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PREFACE

Contained in this report is the theoretical methodology used in developing

an analysis for the response of blades subjected to soft-body impacts and

a description of the computer program that was developed using the theory

as its basis. This work was conducted at Hamilton Standard, Division of
United Technologies Corporation, Windsor Locks, Comnecticut, under NASA

Lewis Research Center Contract No, NAS3-20091. The analysis was based upon
three fields of study. The development of the modal equations was carried
out by Messrs. W. W. Westervelt and N. E. Houtz. The development of the
equations used for the missile model, based on studies of 2-dimensional and
3-dimensional fluid jets, was carried out by Dr. R. W, Cornell. ‘'the develop-
ment of the interactive equations, geometry, general methodology and computer

program was carried out by Mr. A. Alexander.

This program is an outgrowth of two analyses that were previously developed

for the purpose of studying problems of a similar nature: a 3-mode beam impact
analysis and a wmulti-mode beam impact analysis. The program utilizes an
improved missile model that is interactively coupled with blade motion, which

is more consistent with observation. Tt takes into account local deformation at
the impact area, blade camber effects and the spreading of the impacted missile
mass on the blade surface. 1In addition, it accomodates plate~type mode shapes,
The analysis represents a significant improvement in the development of the
methodology for evaluating potential fan blade materials with regard to foreign

object impact resistance.

The work was monitored by Dr. C. C. Chamis of NASA Lewis Research Center and
was conducted during the periods January 1976 to August 1977 and February

1978 to July 1978.
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Z‘, PAGE INTENTIONALLY BLARK



TABLE OF CONTENTS

SECTION PAGE
I INTRODUCTION AND SUMMARY « + « & « &« &4 v & » & 1
1.1 Background I T S 1

1.2 Objectives and Approach . « « « + « « . . 1

1.3 Summary and Conclusions =+ + o + « « &« . . 2

IT THEORY AND MATHEMATICAL FORMULATION « . . . . . §
2.1 Missile and Blade Geometry » + « « o o« + . 3
2.1.1 Planform Reference Frame . . . . . 5

2.1.2 In Plane/Out of Plane Reference
Frame s e e s e s s e e s oea e s 6

2.1.3 Blade and Missile Coordinates . . . 6
2.1.4 Impact Coordinates .+ « « « + o . . 10

2.1.5 Relative Impact Velocity and
Angle  « &+ 4 4 4 s 4 4w 4w .. 11

2.2 Devalopment of an Improved Missile Model . 12
2.2.1 Definition of an Oblique Angle
Impact of a Fluid Jet on a

Surface + % s e s« s s e s e« . 19

2.2.2 Location of Forward and Backwash
Flow ATea FacesS + « o s « o « o « . 292

2,2.3 Pressure Distribution . . « . . . . 24

2.2.4 Effect of Blade Camber on
PreSSUTE +» v o o o = + & o o « o« « 25

2.3 Modal Analysis . . ¢ . . 4 v 4 4 . . . . 28
“”; 2,4 Basic Problem Flow Diagram . . . » . . . . 3&

) III COMPUTER PROGRAM DESCRIPTION & o « o o « o o o 35

Correlation Between Theoretical and
Coded Variables o v v v o 4 o o o o o . . 36

K U ER = X« T ; . . ; .« e ; « - 37
3.1.1 Ipput Vardiables - » « = « « . . . . 137
3.1.2 Problem Initialization . . . « . . 38
3.1.3 Printout of Initial Conditiens . . 41

3.1.4 Time Step Increment Entry Point . . 41
\\/  PA2E INTENTIONALLY BLANK v



O

=
L)

SECTION

3.2

3.3

3.4

3.5

3.1.5

3.1.6

3.1.7
3.1.8

3.1.9

3.1.10

3.1.11

3.1.12

3.1.13

3.1.14

3.1.15

P3D-3D
3.2.1
3.2.2
LAMBDA
3.3.1
3.3.2

CAMBER
Due to

3.4.1
3.4.2

REGICN

TABLE OF CONTENTS

Blade Chord Angle and Blade
Segment Angles . + . « o o 4 & - .

Forward and Aft Points of
Missile Sections . + ¢ « & o &« 4

Missile—-Blade Contact Points . . .
Time Step Size ., . & 4 & = « « « &

Relative Impact Velocity and Angle,
and Adjusted Time Step Size . . . .

Impacting Missile Section Length

Node Pressures Due to Initial
Impact s e » 8 & 8 ® & % 8 ® ® @«

Node Pressures Resulting from Im—
pacts During Previous Time Steps -

In Plane and Out of Plane Node
FOrC_ES *« &« ¢ ®» § & @& 8 4 0 8o = e =

Modal Analysis + - « + & 4 . . .

Time Update, Data Output, Return
to 800 for Next Time Step =« » - -

Pressure Distribution Integration

Input Variables B
Discussion =« » s » = s = « @« s « &
— Tteration Solution for Aé .« ..
Input Varilables « s e e s e e s
Discussion .« » ¢« o « ¢« & o = & o

— Calculation of Pressure Effects
Blade CurvatuUTIe . « « « o « = & s« &

Input Variables . - - « &« « &+ & « &
Discussion « + « ¢« ¢+ + = & ¢ < & o

—~ Determinacion of Blade

Curvature Region « « » « = + ¢ & + o « &

3.5.1

3.5.2

Input Varilables I

Discussionn « = « ¢ « ¢ &« & = s & o

vi

PAGE

41

42
46

46

47

47

48

48

50

ol
52
52
52
52
52

53

54
54

54

55
35

56



e S

SECTION

3.6

3.7

3.8

3.9

3.10

3.11

3.12

TABLE OF CONTENTS

INCURV - Calculation of the Inverse of the
Curvature Radius Corresponding to Region

JC]_ ® 5 4 & & & 8 e ® 2 =3 & = e & o & »

3.6.1 Input Variables

3.6.2 Discussion =+ + « s &+ ¢ & & &« & s W

PRESUR - Pressure Over a Node

3.7.1 Imput Varlables

3.7.2 2-D PreSSUTE + ¢ o » o s o « o s »
3.7.3 3-D Pressure -+ ¢ ¢ 4 4 s 2 s o4 s
3.7.4 Camber Effects . . + . « « & + o .
MODAL -~ Calculation of the Blade

Response to the Loads on the Blade During
ATime Step .+ « & « « o« 4 o o o + »s o« & &
3.8.1 Input Variables . + = & +« « & &« & .
3.8.2 Discussion . + & &« 4 4 4 4« v o
PRINTP - Pressure Distribution Printout .
3.9.1 Input Variables - +« o « » « » « o« »

3.9.2 Discussion « « « « ¢ & & & o 2 o .

PRINTV- Displacement and Stress Qutput
Data Arrangement and Storage =« + - « + -

3.10.1 Input Variables c e e e e s s oo
3.10.2 Digscussion =+ + « & o & o 0 « ¢ &

PRINTR - Displacement and Stress
Printout « & & & 4 &« 4 4 v 4 2 4 v e e e

3.11.1 Inpuv Variables + + o« « v v & &« 4« .
3.11.2 Discussion . o + + « + v e & & &

PINIT - Initial Impact Force

.
s
-
L]
.
.
.

3.12.1 Input Variables I R T

3.12.2 Formation of Impacting Missile Portion

3.12.3 Impact Location, Relative Velocity
and Relative Angle of Incidence . .

vii

PAGE

56
56
56
56

57

58

58
58
58
60
60

60

60
60

61

62
62
62
62
62

63

63



.
-

SECTION

v

TABLE OF CONTENTS

3.12.4 Coefficients Associated With the

Fluid Jet Model

-

-

L N

3.12.5 Impact Force and Equivalent Pressure . . .

3.13 Detailed Flow Diagrams
3.13.1 MAIN - « « . . .
3.13.2 P3D .+ « . . ..
3.13.3 LAMBDA - -~ . . .
3.13.4 CAMBER + « «+ « .
3.13.5 REGION « « . . .
3.13.6 INCURV - . . . .
3.13.7 PRESUR « + . . .
3.13.8 MODAL . . . . .

3.13.9 PINIT . . . . .

.

INSTRUCTIONS ON THE USE OF THE PROGRAM

4.1 Problem Definition - -
4.2 Missile Description . .
4.3 Modal Data . . . . . .
4.4 Blade Description . . .

4.5 Output + + . w4 . .

4.5.1 Pressure Distribution

4.5.2 Poor Convergence in Subroutine

4.5.3 Displacement and
DEMONSTRATION PROBLEMS . .
5.1 Impacts on Rigid Plates

5.2 30-Degree Impact of a 1
Simulated Q-Fan Rlade

5.3 Recommendations . . .

REFERENCES R

BIBLIOGRAPHY e e e e
TABLES s & e e e e s e e .

APPENDICES &+ o 2 o o = o o o

Stress

PAGE

64
64
65
66
77
80
81
32
83
84
85

86
a9

89
91

92

95
96
96
96
97

98
98

99
102
103

107
109

155



LIST OF TABLES

TABLE
NO. PAGE
I EXPERIMENTAL IMPACT DATA & 4 & 4 o v o o 2 o o o o o = » « » 109
iI RELATIONSHIPS FOR 2D, 3D AND GENERAL SYMMETRICAL
MISSTLE MODELS & 4 4 & 4 2 % o o o« o « o o o o o 5 o « « . 110
III PRESSURE RATIOS FOR 25, 45 AND 90 DEGREE IMPACTS OF
CYLINDRICAL MISSILES ON RIGID PLATES . . . . + . . « » . . . 111
IV INPUT DATA TO MMBI PROGRAM FOR ANALYSIS OF 30 DEGREE
IMPACT OF A 1 LB. SPHERTICAL MISSILE + & « « « o o o o o o » 112
APPENDIX A
IA PEAK PRESSURE AND ELAPSED TIME AT PEAK PRESSURE + « « « » « 157

ix



LI

FIGURE

NO.

10

11

12

13

14

15

16

17

18
19

20

21

LIST OF FIGURES

BLADE FACE MAPPED OUT ON PLANFORM PLANE ., . ., . . .« . 4.

BLADE CROSS SECTION IN IP-GOP FRAME Tt s e e e e e ..
BLADE SEGMENTS IN IP-Q0P FRAME ., . ., ..., ... - e e .
MISSILE SECTIONS IN IP-QOP FRAME . . . .. .... * « e s
MISSILE DEFINITION . . . . . L T T
INITIAL MISSILE AND BLADE GEOMETRY . . ., ., ., . . . . .

MISSTLE AND BLADE GEOMETRY DURING TIMES OF IMPACT . . . . .
DETERMINATION OF BLADE SEGMENT TO BE HIT ., . . S e e e 4
TWO-DIMENSTONAL JET MISSILE PER SCHACH . . ..., .. . . .
STREAMFORM FOR 2b JET PER SCHACH . . . . . ..... . e .

PRESSURE DISTRIBUTION FOR 2D JET - MEASURED, SCHACH AND
APPROXIMATIONS . . ., . . . f e e e e w4 .

PRESSURE AND VELQCTTY DISTRIBUTIONS FOR 60° IMPINGEMENT
OF A 2D JET ~ SCHACH AND APPROXIMATIONS * et v e s e e ..

PRESSURE DISTRIBUTIONS FOR A 15° 2D JET ~ SCHACH AND

APPROXIMATIONS . . . . . T T
LOCATIONS FOR A 2D JET OF IMPACT FORCE AND STAGNATION

POINT - SCHACH AND APPROXIMATIONS T T
3D JET MISSILE MODEL PER SCHACH e s e e e s s e 4.

PRESSURE DISTRIBUTION FOR A 3D JET - MEA

SURED AND SCHACH'S
THEORY ., . L T T,

NORMAL IMPINGEMENT OF A 3D JET - PRESSURE, STREAMFORM AND
VELOCITY DISTRIBUTIONS (THEORY AND TEST) . . . .. .. ..

3D JET LOCATIONS OF IMPACT FORCE AND STAGNATION POINT . . .
VARYING MULTI-SEGMENT MISSILE . .. ... ... s e s s .

APPROXIMATION OF GENERAL SHAPED MI

SSILE FROM 2D AND 3D
JETS . T e e e 4 s e e .

& a e g ° e & LI ) = o

APPROXIMATED STREAMFORM PARAMETERS « » o & o » o . , ., o e

}l-‘fﬂn".

PAGE
119
120
121
122
123
124
125
126
127

128

129

130

131

132

133

134

135
136

137

138

133



oA W
. .

FIGURE

NO.

22
23
24
25
26
27
28

29

30

31

32

33

34

35

36

1a

2A

PATH AND LOCATION OF AN ELEMENTAL VOLUME OF FLUID

INITIAL AND FINAL FORM OF AN IMPACTING MISSILE PORTION

LIST OF FIGURES (CONTINUED)

GENERAL IMPACTED MISSILE MASS DISTRIBUTION .

SPREAD OF INPACTED MISSILE MASS DISTRIBUTION WITH TIME .
ELEMENTAL MASS VOLUME TRAVERSING A CURVED SURFACE
BLADE CAMBER CURVATURE GEOMETRY
MISSILE MODEL USED FOR IMPACTS ON RIGID TARGETS

PRESSURE DISTRIBUTION FOR 250 IMPACT ON RIGID TARGET -
MEASURED AND MMBI RESULTS .

PRESSURE DISTRIBUTION FOR 45° IMPACT ON RIGID TARGET -
MEASURED AND MMBI RESULTS . .

PRESSURE DISTRIBUTION FOR 9Q0 IMPACT ON RIGID TARGET -
MEASURED AND MMBI RESULTS . .

FLAT PLATE SIMULATED Q-FAN BLADE MODEL .

SIDE VIEW OF SPHERICAL MISSILE MODEL .

