T1-€AL-4V titanium alloy
The material properties presented below are ottained from page 13.

At 400°F. temperature: F

vy = 127,000 p.5.1.

74,000 p.5.1.

su

4.1.2.3.3.1 Loading Analysis
P, = 2,600 1b. (limit)
X

4.1.2.3.3.2 ILug Shear Stress Analysis

Shear area: A_ = (23(.15)(.55) = 165 in°

~26m_ A (
fs --.JlTﬁ.- 15,400 p.S-i. ‘limit)
Using a 1.15 fitting factor, the margin of safety is:
T4, 000

eide = r3 > © l = lo 2

h,1.2.3.3.3 Lug Tensile Stress Analysis

Tensile area: At = .165 1n°
2,600 )
ft = -.liB—s- = 15,800 P-8.%. (limit)
Usirg a 1.15 fitting factor, the wargin of safety is:
127,00C

M8 = TIN50 © T 28

k.1.2.3.4 Engine to Aft Mount Attachment Lugs

Material type: TL-6AL-4V titanium alloy
The material propertles presented below are obtained from page 13.
At 40° F. temperature:
Ftu = 127,000 p.s.1.
Fsu = 74,000 p.s.i.
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4
3

4,1.2.3.4.1 Iipading Analysis

P_- 2,500 1b. {limit)

k,1.2.3.4.2 Lug Shear Stress Anslysis

Shear area: A_ = (23(.25)(48)(2) = .uB in”

£ = %ﬁ%o—c = 5,4& p-s.i. (1imit) -

Using a 1.15 fitting factor, the margin of safety is:
7k , 000

MS. = TTTSYESN 0y T LT e

4,1.2.3,4.3 lug Tensile Stress Analysis

The lug is satisfactory for the applied tersile stress by comparison to
the shear stress znaliysis presented above,

4,1.2.3.5 BSection T-7 Stress 2Znalysic

Section Properties:

r—e.c-.i_t_;o

) R}
A= (2)(2.0)(.3)+(.2)(2.3) .20
= 1.2 + Lib6 x~— ¥—x 2.9
= 1.66 1n° _.l
b) p) !
p = Le2EIN  J(2:003) 4 2)(.3)(1.5)7] g et
o _ i Fig., 22. Aft Engine
= 2025 + 2(. 045 + 1,015) = 2.2k in Mount - Section 7-7
Geometry.

Lecading Analysis:

M= 8.8Px = (8.6)(2,600)
= 23,900 in-1t. (limit)
Shear load:

Ps = P_cos 45°= 2,600 cos 45°
= 1,840 1b. (limit)
Compressive load:
0
B Px cin 45
= 1,840 1b, (limit) -

]..

Fig. 23. Aft Engine
Mount - Section 7-7
Loading Sketch.

39




tress Analysis:

£ = (25192?%1&1'1‘5) = 15,500 p.s.i. (limit)

1,680 _ .
s m = 1,110 p.s.i. (limit)

_ 1,80 _ _ . .
f, = &g = 1,110 p.s.i. (1imit)

.—”
L}

Combining the bending and tensile stress directly, and using the materisal
ultimate tensile and shear strengths, the stress ratios are:

X )
- (1.5)(15,500 +1,110) _ 196

s 127,000
_ (1.5)(1,110) _
R, i_?i&%oo'b_)' 0225
1 i

M.s. = -1= High
in * Ry l

4.1.2.3.6 Aft-Mount-to-Blade-Tip Attachment Lug

loading Analysis:
P_= 8,050 1b. (limit) (Ref. Figure 3, page iZ)

The load per lug is:

P = Q;%Z = 1,025 1b. (iimit)

Lug Shear-Out Stress Analysis:

The shear area is conservatively taken as the tensile area.

L}

A (2){(1.75 - .825)(.5)(2) = 1.85 in°

4.02
s 1"5'2, =% = 2,180 p.s.i. (Limit)

Using a 1.15 fitiing factor, the margin of safety is:

S 74,000 -
M-S =TSy "L _lﬂ

The remainder of the aft mount system 1s satisfactory by inspection.

f

4.1.2.3.7 Aft-Engine-Mount-to-Blade-Tip Attachment Bolts

.625 dia. bolts, type NAS k64
Met'l type: TAL-12ZR titanium alloy

3
o

e et

I

By,
wl‘ﬂ



A = 3064 1n2, Z= .024 inB, P =405 1lbt. (limit)

At 400°F. temperature: F

\y = 141,000 p.s.i.

P} eDeds

% su
Bolt Sheaxr Stress Anaiysis:
The bolt is loaded in double shear.
A = (2)(.3068) = .6136 in°
-3 h)mj
f, = 23 - €,510 p.s.i. (limit)
Using a 1.15 fitting factor, the margin of safety is:
87,000
M.S. = 9% z -1= High
T.15)(1.5)(6570) j__g__
Bolt Bending Stress Analysis:
The method of analysis
presented below is ob- -
tained from page 16€.
/Pin losd
P/2 d i
Tt ? P/2
i f
41 o P/2
P/2 <+——7
Al
Figure 2k. Aft-Mount-to-Blade-Tip Attachment -
Iug and Bolt Loading Sketch.
_ Lug material properties: -
= . - - = h . . .
; &\ F,, = 127,000 p.s.i., F_ = 74,000 p.5.1
A S P, = (.825)(7k,000) = 61,000 1b.
u
Py, = (.925)(127,000) = 138,000 1v.
P! = 61,000 1b.
Unin 7
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Popin 61,000

= = .58 D = .85
rl:.‘[’,l,lx ('825)(126)500) 5 5 d = .(?’:)
P = 9,220 1b. (1imit) e
Y = .68 (Ref. 9, page 162, Figure 4) L. = %0
1 °2
a 11D _ .Sg 1}.825 _ -
r-[‘ﬁ-é']?e-—[' 5-5]1.75— 217 t2 =.1.00
t t .
b= 4y () =<2+ (.68) 22 = k2 1n,

A = Dt, = (.825)(1.00) = .825 in°
A, = (W-D)(t,) = (.925)(1.00) = .925 in°

M = g (b) = 5%22 (.42) = 845 in-1b. (1limit)
£, = _g—gz = 35,200 p.s.1. (1limit)

Using a fitting factor of 1.15, the margin of safety is:

M5, = 141,000 -
= (1.15)(1.5)(35,200)

1:

4.1.3 Mein Rotor Blade Tip Engine Retention Structure - (Ref. Volume
111, Figure B)

This portion of the mmin rotor system stress analysis is concerned witt
the static structural substantiation of the main rotor blade tip, iu-
cluding the engine mount system pickup fittings and their attachment to
the blade tip. The blade tip is analyzed in order of force transmission
progressing from the engine mount system attachments to the blade pri-

mry structure.

The blade primary structure, including the engine mount system pickup
fittings, is constructed of T1-8AL-1Mo-1V titanium alloy The material

properties presented below are obtained from Reference 11l.

Material type: T1-8AL-1Mo-1V titanium alloy

6
Ftu

[

su '57F1:u = 74,000 p.s.i.

4.1.3.1 Loeding Analysis

From a review of Section 4.1.2.1, the meximum blade-tip loading occurs
during the rotor limit speed condition and during the rotor overspeed

condition with both engines operating.
(

L2

v,
per?

in.
in.
in.

2

anh.,

ia.

130,000 p.s.1i. E =18.5 x 10 p.s.i.

A o




The engine-mcunt-system loads presented in Figures 1, 2, and 3 are appli-
cable to the blade tip and attachments, and are used in the blade tip
analysis.

4,1.3.2 Engine-Main-Mount Pickup Fittings

4,1.3.2.1 Lug Analysis

The pickup-fittings lugs are analyzed for shear tear-out during the rotor
overspeed operation-both engines operating.
P = 99,750 1b. (limit) (Ref. pege 33.)

Shear area: A = (2)(1.35)(1.00) = 2.70 ine

99,750

= ZZalsy

£ 5475 36,900 p.s.i. (1limit)

Using a 1.15 fitting factor, the margin of safety is:
74,000

M.S. = TI57(1.5)(36,900) - 1= .16

The attachment lugs are satisfactory for the applied tension and bearing
loads by comparison to the lug shear analysis presented ebove.

4.1.3.2.2 Section 8-8 Stress Investigation

The section under analysis is located on Drawing Number 1108-532, pre-
sented as Figure 26 on page k.

4.1.3.2.2.1 Section Properties

Note: No scale

- z
b
23 YQ—L = + ¢ - Y
2 . X symmetry

Figure 25. Upper-Main-Mount Pickup Fittings - Se:tion
8-8 Geometry.

L3
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.2‘_%c~r.:

A= .25{1h.1 + 1.95 + 3.6 + 1.95) = 5.40 in2

b c ) 1 se )2
I - (-2521%1"-1_)_, +2[(1.95)](_:.22)) + (.25)(1.95)(1&.6)2J+ (3-6)](..545)

Sh.b4 + 2(.003 + 10.3) + .005 = 75.0 inh

(.25)(14.1)(.125)+ 2(.25)(1.95)(1.225) + (.25)(3.6)(2.05)

Z =

5.540
Lb o+ 478 + 1.846 )
= o 3.1‘0 = .ho.l. in.
3 3
1, = QDY 5505276 v2 [ LRULBL o (uers)(.6eu ] +

3
_(_-%)_ + (.9)(1.649)°

L0184 +.269 + 2(.1545 +.331) + .971 + 2.45
4.70 inh

1

4.1.3.2.2.2 loading Analysis

Rotor Limit Speed Condition:

Pop = 308,700 1v. (limit) (Ref. page 10, Figure 1)

Load/fitting: P _= 29§§299 = 154,400 1b. (limit)

Rotor Overspeed Operation - Both Engines Operating:

The engine-mount-pickup- C.G. upper lug bolt holes
fittings loads presented ‘:\\i\ __
below are obtained from
Figure e 12, )
gure 3, page 12 Zup ,
B, = 212,100 1b. (limit) le.uy e
P, = 7,100 1b. (1imit) X utbd O Tx
P, = 29,600 1b. (limit) twd P,
M_ = 94,000 in-1b. (limit)

710,000 in-1b. (1limit) ‘fT;h}. lower lug bolt holes

%z »
]

Rotor Sta. 648,00

Figure 27. Engine-Mount-Pickup - Fittings
Loading Sketch  (Cond. 3)
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The upper lug loading is established below.

P. M
00 0
Py, = = + 7%6 - 212é1 + 71$:gn° = 199,500 1b. (limit)
P
pzu = 7; = 32%§99 = 14,800 1b. (1imit)
By M 100 9k,000 :
Py, = 3 * wg = 5+ ~=p— = 1590 lb.(Linit)

The applied loads at Section 8-8 are:

P_ = 199,500 1b. (1imit)
P_ = .14,800 1b. (1imit) z *
y M
P = 15,930 1b. (limit) | M vz
A y e y
M = (3.3)(14,800) = 48,800 X Py C.G. Sect. 8-8
y in-1b. (limit) i
M, = (3.3)(15930)= 52,600 in-1b.
(Limit) Fig. 28. Section 8-8 Loading

Sketch - (Cond. 3)

4.1.3.2.2.3 Section 8-8 Stress Analysis

Rotor Limit Speed Condition:

P, = 154,400 1b. (1imit)
L L
£, = léng89 = 28,600 psi (limit)

130,000

M.S. = 1.5)(28,600) " l-= 2.05

Rotor Overspeed Operation - Both Engines Operating:

P_= 199,500 1b. (limit)
Py = 15,950 1b. (1limit)
P, = 14,800 1b. (limit)
M, = 48,800 in-1b. (1limit)
M, = 52,600 in-1b. (limit)

f, = lggfggQ = 37,000 p.s.1. (limit)

L6




The shear stress due to Pz is assumed to be carried by the three verti-

cal flanges. >

A = (.25)(1.95 + 1.95 + 3.€6)= 1.875 in
_ 14,800 _ P

fsz- —1‘875 7,900 p.s.i. (limit)

The shear stress due to Py is assumed to bYe carried by the horizontal

flange. >
A, = (.25)(14.10) = 3.525 in

= 12,990 .
fsy 5155 4,52C p.s.i. (1imit)

fo, = = 800_7 35) 35,800 p.s.i. (1imit)
max

=-(.2€JM’—021 = h,gw - ~.1. (limit)

Tormx 75.0
The maximum combined stresses occur at point "A" as defined in Figure
25 on page 43.
== + =
fny = £ fbyunx 72,800 p.s.i. (1limit)
fg = 7,900 p.s.i. (limit)

The stress ratios are:

- (1.5)(72,800) _
R, = k2Ll - 8w

Ry = il;ﬁ%é%ggggl " 160

Combining the tensile and shear stress ratios, the margin of safety is:

M.S. =~ - ] = 17
RS + R
t s

4,1.3.2.3 Section 9-9 Stress Investigr.tion

From a review of Figure 26 on page 44, both the upper and lower engine
mount fittings are considered to act as a unit at Section 9-9 due to
doubler installations.

4.1.3.2.3.1 Section Properties

A= (2)(.25)(14.1 + 1.95 + 1.8 + 1.95)= 9.90 in°

I 3 ’ 3 3
;z - (.25)%&& . 2[ 1. 12.2 ' + (.25)(1.95)(&.6)2]+ 51.8112(. 25)

k7



T

Note: No Scale,

< 1k, ] ————p

PRI T

Figure 29. Section 9-9 Geometry.

2 [5h.h + 2(.005 + 10.3) +.0025] - 150 in*

L]
L[}

1 3
Yy . @”'%'25)} +(3.525)(5.425)% + 2 {9‘25),%95) +(.’+875)(h.325)2]+
(25)(8P | ( usy(u.k0)

12
L

#

2[.0184 + 104 + 2(.1545 + 9.13) +.122 + 8.7] = 263 1n

Iy

4.1.3.2.3.2 Loading Analysis

o Rotor Limit Speed Condition:

Pop = 308,700 1b. (limit) (Ref. Fig. 1, page 10)

Rotor COverspeed Operation - Both Engines Operating:

The engine-mount-pickup - fittings loads presented below are obtained from
Figure 3, page 12.