CROSS SECTION OF SPHERICAL MISSILE MODEL

FLATWISE DISPLACEMENT RESPONSE 0
MEASURED AND MMBI RESULTS

TWIST RESPONSE OF SIMULAT
MMBI RESULTS

MODEL DISCRETIZATION FOR A TWO-DIMENSIONAL ELLIPTICAL
FLUID MISSILE INTERSECTING A RIGID FLAT SURFACE

AVERAGE IMPACT PRESSURE OVER THE IMPACTED SURFACE

VS TIME

APPENDIX A

-

ED

Q-FAN BLADE — MEASURED AND

xi

F SIMULATED Q

-

-

-«

w

*

~FAN BLADE -

PAGE
140
141

142

143
144

145

146

147

148

149
150
151

152

153

154

158

159



? LIST OF FIGURES (CONTINUED)
#

t FIGURE
) : NO. PAGE
. APPENDIX B
1B APPROXIMATE 2D MISSILE .« . o . . . . . . . . . e e e e . 161
i 2B APPROXIMATE 3D JET MISSILE .« » » « . . . . . e e e e e e 162
3B PRESSURE ELLIPSE DIMENSIONS AND OFFSET OF IMPACT FORCE . . . 164
APPENDIX D
1D DISTANCE OF RESULTANT LOAD FROM STAGNATION POINT FO
3D IMPACTING JET MISSILE « « o o » .« . . . C e e e e 4. 170
APPENDIX E
1E CORRECTION FACTORS FOR SPREADING AND PRESSURE LOADING
FOR GENERAL, SYMMETRICAL JET MISSTLE . o « « . . . . | e oo 175

e

xii



APPENDIX

APPEHDICES

Spring-Mass Elemental Missile Model « &+ ¢« ¢« ¢ ¢ « &« &

Uniform Pressure, 2D & 3D Oblique Impacting Jet Missiles

Approximation for 2D Cbiique Impacting Jet Missile. .
Approximate 3D Oblique Impacting Jet Missile . . . .
General Symmetrical 3D, Oblique Impacting Jet Missile
Supplementary Relationships for General Missile Model

Listing of Computer COutput Results for Demonstraticn
Problem 5.2 ¢ & ¢ 4 o o o o & « s 5 s « o s s a o «

Compiled Listing of Source Program and Subroutines. .

xidd

*

PAGE

155
160
165
167
171

176

180

252



NOMENCLATURE

Refers to the in-plane direction.

Refers to the out-of-plane directiom.

Directional vector on blade in the IP-0QP system, {(length)
Scalar length between nodes n and n+l on the blade. (length)
IP and OOP coordinates of a node on the blade. (length)

Angle between the IP axis and vector Gﬁ. (radians)

Directional vector along the missile length in the IP-0OP system. (length)
Scalar length of wvector ﬂk. {Iength)

IP and O0P coordinates of a point of the missile,. (length)

Initial impact angle between the missile and blade chord. (radians)

Angle between the vector ﬁx and the IP axis. (radians)

Magnitude of the velocity at node n of the blade. (length/time)

Magnitude of angular velocity of blade segment n about node n. (radians/time)
Magnitude of relative missile velocity in the direction of ﬁn. (length/time)
Magnitude of relative missile velocity in the direction of ﬁk. (length/time)
Magnitude of relative impact velocity. {(length/time)

IP and OQP coordinates of the center of jimpact on the blade. (length)
Magnitude of missile velcoity relative to the IP—-GOP system. (length/time)

Relative impact angle between missile and blade. (radians)
Distance measured from the location of the center of force of the

impact to the point on the bladc where the stream flow can be considered

to be parallel to the surface of the blade. {(length)

xiv



Distance between the stagnation pressure point and the location

of the center of force of impact. (length)

Distance between the point of intersection of the missile center—
line and the blade and the stagnation point. (length)

Thickness of the missile. (Length)

Distance between the center of force of the impact and the initial
position of the boundary defining the void formed on the positive
side of the flow stream. (length)

Distance between the center of force of the impact and the initial
position of the boundary defining the void tormed on the negative
side of the flow stream. (length)

Stagnation pressure = épvz (force/(length)z)

Mass density of the missile. (mass/ (length)3)

Pressure decay constant in the positive side of the flow stream,
Pressure decay constant in the negative side of the flow stream.
Pressure in the positive side of the flow stream. (force/(length)z)

Pressure in the negative side of the flow stream, (force/(length)?)

Displacement vector describing the it mode shape. (length)

Stress vector containing the chordwise, radial and shear components
of stress for the ith mode shape. (force/length)2)

ith modal mass (mass)

Critical damping ratio associated with the ith pode.

Generalized coordinate associated with the ith poge,
Characteristic natural frequency of the ith mode. (radians/time)

Damped natural frequency for the ith modae. (radians/time)
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SECTION T
ENTRODUCTION AND SUMMARY

1.1 BACKGROUND

The availability of an accurate and reliable method for the impact analysis
of aircraft engine fan blades can play a major part in designing these blades
for FOD (Foreign Object Damage) resistance and in assessing new materials

for blade applications. Over the past several years Hamilton Standard has
developed under company funding two modal analysis methods based upon beam
models. Improvements and extensions of these computerized methods, one of
which is a Three Mode Model and the other a more sophisticated and compre-

hensive Multi~Mode Model, provide the basis for the present program,

1.2 OBJECTIVES AND APPROACH

The purpose of the Multi-Mode Blade Impact (MMBI) computer program described
herein is to provide the analyst with a tool that enables him to study the
transient effects of soft body impacts on blades exhibiting characteristic

coupled modes. Included within this purpose are three major objectives:

2) The development of a consistent missile model

b) The ability of the program to model the spreading impacted
missile mass with respect to time.

¢} To provide informsiion on deformations, pressure distribution and

stresses at the impact region of the blade, as well as over the entire blade.

The approach used in developing a missile model was based upon theoretical
and experimental information associated with incident £luid iets on surfaces,.
The model is a general, symmeirical 3~dimensional fluid jet which is
apfroximated by taking into account the combined effects of 2-dimensional

and 3-dimensional fluid jets,

T
The spreading missile mass s modeled as an expanding oval consisting of
a 2-dimensional streamform at its center and a 3-dimensional streamform

at its outer limits.

e



With respect rto the blade the Program utilizes a 2~dimensienal surface

with mode shapes consisting of the coupled plate modes of vibration
associated with the blade. By including the higher modes of the blade
in the Program, local deformations and stresses can be determined in

the impact area.

1.3 SUMMARY AND CONCLUSIONS

The MMBT Program is based upon a theoretical anpd experimental

analysis of incident 2-dimer.sional and 3~dimensional fluid

jets combined with the methods of moda] response analysis. The

geometrical representation of the Problem is based upon 2 right-handed
systems of reference, The entire surface of the blade isg represented

on a 2-dimensional Planform modei qf the blade face upon which the pressure
and impacted missile mass distribution is mapped out. The interaction
between the missile and blade is represented in a 2-dimensional reference
frame defined by the rotational axis of the blade and an axig lying in

the plane of rotation, For consistency the Program uses the methods of
vector analysis ro determine the missile and blade locations throughout

the duration of the problem, The solution for blade response during each
time step interval ig obtained from a closed form solution of the uncoupled

modal equations of the system, using the results of the previous time

step as initial conditions,

During the impact event the blade and missile interaction
Program accounts for the following effects:
a) local Perturbations on relative impact angle and velecity
due to blade response
b) initial and ending effects of the missile forward and afr shape
c) Ppressure variations due to the blade face curvature,

-2
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The program provides an efficient method of analyzing the response of
blades subjected to soft body impacts at a minimal cost to the user. Such
problems as time step size, missile size variation, blade load variation
and the spreading of the missile mass on the blade surface with time are
handled as entirely internal problems to the program. The outputs avail-
able to the user include:

1) Pressure distributrion variation with respect to time.
2) Gross blade displacements with respect to time.
3) Local deformations of the blade surface at the impact area.
4) Gross blade stresses with respect to time.

53) Local stresses at the impact area.

Detailed verificartion of the program is described in Sections 5.1

and 5.2 where results are presented for several cases that were

analyzed using the MMRT proaram and compared with test data, The

program was first used to analyze impacts of cylindrical missiles on rigid
plates for 25, 45 and 90-degree impact angles. These runs were primarily

a check on the computed pressure distribution and the spreading of the misnile
with respect to time. Within the accuracy of the test data, the program

was able to prediet both the shape and magnitude of the pressure distwibution,

corresponding to the three angles and, in general, showed good correlation

with test.

The program was then used to analyze the response of a simulated

blade subjected to a 600 ft/sec, 30-degree leading edge impact by a 1 pound,
3.75 inch diameter spherical missile. The blade consisted of a rigid,steel
plate bolted onto a titanium spar. Comparison with test results obtained for
the same problem show good correlation for the displacement of the blade.
With respect to the blade twist, test data was available for angular motion

at the blade tip while the MMBTI program outputs this data at the impact

-3~
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radius of the blade, A direct correlation for rasponse of the blade

in twist was therefore difficult, however a comparison of the response
duration showed good agreement with test. In addition, by considering the
modal aspects of the blade, the differences between test éata at the blade

tip versus calculated results at the impact radius are readily explained.

The results obtained for the demonstration problems presented in this
report are encouraging. However, a full evaluation of the capabilities
of the program should include a case which involves the effects of blade
camber and local deformations at the impact area. Data for this case

is available from tests performed by Hamilton Standard on missile impacts

of the 3A Q-Fan Demo Blade under NASA Contract No. NAS3-17837.
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SECTION IX

THEORY AND MATHEMATICAL FORMULATION

The problem of multi-mode blade impact analysis can be organized into
three separate phases:

1. — Definition of missile and blade geometry

2, - Definition of missile and load distribution

3. - Modal response of the blade.
Phase 1 involves an interaction wvith the results of Phase 3 so that the
problem geometry can be updated at the end of each time step. Phase 2

consists of a further breakdown into three subcases:

2a. - Definition of a fluid jet impinging on a surface at an oblique
angle.

2b. - Distribution of pressures at the nodal points describing the
blade.

2c. - Effect of blade camber on pressure,

In Section 2.4 is a diagram depicting the basic problem flow, the details of

which are discussed below.

2.1 MISSILE AND BLADE GEOMETRY

The MMBI program uses two geometric reference frames to develop the problem

Beometyy.

2.1.1 Planform Reference Frame

To deseribe the distribution of the impacted missile mass on the blade face, the
three dimensional surface of the face is mapped onto a flar plane (Fig, 1). The
blade is untwisted and laid out on the plane such that the curved distance between
adjacent points on the three-dimensional surface is preserved., Chordwise distance
along the blade is taken along the absissa and radial distance is taken along the
ordinate, During each time step, the center of impact and stagnation "ressure
points are located on the planform representation of the blade face and the

spreading missile mass is mapped out relative to these two points (Section 2,2,2),

—5—



2.1.2 1In Plare (IP) / Out of Plane (0OP) Reference Frame

This reference system lies in a plane whose normal is parallel to the radial

axis of the blade such that the coordinate sSystem is a right-handed one, with

the rotational axis of the blade taken as the ordinate (Out—of-Plane or

0OP axis) and the absissa lying in the plane of rotation (In-Plane or IP

axis) (Fig. 2). The contour of the blade face at the impact radial station

-00P system; see Fig, 3.

U, = Ay @os(6 )17 + sin(6i7) 2.1.3(a)

where Ay is the length of segment (n, n + 1) and is given by

Ap =./ (xp41 = x,)2 + (Yn+1 - yn)2

and cos(n) = (xp41 - x5)/Ag

sin(8y) = (yp4q - Yn)/A,
X represents the IP coordinate of a node

v represents the 00P coordinate of a node
-

Y
il and jiare wnit vectors in the IP and QOp directiong respectively,
Next, the forward and aft ends of the missile are located relative to the

blade. The missile ig sliced along its length into six sections (Fig. &).

-

Each missile section x 1is deseribed by a vector T of length B, and angle R

relative to the IP axis. From Fig. 4

Cf;’,: Bk[cos(@)ﬁ +S£n({3)j‘ﬂ 2.1.3(b)

BX: Lenyfﬁ of missile section KSWXF-X})% ()gf*)%)& 2130

-6—



cos(e) = (%) B,
StN@= %)/ B,

Initially, the points (x.,yx) and (x'.,y'k) are determined from input

data.
Xo

Yo

];'J.(

1

Referring to Figs. 2 and 5, the user inputs the parameters:

IP coordinate of the missile centerline impact point

O0F coordinate of the missile centerline impact point

initial impact angle relative to blade chord line

radial distance from missile centerline to centerline of missile
section ¢

thickness of missile section k

length of missile section

offset (toward the aft end‘of the missile) of the front face of
missile section k relative to the forward most point of the
missile at the missile centerline

width of missile section k

*Note that Rg<0 for sections to the left of the centerline,

The initial blade chord angle, 90, can now be calculated from the relation:

where:

(Xfe :. e)

\/(’Vre Le) -+ )49 e)

Xt.e.»> Yt,e, refer to the IP and 00F coordinates of the trailing edge.

2.1.3(d)

8=cos™

and X1,e,, VL,e. refer to the IP and OOP coordinates of the leading edge

at the impact radial station (Fig. 6).

Note that there is a restriction that 85 be greater than 0 degrees and less

than or equal to 90 degrees.
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The absolute missile angle, B, is defined by
B = 85—, 2.1.3(e)

For each mimsile section k the coordinates, (x,,y.) and (%x"¢s¥') of the

forward and aft ends are given by

Xe = Xg + B Sin{B) - D¢ Cos(B)
Yk = Yo — Rg Cos(B) ~ Dy Sin(B)

2.1.3(f)
X' = Xpe-Be Cos(B)

¥ = ¥.~Bx 8in(R)

For times greater than zero the points (x,,¥,) and (x'K,y'K) are dependent

on the missile velocity, the total time elapsed during the previous time

step and the amount of missile section length that has impacted on the

blade during the previous time step, Fig., 7. Assuming that at time t the forward
and aft coordinates of missile section k are given by (%¢t,¥ee) and (et Yet), and
that the missile velocity relative to the IP-0OP frame is V, the aftend

of section k moves forward by an amount VAt, where At is the size of the time

step. The coordinates of the aft point at time t+At are given by:

x'K(t+At) X'xt + VAt Cos (8)

fl

2.1.3(g)

v (e+AL) Y «¢ + VAt Sin (B)

If, during the time t and t+it, a portion 6, of section k impacted on the

blade, then the length of section k at time t+At is

B{c(t-{-ﬁt) = Bet=6g

and the coordinates of the forward point for section k are given by

Xetwoaty Xoop* (VAL =4 JCOS(R)
e e V-4 )Si0(H)

-8
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By uvpdating the length of missile section k at the end of each time step, in
the same manner described above, the missile size can be continuously reduced

throughout the duration of impact.

Once the locations of the forward and aft points of missile section k are
established, the blade segment that is impacted by section kg can be
determined as well as the IP and OOP coordinates of the impact. From Fig. 8

define the vectors

A= (0 X )T + =403
/A\’ = (X,,*X);)LL +()4” “)’x)ﬁ 2.1.3(1)
Ef’—* (Xl T+ (Yoo Yo T

——

BK: (Xx—Xn)TZ * (}%‘Yn )jj

Using the expression 2.1.3(b)} for ﬁK the following cross products are

performed:
— ——
U, X A =Cz=
o TT = A
AeX U, =C E2

A — . \
where C, and C'K are scalar quantities and Zz is a unit vector perpendicular

2.1.3(5)

to the IP-OOP plane. Observing the right-hand rule for cross products and re-

ferring to Fig. 8, it can be seen that a line passing through the points (x.,v¢)and
1 1 .

(x¢s¥) will also pass between the nodes n and ntl if both Cp and Cé are greater

than or equal to zero. This criterion is used to establish the blade segment

that will be hit by missile section kK during a time step.

Fyrthermore, from the crcss product:

>t

Be X Bp = Dy 22 2.1.3 (k)

(where D¢ is a scalar), it is seen that for:
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D>0: point (xx,xn) is behind the blade and the
missile position will have to be adjusted by
moving it aft along its centerline.

D.=0: point (xx,yx) is in contact with the blade.

De<0: point (xx,yﬂ) is in front of the blade and the
missile position will have to be adjusted by

moving it forward along its centerline.

2.1.4 Impact Coordinates

The location of the impact point for each missile section is determined by
rerforming cross-products on vectors lying along the missile length and blade

segment direction, respectively. A unit vector lying in the direction of the

missile length is given by
o -+
B¢ = Cos(p)il + Sin(p)j] 2.1.4(a)

The vector T; which lies in the direction of the missile length between the

point (x,,¥.) and the impact point (xi,yi)K is given by

Lo = (xo-x50) il + (e-yie)iT 2.1.4(b)

- -
Performing the cross-product between L. and K, and noting that the two vectors

are colinear results in the expression

(%~%1,) S1n(B) = (¥—y1ik} Cos (B)=0 2.1.4(c)

) - : > _>
In a similar manner consider the unit vector N, and the vector R, where

N=cos(e)Tt +Sin@)Td
R Gt By T

Both of these vectors lie in the direction of blade segment . Performing

2.1.4(d)

-> >
the cross—product between R, and N results in the second expression involving

(XixsVig), i.e.

(x{k—%n)Sin(8,)~(yix—yn)Cos(8,)=0 2.1.4(e)
—10-
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Solving equations 2.1.4(c) and (e) for Xiy and performing some trigonometric

manipulations results in

[(ye-yn)Cos (B)-x,Sin(B) ] Cos(ey) + xnSin(8,)Cos (B)
Xig = 2.1.4(F)
Sin (8,-B8)

Substituticn of the result from 2.1.4(f) into either 2.1.4(e) or 2.1.4(e)

will yield the value for Vs

2,1.5 Relative Velocity Impact and Angle

Consider the blade segment n with velocity veetors 3h at node n and
3ﬁ+1 at node n+l given by

.—..\._'r\ 9, —ed

Vo =X TL+ Y, di

—

.vn:u: 'n-H-L_Z.-‘- )ym!ﬁ

where the dot signifies the first derivative with respect to time. The

2.1.5(a)

angular velocity wp' of blade segment n about node n is given by

W, = Xh-&-l—'xh — s,/hﬂ _\Z.n 2.1.5(b)
" Ve Ye T Kol X e
Yarr=VYa n+n

The IP and O0OP velocity components for a point (xi,yi) lying on blade segment

n between nodes n and nt+l, are given by
X;‘_:Xn‘(YL"yn)wn
>Q':.>474'6X£_J(h)ﬁdh
.o, 2.1.5(d)
ﬂDE::zkl le +'>¢ J:T

where 3i is the velocity vector of point (xi,y4{). The component of 3i in the

2.1.5(c)

direction of the missile length is determined from the dot product of 2.1.5{d)

with the unit vector given by 2.1.4(a), i.e.

Vi = xiCos(B) -+ v1Sin(g) 2.1.5¢e)

Similarly, using the first of the expressions 2,1.4(d), the magnitude of

~11-



the velocity for point (xji,yi} in the direction of blade segment n is given by:
vy = %y Cos(By) + yiSin(6y) 2.1.5(8)
The components of the relative impact wvelocity for missile section

¢ impacting at point (xj,yi) are therefore given by
Voe= (¥-V40) 81 ()~ Vo 8 (B

where Vo, is the velocity of the missile relative to the IP~00P frame.

2.1.5(g)

From the dot product of the vector with components given by 2.1.5(g) and
the unit vector im the direction of blade segment n, the relative impact

angle, 0., is given by:

XoeCo8BR) + Y SiN(8N)

V%)™ + (e f

2.1.5(h)

o= 0S5

where the quantity Vr?kK)z + (3},()2 is the magnitude of the relative impact

velocity.

2.2 DEVELOPMENT OF AN TMPRAVED MISSTLE MOULL

Experimental impact tests using birds show that they hehave essentially
as a fluid during impact; see Reference 4. However, in view of the
short length of the missile, it would also be desirable for the model to

account for the transient effects caused by the beginning and ending of

the missile.

A literature search was conducted with the hope that an existing solution could
be found for ome or both of the above problems; see references and biblicgraphy.
Analytical solutions for the steady state, cylindrical case of a 90° jet and

near 90° jet impinging on a flat surface and for the steady state two-dimensional

-12-
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case of an angled jet impinging on a flat surface, were found in the literature;
see References 5 and 6 and Reference 7, respectively. Several papers were

found on the numerical solution of the transient/steady state case for cylinders
and spheres impacting rigid plates at 90°%; see Refereﬁces 8 and 9. However,

no solution was found for either the general case of a steady state or the
transient/steady state fluid missile impacting obliquely on a flat plate.
Several papers actually commented about the lack of such a general solution; see
for example References 10 and 11, Numerous papers and reports were found dealing
with both steady state transient oblique incidence of fluid jets, which could be
used for a data base and for evaluating any analytical results; see References
6, 7 and 11 throtzh 16, A summary of the scope and information available

from these tests is given in Table I.

Because no general solution of the jet impact problem was found, the following
five possible approaches for developing a missile model were considered:
1. Develop an empirical model based on available test data
2. Develep a three-dimensional analysis of an incompressible inviscid
jet of fluid
3. Develop a finite element transient/steady state solution
4, Develop a finite difference transient/steady state analysis of
liquid droplets

5., Develr u .1 asient/steady state analysis based on a spring-mass model

The first approach was considered cne of last resort and would be difficult to
do without a theoretical basis. The development of a rigouous hydrodynamic
model of an incompressible jet impinging on a flat plate did not appear feasible
considering the comments in the literature. The labor and coding complexity
required to develop a finite element solution was beyond the scope of the

present program ; see Reference 17. The finite difference program COMCAM

-1%-
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for the impact of liquid droplets loocked promising, see Reference l4; however,
at present the program handles only normal impacts and, therefore, would have to
be generalized for the oblique impacts analyzed by the MMBI program. The fifth
approach of developing a three-~dimensional transient/steady state analysis

of a compressible, inviscid liquid slug using a spring-mass model appeared to

be the most amenable approach and, therefore, was pursued.

The development of the analysis of the spring-beam missile model was performed
by Dr, Brice N. Cassenti of UTRC and is given in Appendix A, 1In this approach
the finite fluid slug of arbitrary configuration is broken into discrete
blocks. The pressure, volume, and position of each block is tracked as a
function of time, The momentum equations are satisfied by suimming the forces
acting on each face and the conservﬁtion of mass is enforced by making the mass
of each block a comstant function of time. The analysis was programmed, and
several two-dimensional impact cases with various degrees of grid fineness and
various impact angles were tun. The initial results from this approach loock
very promising, giving reasonable values of the back flow, the initial uniaxial
impact pressure peak (PpCoVy - Hugoniot), and the later steady state flow
bpressure, However, during the period of steady pressure the solution tends

to be unstable. To rectify this stebility problem and to improve the accuracy
of the model required time and funding beyond the scope of the initial
contract., A planning document to cover this additional effort as a supplement

to the present coatract was sent to NASA~Lewis in early February, 1977,
In the meantime, some approximate steady state two and three-dimensional fluid

jet missile models were developed. Both of these crude models assumed a constant

pressure of 1/2 y2sip? over the effective impact area, which was based on the

~14—
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low angle test results given in Reference 4. The derivations of these two approxi-
mate analyses are given in Appendix B, Later, it was discovered that the test
results in Reference 4 were in error even for low impingement angles, so that the
assumption of a constant pressure over the impact area was not a good approxima-

tion and resulted in poor correlation with test results; see Figure 11.

In January 1977, two German papers by Schach, References 5 & 7, were obtained
which pertained to the two~dimensional oblique impacting jet and the three—
dimensional cylindrical oblique impacting jet. The former case was solved by
conformal transformation and the latter case, although not solved, was shown
to have certain characteristics which agreed with experimental test results,
Based on these two papers and Refeé&nces 5, 7 and 12, approximate analyses
were developed which agreed well wghh the available test data. Originally it
was planned to use these more rigorous analytical models in place of the above

crude models Tor only the 3D Blade Impact Analysis (References 1 and 2), but be-

cause the supplemental funding for completing the spri.g-mass model did not

materialize, it was decided to use it glso for the MMBI analysis,

Two~Dimensional Oblique Impacting Je:

Although many papers and texts, foy example Reference 18, give the elementary
hydrodynamic solution for the flow split and center of force for a two~-dimensional
jet obliquely impinging on a flat plate, Schach's solution, Reference 7, is the
only known general solution from which the complete boundary, pressure and

verocity distributions can be calculated,

Figure 9 summarizes Schach's expressions for calculating the. pressure and velocity
distribution, and rhe locatious of center of force and stagnation pressure for a
two-dimensional jet missile, The calculated streamform and pressure distributions

for various impingement angles are given in Figures 10 and 11. For very small

15—
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impingement angles ¢y, which are of Prime importance, Schach's solution places
the location of the stagnation pressure point outside of the jet envelope.
Also, the total lmpringement load on the plate appears ta he greater than it
should be for small imp vgement angles; see Figure 13. It is believed this ig
a result of his approach of deriving the location of the stagnation point based
upon points on the jer boundary for which the value of the conjugate velocity
vector is w=Expe(-i04/2). Because of these apparent deficiencies in Schach's
solution, an approximate model was developed based on an exponential pressure
distribution; see Appendix €, Thig model satisfies all the hydrodynamic load
and moment criteria, but places the stagnation pressure location at the edge of

the jet for very small impingement angles,

Figure 11} compares the pressure distributions derived by Schach, the originail
crule constant BPressure apnroximation given in Appendix B, and rhe exponential
approximation given in Appendix C. Figure 12 pPresents a comparison of pressure
and velocity distributions given by Schach's solution and the two approximations
for a 600 impingement angle, and shows the exponential approximation correlates
very well,  Figure 13 Presents a comparison between the Schach's solution and

the exponential approximiation for a [50 impingement angle, and shows reasonable
dgreement except for the location of the stagnation pressure, Figure 14 presents
& comparison of the centers of force, e/a, and stagnation pressure, egla, for

both analyses. por small impingement angles the center of force occurs at the
cdge of the Jet; hovever, for Schach's solution the distance of the stagnation
bressurce point to the center of force, f/a, gaes to (In 4)/% rather than zero,

sa that the stagnation pressure occurs outside the jet. Figure 14 showsthis does
not occur for the approximate solution. It is possible to make the location of
the stagnation pressure for the exponential approximation match Schach's values;
however, the resulting exponential coefficients below 22° hecome illogical, It

is also possible to define the exponential approximation so that it fits Schach's

-16~
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solution more exactly for the higher impingement angles; see Appendix C and
Figure l4. However, because the improvement is minor, the extra complication

of the more refined approximation was not deemed worth it.

Three-Dimensional Oblique Impacting Jet

There appears to be na general solution for 3 cylindrical jet obliquely
impinging on o flat plate. However, a solution by Schach was found for 909
inpingement; see Reference 7. Reference 5 by Schach presents some

concepts and test results which could be used to develop an approximate
analysis for the general case of a cylindrical jet obliquely impinging on a
flat plate. Thisg concept foilows the same gencral approach given in Appendix
B, but assumes a more realistic form of pressure distribution rather than a
consteot pressure distribution. Appendix D gives the development of this
approximate 3D jee analysis, which assumes that the flow is radial from the
stagnation point. This assunption has heen essentially substantiataed by tests;
see Reference 5. Figure 15 depicts the nomenclature for a cvlindrical jet
lmpinging at an angle on a flar plate. Schach solves for the squashing and
spreading of the jet based on the assumption that the fluid in each sector of

the jet remains in the deflected sector.

Figure 16 gives a comparison between the measured pressure distribution given
in Reference 5 for a Q0 tmpingement angle and that given by the approximate
theory d-veloped in Appendix D, The theory matches the test results extremely
well for all azimuth positions. The theory was checked by applying it to the
normal or 909 impingemont case for which there is a theoretical solution, see
Reference 7, and test measurements, see Reference 12, Figure 17 compares the
results {rom the approximate theory given herecin and the results in these two
references with regard to squashing thickness, velocity, and pressure distribu—

tions., Again, the approximate theory is found to agree very well with measure-
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ment and the formal theory. Figure 18 presents a comparison of the centers
of force, e/r, and stagnation pressure, g/r, for both test and the approximate

analysis. The correlation is excellent as far as there are test results, i,e.

30° up to 90°,

General Three-Dimensional Oblique Impacting Jet

Although misuiles impacting blades are of arbitrary shape, they can be usually
depicted approximately as either an ellipsoid or a cylinder, However, be-
cause of the impacting angle, the finite length, and the orientation of the
missile with respect to the impacted airfoil surface of the blade, the

simple 3D jet representation given above cannot be used directly to represent
the missile. Instead the missile must be approximated by a combination of a
2D jet and a 3D jet; see Appendix E. The shape, and therefore, combination of

2 and 3D jets will vary with time because of the end effects of the missile;

see Fignre 19.

For the MMBI Analysis the impacting section of the nissile is assumed

Lo consist of a 2D jet in the center bounded by halves of a 3D jet; see Figure 20.
As the front of the missile progressively impinges on the airfoil the impacting
area and shape grows and changes. For a cylindrical wissile, the approximation
given in Figure 20 degenerates to a cylinder once the end effect is passed. 1IF
the missile is a slice of a cylinder or bird, the approximation requires thar

the spanwise width be a constant, so that the spanwise Planform of each parallel

division must be gz rectangle; see Figure 20,

The location of the impact force and Stagnation centers are assumed to be the
weighted average of those for the 2D and 3D jets making up the particular cross-—

Surtion.,  The resulting pressure loading and squashing thickness distributions are



modified values of the corresponding 2D and 3D jet results, so that there is no
discontinuity between the two; see Appendix E, The former is done on an incre—
mental load basis, whereas the latter is done on an incremental fluid area basis.
Because of the tying together of the 2D and 3D jet results in the analysis, the
squashing and spreading action of the 3D jet with distance from the stagnation
point will force the 2D deflected thickness to decrease and spread with distance.
However, the simple approach given in Appendix E for tying the 2D and 3D jets
together assumes a constant modified thickness and pPressure spanwise across

the 2D jet, which is probably not correct: however, it is doubtful that the

error introduced by this assumption is significant. Table IT summarizes the
expressions for defining the general jet missile based on those for the 2D and

3D jet missiles.