P_ = 212,100 1b. (limit) M, = 94,000 in~-1b. (limit)
Py = 7,100 1b. (limit) My = 710,000 in-1b. (limit)
L S 29,600 1t. (limit)
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Tue engire mourt fittings loading due to &n applied loed in the z-direc-

tion is shown in Figure 70 presented below.

s 28.2 11,8 —o
= 12 IGOO lbo
{-32 ’ I tP, = 29,600 1t.

Figure 30. Engine-Mount-Fittings Losding Diagren.
The applied loeding at Section 9-9 is:

P, = 212,100 1b. (1imit)
M =M + 218 (350,000) = 710,000 + 345,000
y-y 'y 282 ’ ¢ y

= 1,055,000 in-1b. (1imit)

Torsion: T M, = 94,000 1b-in, (limit)

12,400 1b. (limit)

Shear: Pz

k9

o e - . ———- -

tRl = 42,000 T
+29,600 29,600
' }
!
0 -
v(shear) xog
12,400 13,500
-350,000




k,1.3.2.3.3 Stress Analysis

Rotor Limit Speed Condition:

P, = 308,700 1b. (limit) (Ref. page 48)

A = 9.90 in® (Ref. page 47)
£, = éggf%gg - 31,200 p.s.i. (1imit)

130,000

M.8. = m -1l= ) 1.78

Rotor Overspeed Operation - Both Engines Operating:

P = 212,100 1b. (1imit) (Ref. page 49)
£, = 222290 . 21 400 p.s.1. (Limit)
M = 1,055,000 in-1b. (limit) (Ref. page 49)

6
£ = (1-055)(;23_2(5'55) = 22,200 p.s.i. (limit)

The shear load due to Pz is assumed to be carried by the six vertical
flanges.

A = (.25)(1.95 + 1.8 + 1.95)(2) = 2.85 1n°

P, = 12,400 1b. (limit) (Ref. page 49)
12,400 :

£ = ‘ifBE‘ = 4,350 p.s.1. (limit)

The tcrsional shear stress is assumed to be carried by the two horizontal
members.

(.25)(14.1)(2) = 7.05 1n°
9%,000 1b-in. (limit) (Ref. page 49)

A
]

T

S ok 000 - .8.1. it
Tt = 38 © .05 (0.5 - e et (1imit)

The maximum tensile stresses are:

£, = 21,400 + 22,200 = 43,600 p.s.i. (1imit)

and the tensile stress ratio is:

_ (1.5)(43,600) = .
Ry = =85 oho— = 99

The maximum shear stress ratlo is:

i
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1.5) (5,350 _
R_ 3—%{-&555&-.0882

Combining the tensile and shear stress ratios, the margin of safety is:
1

M.S.‘Ta?uﬁn--l" ,-96
Rt- * RS

4,1.3.2.4 Engine-Mount-Fittings-to-Rib Attachment at Rotor Sta. £36.00

The fittings-to-rib attachment at rotor station 636.00 is provided by
two doublers bondec to the outboard vertical flanges of the fittings
and to the outbtoard face of the station 636.00 rib. An additional doub-
ler is bonded to the inboard face of the rib and fittings at rotor sta-
tion 636. To facilitate analysis, the inboerd doubler is neglected in
the stress analysis presented below.

4,1.3.2.4.1 Section Properties

Shear area: A_ = (4)(3.25)(3.25) = ha.k 1n°

4.1.3.2.4.2 Loading Analysis

From a review of Figure 26, page 4k, the mount fittings to station
636.00 rib attachment doublers are designed to react loads having a
direction along the z-axis. The maximum loading occurs during the
rotor overspeed condition with two engines operating.

P, = 42,000 1b. (1imit) (Ref. Figure 30, page 49)

4.1.3,2.4.3 Stress Analysis

P_ = 42,000 1b. (limit)
2 2
A =424 in

£ = %9%9 = 993 p.s.1. (1limit)

The type of adhesive to be used in the bonded joints has not been se-
lected at this time. However, the mechanical properties of the bonded
joint are established pe:* Reference _5.

FauLe 3,600 p.s.1. (Ref. 13, page T)

Using a 1.15 fitting factor., the margin of safety 1is:
3,600 .
(1.15)(1.5)(993)

The remainder of the engine mQunt fittings to rib attachment at rotor
station 63€.00 1s satisfactory by inspection.

M.S. = l = 1.10
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4.1.3.2.5 Engine-Mount-Fittings-to-Rib Attachment at Rotor Sta. €07.80

The fittings-to-rib attachment at rotor station €07.80 is provided by
twvo tce-sections bonded to the outboard vertical flanges of the fittings
and to the outboard face of the station 607.80 rib. From a review of
Figure 26, page bk, the mount fittings to station €07.80 rib attachments
are designed to react loeds having a direction along the z-axis.

4.1.3.2.5.1 Section Properties

Shear area: A = (4) (.7)(2.5) + (1.3)(1.1) + (.5)(1.3)(2.4)
= 21.76 in°

4.1.3.2.5.2 Loading Analysis

PR 12,400 ib. (1limit) (Ref. Figure 30, page L49)

4.1.3.2.5.3 Stress Analysis

P, = 12,400 1b. (limit)
A =21.76 in°
12,400

f = W =570 p.s.i. (1imit)

£ 3,600 p.s.i. (Ref. page 51)

Using a 1.15 fitting factor, the margin of safety is:

- 3,600
(1.15)(1.5)(570)

M.S. -1l= 2.66

4.1.3.2.6 Attachments for Engine-Mount Fittings to Blade Spar and Doub-
lers

The engine-mount fittings are attached to the blade spar doubler with a
structural adhesive. From a review of Figure 26, the horizontal flanges
on the fittings are structurally bonded to the blade spar doubler. The
attachment is designed to carry shear loading in the chordwise and span-
wise directions.

4.1.3.2.6.1 Section Properties

Shear area per fitting:

(14)(15) +(10)(13.3) *+(2)(16.5)(2.3) - (3.4)(2.1)(.5)

210 + 133 + 76 - L

415 in2

A
8
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4.1.3.2.6.2 Loading Analysis

Rotor Limit Speed Condition:
Load/fitting: P = 154,400 1b. (limit)

Rotor Overspeed Operation - Both ines erating:

P =199,500 1b. (1limit)

. 46
P, = 15,95 1b. (Limit) } (Re?. page 46)

P = anw Pya % 200,000 1b. (limit)

4.1.3.2.6.3 Stress Anelysis

Rotor Limit Speed Condition:

P_= 154,400 1b. (limit)
A =115 in2

£, = li)ﬁ-ﬁho—o- = 370 p.s.i. (1limit)
F, = 3,600 p.:-.1. (Ref. page 51)

Using a fitting factor of 1.15, the margin of safety is:

- &O - =
M.S. = TR ETGT - L High

Rotor Overspeed Operation - Both Engines Operating:

P = 200,000 1b. (limit)
A, =415 1n2

£, = &%]':%QQ = 482 p.a.i. (1imit)

Fo, = 3,600 p.s.i. (Ref. page 51)

Using a fitting factor of 1.15, the margin of safety is:

= &o =
M.S. m -1 3.33

4.1.3.3 Engine-Aft-Mount Pickup Fittings

The material properties presented below are obtained from page 42 of
this report.

Fey ™ 130,000 p.s.i., Fsu = 74,000 p.s.1i.
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4.1.3.3.1 Lug Analysis

The aft-mount-pickup-fittings lugs are analyzed for tensile and shear
tear-out during rotor overspeed operation with two engines operating.

P_= 4,050 1b. (1imit) (Ref. pasge hl)
A = (1.00)(2.00 - .875) = 1.125 in®

Iug Tensile Tear-Out:

£, = %9122; = 3,600 p.s.i. (limit)

Using a 1.15 fitting factor, the margin of safety is:

_ 130,000 L
M.S. T__)'%Q"'R_WLD 50, 1

Lug Shear-Out:

£ = £ = 3,600 p.s.i. (1limit)

Using a 1.15 fitting factor, the margin of safety is:

- T4 ,000
M5 = T Y(1.5)(3,600) ~

4.1.3.3.2 Section 10-10 Stress Investigation

The section under analysis is located on Figure 20, page Lk.

Section Properties:

2.0
Note: No scale.
.25 typ. _]_
Z——r— |
2e83 3.35 l
| B | 535
2.0 l 10.70
h'4 Y
h's + ¥ |
Figure 31. Section 10-10
Geometry. 2

5k

l High

High




A = (4)(2.0)(.25) + (2)(2.25)(.25) + (2)(.6)(.25) = 2.0 +1.125 + .30
= 3 425 in2

3 : 3
I, " 2[§glij§21--f(2)(.25)(5.225)2+-1=§ﬁ*1§5§21- +(.25)(2.25)(3.975)2 +

3 3
QL2+ (2)(25) (2. Te5)? + LZALEL + (25)(.6)(2.3)°]

= 2(.0026 + 13.€5 + .2375 + 8.88 + 0026 + 3.72 + .0045 + .794)
= 2(27.29) = 54.58 in*

Loading Analysis:

The loading data presented below is obtained from Figure > on page 12.

P_= 8,05 1b. (1limit)

Stress Amalysis: 8
£ = 31% = 2,350 p.e.i. (Limit)

_ 130,000 . _
M.S. ﬁ—%}—ﬂ 1 lnigh

4.1.3.3.3 Aft Fitting to Blade Spar and Doublers Attachments -

The engine mount aft fitting is attached to the blade spar doubler with
a structural adhesive. From a review of Figure 26, page 44, the upper
and lower flanges of the fitting are structurally bonded to the blade
spar doubler. The attachment is designed to carry shear loading in the
spanwise direction.

Section Properties:

Shear area per flange: A_ = (2.00)(15.0) = 30.0 in?

Loading Analysis:

The maximum loading occurs during the rotor overspeed operstion with
both engines operating.

P = 4,025 1b. (limit) (Ref. page L40)

Stress Amalysis:

£ = -l;-.g%i = 134 p.s.1. (Llimit)

Pz 3,600 p.s.i. (Ref. page 51)
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Using a 1.15 fitting facztor, the margin of safety is:

= 5,600 - =
ST Tmasmn Tt e

4.1.3.4 Blade Spar Doubler to Spar Attachment

This portion of the wain rotor blade tip and attachreuts is satisfactory
structurally by inspection.

4.1.3.5 Blade Sper Stress Investigation

The spar and doubler are assumed to carry all or the loads transferred
from the engines to the blade primary structure. The spar section
under analysis is located at rotor station €03.00. :

The material properties presented below are obtained from page 42 of
this report.

E=18.5 x 106 p.s.i. Ftu = 130,000 p.s.1i.

G= 6.2x 106 p.s.i. Fo,= 74,00 p.s.i.

4.1.3.5.1 Section Properties

Chordwise: EI, = 5.78 x 10%° 1b-1n°

Flapwise:  EL, = 4.58 x 107 1b-1n°
Torsional: GJy, = 3.96 x 107 1b-in°

Chordwise: IC = 3,125 1nh
Flapwise: I = 248 inh
Torsional: J = 639 inh
Area: A =17.71 1n2

4.1.3.5.2 loading Amalysis
Rotor Limit Speed Condition:

The centrifugal force loading due to the engines and mounts is obtained
from Figure 1, page 10.

Pop ™ 308,700 1b. (1limit)

The centrifugal force loading due to the engine mount system tip attach-
ment hardware is established below.

Weight = 68.7 1b. (1limit)
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2 2
=L () = {2l (68.7(56) = 25,%0 1. (11mit)

PCF
where: £ = 1k.5 rai/sec.
g = 32.2 ft/sec2

W =68.71b., (1imit)

r = 56.0 ft.

The total centrifugal force load is:
P = 308,700 + 25,300 = 334,000 1b. (limit)

Rotor Overspeed Operation - Both Engines Opersting

The fittings loads presented Lelow are obtained from Figure 3 or page
12. Use right hand rule on all moments and observe coordirate axis
definitions shown on Figure 3.

Main-mount-pickup-fittings loading:

Py, =212,100 1b. (1limit)
Py, = 7,100 1b. (11mit)
Py = -29,600 1b. (limit)
My, = -47,000 in-1b. (1limit)

My, = 710,000 in-1b. (1limit)

Aft-mount-pickup-fittings loading:
Px, = 8,050 1v. (1imit)

The centrifugal force loading due to the engine mount system tip
attachment hardware is established below.

2 2
P = L () = {221 (68.7)(56) = 17,80 1. (1tmtt)

The applied loeding at rotor station 606.00 is established below.

Py = Px; * Py, + Pop = 238,000 1b. (limit)

Py =Py, = 7,100 1b. (limit)
P, =Py = 29,600 1b. (limit)

M= 2.55P;; * M, = (2.55)(29,600) + 47,000
= 120,500 in-1b. (1limit)

7
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M =My + 40.2 le = 710,000 + (40.2)(25,600)
= 1,900,000 in-1b. (1limit)

M, = -H0.2 Py +2.55 By - 127 By

= -(%0.2)(7,100) + (2.55)(212,100) - (12.7)(8,050)
= -286,000 + 541,000 - 102,000
= 153,000 in-1b, (limit)

g Lo.2 —q !"-6‘1‘

¥ f[;y Main mounrt&x - t“yl Py

Lo e o o
' x P

z P 1o

o7
| | o
Rotor Sta. 606.00 X2
Aft mount

Figure 32. Rotor Station 606.00 Loading Geometry.