2.2,1 Definition of an Oblique Angle Tmpact of a Fluid Jet on a Surface

In order to use the equations developed in Appendices C, D and E and listed
in Table IT it is necessary to locate the frontal flow area faces of the 2-D
jet in both the positive and negative sides of the fluid jet split (Fig. 21).
This first requires a knowledge of the curved surfaces formed by the portions
of the incident jet during their transitions onto the impacted surface. The
approximation made here is that the curvatures take the form of a portion of =

circular cylindrical surface.

From Fig. 21, define the radii:

Ry = Radius of the avrc drawn from the point of flow separatiom, 0, to
the point Ay tangent to the impacted surface on the positive side of

the jet split.
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Ry = Radius of the arc drawn from the point of flow separation to the point A,

tangent to the impacted surface on the negative side of the jet split,

R = Radius of the arc drawm from the point of flow separation to the stagnation
point, S.P., on the impacted surface. Note that the center of this are lies

on the plane of the impacted surface.

It is also noted that the arcs defined by radii Ri, Ry and R are tangent to the
line O-F drawm through the point of flow separation parallel to the jet center-
line. The angle subtended by the arc defined by Rl is equal to «, the impact

angle, and the bisector of this angle passes through the point F. TFrom Fig.21

/g= RI. tan(a/Q) = R2 COt(C!/Z)

R=Rq(l +. )
A 2.2.1(a)

a
Rsing + £Cosa = R+g - 7 coto

From Table II, equation 8, the distance z,

"

hetween the impact center point Z and
the stagnation point is given by

d= &[COM“HM( %—%} [ﬂ(a(—)] 2.2.1(b)

where a is the jet thickness,

Substitution of the right-hand side of the second of expressions 2.2.1(a)

and the right-hand side of 2.2,1(b) into the third expression of 2,2,1(a)

and collecting terms yields

/605(0() +,é’[_3£n(a) --BB *c?’sﬁ)]taﬂé%): l%_a(g-%‘_")sm(q) 2.2.1(c)
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Using the trigonometric identities

- Sinfa) - [=C0S8()
tan(%)= [+Co8(x) ~  Slh)

Sthi(e) +C083A) =1
C08(x) = SLh(FE —~o)

in 2.2.1¢c) yields for.#

—-28a (1T ' l+5£n(°f) 2.2.1(d
/=28 (-i-—oc) Stsfzgof({g[_d) )] .2.1(d)

Note that le [@/ﬂ)— - ’

Using 2.2.1(d) in 2.2.1(a), expressions for R; and Ry in terms of the initial
incident jet thickness, a, and the impact angle &, can be obtained. Assuming

now that the incident jet velocity i1s V, and referring to Tig. 22, it is
observed that an elemental volume located at point P, which lies on the positive
portion of the fluid jet along the line (Q-F, will travel a distance d=Vot during
the time interval t, However, once the elemental volume has passed the paint

of flow sepavation, it will travel a distance S along the arc defined by radius

Rj. The angle subtended by S is given by

=3
¢ = R 2.2.1(e)

wh - & 053(x) 2.2.1(F)
S= L+ 3 EThi0)

The location of the elemental volume after time t, relative to the position

of the point F is calculated from:

h,: [~R, sin (a—®) 2,2.1(g)
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It is important to note that the location of the center of foxce of the

impact is at the point F.

2.2.2 Location of Forward and Backwash Flow Area Faces

Stream is continuous, Ip the MMBI program the missile is portioned into

Streams of finite lengths ViAty where:

Vi = Incident stream velocity

Aty = Time step length
From Fig. 23 note that the point Py, located at the backstream face of the jet,
a distance VIAT1 from the incident face at the beginning of the time increment,
will travel to the point Fetaty at the end of the time interval. The location
on the positive flow side of Pr+ats relative to the center of force F, is
obtained from 2.2.1(g). 1In order to locate at time t+Aty the elemental
voelume that originated om the negative side of the flow at point Py in the
beginning of the time interval, the moment of forces about the point F is
calculated. Since F is the location of the center of force, the moment about
this point must be zero and an expression can be derived for A9, the distance
between the center of force and the position on the negative flow side, of
the elemental volume at time t+Aty, From the summary of equations listed in
Table II;

Fressure on the positive side of the flow
- -Mgr *()(/a:)) 2.2.2(2)
E =P e "a-€

Pressure on the negative side of the flow

P=p g(’v‘g)(&_ e(X/‘a)) 2.2.2(b)

where P, is the stagnation pressure, and yj and Yo are decay constants in the

positiye and negative sides of the flow, Tespectively. Note that since x is
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measured from the stagnation point it is necessary to use the value

AL = ApHE 2.2.2(c)

where £ is the distance between the stagnation point and the center of force.

From Table II

-P-— (l—a‘d‘) SLﬂ(od) 2.2.2(d)

' 1
Integrating the moment due to P1 between the limits ]4 and zi + VIAtI gives:

MO0 ¢ e Pp0g). -2
aye [( ) @ )4 6'@"”?)}9#3;[@'%( 4 )4 él(‘g%“(f'hg)—;)] 2220

where Ji = Vybty

Py stagnation pressure

b width of flow

Similarly, for Py

g” - ‘r léf {6 (J) a§)+)§]—(l;{i+ X&)} ) 2.2.2(6)
ax e—%)[( /s ‘J’*é(%)‘ 45(75]_;;3; C‘(%f é(%)_ 1),7;.&3@5‘)(@9(%5)_ I) 2.

Equating the right-hand sides of 2,2.2(e) and 2.2.2(f) will yield an expression
in terms of Aé. The MMBI program uses the Newton-Raphson numerical iteration

method to obtain a solution forhé. Consider the function F(Aé) defined by

1
F(Ap) = M(Ay) = M(A]) = O 2.2.2(g)
As a first approximation assume F is a linear function such that
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T
where p; is an initial first guess for X, and Py is the desired value

necessary to make F equal to zero. Solving for Py

Elp)

E

If py is indeed the solution for which F=0 then a second trial, pq in the,

2.2.2(i)

equation

F(p)

o F{)
d s

yvield a value that is equal to py. In general this is not the case since F is

Ps=fh—

t
1ot truly linear. However, Py will be a better approximation for Ay (i.e., P3
will make F(p3) closer to zero than F(p2)). By successively applying the

above technique the solution for 2.2.2(g) can be obtained to any desired accuracy.

2.2.3 Pressure Distribution

As described in Appendix E an impacting missile is composed of
2 subdivisions, a 2-D and 3-D fluid jet., TFigure 24 depicts the

general model with the 2-D uniform flow spreading outward from the point lying a
T 1

distance Ao-A1 from the Stagnation mint and the 3-D portion of the Flow
2

spreading radially outward from Joints A and B. The location of the points A
and B is determined by a consideration of Fig. 24, Since the impact is assumed
to be symmetrical about the impact centerline, the points A and B are located a

distance w;a above and below the impact centerline where

= total missile portion width

= the radius of the outer extremes of the missile portion
which is equal to one half the missile portion thickness.

W
d a
an 2
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The rate of spreading of the forward and backwash flow area faces is taken

equal to the impact velocity. Figure 25 illustrates the scheme used in depicting

the spread of the impacted missile mass with time. Note that at the instant
the aft end of the missile portion reaches the impacted surface,a void of width
li"lé occurs, centered about the point Ai‘lé from the stagnation point. For
times after the void appears the spreading mass takes the form of an oval

ring expanding with time at the rate of the impact veloecity. The pressure
distribution is obtained from equations 2.2,2(a) and (b) for the 2-D portion of

the spreading mass. The pressure distribution for the 3-D portion of the mass

distribution is determined from the pressure relation in Table II for a 3-D jet,
el
p.p g - 7]
3 'o e

where yq is a decay coefficient associated with the 3D jet. The MMBI program
determines the load on the blade at any instant in two ways. At the instant
of impact the initial force is calculated by integrating the pressure over the
oval area defined by the 2-D boundaries
(S.P.—lé) (negative flow side)
and (S.P,+Ai) {positive flow side)
where S,P. is the location of the stagnation pressure point, and the 3-D

boundaries defined by the radius

[3 T
Al+;\2

(See TFip. 24)
2

For time increments after the initial impact of the missile portion, the blade
loads are determined by multiplying the pressure over each node of the blade

by an effective nodal area as described in Section 3.1.11.

2.2.4 Effect of Blade Camber on Pressure

As the spreading impacted missile mass traverses the blade it
encounters an additional acceleration due to the curvature
of the surface. The effect of this acceleration is to produce an

-25-~
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additional pressure normal to the blade surface. Consider an elemental volume

of mass traveling across the blade with velocity Vy (Fig. 26). If the instan~

taneous radius of curvature is R, then the force on the center of gravity

of the mass is

_ M VR

R

Fe.g. 2.2.4(=a)
where M = total mass of the elemental volume, Assuming that the masg has a
thickness Iy, length dLy, density pym and is of unit width, the mass of the
element can be expressed as

M = pptmdLy 2.2.4(b)
Substituting 2.2,4(b) into 2.2.4(a) and dividing through by dly results in an

expression for the pressure on the blade;

2
_ Fc.g. _ M bV,
Pcamber = dLy = ——%JE 2.2.4(c)

In order to determine the radius of curvature, the MMBI program divides
the blade surface into discreet regions of curvature along the chordwise
directionm. Referring to the description of blade geometry in Section 2.1.3 and
to Fig. 27, the midpoints of the blade segments are calculated and then used ro
establish the bounds of each curvature region. For the blade segments at the
leading and trailing edges the program uses the leading and trailing edge node
points rather than the midpoints of the segments. Given blade segments n and
n+l with nodes n and n+l for segment n, and nodes o+l and n+2 for blade segment
nt+l, the midpoint coordinates are determined from

Xp = g +E‘n Cos (enﬂ/a?.

Ym = ¥n +[Aq Sin (e )/

*mwtl = ¥+l + A+l Cos (6n+1]/éL

Ym+l = Yntg +En+1 Sin (en+1j/cl

2.2.4(d)
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where xp, yn, %41, Yat+ls Apns An+1,f3n and 6n+1 are as defined in Section 2.1.3.

Considering a circular arc that passes through the points m and m+l such that it

is tangent to the blade segments passing through these midpoints, the chordal

length of the arc is

Dchord = U/(xm"xm+1)2 + (Ym-ym+1)2 2.2.4(e)

The angle subtended by the arc is equal to the difference of the blade

segment angles, i,e,

Ap = Bpe; - B

The radius of curvature is therefore given by

R = Dehoxd

2.2.4(£)
2 Sin(A¢/2)

Substitution of this value in 2.2.4(c) gives the pressure at node p+tl due to the

mass passing over it,
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2.3 MODAL ANALYSIS

Consider a Tepresentation of the blade with n nodes such that the vector
V) = (v} =[vy vy vg.... Vil 2.3.1(a)

contains the out-of-plane displacements as represented by a lumped mass model
of & masses, Similarly, the in-plane displacements can be represented by W,

The total displacement vecter can be represented by the function

Vi

{¢}i = oW; 2.3.1(b)
91

where ¢ is a 2n vector. Thus ¢ represents the mode shape of the hlade and if

this mode shape corresponds to the eigenvector of the system for mode i and

they are normalized to a maximum of unity for the highest component, the function

is denoted 1 .

Corresponding to each displacement mode shape eigenvector is a stress mode shape

elgenvector, {S}i, which represents the chordwise, radial and shear stress

components at the location of each node for mode i.

The modal mass mj is defined as

mi = {4537 MM, ] (43 2.3.1(c)

where the Superscript T refers to the Lranspose matrix operation and Mp

Tepresents the mass matrix of the Structure, The subscript p refers

to the system pPhysical points usged to simulate a given property. The

mass matrix [Mp] is
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Mel = LMKI_ ¥

~
If the mass matrix is diagonal, then Equaticn {3)becomes

Emif = [M‘P}E

2
A
Y

)

{

2.3.1(d)

The loads must be transformed from Physical points to the generalized

coordinates corresponding to the mode shapes. This is accomplsihed by

the equation

and 2.3.1(e)

The use of normal medes provides an uncoupled set of differential
equations for each mode. This is because the modes are orthogonal.

The equations of motion for the ith mode are

oF
2.3.1(f)

where ¢4 is the generalized coordinate and

ﬁ - bi A ) ki
?'L Zm; Y ot mf
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The dots refer to time derivatives of the seneralized coordinate. The

general solution of Equation (7) is

t
E b= Fg., +Gg; +‘,;,%’/G(1‘-T) R(T)dT 2.3.1(g)
N . - - tm’

The functions F and ¢ are combinations of the homogeneous sclution

2; (t) = e (-2 VB — wg )(f—fn) 2.3.1(h)

which satisfy the initial conditions for unit values of the displacement

and velocity. TFor the case of underdamped ogcillations, T and G can be

calculated by the equations

F= 54&(@3 wh ¢ % SIN wk)_

. | 2.3.1(3)
G=5€ s a)h

where w2 = (Q012~Biz> and h is the time increment defined by (t-tp). The

velocities are also required and are given by the expressions

wk, —ih
F=- m°‘ e sy wh

2.3.1(3)

o - e'éh('cw wh %J/ St w}.,)

The remaining term of Equation 2.3.1(g) is a convolucion or Duhammel integral,

the solution of which, assuming P; varies linearly with time, can be evaluated
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by the expressions

2,3.1(k)

The values of the coefficients of Equations 2.3.1(k) are given by the

expressions
- 2 Z .
— 1 E? {%h [j w ';43 — hﬁg} SIN LU!L
hK.w ot 2.3.1(1)
zé’w
[ 2wb +hw cos a)}‘l.] —
w2
_éah X
- e T s ok + 2 cos o]
. 2,3.1{m)
283w
4% ﬂ3k - (d:% .§
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AI:— —“1“—'“ e—ﬁh[(ﬁmwj)sw wh + W cas wh]—w}

2.3.1(n)

B""" __j;__ (__ éﬁh[ﬁstn wh + wcos c.o]m] + W

2

where K = w, M;

If the generalized force is constant over the time interval h, the generalized

displacement and velocity as given by Bquations 2.3.1(k) reduce to,

2.3.1(0)
where

i_ 1 % -Bh -
A‘“E"ﬂ')“e [—551Nwh&wCusmkj+w

- -8h
B= E%‘_ e wozsw wh

Thus 1f Pj , = Pi, ntl the total solution at the end of the time period is

?i’)m!: F?{,n_“{- G?gn + /E\ Fg)n

2.3.1(p}

é£n+1= Fa, +G4d, +BP,
! j'z,rt ?i,n t,n
and the coefficients are given by Equations 2.3.] (1), (4), and (o).
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Assuming that at time zero the in-plane and out-of-plane coordinates

of the nodes are contained in the 2n vector

and the initial chordwise, radial and shear stress components at the

nodes are contained in the 3n vector

Ocl Ye2 Cpg————— Tcn
{og} = Orl 9y2 Op3——=—0yp
Tl T2 T3 “““““ Tn

the coordinates and stress components at the end of the time period

are given by

{X} = {X,} + = qy {¢}i 2.3.1 (q)
i

{o} = {og} + ¢ q; 18} 2.3.1 (1)
i



2.4

BASIC PROBLEM FLOW DIAGRAM
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SECTION IIT

COMPUTER PROGRAM DESCRIPTION

The MMBI program consists of a main routine and eleven subroutines. In Section
3.13 are the flow diagrams associated with each routine which are summarized
below and discussed in detail in the following sections.

MAIN - Input data is read in; dinirial conditions for the problem are calculated;
the geometrical position and shape of the missile and blade are determined; the
length of the time step is determined; the total force on the blade during each
time step is distributed among the nodes; and the position is determined for the
nodes describing the blade cross section in the in-plane out-of-plane reference
frame at the end of each time step,

P3D - Calculates the instantaneous force imparted to the blade by the 3-D jet
part of the missile portion that impacts during a particular time step.

LAMBDA - Calculates the distance between the stagnation point and the boundary
of the void formed on the backwash side of the fluid flow at the end of the time
step during which the missile portion impacted.

CAMBER - Calculates the thickness of the impacted missile mass passing over a
node on the blade and the prossure effect due to the curved surface at the node.
REGION ~ Determines which radius of curvature is to be used for the calculation
of pressure effects due to camber.

INCURV - Calculates the inverse of the radius of curvature at a particular node
located on the blade surface.

PRESUR - Maps the pressure distribution on the blade and calculates the pressure
over each node of the blade during every time step.

M@DAL - Calculates the modal coefficients during each time step, the total dis—
Placement at every node relative to its pesition at time zero, and the three

components of stress at every node.

PRINT? — Prints the pressures at the nodes falling within the impacted mass distribu-

tion during a particular time step.
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PRINTV -~ Sets Up the format for, and stores the displacement and stress output datg

to be printed at the end of the run.

PRINTR - Prints the displacements and stresses at the nodes chosen by the user for

the time steps chosep by the user.

PINIT - Calculates the combined shape of the missile portion impacting during a

time step, the impact parameters associated with the missile portion, the combined

instantaneous impact force due to the 2-D and 3-D parts of the model, and distributes

of the impact.

CORRELATION BETWEEN THEORETICAL AND CODED VARTABLES

Equation Computer Units

Xn X0 length

¥n YO length

fn THETA radians

S X length

Vi Y length

Gq THETAO radians

B BETA radians

vn VEL length/time

o IMEGA radians/time
Vn VB length/tima

Vi VI length/time

v VR length/time

Xi X length

¥i YI length

Vo Vv length/time

O ALPHA radians

4 AL length

f F length

g G1J length

a RM length

Al LAMD11 length

A2 LAND21 length

Po PO force/(length)2
P DEN mass/(length)3
Y1 GamMar 77

Yo GAMMA2

Fi, P3 PRSS force/(length)2
{3 PH2 length

[5} SH? force/ (length)?
my, VML mass

Bi BET

91 et

Woi wad radians/time

] WI radians/time
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3.1 MAIY

3.1.1 Input Variables

a) V - Missile velocity relative to in plane-out of plane reference frame.

b) RIMP - Radius of blade at which impact occurs,

c) TSTPP - Total time duration for which the analysis is to be performed.

d) ALPHAO - Initial angle between missile and blade chord. This angle is
measured positive counterclockwise in the in plane-out of plane reference
frame from the centerline of the missile to the blade chord.

e) XOCL, YOCL - In plane and out of plane coordinates for the intersection of the
forward point of the missile at its centerline and the blade face.

f) NR - Total number of radial stations describing the blade.

g} NN - Total number of nodes describing the blade.

h} NM - Total number of blade modes used in the analysis.

1) NVA - Total number of sections dividing up the missile along its length.

i) IPDEL -~ Number of time steps between each printout of deflections and
stresses. Once the missile is entirely on the blade (i.e., there is no
more unimpacted missile length) the pressures at the blade nodes are
printed only every IPDEL time step. While there is still unimpacted
missile length, the node pressures are printed during each time step.

k) DEN - Mass density of missile.

1} 1ISYM - Flag to signal whether missile is symmetric(o)or unsymmetric(l)

m) RL(M) - Radial distance between missile centerline and centerline of
missile seection M.

n) RM(M) — Thickness of missile section M.

o) CL(M) - Length of missile section M.

p) DELTL(M) - Offset from forward peint of the missile at the centerline to
the forward point of missile section M (positive toward rear of missile).

q) WM(M) - Width of missile section M.

-37—
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r} MAX(I3) - Total number of nodes at radial station I3.

s) NJ3{I3) - Index of chordwise node at each radial station I3 where deflection
and stress output is desired. The program automatically outputs deflections
and stresses at the leading edge and trailing edge nodes of each radial
station. The number NJ3 may be anything from ! to MAX of each radial statiom,

t) VM(I6) - Modal mass associated with each maode I6.

u) DR(I6) - Modal damping ratio associated with each mode I6.

v) WPH(I6) - Modal frequency associated with each mode I6 {(radians/second).

w) PH2(J6, K6, I6) - In-plane (J6 = 1) and Out-of-plane (J6 = 2) displacements
associated with each node K6 for each mode I6.

x) SH2(J6, K6, I6) - Extensional (J6 = 1, 2) and shear (J6 - 3) stresses
associated with each node (K6) for each mode I6.

y) YIN@DE(I3), XN@DE(I3, J3) — Radial coerdinate and chordwise coordinate at
radial station I3 of node J3 describing the blade geometry in the planform
reference frame.

z) X@(JC), YP(IC) - Initial in-pleane and out-of-plane coordinates of nodes
JC describing the blade face curvature at the impact radial station in the
in-plane fout-of-plane reference frame. The number of X@¢, YO pairs must
be the same as the value for MAX ar the corresponding radial station.

3.1.2 Problem Initialization

a) Modal Parameters;
The modal coefficients, Q and QD, for each mode 16, for example, are set
to zero. The program then sets the numerically highest modal frequency
into array element HIM@DE(NM) and the lowest modal frequency into array

element HIM@DE(1).

From the modal mass, VMI(I6) the modal stiffness VKI(I6) can be calculated

as VKI(I6) = [VMI(I6)] X [wd(I6)]2 3.1.2 (a)

Furthermore, the modal decay constant is given by
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[pr(r6)] X [wo(6)] 3.1.2 (b)

Il

BET (I6)

and the effective damped modal frequency, WI(If), is calculated from

WI(I6) = ‘J [wg(16)12 - [BET(IS)]2 3.1.2 ()

E b) Effective Pressure Area at Nodes:
For each node at radial station I3 and chordwise station J3, for example,
the chordwise distance between the two closest neigﬁboring nodes on the
same radial station is given by
XR - XL = [XN@DE(I3, J3 + 1)] - [XN@DE(I3, J3 -1)]
and for the radial distance between the two closest neighhoring nodes above
and below radial station I3
RA - RB = [YN@DE(I3 + 1)] - [YN@DE(I3 - 1)]
The area AAN@PDE(I3, J3) iz thus given by
AANBBE(I3, J3) = [XR - XL] X [RA - RB1/4
If the node should lie on either the lowest radial station or the highest
radial station, then the value of YN@DE(IL3) is used instead of YN@DE(I3-1)
or YNPDE(I3 + 1) respectively. Similarly, if the node lies on one of the
blade edges, then the value of YN@DE(I3, J3) is substituted for XNGDE(I3, J3 -1)
in the case of the leading edge and for XN@DE(I3, J3 + 1) in the case
of the trailing edge.
c) Correspondence between planform and in~plane/out—of—plane geometry.
The program sets variables NSTAT and NSTAF equal to the number of nodes
- at the impact radial station and the number of blade segments at the
impact radial station respectively. Array XM is then set up with its
elements equal to the XNEDE(I7, J3) values corresponding to the nodes
at the impact radial station, I7. Thus, XM(l) is the chordwise coordinate
on the planform geometry corresponding to the leading edge node at the
impact radial station, with coordinates X@(l), Y@(l) in the in-plane/out—

of-plane reference frame. Using the values of XM, the blade is now
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d)

e)

£)

g)

divided up into NSTAF-1 tegions of curvature. The bounds of each curvature
region are uefined by the mid-~points between adjacent chordwise points Xy.
Thus, the first Curvature region will lie between XM(1) and the mid-point

of XM(2) and XM(3). The second curvature region lieg between the mid-poinr
of XM(2) and XM(3) and the mid-point of XM(3) and XM(4). The last curvature
region lies between the mid-point of XM(NSTAT—Z) and KM(NSTAT-1) and the

point XM (NSTAT), The values of thesge mid-points are stored in arrays XCEN1

In—plane/out-of~plane blade coordinates X0, YOo:

The elements of arrays X0 and YO are assigned the corresponding values of
the elements ip arrays X and Y@, The Program updates the hlade coordinates
in arrays X0 ang YO at the end of each time step.

Time step index I is set equal to zero and absolute TIME is set equal to
zero. These variableg are updated after &very time step.

Displacement and Stress print flag - ITPRNT:

ITPRNT is initially set equal to one., Further on in the pProgram, a
comparison is made between the values of I and ITPRNT. 1If they are
equal, then the Program stores the displacement and Stress output data
for time step I. ITPRNT is then incremented by IPDEL (see 3.1.1¢k) and
3.10.2),

IFV - Free vibration flag:

Initially IFV ig set equal to zero. When the blade is no longer in
tontact with any missile mass (i.e., all node Pressures are zero), IFV
will be set to |, This will trigger the Pregram to aglter itsg normal
solution run in order to save time as will be discussed further on in

the narrative, (Sect, 3.1.15)
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h) IFSLD - Shallow impact angle flag:
Normally IFSLD is set to zero. If during a particular time step the
impact angle is less than one tenth of a degree, IFSLD is set to 1. The
remainder of the unimpacted missile length is assumed to slide onto the
blade and no further impact analysis will be performed.

i) IIFLG - Zero impact length flag:
IIFLG is initially set to zero. When the length of the missile has
reduced to zero during the impact stage of the program, IIFLG is set to
I. This will cause the Program to skip calculations involving initial
impact.

3.1.3 Printout of Initial Conditions

The program prints the following data:

a) Initial planform and in-plane/out-of-plane blade geometry,

b) Initial thickness, length, width and offset of each missile section.

c) The modal frequency, modal mass, modal stiffness and modal damping ratio
for each mode to be used in the analysis.,

d) Missile velocity, initial impact angle, missile density, in plane and
out of plane coordinates of the center of impact and the impact radius.

3.1.4 Time Step Increment Entry Point

The point of the Pregram where time stepping begins is denoted by statement
number 800. Each time the Program returns to this point, the index T ig

incremented by 1.

3.1.5 Blade Chord Angle, Missile Angle and Blade Segment Angles

The blade chord angle THETAO and missile angle BETA are calculated using the
relations 2.1.3(d) and 2.1.3(e). TFor each blade segment JC, in the in-plane/
out-of-plane reference frame, the angle with respect to the in-plane axis is
determined by using the expressions 2.1.3(a). The sign of the angle is
determined by comparing the difference [YO(JC + 1) - YO(IC)] with zero. If

the difference is negative, then THETA(JC) is negative,
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3.1.6 TForward and Aft Points of Missile Sections

Using the value of BETA and +he relations 2.1.3(f), the coordinates of the
forward and aft points of each missile section L are calculated for the first
time step. TFor I greater than 1, the relations 2.1.3(g) and 2.1.,3(h) are
used. The X and Y coordinates of the forward point of missile section L are
assigned respectively to array elements X(L) and Y (L). Similarly, for the
aft point of missile section L,the X and Y coordinates are assigned to array

elements X1(L) and Y1(L) respectively.

The remaining unimpacted length of each missile section I, is calculated for

I greater than 1. Assigned to array element VDT(L, I-1) is the amount of length
of missile section L that impacted on the blade during time step I-1, The
remaining unimpacted length (CL(L)} is obtained by subtracting the value

of VWDT(L, I-1) from the length of missile section L. When the remaining

length is less than or equal to oné percent of the length at the beginning

of time step I-1 the program considers this length to be effectively zero.

This is necessary in order to avoid infinite looping due to computer
roundoff error in the calculation of VDT. When CL(L) is zero, an array
flag, 1I(L) is set to a value of 2 signaling the program that missile
section L will no longer be involved in the impact calculations.

3.1.7 Missile - Blade Contact Points

To find the blade segment that is impacted by missile section L during time
step I, the program uses the relations 2.1.3(j). If the missile section is
not aiming at any blade segments during a time step, then a flag THIT(L) is
set to zero and the program moves to the next missile section. When a blade
segment JC is established as the one to be impacted by missile section L,
the program then uses equation 2.1.3(k) to determine where the forward point
of the section is relative to the blade. Furthermore, IHIT(L) is assigned
the value JC and a flag IBACK{(L) is established such that its wvalue is zero
if the missile section is in front of the blade and 1 if the missile section

is in back of t4es blade.
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The program now checks the shallowness of the impact angle. If the impact

angle is less than 1.7 ¥ 1073 radians (approximately one tenth of a degree)

the missile section is considered to be sliding or the blade,

a)

Sliding - If missile section L is sliding, then a flag ISLIDE(L) is set
equal to l. The program now determines whether the blade segment angle
THETA(JC) is close to 90 degrees. If THETA(JC) is within 1.7 X 1073
radians of w/2 then the out of pPlane coordinate of the impact point
YI(L) is set equal to the out of plane coordinate Y(L) and the in plane
coordinate or the impact point is calculated from

XKI(L) = [Y(L) - v0@I3C)] X  cen-l [THETA{JC)] + X0(JC) 3.1.7 (a)
If THETA(JC) is not close to m/2, then the program sets the in plane

coordinate of the impact point XI(L) equal to X(L) and determines tle

out-of-plane coordinate of the impact point from

YI(L) = [X(L) - X0(Jc)] X  tan~! [THETA(JIC) ] + YO(JC) 3.1.7 (b)
The parameter XNEAR(L) is now assigned the value of XM(JC) in order to
establish the location of the impact on the planform geometyrv. In
addition, since the missije section is sliding on the blade, the
distance between the forward point of section L and itsg impact point is
set equal to zero in array element DFB(L). The chordwise distance DELTA (L)
from the node corresponding to XM(JC) to the impact point is now calcu—

lated from

DELTA(L) - [XI(L) - X0(JC)]J2 + [YI(L) - Y0 (JC) ]2
Because of the arbitrary manner of assigning the value of Y(L) to YI(L)
or X(L) to XI(L) it is possible that the impact point can be close enough
to node (JC + 1) so that the impact can be considered to occur on blade
segment JC + | rather than JC. This condition is indicated, for THETA(JC)
less than zero when YI(L) is less than YO(JC + 1), and for THETA (JC)
greater than zero when YI(L) is greater than YO(JC + 1). If either of

these conditions occurs, the program assigns:
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b)

S Y

XI(L) = XO0{JC + 1)
YI(L) = YO(JC + 1)
XNEAR(L) = XM(IC + 1)
IHIT(L) = (JC + I)
ISLIDE(L) = 0@

and DELTA(L) = 0,

Note that in this case, the impact point does not lie exactly on the
centerline connecting the forward and aft points of missile section L.
Instead of using the distance beiween the pointg [X(), Y(L)] and
kI(L), YI(L)] for DFB(L), the program calculates the Projected distance

in the direction of rhe missile centerline, i.e,

PFB(L) = [X() - X1 + [Y(@) - vra) P2 3.1.7 (¢}
Now the angle between the missile centerline and the line joining the
impact point and forward point ig calculated:

DALPHA = cos—l  [x(L) - x1(1) 1/pFB(L) 3.1.7 (d)
The projected distance is then given by

DFB(L) = [DFB(L)] X Cos [BETA - DALPHA ] 3.1.7 (e)
However, if DFB(L), as calculated in equation 3.1.7 (c), is less than
1 X 10‘5, the program arbitrarily assigns DFB(L) a value of zero. In
order to locate the center of impact of missile secticen L on the planform
geometry, one more parameter, GAMMA(L), must be calculated. This is the
chordwise location of the impact point on the planform geometry, i.e,,

CGAMMA(L) = XNEAR(L) + DELTA (L) 3.1.7 (£)
Impact angle is not shallow
In this case, the program uses the relation 2.1,3 (f) to calculate the
impact coordinate XI(L). 1If THETA(JC) is within ti.7 x 103 of 1/2 then
YI(L) is determined by equation 2.1.3 (e}, Otherwise, YI(L) is calculated

by equacion 2.1.3 {e).