4,1.3.5.3 Stress Analysis

Rotor Liwnit Speed Condition:

P = 334,000 1b, (limit) (Ref. page S57)
A =17.71 1in° (ref. page 56)

£, = %*A?roo = 18,900 p.s.4. (limit)
F,, = 130,000p.5:1. (ref. page 56)
The margin of safety is:
Rotor Overspeel Operation - Both Engines Operating:
Px 238,000

f, =% = '1—7L’71" = 13,400 p.s.1. (limit)
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MC €,
L ].o .w

fuy = ..JILF.% = AL - = 45,100 p.s.i. (1imtt)
bz Ic 5,125 et .

P

.2 . 29,600

5 e T 1,60 p.s.1i. (limit)

MC )
£, " ._.;.... < $320 5918' =3 440 p.s.1. (limit)

The maximum tensile stress is:
Temax = Tt * ﬂ,y t i, * 59,400 p.s.1. (Limt")

The maximum shear stress is:
fopay = T8, * foy = 5,160 p.s.i. {1imit)

The stress ratios are:
(. koo) _ < {(1.5)(5,160)
r, - D2 s, 5 - 0G0 L oy

Combining the stress ratios, the margin of safety is:

M.§. = 21 -1 l.hh
iat +Bs

The remainder of the mmin rotor blade tip and attachments is satiafuctory
etructurally by inspection.

4.1.4 Main Roior Blade Typical Section

This portior of the main rotor system siress analysis is concerned with
the static structurel substantistion of the blade btasic section.

The blade busic section ie constructed of Ti-BAL-1Mo-1V titanium alloy.
The material properties presented telow are obteined from Reference ll.

F, = 5TR, = T4,000 p.s.i.

g =18.5 x 20° p.s.i.

.1.4.1 losding Anslysis

The blade baslc section is analyzed for the following four loading con-
ditions:
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Cond. 1 - Rotor limit speed cordition

Cond. 2 - Fwd. fligh%, %1 m.p.h., 2.5g, 562 f.p.s. tip speed
Cond. 3 - Stetic droop

Cond. & - Transient cyclic stick whirl

4.1.4.2 Bection Properties

The esection properties for the blade basic section presented below are
obtained from Reference 11l.

At rotor station 170.0C:

Chordwise otiffness: EI, = 9.5 x 10%° 1p-10?

Flapwise stiffness: EI.F =7.5x 109 1‘::’-11112

Torsional stiffness: GJ =9.7 x 107 1b-in°

Blade chord: = 78 in.
Blade dJepth: = (.15)(78) = 11.7 in.

A =16.92 in®

b.1.4.3 Stress Amalysis

The blade basic section is analyzed for the four loading conditions pre-
sented in Section 4,2.4.1. A buckling analysis of the blade is conducted
for the static droop condition and transient cyclic stick whirl.

Rotor Limit Speed Condition:

The centrifugal force load during the rotor limit speed condition is con-
servatively taken as the centrifugal force load at the tension-torsicn
bar retention pin,

C.F. = 890,000 1b. (limit) (Ref. page 6k)

£, = g%%%q = 52,500 p.s.1. (1imit)

_ 130,000 . _
. TS oy " L

Fwd. Flight, 41 m.p.h., 2.5g, 562 f.p.s. Tip Speed:

MF = l.2x 106 in-1b. (1limit)
My = lx 106 in-1b. (1limit) (Ref. 2, pages 87, 96, 53)

C.F. = b.64 x 10° 1b. (limit)

et e e g e i = i A o g o s 2= 3 4wt = USRI, — e




(7.5)(169%)
N . 6
1.0){107)(55.5}(286.5) (10
€ (9.3)(103¢)
L™ 27,400 *+ 17,300 = 4,700 p.s.i. (limit) l
- 130,000 e
M.8. r_%-lﬁ 7 ,70—05' 1 .9k

..',..__
Static Droop:

The static droop flapwice moment at rotor station 170.00 is obtained from
page 82, Figure €3, of Reference 2.

Mg = 1.08 x 106 in-1b. (1limit)

The maximum compressive stress occurs on the lower skin where it forms

a part of the spar. The equations used in determining the critical coum-
pressive buckling strees are obtained from pages 370 and 359 of Refer-
ence 6. The buckling stress is considered to be the sum of the buckling
stress for a flat sheet simply suppoerted on four sides, and the buck-
ling stress for a cylinder with a large radius.

2
Feop = KE (%)2 - (3.62)(18.5)(106)(-'-%@) = 3,430 p.s.i.

K = 3.6 t = ,136 in.
E =18.5x 106 p.s.1i. b = 19.0 in.

n 1.6 1.3
Feeq = E[9(§) +.16 (3) ]

6 3
- (18.5)(106)[9 (4%%§)1 + .15 (%%é):'L ]

= (18.5)(10%) [(17.2)(107%) + (3.52)(10)]
= (18.5)(106)(2.062)(10'1‘) = 3,820 p.s.1i.

t = ,136 in.
R = 120 1in.
L= 89 in. (rib spacing)

In order to preclude compressive buckling of the lower skin, a stringer
is installed midway between the nose and rea* spars and extends the
length of the blade. The method of determining the stringer critical
compreegive buckling stress is obtained from pages 378 and 379 of Ret-
erence 6.
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Stringer geometry and material type:

1.0 in. x 1.0 in. x .0SC 4n. thick sngle mede from T1-6AL-1Mo-1V
titauium alloy.

mngent modulus: Et s 19.35 x 106 p.s.1. (Ref. 11, Figure 15)

Fo. = 2B (23901939 (x "10-—1-6\ = 18,600 p.s.1
Q ’ L] 1 ] L]
R (p/1)® (1.0/.050)°

K= .385
b ® 1.0 in. {leg length)
t = .0% 1in.

Fogy ™ 3,430 * 3,820 + 13,600 = 25,3% p.s.i.

The maximum appliled compressive stress on the lower skin is established
below.

£y = (1.08)(10%)(5.85) (18.5) (204
’ (7-9)(10%)

258 N
M.S. ‘(r-ﬁ-y%fﬁ-‘?%)—dy 1 .10

% 15,600 p.s.i. (limit)

 Transient Cyclic Stick Whirl:

The transient cyclic stick vhirl maneuver is conductedé at & tip speed
of 650 feet per second. The low frequency in-plane bending moment is
obtained from Reference 2, page 101, Figure 95, and has a magnitude of:

M, = 43.25 x 106 in-1t. (1imit)

C.F. = 5.38 x 10° 1b. (1imit) (Ref. 2, page 53, Figure 8)

.38) (10°
£, = ‘-5-113)_-%0—1 = 31,800 p.s.1. (limit)

6 €
fb - &mjuﬁ_il%}gﬂil_o_l = :57,&)0 p.s.1i. (limit)
(9.3)(207)
The maximm tensile stress on the trailing edge 1is:
PO 37,800 + 31,800 = 69,600 p.s.i. (1limit)

_ 130,000 _ . :
8. = TTaites o0y " ! 2

The maximum compressive stress on the trailing edge is:
fcm = 57,800 - 31,800 = 6,000 p.s.1. (limit)
To simplify the buckling analysis, the trailing edge cap is assumed to

be a hollow cylinder having an outside diameter of 1.18'{ inches and a
wall thickness of .125 inches.
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i‘a

0.D. = 1.187 in., R = .5935 1in.
t = .125 in., E=18.5x 10 p.s.i.
Foom = -3E ()  (Ret. 6, page 389)

6, .125 _
(.3)(18.5)(107) —5—9-% = 11,700 p.s.i.

= ll - =
HS: = Tty ! IE

The trailing edge cap will not buckle during the transient cyclic stick
whirl condition.

L.1.5 Main Rotor Blade Root Retention Structure - (Ref. Vél. III,
Figure 5)

This portion of the main rotor system stress analysis i1s concerned with
the static structural substantiation of the blade root retention struc-
ture, including the tension-torsion bar assembly and its installation.

The blade skin and doublers are constructed of T1-8AL-1Mo-1V annealed
titanium alloy, and the primary structure is made of solution heat-
treated TL-AAL-4V titanium alloy.
For T1-8AL-1Mo-1V annealed titanium alloy sheet:
F,, = 130,000 p.s.i.
F,= 5TF, = 74,000 p.s.1. } {Ref. 11)
E =18.5x10 p.s.i.
For T1-6AL-4V solution heat-treated titanium alloy bar and sheet:
Fou™ 162,000 p.s.1i.
F,, = 94,000 p.s.1. (Ref. 10, page 39)

For, = 174,000 p.s.i.

4.1.5.1 Loading Analysis

The main rotor blade root retention system is amalyzed for the following
loading conditions:

Cond. 1 - Rotor limit speed condition

Cond. 2 - Fwd. flight, 2.5g, 41 m.p.h., 562 f.p.s. tip speed
Cond. 3 - Two engines inoperative in hover

Cond. It - Transient cyclic stick whirl

4.1.5.1.1 Condition 1 Loading

The rotor limit speed cqndition centrifugal force load presented below
is obtained by multiplying the ratio of the squares of the tip velocities
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at 813 feet per second and at 650 feet per second times the centrifugal
force load developed at a tip velocity of 650 feet per second.

C.F. = (%3)2(570,000) = 890,000 1b. (1limit)

4.1.5.1.2 Condition 2 loading

The chordwise moment at rotor station 71.00 during condition 2 is neg-
ligible, as the main rotor system is designed for the chordwise moment
due to engine thrust t> be reduced by the blade and engine nacelle drag
such that the chordwise moment at the rctor system centerline is zero.
M, = 3.6 x 106 in-1b. (1imit) (Ref. 2, Fig. Ti, p. 87)
C.F. = 4.0 x10° 1b.  (limit) (Ref. 2, Fig. b, p. 53)
Torque: T = 1.78 x 10° 1b-in. (limit) (Ref. 2, Fig. 9, p. 54)

4.1.5.1.3 Condition 3 loeding

M, = 6.3 x 102 in-1b. (1limit) (Ref.
M, - 1.18 x 10~ in-1b. (1limit) (Ref.
C.F. = 4.0 x10° 1b.  (1limit) (Ref.
T =1.78 x 10° 1b-in. (1imit) (Ret.

, PMg. 64, p. 83)
, Mg. 85, p. 9)
, Mg. 8, p. 53)
, Mg. 9, p. 54)

b.1.5.1.4 Condition U4 Loading

-

Mp = 8.0 x 10° in-1b. (1imit) (Ref.
M, = 3.4 x 106 in-1b. (1limit) (Ref.
C.F. = 4.0 x10° 1b.  (1limit) (Ref.
T =1.78 x 10° 1b-in. (1imit) (Ref.

Fig. 78, p. 91)
Fig. 95, p.101)
Fig. 8, p. 53)
, Fig. 9, p. 5’*)

4.1.5.2 Tension-Torsion Bar Retention Pin Aralyeis

The T-T bar retention pin provides the tension-torsion bar attachment to
the rotor blade. The blsde and tip attachments centrifugal forces and
torsional moments are carried through the tension-torsion bar to the hub.

b.1.5.2.1 Section Properties

The attachment pin has an outside diameter of 6.50 inches, with a wall
thickness of 1.25 1nches-.a.t mid-span and .50 inches at the ends. The
section properties are developed below.

-

N D DD
-

At the ends: A= (6.50° - 5.502) = 9.425 1n°

L L
L oam (6.5% - bo%y 3
At the mid-span: 2 33 —2-5—" 5 ) = 23.095 in




4,1.5.2.2 Loading Analysis

Preliminary analysis has established that the maximum pin loading occurs
during the rotor limit speed condition.

v {(1b/in.)

fﬁl i Ry
4 = 11,70 in, (-— 8 —-oLb—L—— 1/2-——*
a = 30225 ino - ‘ =
b = 2.625 in. Figure 33, T-T-Rar-to-Blade-Attachment-
2b = 5.25 in. Pin Loading Geometry.
R =R, = 890—5-—~°°° = 445,000 1b. (1imit)
w = 890,000 173,000 1b/in. (limit)

5¢25
The maximum moment occurs at mid-span:

M= Ry(a+ .5b) = Wi5,000[3.225 + (.5)(2.625)]= 2,000,000 in-1b.
(1imit)
The maximum pin shear load is on the ends and has a magnitude of:

R, =R, = 445,000 1b. (limit)

4,1.5.2.3 Stress Analysis

£, = 249%?f§99 = 87,500 p.s.i. (limit)
5. - ATy T 2
. ’
£ = f‘-‘f;—ﬁ%’c = 47,200 p.s.{. (limit)
gl , 000

MQSQ=W'1= 0}3

4,1.5.3 Blade T-T Bar Retention Pin Hole Analysis

4,1.5.3.1 Section Properties

Approximate composite thickness: t = 1.64 in. per side
Hole diameter: D= 6.75 in,

Bearing area: A, = (1.64)(6.75) = 11,08 1n° per side
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%.1.5.3.2 Stress Analysis

The centrifugal force load per side is:

P - 9295999 = 145,000.1b. (1imit)
£ = %% = 40,200 p.s.1. (1limit)

174,000 1.88

M.S. = 1.5)(40,2 -1=

4.1.5.4 Rotor Station 102.00 Analysis

Rotor station 102.00 carries flapwise and chordwise moments only, as it
is located inboard of the tension-torsion bar retention pin hole.

4.,1.5.4.1 Section Properties

The section properties presernted below are obtained from Reference 2,
page 5l.

Flapwise EI = 14,7 x 10° 1b-1n2, C,

Chordwise EI = 9.85 x 100 1b-1in°, c,

5.15 in.
41,5 in,

E=18.5x 106 psi

4,1.5.4.2 Stress Analysis

Condition 2 Anelysis:

Mp = ‘3'.6 X 106 in-1b. (iimit) (ref. page 64)
r - 3:6000°)(5:15)18:5)00%) _ o5 300 561, (1tmtt)
e (14.7)(10°)

130,000

MoSo=‘('l._5)'(§m-l= 2072

Condition 3 Analysis:

Mp = 6.3 x 10° in-1b. (limit)
Mo = 1.18 x 10° in-1b. (limit)

o o (6:3)010)(5.15)(18.5)0%°) _ 4100 prent. (1tmit)
OF (14.7)(207)

150,000

M.S, = -('rsytm -1 = High

l (Ref. page €4)




£ = (1.18) (106) (12 5)(18 5)(10%) . 9,200 p.s.1. (1imit)
¢ (9.85)(10%°)

130,000
M.8. = -1-= igh
1.5)(9,200 _JHL

Condition 4 Analysis:

=334 x 106 in-1b. (1imit) (ref. page €4)

6
£ - (3.1)0 )(1&1 5)(18 5(107) . 26,500 p.s.i. (1imit)
(9.85)(10%)

= 1 m - =
M.8. = 1775476, 500) - L |2,27

Rotor station 102.00 is satisfactory for flapwise bending by comparison
to the condition 3 analysis presented on the previous page.

4.1.5.5 Main-Rotor-Blade-to-Stub-Blade Attachment

The main-rotor-blade-to-stub-blade attachment is provided by bearings
located at rotor stations 42.80 and 99.20. The bearings react the
flapwise and chordwise moments into the studb blade as couples. The
critical flapwise and chordwise moments occur during condition L.

4.1.5.5.1 Loeding Analysis

M= 8.0 x 10° in-1b. (1imit) ,
M, = 3.4 x 10° 1n-1b. (1intt) tRet pege &)

4 =99.20 - 42.8 = 56.4 1in.

P A *"p A8t ) +[<8°)(1°511— 62,000 1b.

(limit)

4.1.5.5.2 Section Properties

The section properti~s are presented in each individual item stress
analysis.

4.1.5.5.3 Pitch Bearing Support Stress Anmalysis

OQutboard Pitch Bearing Support:

Outside diameter: OD = 11.50 in.
Inside diameter: ID = 10.00 in.

Moment arm: = 3.0 1in.
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A= ¥ (11.50° - 10.00%) N
Y
= 25.2 1n° 1
X \ f - Main rotor blad
I =g (11.50°-10.00") I ‘ roter e

I S AV ]
= 368 1nh t;\\\\ 1f1k== ’-‘//)
c = 5.7 in. -.,\-~_.’,

Figure 34, Outboard-Bearing Support
Geometry Sketch.

Shear stress:

£ = 625.22?'00 - 2,480 p.s.1i. (1imit)
Bending stress:

s
9k , 000 - l
M.S. = Wm -1l= High
£, = 62,000)3)(3:T3) . 5 610 p.s.1. (1imit)

162,000

MoS.=Ti—.5-)-tm-l= High

Inboard Pitch Bearing to Rotor Elade Attachment:

Lug width: w= 5,00 in.
Iug thickness: t = ,50 in,
2

Shear area: A = (2)(5.00)(.50) = 5,00 in
P = 62,000 1b, (1imit) (ref. page 67)
£ = GQ_JSLW = 12,400 p.s.{. (Limit)
Using a 1,15 fitting factor, the margin of safety is:
94,000

M8 = LA w) 320
. ° ’

The remainder of the iaboard-bearing-to-rotor-blade attachment is satis-
factory by inspection.

b.1.5.5.4 Pitch Bearirgs Stress Analysis

The pitch bearings selection has not been finalized at <his time, During
Phase II a comprehensive ‘study will be made to select structurally satis-
factory bearings to adequately support the applied loading.




4,1.5.6 Tension-Torsion Strap Assembly

The tension-torsion strap assembly consists of high-strength wire wrapped
around a flanged bushing at each end, in multiple layers to provide the
proper width and thickness, and bonded together with urethane rubber.

The material geometry and properties presented below are obtained from
Reference 14,

.006 in. dia. AM 355 CRES steel wire.

Min. bresking strength per wire is 12.5 pounds.
Requires 107,000-107,300 wires per side,bonded with
urethane rubber.

The ultimate strength of the strap is:
Pp, = (12.5)(107,000) = 1,338,000 1b.

The maximum tension-torsion strap load occurs during the rotcr limit
speed condition.
P 890,000 1b. (limit) (ref. page 64)

CF |
1,338,000

The margin of safety is: M.S. = TI'53T8§6'6667 -1l= 0.00
O 1

4.1,6 Stub Blade and Retention

This portion of the main rotor system strers analysis is concerned with
the static structural substantiation of the stub blade and retention.

The stub-blade skin and doublers are constructed of T1-8AL-1Mo-1V an-
nealed titanium alloy, and the primary structure is made of T1-6AL-LV
titanium alloy.

For T1-8AL-1Mo-1V annealed titanium alloy sheet:

Ftu = 130,000 p.s.1.
Fo, = 5TF, -67l+,ooo p.s.i. (Ref. 11)
E =18.5x 10" p.s.i.

For T1-6AL-4V solution heat-treated titanium alloy bar and sheet:

Fig ™ 162,000 p.s.1.

Fou = 94,000 p.s.1i. (Ref. 10, page 39)

Fbru" 174,000 p.s.1i.




k.1.6.1 Ioading Analysis

From a review of Section 4.1.5.5, the critical stub-blade loading sccurs
during the transient cyclic stick whirl condition.

Mg = 8.0 x 10° in-1b. (1imit)

. €h
My = 3.4 x 100 fn-1v. (Limit) (Ref. page €4)

4,1.6.2 Stub-Blade-to-Main-Rotor-Blade Attachment

This portion of the stub-blade analysis is adequate by comparison to the
rotor blade to stub-blade attachment analysis presented in Section L4.1.5.5.

4.1.6.3 Stub-Blade Typical Section

The section properties for the stub blade at rotor statiorn T1.25 are pre-
sented below.

EI, = 13.8 x 1010 1h-1n2, Cy= 18.5 1n,
EL, = 3.01 x 100 1b-1n°, C,= 8.25 1n.
E =18.5x 106 p.s.i.

Maximum chordwise bending stress:

. (3:5)(10%(18.5)(18.5)(10°%) _
b 10
¢ (13.8)(10")
130,000

M-S.=Tl—.§)-t'ar7m-l= High

Mazimum flapwise bending stress:

_ (8.0)(10°)(8.25)(18.5)(20%) _
3 (3.01)(10™0)

_ 130,000 . '
M.S. = -(-].—s,fm’ - 1= H:lgh

4.,1.6.4 Stub-Blade-to-Hub-Attachment Lugs Analysis

8,700 p.s.1.(1imit)

04')

4,100 p.s.i. (1imit)

L.1.6.4.1 Loading Analysis

The stub-blade-to-hub-attachment lugs are analyzed for the following load-
ing conditions:

Cond., 2 - Fwd, flight, 2.5g, 41 m.p.h., 562 f.p.s. tip speed
Cond. 3 - Two engines inoperative in hover
Cond. 4 - Transient cyclic stick whirl
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' v/’

Condition 2 Loading:

The chordwise moment at rotor station 30.00 during condition 2 is neg-
ligible, a5 the main rotor system is designed for the choriwise moment
due to engine thrust at the tiade tip to te reduced by the blede and
engire racelle dreg such that the chordwise moment at the rotor system
centeriire 15 zero.

Mo« bbox 10° in-ib. (limit) (Ref. 2, Fig. Ti, p. §7)

Condition 3 Loading:

M= T.6 x 10° in-1b. (iimit) (Ref. 2, Fig. 64, p. 83)

Mg = 1.36 x 10° 1o-1b. (linit) (Ref. 2, Fig. 85, p. 95)

Condition &4 Loading:

M= 9.8 x 10° in-ib. (limit) (Ref. 2, Fig. T8, p. 91)

M= 3.5 x 10% 1n-1v. {(1imit} (Ref. 2, Fig. 95, p.101)

L,1.6.4.2 Section Properties

Tine thickness: t = 1.30 in.
Tine diameter: D= 12.00 in.
Hole diameter: d = 6.90 in.

[

Tersile area: At

Shear area: A.8

1.3(12.00- 6.90) = 6.63 in°
(1.3)(2.9)(2) = 7.55 n°

"

4,1.6.4.,3 Stress Analysis

The fiepwise moments and torsional moments are assumed carried as couples
by the upper and lower lugs. The chordwise moments are assumed carried
as a couple by the attachment lugs and the adjustable link.

Condition 2 Stress Analysis:

The load per lug due to flapwise bending is:

6
_ (k)10 _
P - —1%1_'2 = 253,000 1b. (1limit)

T1




iiag tensile tear-ocut:
253,000 .
£, = —6"63‘ = 38,200 p.s.i. (limit)
Using a 1.15 fitting factor, the margin of safety is:
162,000

R B em ¢ :x-20 Bl

Lug shear-out:
_ 253,000

f = _7_5.5_. = 33,500 p.s.i. (1limit)

Using a 1.15 fitting factor, the margin of safety is:
9l , 000

M-S = TTISIE)05500) - L -

Condition 3 Stress Analysis:

The load per lug due to flepwise bending is:
_ (1.6)00) _
P - 40,000 1b. (limit)

The load per lug due to chordwise bending is:
6

_ (1.36)(10°) _
P_-= -(——%5;{33-,— = 23,700 1b. (1limit)

The maximum lug load is:

P = (40,000 + 23,700) = 63,700 1b. (limit)

1.46

. 63

The lugs are satisfactory for the condition 5 loading by comparison to

the higher loading developed during condition 2,

Condition 4 Stress Analysis:

The load per lug due to flapwise bending is:

_ (9.8)20) _
P = ——1%5-5-—2 = 56,400 1b., (1imit)

The load per lug due to chordwise bending is:

T2




R
P_- (_3%.8%)_) = 58,400 1b. {limit)

The maximum lug load is:

P = 56,400 + 58,400 = 115,000 1b. (limit)
The lugs are satisfactory for the condition 4 loading by comparison to
the higher loading developed during condition 2.

4.1.6.5 Stub-Blade-to-Adjusteble-Link Attachment Analysis

4.1.6.5.1 loading Analysis

From a review of Section 4.1.6.4, presented above, the maximum adjustable
1irk load occurs during condition &.

6
_ (3.5)(107) _
P_- + = 117,000 1b. (1limit)

4,1.6.5.2 Section Properties

Tine thickness: t = .75 in.
Tine diameter: D = 4,00 in.
Hole diameter: d = 2.00 in.
Tensile ares: A = (.75)(4.00- 2.00)(2) = 3.00 1n°

= (.75)(1.15)(k) = 3.5 1n°

>
I

Shear area:

b,1.6.5.3 Stress Analysis

Lug tensile tear-out:
_ 117,000 _
£, = —-54-®— = 39,000 p.s.i. (limit)
Using a 1.15 fitting factor, the margin of safety is:
162,000
M.S. = TSI S 5 - 1= 1.k
Lug shear-out:

_ 117,000 _
£ = —511-5— = 34,000 p.s.1. (1imit)

Using a 1.15 fitting factor, the margin of safety is:

Ik




. 94 000 _
M5 = W5 h,000) ~ T -1:59-

The remainder of the attachment iug is satisfactory by inspection.

4.1.7 Main Rotor Hub Assembly - (Ref. Volume III, Figuwee 2}

This portion of the rotor system stress analysis is concerned with the
static structural substantiation of the rotor hub and attachments.

The material properties presented below are obtained from page 39 of
Reference 10 for T1-GAL-AV titanium alloy.
F,__ = 162,000 p.s.1i.

~tu
PN = 94,000 p.s.1.

4.1.7.1 General loading Analysis

From a review of Reference 2, pages 53 through 101, the critical hub
loading occurs during the following conditioms:

Cond. 1 - Rotor limit speed condition
Cond. 2 - Fwd. flight, 41 m.p.h., 2.5g, 562 f.p.s. tip speed
Cond. 3 - Two engines inoperative in hover

During the condition 1 mneuver a centrifugal force load per blade of
890,000 1b. (1imit) is developed at each blade retention pin.

During the corndition 2 maneuver the following loading is developed on
each blade at rotor station 30.0:

%-wamé

in-1b. (1imi%) (Ref. 2, Fig. T1, p. 87)
T =1.81 x 10° 1b-in. (limit) (Ref. 2, Fig. 8, p. 53)

CE= 4.33 x 10° 1b.  (iimit) (Ref. 2, Fig. 9, p. 54)

Loading assumptions:

The flapwise momentz are carried as a couple by the upper and
lower hub tines.

The torsion 1s carried as a ccuple by the upper and lower hub
tines.

The centrifugal force loads are carried by the hub tines.

T4




Note: No scale.

y
04_., x Adjustatle link
z /— Stub blade

\

w Main blade

Figure 35. Hub General Geometry and Loading Sketch.

4,1.,7.2 Lug Analysis
4,1,7.2,1 lLoading Analysis

The highest lug loads are developed during condition 2.

MF 4o x 106 in-1b. (limit) at rotor sta. 30.0
T =1.81 x 10° in-1b. (limit) at rotor sta. 30.0
C.F.= 4.33 x 10° 1b.  (limit) at rotor sta. 30.0

The loed per lug tine due to flapwise bending is:

- 4,40 x 106

F —3-—95-— = 315,000 1b. (1limit)

P




The load per lug due to torsion 1s:

_1.81 x 10° _
Py =135 C 13,000 1b. (limit)

The load per lug tine due to centrifugal force 1is:

P _h.35x105
x 2

= 217,000 1b. (limit)

There aleo exists loading in the tines due to the restraint spring.
During forward flight at 41 miles per hour the rotcr system is tilted
at an approximate angle of il degrees with respect to the rotor main
mast., This results in the spring restraint loed being epplied at an
angle of 31 degrees with respect to the retention pin centerline,

Spring rate = 364,000 1b., per radian of tilt.
a =h°=omrﬂdo

P = (.0698)(364,000) = 25,400 1b, (1imit)
P = 25,400 sin 31° = 13,100 1b. (limit)
P, = 25,400 cos 31° = 21,800 1b. (1imit)

The maximum teasile load occurs on the lover tine and has & magnitude of:

(315,000 + 217,000+ 13,100 - 15!000)4_ 11,700

538,000 1b, (limit)

Px

4,1.7.2.2 Section Properties

Tine thicknegs: ¢t = 1,75 in,
Tine diameter: D= 12,00 in,
Hole diameter: d = 6,90 in,

Tensile area: A, = (1.75)(12.00- 6,90) = 8,92 in?