-l —



In addition, the program calculates

- XNEAR(L) = XM(JC)

DELTA(L) = [X0(JC) - XI(1)]? + [YO(JC) - YI(L)]2
| DFE (L) = [X1(L) - x(@)1? + [YI@) - vy ]2
E and GAMMA(L) = XNEAR(L) + DELTA(L)

After all missile sections have been analyzed, the program examines
Flag IT to determine the direction that the missile will have to be
, moved in order to locate the initial contact peints between the missile and
blade for time step I. If it is greater than zero then the program
is signaled to move the missile rearward so that all forward points
of the missile sectirns are in front of the blade. In addition,
stored in array element DMAX (IT) is the distance that the missile

will have to be moved back.

If IT is equal to zero then the program is signaled that all forward
points are in front of the blade and the smallest distance, DFB, is
stored in array element SDFB(NVA). Thus, depending on the value of
IT, for each missile section
if IT>0
X(L)=X(L)-[DMAX (IT)] [Cos(BETA)]
Y(L)=Y(L)~[DMAX(IT) ] [Sin(BETA)]
if IT=0
X(L)=X(L)+[SDFB(NVA) ] [Cos(BETA)]

Y (L)=Y (L)+[SDFB(NVA)] [Sin(BETA) ]

The adjusted values of the elements of DFB are now recalculated using
the relation 3.1.7 (c). As a final step, the program assigns to the

Flag II(L) for each missile sectien L a value of 1 or 0 depending upon
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whether the ¢ .rward point isg in contact with the blade (DFB(L)=O.) or

not (DFB(L)=0.),

3.1.8 Time Step Size

Using the values assigned to the elements of HIMPDE (Section 3.1.24),
an initial time Step size CPNST ig calculated. If Ipy is equal to 1,
(Section 3.1.2G) then the Program calculates a time step that is one
tenth the period associated with HIMPDE (NM), i.e,

CONST=27/ (10x [HIM@DE () 1) ‘ 3.1.8 (a)

If IFB is equal to 0 (free vibration), then
CGNST=2n/(10x[HIM¢DE(I)}) 3.1.8 (b)

The value of C@NST is assigred to variable DT.

3.1.9 Relarive Impact Velocity and Angle, and Adjusted Time Step Size

Using the relations in Section 2.1.4 the relative impact velocity
VR(L,I) and relative impact angle ALPHA(L) are calculated for missile
Ssection L. By dividing the remaining unimpacted section length CL(L),
for sections with II(L)y=1, by the corresponding relative impact
velocity VR(L,I), the time that it would take tq impact the remaining
length, DT!, is determined, Comparing DTI to DT, if DTl is smaller

than DT, then DT is assigned the value DT1,

If TI(L)=0, the Program calculates the time that it would take missile
section L to traverse the distance DFB(1) and assigns this value to DTI,
If DT1 is less than DT but greater than DT/2, then DT is assigned the
value DT1. 1If DT] is less than DT/2, then the Program assumes that
section L will impact during this time step and sets II(L)=], Note

that the length of the time step will remain unchanged for this case,
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3.1.10 Impacting Missile Section Length

The length of the missile section L that will impact during the time
step I, VDT(L,I), is now calculated. Tor missile sections having
IHIT(L)=0 (section 3.1.7) or IT{L)=2 (missile secticn hag completely
impacted already) or IT(L)=0, VDT(L,I) is assigned a value of zero.
Otherwise VDT is calculated from

VDT(L,I)=[{VR(L,I)] X[DT]-DFB(L) 3.1.9 (a)

3.1.11 Node Pressures Due to Initial Impact

The program checks the values assigned to flags IFSLD and IITLG (items
Hand I of 3.1,2). 1If either of these flags has a value of 1, the
program will skip this calculation. If both IFSLD and ITFLG are

different from 1, the program calls subroutine PINIT to calculate the
initial impact parameters and forces associated with the impact of the
missile sections hitting the blade during time step I. Among the
variables outputed by subroutine PINIT are arrays NA(I) and ITSLD(I),
which are used as signals by MAIN in determining the values of IFSLD and
IIFLG. The value of NA(I) corresponds to the number of missile sections
impacting the blade during time step I. If the value of ITSLD(I) is
other than 7, then the program is signaled that the remainder of the
missile is sliding on the blade. When NA(I)=0 and ITSLD(I)=7, the
program sets IIFLG=1 and assigns variable KFIN the value I-1 meaning

that the last impact occcurred during the previous time step. When NA(I)=0
and ITSLD(I) is less than 7, the program sets IFSLD=]1 and variable XFIN=I-1.
For time steps with NA(I) greater than zero the program sets KFIN=I.

Until either IFSLD or IIFLG are set equal to 1 each time step has
associated with it impact parameters describing the size and shape of

the portion of the missile that impacted during that time step. KFIN is
used as in index for the array parameters associated with impacts from

time steps 1 through KFIN,
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For miszile

pPortions that have impacted _he blade during a previousg time step the Pro-

gram calculates the average size of the ring during the present time step.
For the 2-D portion of the ring the location of the inner boundaries

of the distributed mass in the negative and positive gides of the

flow, relative to the centerline of the expanding ring,is calculated

by adding half the amount cf expansion during this time step (impact
velocity times half the time step) to the location of these inner
boundaries as of the end of the previous time stép. This value is
assigned to variable DIST(K) for the missile bortion that impacted

during a previous time step K. For the 3-D portion of the distribution
the value of DIST(K) will be used as the average position of the inner
radius during this time step. The program now calls subroutine PRESUR to

distribute the pressure at the blade mnodes rhat lie within the distributiom.

For a missile Portion that has impacted on the blade during the present
time step the Program calculates the initial size of the oval ring but
does not call subroutine PRESUR since the node pressures have already

been calculated in subroutine PINIT.

3.1.13 In-Plane and Out-of-Plane Node Forces

The pressures distributed among the nodes are now converted to in-plane and

out-of-plane components of the equivalent forceg at the nodes. The elements

of array PRSS contain the values of the pressures at the nodes. For example,

PRSS(13,J3) represents the pressure at the J3 node along the row located
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at the radial station 13. From Section 3.1.2B the elements of array
AANGDE(I3,J3) contain the effective areas of the nodes. The components

of the force at a particular node are evaluated by using the blade segment
angles in array THETA (Section 3.1.5). Since the blade segment angle of
blade segment (JC) at the impact radial statiom (I7) is contained in

array element THETA(JC), the relative angle of the blade Segment containing

@ particular node (J3) at any other radial station (I3) is calculated as

follows:

At the impact rad: station, segment (JC) represents a portion of the blade chord
equal to [XM(JC+1l) - XM(JC) ]/ [XM(NSTAT) - XM(1)]. For the radial station (I3)
a4 corresponding width is equal to the above ratio times the total chord width

at radial statien (I3),o0r

WIDTH = [XM(ICHL) ~ XM(JC)] « [XNSDE(13,| M) - XN@DE(I3,1)]
- [XM(NSTAT) ~ XM(1)]

The program now assigns to variable CAMI,TM an initial value equal to the
chordwise coordinate of the leading edge node ar radial station (I3), i.e.
CAMLIM = XNADE(I3,1)
Next, variable WIDTH is calculated using
M{IC) = XM(1)

and XM(JGHL) = XM(2)

If node (13,J3) falls within the range CAMLIM and (CAMLIM + WIDTH) then THETA(JC)
is assigned to variable ANGLE which is used to caleculate the components of force.
If node (I3,J3) does not fall within the range, CAMLIM is increased by WIDTH

and the process is repeated with

XM(2) = XM(JIC)

and XM(3)

i

XM(IC+1) in 3.1.11(a)
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When the range CAMLIM and (CAMLIM + WIDTH) is found to contain node (I3,J3), the

program now calculates the components of force at the node from the equations;:

1

PIFPRC(I3,J3)
POFARC (13,73)

[PRSS(I3,J3)] - [AANPDE(I3,J3)] » [Sin (ANGLE) }
-[PRSS(13,73)] « [AAN@DE(I3,J3) + [Cos (ANGLE)]

where
PIFPRC(I3,J3) is the in-plane force component

and P@PFPRCE(I3,J3) is the out—of-plane force component at node (I13,73).

indexing nodes and components. In order to achieve consistency between the
arrays PH2, SH2 and the node forces the Program assigns the imn-plane and
out-of-plane components of force to array PP(15,1) and PP(T5,2) such that(IS)
corresponds to the node being referred by {15)in PH2(J6,1I5,M) and SH2(J6,1I5,7).
The index (J6)= 1 refers to in—plane and 66)= 2 refers to out-of-plane components.
In addition, the valye of the index in array'@P)referring to the leading edge
node at the impact radial station is assigned to variable (I8)so that the velocities
and displacements of the nodes at this radial station can be readily referenced,
The program also algebraically sums the values of the elements of (PP )and assigns
the total to variable (FV), (FVJwill be used as a flag to determine when to set
IFV equal to 1 (see item G under section 3.1.2),

3.1.14 Modal Analysis

The modal analysis that determines the response of the blade to the force distribution

at the nodes is performed by calling subroutine M@DAIL,. Among the variables output

by subroutine MEDAL is the array DEF(J6,K6) containing the in-plane (J6 = 1)

and out~of-plane (J6 = 2) displacements of the nodes relative to their coordinates
at time zero, Using the value of @8) referred to in section (3.1.12) the Program
calculates the in~plane and out-of-plane coordinares of the blade nodes along

the impact centerline from the relations
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X0 (JB)

1l

X$(JB) + DEF(1,19)

YO (JB)

Y$(JB) + DEF(2,19)
where (B )refers to the chordwise index of the node at the impact radial station

and (I9)is the corresponding index relative to variable (I8),

3.1.15 Time Update, Data Output, Return to 800 for Next Time Step

The program now calculates the total elapsed time by adding the value of(DT)
(sections 3.1.8 and 3.1.9) to the previous value in variable TIME, In order

to determine whether the entire length of the missile has impactedjthe total
number of missile sections having either (1) = 2 (section 3.1.6) or THIT = 0
(section 3.1.7) are summed; and the value assigned to variable aII), The program
now calls subroutine PRINTV to store the displacement and Stress output data

for this time step if any of the following conditions are satisfied.

A ~ This is the first time step (I = 1)
B ~ TIME is greater than TST@P (item C of section 3.1.1)

C - I equals ITPRNT (section 3.1.2F)

In addition,if the value of @II)is equal to the total mumber of missile sections,
the program will call subroutine PRINTP to print the pressure distribution for

this time step, If [IX)is less than the total number of missile sections (NVA),

Next, the value assigned to variable @V)(section 3.1.13)13 compared to zero.

If FV)= 0 the Program is triggered to get IFV)= 1. The value assigned to variagble
TIME is now compared to TSTEP. If time is less than TSTGP the Program returns

to statement 800 to start a new time step. If TIME 1g greater than or equal

to TSTPP the Program calls subroutine PRINTR as a final step. PRINTR pr%nts

the displacement and Stress output data for time Steps selected by the user,
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3.2 PB3D - 30 PRESSURE DISTRIBUTION INTEGRATION

3.2.1 Input Variables

a) A - Thickness of the missile portion impacting the llade,

b) ALPHA - Impact angle

¢) PP - Stagnation pressure

d) GAMDAL, GAMDAZ - Parameters used to defime the limits of the 3D pressure
distribution., (See discussiocn on the variables Ai and lé in Sections

2.2.2 arnd 2.2.3)

502,27 Discussion

This subroutine performs a numerical infeeration of the pressure
distribution associated with the 3D portion of the distributed im—
pacted missile mass. The shape of the distribution is formed by a
semi-cirele of radius [GAMDAL + GAMDA2T/2. The routine arbitrarily
sets the number of integration points to 1352, and evaluates the

integral using a 2-dimensional grid formed by these points.

Given a rhombic area with corners at points (x, y}, (xtax,y), (x,y+Ay)

and (x+ax, y+ay), the integral of the pressure over this area is

given by

 Pda= 22| Ploy)+aPiveay, ) + 2Pl yay)

+Plrax, y+ay) | 2.2

where P is the pressure distribution. The value of the integral for
the entire semi-circular region is approximated by summing the integrals

of the individual discreet areas over the entire system.

The value of the integral is assigned to variable TLPAD.

3.3 LAMBDA - ITERATION SOLUTION FOR Aj

3.3.1 Input variables

-52-



a) GAMDAL - Variable Ai in Section 2.2.2
b) DEL - Amount of missile portion impacting the blade during the time

Step of interest.

c) Gl, G2 - 2p jet pressure distribution decay parameters in the positive
and negative sides of the flow separation respectively.

d) T - Distance between the Stagnation pressure point and the location of
the center of foree,

2) I - Time Step increment number,

£) ALPHA - Impact angle

g) ISPLT - Flag determining the impact direction. Tf ISPLT=1 the flow in the
Positive side ig toward the trailing edge. If ISPLT=~1 the flow is in
the direction of the leading edge.

h) SP ~ Location of the stagnation Pressure point relactive io the planform
Eecmetry coordinate system,

i) XI,x2 - Location of the leading edge and trailing edge nodes, respectively,

relative to the Planform geometry systen.