Per the discussion on pages 165 and 166 of Reference 9, the lug shear
failure is predicted to occur as shown in Figure 36 below,

W9 o
Note: No scale, -.12
A = (1.75)(2.3)(2) - - P
= 10.15 in | hoo

Figure 36, Predicted Iug Shear Failure Location,

"6




4.,1,7.2.3 Stress Analysis

Lug tensile tear-out:
8,000
£, = 223{-%— = 60,200 p.s.1. (1imit)

Using a 1.15 fitting factor, the margin of safety is:
162,000 .56

M.S. = TSI S)(E0,00) - L ¢

£, = 2{%%_00 = 53,000 p.s.i. (limit)

Using a 1.15 fitting factor, the margin of safety is:
9l , 000

M8e = TTLL5IGS,00) < -

4.1.7.3 Rotor Blade Attachment Pin Assembly

Lug shear-out:

This portion of the hub assembly stress analysis is concerned with the
static structural evaluation of the rotor blade attachment pin.

The material properties presented below are obtained from page 39 of
Reference 10 for T1-6AL-4V titanium alloy.
Ftu = 162,000 p.s.1.

Fou = 94,000 p.s.1.

4h.,1.7.3.1 Loading Analysis

The maximum pin bending moment cccurs during the rotor limit speed condi-
tion.

w (1b/in.)

. a——LbJﬁ 4/2 *

= =

Figure 37, Attachment-Pin-Loading Geometry.

890, 00¢

R]. = Rz = -—-?— = hhS,OOO lb. (limit)
w2000 . 173,000 1b/tn, (Lmit)
a= h.}?s 1“0, b = 2.&5 1!1., ‘ = lh.o 1“.




The maximum moment occurs at mid-span:

M = R(a+.5b) = b5,000{4.375 + (.5)(2.625)]
= 2,530,000 in-1b. (limit)

The maximum pin shear load occurs during condition 2 (see page T4 for
definition of cond. 2). The maximum shear load is obtained from page T€.

P_= 538,000 1b. (1limit)

k.,1.7.3.2 Section Properties

The attachment pin has an outside diameter of 6.5 inches, with a wall
thickness of 1.375 inches at mid-span and .625 inches at the ends.

At the mid-span: Z = m (6.5h- 3.75,*) = 24,000 1in°

At the ends: A= (6.5% -3.75°) = 11.536 in°

4.1.7.3.3 Stress Analysis
£, = 2120258 = 105,300 p.s.1. (Limit)

162,000

M.S. =m-l= .02

8,000
£ -5{—1-36 = 146,600 p.s.1. (1imit)

Using a 1.15 fitting factor, the margin of safety is:

= mo - =
S~ L) (507 a7

4.1.7.4 Section A-A Stress Investigation

Section A-A is located at rotor station 25.00 on the lower tine, and it
carries the maximum loading.

4.1.7.4.1 Section Properties

A = (13.8)(1.0) = 13.8 1n°
2 2
L bh° _ (13.8)(1.0)2 _ 3
z, 2 (L8107 . 554
2 2
7 = . (1.0)(%}.8} - 518 13
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4.1.7.4.2 loading Analysis

538,000 1b. (1limit)
13,000 1b. (1imit) } (Ref. page T€)
10,900 1b. (limit)

g/ ‘<’d x"d
L}

(5.0)(10,900) = 63,500 in-1b. (1limit)
M, = (5.0){13,000) = 65,000 in-1b. (1limit)

rd

4.1.7.4.3 Stress Amlysis
- 8,000

t 13,
fe, = 111_3.9%2 = 940 p.s.i. (limit)
s, © %‘? = 790 p.s.i. (limit)
fby = _6_25‘?;_(1 = 27,600 p.s.i. (limit)

fy, = 63—%1-0?0 = 2,040 p.s.i. (limit)

The maximum tensile stress is:
£, = 39,000 + 27,600 + 2,040 = 68,600 p.s.:i. (limit)

= 39,000 p.s.i. (limit)

The maximum shear stress 1s:

£, =v9%0° +790° =1,230 p.s.1. (init) - negligible
= . 162.000 = l
M.S. Wbm -1 ST

4.1.7.5 Section 12-12 Stress Investigation

Section 12-12 is located at rotor station 16.35 on the lower tine and
carries the maximum loading.

4,1.7.5.1 Section Properties

A = (22.0)(1.0) = 22.0 in°

2 2
z, - gté_ . (22.02(1.0) -3.67 1

2 oo )2
Eb” _ (1.0)(22.0)° _ g ¢ 43

n

zz.T-




%.1.7.5.2 Loading Analysis

538,00C 1b. (1imit)
13,000 1b. (limit) (Ref. page 76)
10,900 1b. (1limit)

’d%'ﬂ *'ﬂ
|

]

(13.65)(10,900) = 149,000 in-1b. (limit)
M, = (13.65)(13,000) = 177,500 in-1b. (limit)

4,1,7.5.3 Stress Analysis
538,000

f, ==3k5 = 24,400 p.s.1. (1imit)
B = 149,000 _ 46,600 p.s.1. (1imit)

£, = % = 2,200 p.s.1. (limit)

The maximum tensile stress is:

£, = 2k,400 + 40,600 + 2200 = 67,200 p.s.1. {1imit)

162,000

“080=mm)-1= 061

4.1,7.6 Adjustable-Link Assembly

This portion of the hub-assembly stress analysis is concerned with the
static structural substantiation of the adjustable link assembly.

The material properties presented below are obtained from pege 39 of
Reference 10 for T1-6AL-4V titenium alloy.
= . oio
Ftu 162,000 p.s
Fgu = 94,000 p.s.1.

4.1.7.6.) loading Analysis

The meximum adjustable-link-assembly loading occurs during the cyclic
stick whirl condition.

M. = 3.5 x 106 in-1b. (1imit) (Ref. page T1)

The axial tension load on the adjustable link is:

- 3.5 x 106
Sy

P = 117,000 1b, (limit)
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4.1.7.6.2 Adjusteble-Link-to-Stub-Blade Attachment Bolt Analysis

Section Properties:

The minimum shear area for bolts loaded in double shear 1is:

BOlt diao =i 2.00 11).
2 2
_2md” _ x(2.00)° _ 2
A === = 6.28 in

Stress Analysis:

r = BDo2 - 18,600 p.s.i. (1tuit)

Using a 1.15 fitting factor, the margin of safety is:

000

MoSc = 3 lo ;

-1l= 1.93

4.1.7.6.3 Stub End Adjustable Link Lug

Section Properties:

3,40 dia. ‘.l "J

.o
' 3
\
| \ __{.
P - 2.50
L
j;%\, al / 4
{ |
Flgure 38. Lug General Geometry Sketch,
Lug thickness: t = 1.20 in,
Tension area: A = (2)(1.2)(1.0) = 2.40 1n°
Shear area: A = (2)(1.2)(1.1) = 2.64 1n°
2
Section 13-13: A = ’—TS-‘?'-EZL = 4,9 1n°

Stress Analysis:

Lug tension tear-out:
117,000

fy = om0

49,800 p.s.{. (limit)




Using & 1.15 fitting factor, the margin of safety is:

g 162,000 1 a
M8 DL g8 o

Iug shear-out: i ;
£ % = 4 400 p.s.i. (1limit)} .

Using a 1.15 fitting factor, the mrgin of safety is:

= . m - =
S = BT oy * ! 2

Section 13~1) tensile stress:
117.000 ’
+_.9 = 24,000 p.s.i. (1imit)

162,000 .

M-S Tk, om) Tt T 7[_3.50

The remminder of the adjustable-link assembly is satisfactory for the
applied loading by inspection.

4,1.8 Gimbal and Attachments

This portion of the rotor system stress analysis is concerned with the
static structural substantiation of the gimbal ring, the pivot pins, the
gimbel bearings, the rotor shaft lugs, and the rotor hub bearing lugs.

The material properties presented below are cbtained from page 39 of
Reference 10 for T1L-GAL-4V titanium alloy.

P, " 162,000 p.s.1i. E=18.5x 106 p.s.i.

" 94,000 p.s.i.

h.1.8.1 Loading Analysis
The critical gimbal loading occurs during the 2.5g loading condition.

Total ship weight: Pp = 72,000 1b. (1imit)

Rotor system weight: P, = 20,000 1b. (limit)

R

Weight supported by gimbal: ¢
Py = 52,000 1v. (1imit)

For the 2.5g vertical loading condition, the load supported by the gimbal

is:
P, = (2.5)(52,000) = 130,000 1b. (limit)

8a

»
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Bearing c.g.

0
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Fgure 39. Gimbal-Ring General loading Sketch.

} L }
I
2P = 130,000 1b. (limit)

Outside BelrigLIonds X

Assum’ng the cantilevered load P rtates through an angle 6, and 1/2 of
this rotetion is taken cut by & moment in the bearing and torsion in the

aimb‘lo
2
! - ﬁ

- cmame |
.I 2

Figure 4O. Bearing Loading Sketch.

‘ ’ E . o ps? (65J000)(13-212512 = 00336 rad.
o (2)(18.5)(107)(100)
L

6/2 = ,00168 red,, I=100 in

83
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The end rotation is 1m7tod to the bearings by torsion in the gimbal.
9/2

9 \ e

+ +

rf P
41; losd 1ine \mm 1oad line

Figure 41. Bearing Loading Geometry.
Trom Ref. 6, page 331:

r - (2220020 . Lo (PN @NEWT . 29,80 15-t0

(11mit)
vherei 0/2 = ,00168 red.
f = ,285 red.
» = 9.0 in,
t = 2.0 1n. 6
¢ = 6.2x10° p.s.i.
4 = 7,187 in.

Load on bearing (D)1

ﬂ.gqg + 39-&92-,9 = 37,950 1b. (limit)

1cad on Yearing @s

P, - ﬂ.%m . 39.&9. = 28,0% 1b. (1imit)

The besring loads for the lg-loading ocondition are presented delow.
P = 26,000 1b. (limit)

o = (.00556)(%) = 001345 red.
? - (29,800)(%)- 11,900 1b-in. (1limit)

Load on bearing (O
P 35-!2,2‘2 +3%5m = 14,780 1b. (limit)
load on bearirg @s

" “-'%99- . W ® 11,220 1b, (limit)
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Inside Bearing Loads:

The same method of anmalysis is used on the inside bearings as on the
outside bearings.

.18

0= = 00091 rad.
(2)(18.5){107) (100}
8/2 = 000455 rad.
- 3
= {000k .223 2)°(6.2)(107) _ ), ,190 1b-1n.
) (1imit)

1oad on bearing @:
P, = 230 4 ig}%- = 33,100 1b. (limit)

Load on bearing @:
000 4.1
P, = -62'5— - -g—?? = 31,900 1b. (1limit)

The bearing loads for the lg-loading condition are presented below.

P = 26,000 1b. (limit)

8 = ( 00091)(%%) = 000364 rad.

T = (4,190) ( 00091 = 1,600 1b-in. (1imit)

Bearing (: P, = 26 2,00 —g—~ 13,25 1b. (limit)
Bearing ®: P, = %&—— - 1480 < 12,750 1b. (11mit)
14
6"._ 13.8125 ! “‘\/)
, 7.1875
5™ | | 16 | 16

+ L
11.5 @ @
17—.1 15 '[.36
| ]

17--I 15

Figure 42. Gimbal-Bearings General Loading Sketch.
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T=h, 1?0
4.1.8.2 Gimbal R Analysis imit

L
Section 1l-1k:
65,000 ﬂ (1tnit)
Section geometry: T 29,800 1b-in,
(1imit)
b = 8.0 in.
t =2.0 in.

65,000 1b. (1imit)

Figure 43. Gimbal Ring - Section 1lk-1L Loading
and Geometry Sketch.

Section 1i-14 is under norml and torsiomal shear.

fa = %5(’%% = 4,060 p.s.i. limit)
From Ref. 6, page 330:

2
ta, - 1_ mi(zg,eoo +4,190%) |

(8)(2)® (nm)'

The maximum shear stress is:
forgx = 4,060 +2,820 = 6,800 p.s.i. (limit)

000 T
M.8. = TSYIE, 1 High

Section 15-15:
Section 15-15 is under bending and torsion.

Section properties:
3.43 I
b(h,”- h”) ]
I J —-hl-iz_hg— 900 hol2 4_
_(8)(P - b.125° I 4
12
- 220 in* 2fe— 12.25—

Figure 44, Gimbal Ring - Section 15-15
Geometry.

The bending stress is:

f = 1&2;§L§21‘§249991‘&421 = 18,“00 p.-s.i. (limit)

b 220
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Aire.

The torsional load is obtained from pege 85, and iz assumed to bte car-
ried as a couple by the lugs.

T = 4,190 1b-in. (limit)

Jbago |
P=3 5 294 1b. (1limit)
- 294 =
ey = BY6-%.125) 30 p.s.i. (1imit) negligible

Using a 1.1 fitting factor, the margin of safety is:
162,000

M.S. = 1.15)(1.5) (15, = ] = High

Section 16-16:

Section 16-16 is under bending and torsion. The section properties are
identical to Section 15-15 section properties.

I =220 1nh

£, = :18 220°°° %:3) = 9,560 p.s.1. (limit)

The torsiomal load on Section 16-16 is obtained from page 84 and is as-
sumed to be carried as a couple by the lugs.

T =29,800 1b-in. (1limit)
29,800
P = I% = 2,100 1b. (1limit)
2,100

foy = Y6 =~ %.155] ~ 216 p.s.i. (limit) negligible

Using a 1.15 fitting factor, the margin of safety is:
162,000

A RO High

Section 17-17:

b &b 4 12 12 8
= 85 - 49.8
= 35.2 in

Figure 45. Gimbal Ring - Section 17-17
Geometry.
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Bending stress:

¢ . (65,000)(11.5)(k)
b 35.2

162,000

M-S = o) T T

Longitudinal sheax stress:

£ - _‘I’% . (65 0‘5)2(":78) = 22,000 p.&.{. (1imit)
Q

= VA = (2.13)(2.24) = 4.78 1n’

= 85,000 p.s.1. (imit)

M

- 94,000 -
MCSO = '(m - 1 - 1.8h

4.2.8.3 Gimbal Hardware Analysis
4,1.8.3.1 Pivot Pins and Bearings

%

T t— | ]
| /
/Y,
#4 25
Figure 46. Pivot Pin and Bearings Geometry.

Pin and Bearings Ioading Analysis:
Since the outer pin 65,000 1b.
carries the highest -
loading, it is used Pp<— = ’?9’800 'Lb..in,. 1
to substantiate the N/
inner gimbal support. 37,950 1b, 28,050 1b.

e 6,7 et

Figure 47. Pivot Pin
Loading Sketch.
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From Reference 11, page 174, and from the revision supplement dated 13
September 1962, pages 3 to 5:

K =1.51

Py = 21‘312 = 25,200 1b. (1imit) tenmsion

Bearing Stress Analysis:

From Referen .e 11, page 174, and from the revision supplement dated 13
September 1962, pages 3 to 5:

Radial basic rating = 13,400 1b.

Since the rotor speed is 100 revolutions per minute and the maximum
rotor tilt is 10 the true gimbal bearing speed 1is:

< {rotor r.p.m.)(20) _ (100)(2)(10) _
o - (rotor r.pm)(20) L (0O)EIO) . 5,

The speed factor from Reference 1l is 3.233, and:

Radial bearing rating = (13,400)(3.233) = 43,400 1v.

M.5. = fadial bearing rating .

bearing load
= M o =
37950 1 .1k

Pin Stress Analysis:

The section modulus for a tube with a 4.00-inch outside diameter and a
wall thickness of .25 inch is:

Z =278 1n°, A =3.04 in°

fb-M)-é}-ﬂ)-“hS&)Opsi (1imit)
'%'Eh_ 8,300 p.s.1. (1limit)

fm = 45,800 + 8,300 = 54,100 p.s.1. (1limit)
162

= om - =
M.S. = TT5YT5h 1007 - L

The shear stress 1s:

= J.}L%?Q = 12,500 p.s.1. (1imit)
M

| 1.00
= om - =
11.5§%12,'50'OT 1 ‘l.’“i




4.1.8.3.2 Rotor-Shaft-Bearing Lugs

]
The weakest lug with the highest applied P
load is analyzed below. P, = 33,100 3
1b. (limit) 1L
The material properties for N
T1-GAL-4V titanium alloy are Q N
obtained from pege 39 of 1

Reference 10.

A 162,60 p.s.1.

P, = 94,000 p.s.1.

Figure 48. Rotor-Shaft-
Bearing-Iug Geometry.
Lug Analysis:
P =33,100 1b. (1limit)

oD = 8.2 in.
ID = 7.125 in.
t =2.5 1in.

Shear area: A_ = 2.5(8.2 - 7.125) = 2.69 1n°

P 100
fB = A = %‘@- = 12,300 p.s.1.

Using a 1.15 fitting factor, the mergin of safety is:

95,000
(1.15)(1.5)(12,300)

3
P
Section 18-18 Stress Analysis: t>\l‘/Pb

2
z, = ‘2-2—2)— = .684 in’ 18
G\~

P, = (33,100) cos 30°

M.8. = = 1l= 3.48

= 28,700 1b. (1limit) o = 3° 1
By = (33,100) sin 30° Py = 33,100 1b. <
(1imit)
= 16,600 1b. (limit) 5

M = (3.5)(16,600) \/ >"9\/

- = 58,100 in-1b. (limit)

Figure 49. Section 18-16 Loading
and Geometry Sketch,




28 _
£, 13$%$%) = 6,480 p.s.1. (limit)
£, = 2?2%29 = 85,000 p.s.1. (limit)

Loy = 85,000 + 6,480 = 91,500 p.s.1. (limit)

= l - =
M.S. 1.55 91,500 1 |.18
4.1.8.3.3 Hudb Bearing Lugs

This portion of the rotor syetem stress analysis i1s satisfactory by
comparison to the analysis presented in Section %.1.8.3.2.

b,1.9 Restraint Spring Assembly

k.1.9.1 Spring Analysis

From Reference 8, pages 49 to 52, nomogrems for determining spring
stress levels are presented. Assuming a load of 5,000 pounds on each
spring, and using Chart 5, page 52 of Reference 8:

For the outside spring:

Mean diameter: 9.0 in.
Wire diameter: 1.6 in.
Number of coils: 5
Spring rate:

Bo = .39 in/coil

¢, = (39)(5) =1.95 in.
= B - 2,000
K, = Be %f§5‘ 2,570 1b/in.

f

For the inside spring:

Mcan diameter: €.0 1in.
Wire diameter: 1.1 in.
Number of coils: 9
Spring rate:

5 = .525 infcoil

by, = (9)(.525) = 4.7 in.

A 2¢77— 1,07 1b/1in.




Total spring constant:

K, =K +K =2,50 +1,00 = 3,60 1b/in.
With a maximum load of 22,000 pounds (1imit) on the restraint spring
assembly, the deflection is:

P _ 22,000 _

B = Kt —5:3:6 6.1 in.
The outside spring loading is:

P =K5b = (2,570)(6.1) =15,70 1b. (limit)
and from Chart 2, page 49 of Reference 8, the outside spring fiber
stress is:

f = 88,000 p.s.i. (1limit)
The stress correction for curvature is found in Chart 3 of Reference 8:

f, = 110,000 p.s.1i. (1imit)

The inside spring loading is:

P, =K;8 = (1,00)(6.1) = 6,500 1b. (limit)

and from Chart 2, page 49 of Reference 8, the inside spring fiber stress
X £ =76,000 p.s.1. (limit)

The stress correction for curvature is found in Chart 3 of Reference 8:
f, = 99,000 p.s.1i. (1imit)

Using a spring steel with an ultimate shear stress of 180,000 p.s.i.,

the minimum margin of safety is:

180,000
(1.5)(110,000)

M.S. = 1= .09

4.1.9.1.2 Lug Analysis

The lug materials presented below are obtained from page 39 of Reference
10 for T1-6AL-4V titanium alloy.

F,, = 162,000 p.s.1i., F_ = 94,000 p.s.1i.

Section Properties:

Lug diameter: D=2.00 in.
Hole diameter: 4 =1.00 in.
Lug thickness: t = .9 in.




Tensile area: A = (.50)(3.00 -1.00) = 1.00 1n°
Shear area at 40°: A = (.50)(2.0)(1.08) = 1.08 in°
Stress Analysis:
ILug tensile tear-out:
_ 22,000
£, = _i'f'm' = 22,000 p.s.i. (limit)
Using a 1.15 fitting factor, the margin of safety is:
162,000
M.S. = . 1. 2’ -1-= 5.26

Lug shear-out:

22,000
t, = Sigg = 20,400 p.s.i. (1imit)

Using a 1.15 fitting factor, the margin of safety is:

9%, 000

s enc) en o ik 187

The remainder of the restraint spring assembly is saticfactory by inspec-
tion.
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5.0 ROTOR SYSTEM FATIGUE ANALYSIS

5.1 Introduction

It is the purpose of this part of the report to provide fatigue data to
predict the available fatigue strength of the rotor system components.
Only those components which are major structural members are considered
from a structural viewpoint.

The fatigue analysis primarily consists of an investigation of the rotor
system to illustrate that the alternating stresses developed during nor-
mal flight conditions are below the component material endurance limit
and nondamaging. In some cases a start-stop analysis of the centrifugal
force 1s conducted. The normal flight condition is defined as: Forward
flight, 1.0g, 650 feet per second tip speed, 144 miles per hour forward
velocity.

During the stop-staert analysis the assumed occurrence is four starts and
stops per hour with the design maximum rotor speed centrifugal force
occurring at 91 percent of the FAA loading spectrum, and the roter over-
speed centrifugal force occurring at 9 percent of the FAA loading spec-
trum.

A modified Goodman Diagram 1s used to define the operating boundary
which indicates the maximum alternating stress or load that may be ap-
plied with a steady stress or load and still obtain unlimited 1life for
a part. A modified Goodman Diagram is presented in Figure 50. If ac-
tual test data were plotted on the modified Goodman, a parabolic curve
would be obtained. Usually, the data available is insufficient to draw
an accurate boundary, and therefore the boundary is assumed as a straight
line. The perfect specimen endurance boundary is established as a line
drawvn from the ultimate allowable to the unnotched endurance allowable
and a line from the yield allowable drawn at 45 degrees. The latter
portion of the boundary is imposed by the Federal Aviation Agency's rule
vhich does not allow yielding.

The failure boundary on the modified Goodman Diagram is determined by
dividing the slope of the perfect specimen endurarnce boundary by the
fatigue component's theoretical fatigue notch factor. The operating
boundary is determined by dividing the failure boundary slope by a safe-
ty factor (the Federal Aviation Agency requires a safety factor of 3).

Because the straight line is assumed, it is possible to express vibra-
tory dste in terms of equivalent alternating stress or load. The expres-
sion is, from similar triangles on the Goodman:

faeg " T (5)
T i s

9k




- Perfect specimen boundery

© F Failure toundary
0 el/ /
g /K /— Operating boundary
e
w
g

F
e el 4|
E 3
3

Steady Stress

Figure 50. Modified Goodman Diagram.

Generslly, an available fatigue notch factor is estimated for the norml
flight condition stresses, and in some cases for the stop-start analysis.
In cases where fatigue data permits, analysis of critical attachment
bolts and pins is conducted to determine the required bolt diameter to
approximately establish a 10,000-hour service life tased on S-N data
reduced by a factor of 2.0.

The rotor system is analyzed progressing in order of force transmission
from the engine nacelles at the tip to the hub and gimbal at the rotor
shaft.

From a review of the rotor system static stress analysis, presented in
Section 4.0 of this report, the rotor system primary structure is con-
structed of solution heat-treated T1-6AI-4V titanium alloy, and the
secondary structure is constructed of T1-8AL-1Mo-1V annealed titanium
alloy.

The unnotched endurance limit for solution heat-treated T1-GAL-4V titan-
ium alloy is obtained from Reference 15.

F, = 162,000 p.s.1i., F , = £.30,000 p.s.1.

tu eh
The unnotched endurance limit for Tl-8AL-1Mo-1V annealed titanium alloy
18 obtained from page 3.25.2-4 of Reference 16.

Fu = 130,000 p.s.!., F

A og = £70,000 p.s.i.




5.1.1 Engine Racelle and Attachment

Per the discussion on page 7 of this report, the engine nacelles are not
considered from a structural viewpceint at this time.

5.1.2 Engine Mount System and Attachment

From a review of the engine-mount-system static analysis presented in
Section 4.1.2 of this report, and based on previous helicopter ccmponent
fatigue experience, the critical engine mount system fatigue areas are
the attachment lugs and bolts during the start-stop condition. The at-
tachment bolts ané lugs are also analyzeda for the normal level flight
condition to illustrate that the applied fatigue stress is below the
material endurance limit during normal flight conditions.

5.1.2.1 Engine-to-Mount Attachment Bolts

Preliminary fatigue analysis has established the engine-to-mount attach-
ment boits to be critical during the start-stop condition. An analysis

is conducted below to determine the required bolt diameter to approximate-
ly establish a 10,000-hour service life when a fatigue notch factor of
2.0 is applied to the S-N data.

Material type: Hl Tl 20 series bolts
Foo= 200,000 p.s.1i.

F_, = ¥31,000 p.s.1.(using a fatigue notch factor
e
of 2.0)

Assumed bolt diameter:

D = 1.65 in.
- X _ 3
Z = L7 (1.65)5 = J4h41 in

The equations used to determine the moments and stress levels are ob-
tained from page 16 of this report. The design maximum rotor speed cen-
trifugal force is obtained from page 8.

C.F

87,000 1b. per engine

187,000

P = = 43,500 1b. per bolt

M = %? = (th52502)(.997) = 121,700 in-1b,

_ £21,700
2y = Tagy = —WT -~ - t49,000 p.s.1i.




The rotor overspeed operation centrifugal force is:

C.F. -(%)2 (£67,000) = 196,000 1b.

P = ﬁ%@—q = +48,000 1b. per bolt

M o= %"—i = (*1‘8'000;('991) = 32l 000 in-1b.

- .:1'21&000_
fa f&eq —m-l— 454,000 p.s.1.

The engine envirommental alternating vertical load factor of +liCg ased
in the static analysis was conservatively estimated during development
design and prior to the dynamic load study completion. The rotor system
stiffness has increesed such that the vertical load factor computed dur-
ing the dynamic load study has a magnitude of i3.4g (see Volume IV, page
ki) for the 2.5g loading condition. The 13.4g vertical load factor is
conservatively used to compute the alternating vertical engine loads
acting on the engine mount system during normal flight conditionms.

Engine weight: WT = 37 1lb.
P, =30 ¢+ (£3.4)(370) = 370 + 1,260 1b. per engine

The in-plane load factor of +5.0g is comservatively used in computing
the alternating in-plane engine mount loads.

Thrust per exgine = 1,500 1b.
Weight per engine = 37 1b.

Py = 1,500 +(+5)(370) = 1,500 & 1,8% 1b. per engine

The steady centrifugal force load per engine is obtained from page 8 of
this report.

C.F. = 87,000 1b. per engire
The maximum load per bolt is the vector quantity ef the x and z leading.

8 2
p ==L + 522 (370 + 1,260) +%§{-‘:=223 (1,50 & 1,8%)

» 43,50 + (370 % 1,090) + (1,210 # 1,%00)
= 45,000 + 2,590 1b.