Method., If after that point, convergence to bne-tenth of a percent accuracy for

the solution has not been achieved, the routine prints a warning message to the user

and returas to the calling Program,

€Xponential terms,

absolute value of the argument is greater than 20. 1p addition, the value of

separation.
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; The value for Aé is assigned to variable BESTL.
]

3.4 CAMBER - CALCULATION UF PRESSURE EFFECTS DUE TO BLADE CURVATURE

3.4,1 Input Variables

a) XN@DE,YNPDE - Planform geometry coordinates of a node.

b) A,B — Radial coordinate of the limiting bounds for the 2-D portion of the
spreading missile mass in the planform geometry system

c) ISPLIT ~ see 3.3.1(g)

d) RM - Thickness of the impacted missile portion that is associated with this
portion of mass distribution.

@) ALPHA - Impact angle

£) SPP - (See 3.3.1(w))

g) VDT - See 3.1.6

h) C@SFEE - Angle with respect to X axis, defined by a line connecting a node

at coordinates (XN@DE,YN@DE)} and the point located at coordinates x = SPP and

[RY

A Iif YN@DE A
y =
{B if YNGDE = B
in the planform geometry system,

i) VR -~ Relative impact velocity
j) DEN - Missile density
k} NSTAT - Number of chordwise stations at the impact radial statiom.
1} DIST - See Section 3.1.11,

. 3.4.2 Discussion
This subroutine caleculates the average thickness of mass traversing th.
nuode located at planform coordinates (XN@DE, YN®DE) , and, through subroutines
REGI®N and INCURV, it calculates the pressure over the node due to blade curvature,
Fer a mass element in the negative side of the flow separation, the thickness for

the 2D portion is approximated by
THICK = RM* [1-Cos(ALPHA)] /2 3.4.2(a)
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and in the positive side by

THICK = RM* [14Cos(ALPHA)] /2 3.4.2(b)

For the 3D flow portion the mass thickness is determined from the assumption
that the average thickness varies inversely with the ratio of the ecross sectional
area of the 3D portion of the unimpacted missile to the area of the distributed
3D impacted mass, i.e,

2
(THICK3p) pyppcrep  ™(RM)
H3D = =

3.4.2{c)
VDT w [(p1sT4+¥DTY2 - (DIST)Z]

Assuming now that the thickness varies linearly with angle along the mean
radius of the distribution, an expression for the thickness of mass over a node

lying within the 3D portion of the distribution is written as

THICK = (H3D) |1+Cos (ALPHA) — 2COS(ALFHA)  pog-1 (CéSFEEﬂ 3.4.2(d)
m

Referring to the discussion in Section 2,2.4, the routine now calls subroutine
REGION to deternine which curvature region of the blade the node with coordinates
(XN@DE,YN@DE) lies within, Assigning this value to variable (JC1), subroutine
INCURV is called to determine the value of the inverse of the radius of curvature
for the curvature region corresponding to (JC1). Using this value in variable
(®Pl)the pressure due to blade curvature is calculated using equation 2.2,.4(c} and

assigned to variable PRESSC.

3.5 REGI¢GN - DETERMINATION OF BLADE CURVATURE REGION

3.5.1 Input variables

a) XNPDE - See 3.4.1(a)

b) NSTAT - See 3.4.1(a)

c¢) XCEN1, XCEN2 - Arrays coataining the planform x-coordinates of the bounds

of the discreet curvature regions (see 2.2.4 and 3.1.2(e)).
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3.5.2 Discussion

This subroutine determines which hlade curvature region, as defined by
XCEN1 and XCENZ, the coordinate XN@DE of a node lies within. The index of the

correct region is assigned to variable JGCI.

3.6 INCURV - CALCULATION OF THE INVERSE OF THE CURVATURE RADIUS CORRESFONDING
TO REGION JC1

3.6.1 Ipput Variables -

a) JCl - see 3.4.2

b) X0,Y0 - Arrays containing the in-plane and out~of-plane coordinates of the
blade cross section nodes during the time ;tep of interest

c) THETA - Array containing the relative angles between the blade segments
and the in-plane axis during the time step of interest.

3.6.2 Discussion

Using the equations and methodology described in Section 2.2,4, the inverse

of the blade curvature radius is calculated and assigned to variable P1.

3.7 PRESUR — PRESSURE OVER A NODE

3.7.1 Input variables -

a) NR - Number of radial stations

b) A;B - see 3.4.1(b)

e} DIST - see Section 3.,1.11

d) ISPLIT - see 3.3.1(g)

e) SPP - see 3.3.1(h)

f) SPPl -~ Planform x coordinate for the center of the oval distribution of
mass associated with this impacted portion of the missile.

g) VDT - see 3.1.6

h) GAMMAL, GAMMA2 -~ Exponential decay constants in the positive and negative

flow directions respectively.
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i) PO - Stagnation Pressure
i) BRM - see 3.4.1(d)

k) ALPHA - Impact angle associated with this missile portion.

1) VR - Impact velocity asgociated with this missile portion
m) DEN - Missile density

n) NSTAT - see 3.4.1(k)

o) TIFLG - see 3.1,2(I)

P) XNODE, YNODE ~ see 3.4.1(a)

q) MAX - Array containing the number of chordwise nodes at each radial station

3.7.2 2D Pressure
The 2D pressure region associated with an impacted missile portior is

bounded chordwise by the planform coordinates:

S5PP1 ~ (DIST + VDT) for the negative flow side

and SPPl + (DIST + VDT) for the positive flow side,

For the radial bo.uds,th: 2-D portion extends between planform radial coordinates B

and A. In addition, for the distribution consisting of a void (see Section 2.2.3)

the inner chordwise bounds of the distribution are SPP1-DIST in the negative
side and SPPl + DIST in the positive side of the flow. Having located the
boundaries of the 2-D portion of the impacted mass the routine determines
which nodes £all within this région and calculates the pressure accordingly.
The value of this pressure is assigned to array element PRESS(I3, J3) corres-

ponding to the node located in radial station I3 and chordwise station J3,

3.7.3 3D Pressure
The bounds of the 3D portion of the distributed mass are determined by semi-

circles of radius (DIST + VDT) centered about the coordinates

(SPP1, B) for the portion below the centerline

and (SPPl, A) for the portion above the centerline,
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For the inner bound due to the formation of 5 void, the radius is taken
as DIST. Similar to the 2D portion described ip 3.7.2, the pressure
is determined for nodes falling within the bound of the 3D distribu-

tion and the value assigned to array element PRESS (13, J3).

3.7.4 Camber Effects

The routine now calls subroutine CAMBER to calculate the additional Pressure

over a node due to blade curvature, The output value of the camber pressure

»

stored in variable PRESSC, is added to the valye in PRESS (13, J3),
Array URESS will be used 1ip subroutine PRINTP further on in the program

Lo print the Pressure distribution, For use in the calculation of nodal

loads as described in Section 3.1.12, the Program assigns the values in PRESS to

corresponding elements in array PRSS, However, for nodes I3, J13 corresponding

to the void of a mags distribution, the element PRSS (13, J3) maintains a value

of zero,.

3.8 MgpAL - CALCULATION OF THE BLADE RESPONSE TO THE LOADS ON THE BLADE

DURING A TIMI STEP

3.8.1 Input variables

a) NM - Number of modes to be used

b) NSTAT - see 3.4.1(k)

c} NN - Total number of nodes desciibing the blade
d) 18 - gge 3.1.13

e) TV - gee 3.1.12

£) T - Tine step size

3.8.2 Discussion

——=tusston
The methodology used in determining the displacement, velocity,
and stregs réesponse at the nodes of the blade is described ip

Section 2.3. The coefficients in equations 2,3.1(p) are first calculated
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using the time step length T. The generalized displacement and velocity

coordinates, QI and QDI, are now calculated an

d their values set to ) and QD

respectively. Q and QD will be used in the next time step as initial conditions

for the calculation of QI and Qnl.

The displacement, velocity, and stress components for each node JB,

relative to their values at time zero, are now calculated, based on

equations 2.3.1 (q) and (r), as follows:

in-plane displacewent at node JB

out of plane displacment at node

in-plane vclocity at node JB

out of plane veleocity at node JB

chordwige stress at node JB

radial stress at node JB

shear stress at node JTB

JB

DEF(1,JB)

DEF(2,JB)

VEL(1,JB)

VEI(2,JR)

STRSS(1,JB)

STRSS (2, JB)

STRSS (3,JB)

The index Ié corresponds to mode number.
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= E[PHZ(l,JB,IB)][QI(Iﬁ)]
# of
modes

= z[Pnz(z,JB,Is)][QI(Is)]
# of
modes

= Z[PHZ(I,JB,I&)][QUI(I6)]
# of
modes

= £{PH2(2,JB,16) 1 QDI(L16)?
#f of
modes

£[SH2(1,JB,16) J[QI (16)]
# of
modes

z[SH2(2,7B,16)][QI(16)]
ff of
modes

= £[SH2(3,JB,16) ][QI(16)]
# of
modes



3.9 PRINTP - PRESSURE DISTRIBUTION PRINTOUY

3.9.1 Input variables

a) 1 - Time step increment
b} TIME - Absolute time at which these pressures are recorded.

€} NR - Number of radial stations

1.9.2 Discussion

In order to minimize the amount of printout, this subroutine determines

the number of radial stations that contain nodes which lie within the pressure
distribution during a particular time step. Only the radial stations lying within
the upper and lower radial bounds of the pressure distribution will have the
pressures at their corresponding nodes printed. In addition, for time Steps
during which the pressure on the blade is zero, the routine instruets the COmputer

Lo print a message to the user accordingly,

3.10 PRINTV - DISPLACEMENT AND STRESS QUTPUT DATA ARRANGEMENT AND STORAGE

3.10.1 Input variables

a) I -~ Time step increment
b) TIME - Absolute time

c) IPDEL - see 3.1.1 (1)

d) TITPRNT - see 3.1.2()
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e) NR - Number of radial stations

£) 17 - Index of the impact radial station
g) DEF, VEL, STRSS -~ see 3.8.2
h) XN@DE, YNBDE - see 3.4.1(a)

i) MAX - see 3.7.1(q)

3.10.2 MNiscussion

At the user's request the MMBI program will print the nodal dis-

placements and stresses for every IPDEL time step., The variable ITPRNT is
updated each time this routine is entered by incrementing it with the value
assigned to IPDEL as described in Section 3.1.2(f). Two formats of data printout
are arranged by the routine. First, the in-plane and out—of-plane displacements
and the radial stress at the leading edge, trailing edge and node NJ3(I3) (see
3.1.1(s)) for each radial station I3, are arranged in order to primt them according
to their radial location. Second, in order to obtain information about the
variation of stress and displacement at the impact radius of the blade, the
stresses and displacements at the chordwise nodes of the impact radial station
and those of the nearest radial stations below and above the impact centerline-
are arranged for their printout vs. the planform chordwise coordinates of rhe
nodes along the impact radial station. The information for output printout set

IJPRNT is stored in arrays:

DEFBT (IJPRNT, I3) ~ In-plane displacement at node NJ3 (13)

DEFB{) (IJPRNT, I3) - Out-of-plane displacement at node NJ3 (I3)

SIGMB1 (LJPRNT, I3, 1) ~ Radial stress at leading edge node

SIGMB1 (IJPRNT, I3, 2) - Radial stress at node NJ3 (I3)

SIGMBL (IJPRNT, I3, 3) - Radial stress at trailing edge node

CADI (IJPRNT, J3) - In~plane displacement at node J3 of impact radial station

C@D¢ (IJPRNT, J3) - Qut—of-plane displacement at node J3 of impact radial station

-H1-
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3.

SIGMALl (LJPRNT, T4, J3)
SIGMA2 (IJPRNT, T4, J3)
SIGMB2 (IJPRNT, J3 14)

Three components of stress at node J3 of radial

! radial station below impact radius
2 Impact radial station
3 radial station above impact radius

I

PRINTR —~ DISPLACEMENT AND STRESS PRINTOUT

3.11.1

a)
b)
c)
d)
e)
£)

g)

Input variables

17 - see 3.10.1(f)

NSTAT - see 3.4.1(k)

NR - see 3.8.1(a)

IJPRNT - Total number of sets of displacement and stress printouts
XN@DE, YN@DE - see 3.4.1(a)

MAX - see 3.7.1(q)

DEFBI. DEFBS, CYDI, CHD@, SIGMAL, SIGMA2, SIGMBL, SIGMB2 — see Section 3.10.1

3.11.2 Discussion

This subroutine is called by the main program (Section 3.1,14) after

all time steps are completed.

The routine will printout the data stored by

subroutine PRINTV in the arrays listed in 3.11.1(g).

3.12 PINIT -~ INITIAL TMPACT FORCE

3.12.1

a)
b)
c)
d)
e)

£)

Input wvariables

A — Number of sections describing the missile (see 3.1.1(j))
BETA - see equation 3.1,24(c)

I8 ~ see Section 3.1.13

NSTAF - Number of blade segments at the impact radial station
3.141592654

PPIT - Numerical value of =

DEN - Missile density



3t

g) I - Time step index
h) V - Initial impact velocity of missile

i) 17 - Impact radial station index

j) DT - Time step size

k) RIMP - Radial coordinate of impact station in planform system

1) ©NSTAT - see 3.4,1(k)

m) RM, XI, YI, IHIT, RL, X, Y, WM - Missile parameters (see Sections 3,1.1
and 3.1.6

n) X0, YO, THETA, XM - see Sections 3.1.26, 3.1.2E and 3.1.5

0} VEL - See Section 3.8.2

3.12.,2 Formation of Tmpacting Missile Portion

As noted in Section 3.1.9 each missile section that will impact the blade during

a particular time step has associated with it an array element II(L) that is set equal
to 1. BSubroutine PINIT initially sums the thicknesses of these missile sections, con-
tained in the elements of RM, and assigns the value to variable RMl. In addition, the
number of missile sections making up RM1 is stored in variable NA. The

width of the missile section associated with the greatest value WM is used as

the width of this missile portion and the value is assigned to variable WMl,

Thus, similar to the missile sections descril od in Section 2.1,3, the impacting
missile portion is described with a thickness equal to RMl and a width equal

to WMl. The missile portion consists of a 2-D portion of width WMI-RMI and a 3-D

portion of radius RM1/2.

3.12.3 Impact location, relative velocity and relative incident angle

Analogous to the methodology described in Sections 3.1.7 and 3.1.9, associated with
the impacting missile portion are the parameters:

XIl, YIl ~ In-plane and out—of-plane impact coordinates
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XNERL]1 -Nearest chordwise node to the impact point,

DLTALLl - Distance between node located at XNERL1 and the impact point,

GMAL]1 - Planform x coordinate of impact point

DFBL1 - Distance between the impact point and the centerline of the
missile portion.