P, - 370 # 1,260 1b,

P .,/pxz + pf = 15,000 + 2,500 1b,
M = ? - W = 22,400 % 1,435 in-1b,
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_22,ko0 t L35

£, T = 50,700 t 3,250 p.s.1i.
220
faeq = 300 - 5%5.0 (t3250) = ¢ 4,350 p.s.1.

The S-N curve shape presented in Figure 51 is obtained from data in Ref-
erences 7 and 16. The S-N curve shape has been reduced by a factor of

2.0'
3P
; N
< 60
@
- s
&
§ 40 * t
[ N\ L
2
20
0
10 10° 10° 107
N - Cycles
Figure 51 Hl Tl Series Bolts S-N Data.
TABLE 2
ENGINE TG MOUNT ATTACHMENT BOLT FINITE LIFE ESTIMATION
!l, !2; 135 w; ?55 235
f‘eq N-Cycles % Occur. |Cycles/Hr. Hour % Occur/Hr.
Figure 51 | Page 9% Page 9l (2)/ (%) (3)/(5)
49,000 |1.01 x 10°|  91.0 b0  |2.53 x 10*| .00360
t5k 000 4,9 x 101‘ 9.0 4.0 1.225 x 10 .000Tk
th 350 oo = = = -

Calculated 1ife:

Service life:

S.L.

LC = m = 23,000 hours

=1,250+ (.375)(23,000) = 9,900 hours




5.1.2.2 Engine-to-Mount Attachment Lugs

The engine-to-mount attachment lugs are investigated for lug tensile
tear-out during rotor overspeed operation for the start-stop condition
and during normal flight condition.

Material type: Solution heat-treated T1-@AL-4V titanium alloy
F, = 162,000 p.s.i.

tu
F , = 130,000 p.s.i. (unnotched)

el
The rotor overspeed condition centrifugal force loed is obteined from
page 97 of this report.
P = 48,000 1b.
8,000
£ = = = .8.1.
£ f‘eq ——1"@- 425,400 p.s.1

The available fatigue notch factor is:

_ 130,000 _

The applied loading during the normal flight condition is obtained from
page 97 of this report.

P = 45,000 £ 2,900 ib.

A =1.8 1n° (Ref. page 17)

£ = hj,oog.%elgoo = 24,800 & 1,530 p.s.1.

faeq 1% - 4B (£1,530) = 41,810 p.s.1.
The available fatigue rotch factor is:

| £130,000 .
Kty = 1810 - 118

5.1.2.3 Heat Expansion Fitting - Section 4-4

From a review of pages 27 and 28 of this report, Section 4-4 is critical
in bending. An investigation is conducted to estimate the available
fatigue notch factor during the rotor overspeed condition and during the
normal flight condition.

Material type: Solution heat-treated T1-6AL-4V titanium alloy
F,_ = 162,000 p.s.i.

tu
F , = £130,000 p.s.1. (unnotched)

el




The rotor overspeed operation centrifugal force loaa is obtained from
page 97 of this report.

2P = 48,000 1b.
M, =22 (48,000) = £7,200 in-1b.

f'b = El;m_%lilﬂ = :!:35,600 p.s.i.

2.0 = ie—s@- cos 55° = 13,800 1b.
£, = il}f‘;% = 48,85 p.s.i.
£ = faeq = (435,600) + (48,850) = 44,500 p.s.i.

The available fatigue notch factor for the start-stop condition is:

= ﬂE,OOO _
Xfav 44 500 © 2.92

The normal flight condition applied stress is developed below.

2P = 45,000 £ 2,590 1b. (Ref. page 97)
hPy = 1,500 + 1,850 1b. (Ref. page 97)
M, = (.30) 1&2.0_0%2_.221 + (3.0) (1,500 t 1,85%)

= (6,750 + 390) + (1,130 + 1,590)
= 17,88 % 1,780 in-1b.

g = {2,880+ 1,780)(.39) _ 59 500 £ 8,800 p.s.1.

b 079
P, = 45,000 Z. 2,50 og 55° + 1220 «.: 1,850 i, 50

(12,900 + 740) + (300 + 38))
13,200 + 1,120 1b.

15,200 £ 1,120
£, = -l‘-——m‘-]*—=8,h60i720p.s.1.

The maximum stress is:

fax =~ fp ¥ Ty = 47,500 £ 9,520 p.s.1.

162
f&eq = m (19,520) = $13,500 p.s.i.

The available fatigue notch factor is:

_ 130,000 _ _
Kfav +13,500 9.6

100




5.1.2.4 Mount-to-Blade-Tip Attachment Bolts

Preliminary fatigue analysis has established the mount-to-blade-tip
attachment bolts to be critical during the start-stop condition. An
analysis is conducted below to determine the required bolt diameter to
establish approximately a 10,000-hour service life when a fatigue notch
factor of 2.0 is applied to the S-N data. An investigation of the nor-
mal flight condition is included to demonstrate that the fatigue stress
is beiow the material endurance limit and nondamaging.

Material type: H1l T1 20 series bolts.
Fku = 200,000 p.s.1.

F

s = $31,000 p.s.i. (using a fatigue notch factor

of 2.0)
Assumed bolt diameter:
D = 1.365 in.

(]

-1 3 _ 3
Z L7 (1.365) = .25 in

The equations used to determine the moments and stress levels are ob-
tained from page 37 of this report. The normal rotor operating speed
centrifugal force is obtained from page 8.

C.F.= 198,400 1b.

The load per bolt is:

P = M = t49,600 1b. per bolt

M= (*"9)6003('l‘875) - 12,100 in-1b.
£ =5 =232100 48 500 p.s.i.

a aeq - 25
The rotor overspeed operation centrifugal fcrce load is:
C.F.= (1.05)2(*198,400) = 219,000 1b.

The load per bolt is:
£219,000

P = = - 154,800 1b.

M = Fb_ (¥54,800)(.4875)
= e = 2 =

2
+13 40O
‘ = = ——L—— - [ 3
f, = fq Q 4= t53,600 p.s.1.

13,400 in-1b.

The stress level developed during the normal flight condition is pre-
sented on the following page.
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C.F. = 198,400 1b. (Ref. page 11)

The gyroscopic moment per engine tends to force the rotor blade leading
edge down, and has a magnitude of:

M, = 94,000 in-1b. (Ref. pege 11)
The vertical engine lcad normel to the blade axis is:

= (£3.4)(2%.00) (370) = 429,40C in-1b.
P, = (43.4)(370) = #1,260 1v.

P =21,500 + (#5)(370) = 3,000 + 3,700 1b.

The ioad per bolt is:

2

g5 (3 -3

Y [198,400 . 29,400 ¥ . [3,000 + 3,700 000 T°
P‘V[ " +(2§f7.35] b A" O ]
= Y (49,600 £ 1,945)2 + (6,950 + 925)°
= 50,000 + 2,150 1b.
M= %:&&%M:ll,miws in-1b.
£, = 11,'10025: X2 . 46,900 + 2,020 p.s.i.
.25
faeq = _20-6_?0-_%57 (+2,020) = +2,640 p.s.1i.
TABLE 3
MOUNT TO BLADE TIP ATTACHMENT BOLTS FINITE LIFE ESTIMATION
1 2 2
foeq N-Cycles | % Occur. | Cycles/Hr. Hour % Occur/Hr.
Figure 51 | Page 9% | Page 94 {(2)/(8) | (3)/(5)
#4850 |1.012x107| 91.0 4.0 2,53 x 10| 00359
+53,600 5.2 x10 9.0 4.0 1.30 x 10 .00069
+2,640 - - - o -

f o1

= .oohee

100 _
m 23,,400 hours

Calculated life: Lc

Service life: S.L. =1,250 + (.375)(23,400) = 10,000 hours
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5.1.2.5 Engine-to-Aft-Mount Attachment Bolts

The aft mount is designed to react only the engine thrust loads. There-
fore, the engine-to-aft-mount attachment bolts are investigated during
the normal level flight condition.

The engine thrust is:

P =1,50 £ 1,850 1b. per engine

Y
1l.2

P = 1—5—122,5 (1,500 £ 1,850) = 1,115 ¢ 1,375 1b.

The equations used to determine the moment and stress level are obtained
from page 37 of this report.

M = _ W 272 ¢ 5}6 in-1b.

2

272 + 336
£, = J—Ezl 11,300 + 14,000 p.s.1i.
faeq = Ihs_-'jn_} (£14,000) = 415,200 p.s.i.

The endurance limit for TAL-12ZR titanium alloy 1s conservatively assumed
to be the same as that for T1-8AL-1Mo-1V ennealed titanium alloy.

Fe.l = 470,000 p.s.i.
The available fatigue notch factor is:
110,000 _ ), ¢7

Kfav = £15,200

5.1.2.6 Aft-Mount-to-Tip Attachment Bolts

The load per bolt due to engine thrust is:
Px =1,115 £ 1,375 1b.

The centrifugel force load due to the aft mount weight is obtained from
page 11 of this report.
Pop = 2,600 1b.
The maximum load is:
p =280 4 (11154 1,375) = 2,415+ 1,575 1.
The equations used to determine the moment and stress level are obtained

from page 42 of this report.
t




M = % _ (g5 ¢ %575)(-‘*2) - 508 t 289 in-1b.
;- 508 £ 269
b= LB

- W5, o
faeq = 145 - 21.2 (*12,100) = %14,200 p.s.1.

= 21,200 % 12,100 p.5.1.

The available fatigue notch factor is:
70,000

Koy ~ T30~ 47

5¢1.3 Main Rotor Blade Tip and Attachments

The blade tip fatigue analysis consists of an investigation of the main
mount to tip attachment lugs for chear tear-out, using the alternating
centrifugal force loading developed for the start-stop condition during
rotor overspeed operation. An investigation of the normal flight condi-
tion is provided to d=monstrate that the fatigue stress developed is be-
low the material endurance limit and nondamaging

F, = 130,000 p:s.i.

F_g = 70,000 p.s.i. (Ref. page 95)

~
Shear area: A_ = 2.70 in©

The centrifugal force lcad during the rotor overspeed condition is ob-
tained from page 101l of this report

CIF. = t2].9’00() lb-

*f
P - _512t999 = t54,800 1b.
54 800
S = —-—L—— =
s = Tagy = 370" = 20,300 p.c.1.

The material shear endurance limit is conservatively taken as 57 percent
of the tensile endurance limit.

Fe‘s = (.57)(£70,000) = 40,000 p.s.1.
The available fatigue notch factor is:

40,000
Kegy = 720,300 - 197

The lug load during the normal flight condition is obtained from page 102
of this report.

P = 50,000 ¥ 2150 1t.
0,000 * 3150
£ = 29, 2.70?'15 = 18,600 t 797 p.s.1i.
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- 74 £757) = i
faeq—WG ( .7.) = :tl,O’?D p.s.1.
The available fatigue notch factor is:

ihOZOOO

- — 7

5.1.4 Main Rotor Blade Typical Section

The blade typicel section fatigue analysis consists of an investigation
of the following conditions:

Condition 1. Rotor overspeed corndition
Condition 2. Forward flight, lg, 144 m.p.h. fwd. velocity
Condition 3. Transient cyclic stick whirl

The condition 1 investigation consists of a start-stop analysis using the
alternating centrifugel force loads developed during the rotor ovarspeed
condition.

The condition 2 analysis investigates the alternating flapwise stress
developed during normal operating conditions.

The condition 3 analysis investigates the alternating stress developed
on the blade trailing edge during the cyclic stick whirl condition.

The section properties for the blade basic section (rotor station 170.00)
are obteined from page 60 of this report.

9.3 x 10°° 1b-1n°

7.5 x 10° 1b-in°
9.7 x 10° 1b-in°

Chordwise stiffness: EIC
Flapwisc stiffness: EIF

Torsional stiffness: GJ

Blade chord T8 in.
Blade depth = (.15)(78) = 11.7 in.

Area = 16.92 in®

5.1.4.1 Rotor Overspeed Condition

A start-stop investigation of the blade basic section at rotor station
170,00 is conducted for the alternating centrifugal force load developed
during the rotor overspeed condition.

(1.05)%(£570,000) = t629,000 1b.
629,000

= “I6f§§' = 37,100 p.s.1.

The available fatigue notch factor is:

P
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5.1.4.2 Forward Flight, lg. 144 m.p.h. Forward Velocity

During condition 2, the maximum alternating stress is due to flapwise
bending and centrifugal force, the torsional moment being negligible.

The maximum alternating flapwise moment occurs at rotor station 437.00.

Mp, = +3.% x 10° in-1b.
2.0 x 20° in-1b.
MFs

The centriﬁxgﬁl force load is obtsined from page 55 of Reference 2.

P=L43x lO5 1b.
M =2.0 x 10° & 3.66 x 10° in-1b.
The btlade section properties at rotor station 437.00 are obtained from

Reference 2.

Flapwise stiffness: EIF =5.2x 109 in-1b2

Area = 12.00 in2
4.3) (10 _
f, = ‘(—%%'30&)' = 35,800 p.s.i.
P 5 6
£ = [(2.0)(107) + (3.66)(30 %](5:85)(18-51(10 ) - 4,200 7,600
(5.2) (10%) p.s.i.
S 35,800 + (4,200 + 7,600) = 40,000 + 7.600 p.s.i.

- 120 600) = %
faeq 13—0—%-% (£7,600) 11,000 p.s.1.

The available fatigue notch factor is:

- ¥[0,000 _
Kfay = T11000 - 036

5.1.4.3 Transient Cyclic Stick Whirl

During condition 3, the maximum altermating stress is due to chordwise
bending and centrifugal force.

The centrifugal force and alternating chordwise moment are obtained from
page 62 of this report.

MCa +3.25 x 106 in-1b.

p 5.38 x 107 1b.

_ (5.38)(10%) _
£, %l = 31,800 p.s.i.

it
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€ 6
£ = .25){10 8. 138. 0°) _ £37,800 p.s.i.
(9.3)(107)
f = 31,800 + 37,800 p.s.i.
— l Ly N = 2
faeq = 130 - 31, (£37,800) = 450,000 p.s.i.
The available fatigue notch factor is:

:M:’
Ktav = $50,000 1.4

5.1.5 Main Rotor Blade Root-Retention Structure

The root-retention-structure fatigue anmalysis consists of an investiga-
tion of the tension-torsion strap and its retention pin and an analysis
of the blade at rotor station 102.00.

5.1.5.1 Tension-Torsion Strap Assembly

An analysis is conducted below to detertiine the required number of wires
per side to establish approximtely a 1 ,000-hour service life based on
alternating centrifugal force loeds developed during the start-stop
condition.
The wire material is AM 355 CRES stainless steel.

w« =

Fiu 475,000 p.s.1i.
The S-N curve shape presented in Figure 52 on page 108 was votained from
the Bendix Corporation.

Wire diameter: a = .00€ in.
A= f(.006)° =2.95 x 167 1n°

Preliminary amelysis has estsblished the required number of wires to be
117,000 to approximete a 10,000-hour service life.

The centrifugal force loed developed during normal rotor operation is
obtained from page 105 of this report.

P = 570,000 1b.

_ 570,000 _ -
Load/wire 117.000 +4.87 1vb.

£ = - +k.87
8 "Ped (5 g3)(107)

The rotor overspeed condition centrifugal force is obtained from page
105 of this report.

= 172,000 p.s.1i.
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P

Alternating Stress (ks.i.)

= $629,00C 1b.,

load/wire

629,000

= t5.37 1lb.

117,000

i (2.8;§;i2_5) = 190,000 p.5.1.
210 ‘J:
200
190
180
170 N\“’==P*ﬂ--L;;
160

107 16 100 107
N - cles

Figure 52. Tension-Torsion Strap S-N Dats.

TABLE 4

TENSION-TCRSION STRAP FINITE L

(1) (2) 3) (4) (5) (6)
faeq N-Cycles 4 Occur. |Cycles/Hr.| Hour 4 Occur /Hr.
Figure 52 | Page 9% | Page 94 | (2)/(k) (2)/(5)
172,000 |1.35 x 1| 91.0 4 3.38 x 10| L0027
190,000 | 3.2 x 10" 9.0 4 8.0 x 10° | .00L13

Calculated 1ife:

Service life:

SIL.

L
c

. 00383

= 26,100 hours

108
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1250 + (.375)(26,100) = 11,000 hours.




5.1.5.2 Tension-Torsion Strap Retention Pin

A start.stop investigation of the retention pin is conducted to deter-
mine the required pin section properties to approximate & 1C,08C hcurs
service life when a fatigue notch factor of 2.0 is spplied to the S-N
data.

Material type: T1-6AL-4V solution heat-treated titaniuc alloy.

Fo, = 162,000 p.s.1i.
F, = $130,000 p.s.i. (unnotched)

The assumed tolt dimensions are presented below.
Outside diameter: D €.50 in.

4.86 in.

Inside diameter at mid-span: dl

Z = 1357%5_37 = (5.5h = h.86h) = 18.52 in} at mid-span

The equations used to determine the moments and stress ievels are ob-
tained from pages 64 and 65 of this report. The normal rotor operat-
ing speed centrifugal force load is obtained from page 107 of this
report.

’d
[

= 570,000 1b.
w - 210,00 [(3.225) . (.5)(2,525)] - 1,290,000 in-1b.

1,290,000 _

. = faeq = _"‘iB"sT = 169,600 p.s.1.

ia]
|

The rotor overspeed condition centrifugal force load is obtained from
page 108 of this report.

P

1629,000 1b.

M = 2629,000 ['(5 255y 4 (.5)(2.625)] = *1,420,000 1:.-1b.
2

1,420,000 _

o = faeq = —4—1«5-5'!2— = 76,600 p.s.1.

&
|
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Figure 53. T1-6GAL-LV Titenium S-K Data.
TABLE 5
T.T STRAP RETENTION PIN FINITE LIFE ESTIMATION
f———————————— e e ]
{1} (2) (3) (&) (3) (&)
f&eq R-Cycles % Occur. |Cycles/Hr, Hour 4 Occur/Hr.
Figure53 | Page 9k Page 94 (2)/(&) (3)/(5)
!
69,600 |1.82 x 100 |  91.0 4.0 (455 x 20| .o
£76,600 |1.95 x 10° 9.0 5.0 | 4.88 x 100 | .o018k
Z = 00384
_ - ey
Calculated life: L = —eoor = 26,000 hours
- ‘ c , 0038k &

Service l1ife:

S.L.

5.1.5.3 Rotor Station 102.00 Analysis

1250 + (.375){(26,000) = 11,000 hours

Rotor stetion 102,00 carries flapwise and chordwise moments only es it is
located inboard of the tension-torsion bar retention pin.
102,00 fatigue analysis consists of an investigation of the following
two conditions:

110
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Condition 1. Fwd. flight, lg, l4% m.p.h. fvd. velocity
vondition 2. Transient cyelic stick whirl

Condition 1l:
M = 7.0 x 107 & 2.3% x 10° in-ib. (Ref. Vol. IV)

Flapwise BI = 14.7 x 107 lb-ind, c, = 5..5 in. {Ref. page €€)
NP 5 3

o = L{7:00000%) # (2.33)(307)] {5.15)(38.5)(10%)

b (1.7) (210%)

L}

k,5kG £ 1,53C p.s.i.
- 130 . .
faeq - 130 -~ 4.5 (i‘!-,‘)‘l()) = i.‘.,565 p.s.1.

The material endurance limit for T1-8AL-1Mo-1V titanium alloy is obtained
from page 9%, and the available fatigue notch factor is:

= 20,000 _ 1y 8
Kfav -375_65 L, 8

Condition 2:
M, = 5.5 x 10° in-1b. (Ref. page 67)

Chordwise EI = 9.85 x 10%° 1b-in°, C =LL5 tn. (Ref. pese

o

6 6
EREN . »
I G710 (0.5)(18.5)(10) 138 210 J o« 426,50 p.s.1.
(9.85) (107)

The available notch factor is:
- £70,000 _
Kfav = —'%‘———Q 7500 2.6k

5.1.6 Stub Blade and Reiention

The stub-blade fatigue analysis consists of an investigation of the
stub-blade-to-hub attachment lugs and the adjustable-link-to-stub-blade
attachment lugs.

5.1.6.1 Analysis of Stub-Blade-to-Hub Attachment Lugs

The stub-blade-to-hub attachment lugs are analyzed for the forward flight,
1g, 14k miles per hour forward velocity condition.

M, = 9.5 x 10° + 2.33 x 10° 1b-in. (Ref. Volume IV)
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. 9:5)00) £ (2.33)10%)

17.%
_ 54,600 £ 13,400
¢ X

= 54,600 t 13 40O 1b.

—y
|

= 6,250 % 2,02 p.s.i.

162
feq = TEE"é_373 (*2020) = 2,130 p.s.i.

The available fatigue notch factor is:
130,000

Keaw = 5,130 = O1-0

5.1.6.2 Adjustabie-Link-to-Stub-Blade Attachment Lug

The adjustable link and the stub-blade-to-hub attachmeunt pin react chord-
wise woments out & couples. The cnordwise moment at rotor station 30.00
during the normal flight conditions is negligible, as the main rotor
system is designed for the chordwise moment due to engine thrust at the
blede tip to be reduced by the blade and engine nacelle drag such that
the chordwise moment at the rotor system centerline is zero. However,

a high alternating chordwise moment is experienced during the transient
cycelic stick whirl condition.

P = 117,000 1b. (Ref. page 73)
The available fatigue notch factor is estatblished below for lug shear-

out. The-material shear endurance limit is conservatively taken as 57
percent of the tensile endurarce limit.

Fog= (.57)(*130,000) = +74 ,000 p.s.1i.

The shear area is obtained from page 73 of this report.

A = 3.45 in2
£117,000 .
= = =izt o 3 G .5.1.
Ta faeq 3.5%5 34,000 p.s

The available fatigue notch factor is:
T4, 000

g = = 20
Kfev = TZ5-500 18

b

5.1.7 Main Roter Hub Assembly

The hub-assembly fetigue analysis consists of an investigation of the
blade retention pin, the reteption.pin lugs, and the adjustable link.
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5.1.7.1 Rotor-Blade-Attachment-Pin Assembly

Preliminary fatigue analysis has established the rotcr-blade-to-hub
attachment pin to be critical during the start-stop condition. An
analysis is conducted belcw to determine tne required pin section proper-
ties to establish approximately a 10,000-hcur service life when a fatigue
notch factor of 2.0 is applied to the 5-N dats. An investigation of the
normel flight condition is included tc demonstrate that the fatigue stress
is below the material endurance limit and nondamaging.

Material type: T .-6AL-4V solution heat-treated “itanium alloy.

Ftu
Fel
Preliminary fatigue analysis has established the following pin dimensions:

I

162,000 p.s.i.
130,000 p.s.i. (unnotched)

Outside diameter: D = 6.50 in.
Inside dia. at mid-span: d = 4.00 in.
n b L 3
7 = 6.5 - 4,00 23.1 1
w2Es) (6 Al

The equations used to determine the moments end stress levels are ob-
tained from page 78 of this report. The normal rotor operating speed
centrifugal force load is obtained from pasge 109 of this report.

Pop = 570,000 1b.
t
Mo = 20 [(n.375)+ (.5)(2.625)]
= ¥1,620,000 in-1b.
+1,620,000 )
fa = faeq = ——z—'é-j-f'i'— = t?0,000 p.s.i.

The rotor overspeed condition centrifugal force loading is obtained from
page 108 of this report.

P = 629,000 1b.

M = 2629,000 £y 575)4 (.5)(2.625)] = #1,790,000 in-1v.
) 41,790,000 _ -

fa = faeq = — gt = 77,500 p.s.1i.

The pin loading during the normal flight condition is obtained from
Volume IV.
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Pop = 570,000 1b.
My = 9.5 x 10° & 2.32 x 16° in-1b.
T =-1.81 x lO5 1b-1in.

From a review of Figure 2, Volume III, the flapwise moment induces shear
stress into the attachment pin, and the steady centrifugal force and
torsion induce a steady bending moment into the pin. itherefore, the
pin is analyzed for the alternmating shear load due to flapwise bending
developed during the normal filight condition.

P 2 [ 2 '
P =ﬂ_€_? + EF—] + [E] where: 4 = 14.00 in.

2 4 4

V[gz 1107 , (9. 22’,1051) :{:00(2 22)(105)] [ 1.8 105]

= V(352,9oo % 16,600)2 + (12,900)2 = 353,000 %+ 16,600 1b.

z (6.9)° = 37.2 in°

- 355.002;2161600 = 9,500 & Lb6 p.s.1.

= (446) = £495 p.s.1.

>
t

faeq

The material shear endurance limit is conservatively taken as 57 percent
of the tensile endurance limit. The mterial tensile endurence limit is
obtained from Figure 53 of ‘this repert.

Fe‘s: (.57) (£65,000) ft}j,QOO p.s.i.

The available fatigue notch factor is:
= 2100 _ 4.8

Ktov = 95
' TABLE 6
_ . BLADE ATTACHMENT PIN FINITE LIFE ES"'IMATION .
(1) (2) (3 (k) (5) ( 6)
3 -fael N-Cycles 4 Occur. | Cycles/Hr.. Hour € ‘Occur/Hr.

| Figure55 | Page 9% | Page 94 | -(2)/(4) (3)/(5)
+£70,000 | 1.6 x 107 91.0 4.0 hox10%| .00228
77,50 | 1.5-x 10% 9.0 4.0 | 3.75x10°| .00240

495 e = . = =
' ’ T = .00L468
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-6%% = 21,400 hours

Service life: S.L. = 1,250 + (.375)(21,400) = 9,300 hours

Calculated 1life: Lc

5.1.7.2 Analysis of Blade-to-Hub Attachment Lug

The blade-to-hub attachment-lug analyvsis consists of an investigation of
the alternating centrifugal force loading developed during the rotor
overspeed operation for the start-stop condition and the normal flight
condition to demonstrate that the equivalent alternating stress developed
is below the material endurance limit and nondamging

The lug section properties are obtained from page 76 of this report.

Sheer area: A_ = 10.15 in®

The centrifugal force loading during the rotor overspeed operation is
obtained from page 108 of this report.

Pop 629,000 1b.

_ 629,000 _

. The material shear endurance limit is conservatively taken as 57 perceht

of tensile endurance limit.
Fegs = (-57)(£130,000) - 474,000 p.s.1.

The available fatigue notch ﬁctor is:

K = ﬂ.@ =
fav 431,000

The 1lug lceding during the norml flight COndition is obtained from page

114 of this report.

P = 553000&1660011:

. - 353,000 + 16,600 _
98 16.15 3%&)0&16‘+Opsi

faeq = Fro3r - (41,640) = 42,60 p.s.i.

The available fatigue notch factor is:
o 74,000
Ktav ‘15‘,"665 28.4

5.1.7.3 AdJjustable-Link-Assembly Analysis

Per the discussion in Section 5.1.6.2 , the maximum adjustabie-link loagd-
ing occurs during the transient cyclic stick whirl condition.
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P = %117,000 1b. (Ref. page 111)

The lug shear area is obtained from page 81 of this report.

6.28 in2
B +117,000 _ ot
fa faeq— —6758-— = 18,600 p.s.i.

The lug material is T1-6AL-4V titanium allcy, and the sheer endurance

1imit is conservatively taken as 57 percent of the tensile endurance
limit. .

F = (.57)(*¥130,000) = +7L,000 p.s.1.
el

A
5

i}

The available fatigue notch factor is:
74,000

Kfay = 118,600 3.98
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