VRL]1 - Relative impact veloecity

ALPLl - Relative impact angle

VDTLL —~ Impact length of missile portion

3.12,4 Coefficients Associated with the Fluid Jet Model

As described in Sections 2.2.1 and 2.2,2, the parameters defining the shape of the
impacting fluid jet are caleculated., The location of the stagnation point is
assigned to variable SPP and the parameter Ai is calculated using equations z.2.1(g)
and 2,2,2(c). The routine now calls subroutine LAMBDA to calculate the value for

Aé which is assigned to variable LAMDLI.

3.12.5 TImpact Force and Equivalent Pressure

The initial impact force due to the 2-D portion of the pressure distribution is
calculated and assigned to variable FIMP2D. For the impact force due the 3-D
portion of the jet the routine calls subroutine P3D and assigns the value to
variable FIMP3D. The total impact force is thus

FIMP = FIMP2D + FIMP3D

As a final step the routine distributes the total impact force as equivalent
pressures located over the two closest nodes bounding the blade segment upon

which the center of force is located,

~64—




3.13 DETAILED FLOW DIAGRAMS

ROUTINE
MATIN
P3D
LAMBDA
CAMBER
REGION
INCURV
PRESUR
MODAL

PINIT

DISCUSSED IN SECTION

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.1

2

;5

PAGE
67
78
81
82
83
84
85
86

87




o S

MAILIN

READ IN THE
PARAMETERS

¥

ZERQ QUT THE
MODAL COEFFICIENTS
Q=0
QD=0

¥

SEARCH FOR THE HIGHEST
NATURAL FREQUENCIES

i

CALCULATE THE
PRESSURE AREA
FOR EACH NODE

|

CALCULATE THE MODAL PARAMETERS
VMI = MODAL MASS ARRAY
BET = MODAL DAMPING ARRAY
Wi = EFFECTIVE DAMPED
MODAL FREQUENCY ARRAY

!

FIND WHICH RADIUS OF THE BLADE
iS5 THE IMPACT RADIUS, RIMP,

AND SET |7 EQUAL TO THE INDEX

IN YNODE CORRESPONDING TQ RIMP

¥

NSTAT = MAX (I7)= # OF CHORDWISE NODES AT IMPACT RADIUS
NSTAF = NSTAT-1 = # OF CHORDWISE SEGMENTS AT IMPACT RADIUS

!

READ IN THE X AND Y

COORDINATES OF THE

MODES DESCRIBING THE

BLADE CROSS SECTION

AT THE IMPACT RADIUS:
X AND YO

%

-H6—




%

SET THE ELEMENTS OF

THE ARRAY XM EQUAL TO
THE X COORDINATES OF THE
MODES DESCRIBING THE
PLANFORM GEOMETRY AT
THE IMPACT RADIUS

%

FIND THE M!D-PQINTS OF
THE SEGMENTS OF THE BLADE
AT IMPACT RAD!US

%

ifg - i,($ = INITIAL BLADE CROSS SECTION SHAPE
¥
t = =» TIME STEP
ITPRNT = = PRINTOUT PARAMETER (PROGRAM WILL PRINT
DISPLACEMENTS AND
STRESS WHEN [
EQUALS ITPRINT)
TIME =
IFV = = JFV WILL BE SET TO 1 WHEN THE MISSILE
HAS COMPLETELY IMPACTED
FSLD = = FLAG YO DETERMINE WHETHER THE IMPACT
ANGLE IS SHALLOW ENOUGH TO CAUSE SLIDING
OF THE MISSILE ALONG THE BLADE
IF IFSLD = 1 THE PROGRAM WILE STOP
IFLG = = FLAG TO DETERMINE WHETHER ALL MISSILE

SLICES HAVE COMPLETELY IMPACTED ON THE
BLADE.

IF HFLG =1 THE MISSILE IS COMPLETELY

ON THE BLADE.

L)
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T

TN

X (PAGE 77}

i

BEGIN THE TIME
STEPPING

800 é

i 1=+

sl

CALCULATE THE BLADE CHORD ANGLE, THETAOQO,
AND THE MISSILE ANGLE, BETA, WITH RESPECT
TO THE GLOBAL X-AXIS.

#

CALCULATE THE SEGMENT ANGLES

THETA (4}

FIND THE FORWARD AND AFT
POINTS OF THE MISSILE SECTIONS

ét FORWARD POINTS

XL
YIL b3 } AFT POINTS

YES

ADVANCE THE FORWARD
POINTS AND AFT POINTS. IF
THE MISSILE SECTION
IMPACTED IN THE PREVIOUS
TIME STEP REDUCE THE
LENGTH OF THE SECTION.
IF THE REMAINING LENGTH
OF THE SECTION IS ZERO
SETH{LY=1.

CALCULATE X (L], ¥{L), X1 {L} AND Y1 (L}
FROM THE INITIAL POSITIONS OF
THE MISSLE AND BLADE.
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VTR e Rl

%

FIND THE CONTACT POINTS
OF THE MISSILE ON THE BLADE

|

IT=0 = COUNTER NUMBER OF MISSILE
SECTION POINTS BEHIND THE BLADE

FOR EACH MISSILE SECTION

|

OR
NO /< 0+ UAKI <0 +AIKI<QWES

NO

ANY
MISSILE
YES SECTIONS REMAINING? NO [T {SEE PAGE 71)
% =I GO TO 3d1| Foom-
SET: BKBIK=0
IBACK =0 CALCULATE BKBIK SLIDING iSLIDE =0
&= SET [HIT = BLADE ISLIDE =1
% SEGMENT NUMBER
FOR EACH BLADE ? IHIT = NEXT
SEGMENT
BLADE
IF01s cLosE
SEGMENT
TO 90 DEGREES NLUMBER
7 SET Y=Y AND :
0 2 0+BKBIK >0 CALCULATE X) ?
ANY orfl <o +BrBIK <0 IF €15 NOT CLOSE
BLADE SEGMENTS NC YES TO 90 DEGREES XI= X CHORD
NO REMAINING ? SET X1= X AND OF END NODE
Vs ( CALCULATE YI ¥1=Y CHORD
OF END NODE
IBACK =1
SET ISLIDE =0 ?
CALCULATE ekt -
UAKI AND AlK| SETDFB =0 RECALCULATE
CALCULATE « NEAR
. DELTA AND
. £z I8 XNEAR v
IHIT=0 > = IMPACT
[l ANGLE SHALLOW RECALCULATE
s ENOUGH TO DELTA
2y CONSTITUTE SLIDING 7 YES ?
o3| W
é = s RECALCULATE
3% Y DFB
720+ UAKI 20 e - i,fﬁ?ﬁ?&in THE FORWARD
+AIKI >0 DFE. DELTA POINT OF THE MISSILE
: SECTION AT ONE OF THE END

NODES OF THE BLADE SEGMENT?

-(9-



YES

40

DOES
IBACK = 0

NO

K

IT=1T+1

f

SET DMAX (IT)
TO THE LARGEST
DEB

I
-3,

30

CONTINUE

I

41

1

REDUCE DFB
BY bMAX

!

FOR EACH MISSILE SECTION

ANY MORE
MISSILE SECTION

NG

MOVE THE MISSILE
SECTION BACK ALONG
ITS CENTERLINE

BY AN AMOUNT DMAX

NO

42

IS 1T >0 YES

SET SDFB EQUAL
TO THE SMALLEST DFB

NOQ

-70-

MOVE THE MISLILE
SECTIONS FORWARD
BY THE AMOUNT SDBF
RECALCULATE

X AND Y




év

FOR EACH MISSILE SECTION
TEST FOR IMPACT DURING
THIS TIME STEP AND SET
IT(LY =118 IMPACT
OcCuRs

é

SET CONST = 1/10 THE
HIGHEST NATURAL PERIOD

YES IFv =0 NO

SET CONST =1i/1)
THE LOWEST

NATURAL FREQUENCY

TIME STEP SIZE
DT = CONST

%

FOR EACH MI3SILE SECTION:

CALCULATE THE RELAT'VE IMPACT
VELOCITY, VR, AND THE RELATIVE
IMPACT ANGLE, ALPHA

%

ISPLIT =1

IS

ALPHA < w2

ISPLIT =1

ALPHA = 1r- ALPHA

71~
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s
YES A'l < DN ND

li=1

YES

s
YES =0 NO
DFB
DTis ——
VH
ISSILE N LEN
OT1=  MISSILE SECTION LENGTH
VR
Is
DT1 2 DT
|
IS
YES DT <. DT NO
DT=DT1
DT =DT1 g
ANY
MORE
MISSILE
NO SECTIONS
FOR EACH MISSILE SECTION THAT
WILL IMPACT DIUHING THIS TIME STEP
CALCULATE THE LENGTH OF THE
IMPACTING SECTION, vDT
FOR MISSILE SECTIONS NOT IMPACTING
DURING THIS TIME STEP
VDT =90
FOR EACH NMODE POINT ON THE BLADE
SET:
PRESS = 0. PRESSURE {FOR PRINTGQUT)
PIFORC =0.  IN PLANE FORCE
POFORC - 0.  OUT OF PLANE FORCE
PRSS = 0. PRESSURE {TO BE USED I ANALYSIS)
PPL = 0. TEMPORARY PRESSURE PARAMETER
PVL = 0.

TEMPORAIY CAMBER EFFECT PARAMETER




-1

-

THE
MISSILE SLIDING
ALONG THE BLADE {IFSLD = 1}
OR HAS THE ENTIRE MISSILE LENGTH
IMPACTED (HFLG = 1)

YES

CALL SUBROUTINE PINIT FOR
INITIAL IMPACT FORCES ASSQCIATED

WITH MISSILE SECTIONS MHITTING DURING
THIS TIME STEP

HAS

THE

ENTIRE MISSILE

IMPACTED IN THE PREVIOUS
TIME STEP

NO

YES

60

GiD
T

NFLG =1 MIS:IELE

START SLIDING

ON THE BLADE DURING THE

é YES PREVIOUS TIME STEP

NO
SET KFIN EQUAL TO
THE INDEX OF THE 59
PREVIDUS TIME STEP
IFSLD =1 KFIN =1

SET KFIN EQUAL TO

THE INDEX OF THE
PREVIQUS TIME STEP

L + .
$
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IS
NO K =KFIN YES

CALCULATE THE POSITION
OF THE CENTER OF THE
DISTRIBUTED IMPACTED
MISSILE MASS, SPP1(K)
AND THE INNER RAD!IUS
OF THE DISTRIBUTICN
DISTI(K}

vt K=K+ 1

NO K < YES

CALCULATE THE UPPER AND LOWER
INTERFACES BETWEEN THE 2D

AND 3D JET DISTRIBUTIONS

ABB

{

INCREMENT THE INNER RADIUS
OF THE DISTRIBUTION
DIST = DIST + VR«DT’2

!

CALL SUBROUTINE PRESUR TO CALCULATE
THE PRESSURE DISTRIBUTION FOR THE

MISSILE SECTION LENGTH THAT IMPACTED
DURING THE K TH TimE STEP

CALCULATE THE iN PLANE ARD OUT OF PLANE
COMPONENTS OF THE FORCE ON EACH -
NODE DURING THIS TIME STEP
PIFORC AND POFORC
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‘

FOR EACH NODE SET:
PP{1} = PIFORC
PP(2} = POFORC

!

SUM UP THE TOTAL FORCE
ON THE BLADE AND SET
FV EQUAL TO THE RESULT

:

CALL SUBROUTINE MODAL TO CALCULATE
THE MODAL RESPONSE DURING THIS
TIME STEP

FIND THE NEW X & ¥ COORDINATES OF THE
NODES DESCRIBING THE BLADE CROSS SECTION
AT THE IMPACT RADIUS

X0 & Yo

UPDATE THE TIME
TIME = TIME + DT

DOES
NG IFv =1 YES
s CALL SUBRDUTINE PRINTP TO
/ 0> = PRINT THE PRESSURE DISTRIBUTION
FOR ALL DURING rt4iS TIME STEP
MISSILE SECTIONS NO

YES

—75-—



S s Sl L LS

L Lo ol Mo At H S I s ety i Sl St i)

NOQ

202

NO b= YES

TC 800

TIME = TSTOP

YES

DOES

1= 1TPRNT YES

i

¥ 200

CALEL SUBROUTINE PRINTV TO

SET UP THE

FOR THE DEFLECTION AND
STRESS PRINTOUT

VARIABLES

NO

NO

]

HAS THE
MISSILE
IMPACTED
ENTIRELY

YES

CHECK WHETHER THE ENTIRE

CALL SUBROUTINE PRINTP
FOR PRESSURE PRINTOUT
DURING THIS TIME STEP

¥ 201
e s~ LENGTH OF THE MISSILE HAS
SMPACTED
DOES
ves / Fve0 NO
IS
IFV =1 NG

YES

SET ‘
BV e —P-[TELAPS . TIME—DLI

Y

WASH OFF THE BLADE C

PRINT THE ELAPSED TIME THAT
IT TOOK THE MISSILE TO

OMPLETELY

1

3

|

15

TIME ~ TSTOP

YES

NO
{908

GO BACK TO
BOD AND
BEGIN A NEW
TIME STEP

CALL SUBROUTINE PRINTR AND
PRINT THE RESULTS OF THE
ANALYSIS
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i S

P3D

CALCULATE THE RADIUS OF
THE CIRCLE

CALCULATE THE OFFSET BETWEEN THE
CENTER OF THE CIRCLE AND THE
STAGNATION PRESSURE POINT

!

CALCULATE THE SIZE OF THE
INCREMENT IN THE Y DIRECTICON
DELY

ZERO OUT THE TOTAL
FORCE AND LOAD

YES N=2 NO

SIGN = 1 SIGN = -1

e e o SR 1IN B L

!

CALCULATE THE LIMITS
OF INTEGRATIOM
YR(1}). YR{2], XR[1}, XR{2)

=77~



CALCULATE THE SIZE OF THE
INCREMENT IN THE X DIRECTION

DELX

'

CALCULATE THE LOAD CONTRIBUTION DUE TO THE
TRIANGULAR AREA AT THE OUTER RADIUS OF

THE CIRCLE

!

YTLOAD =0

!

X =1 1

{

1Y =1 1

Y

i

NO

Y =1¥ + 1

YES

DO
IX=2
AND 1Y =1

NO

CALCULATE THE

YES

!

IX=1X+1

NO

IX >2

ADDPTO
VTLOAD

YES

]

] DISTANCE FROM THE
STAGNATION POINT

(1

A1 <{1.0 x 705

4 vEs

NO

cosi=1

CALCULATE
o{a LRV

CALCULATE THE

-78-
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POINT




é

CALCULATE THE LOAD CONTRIBUTIONS AT
POINTS OF THE QUADRILATERAL AREAS
INSIPE THE CIRCLE

e A g e v b g el

-
4

R
DOES
NO/ N=2 ND YES
{’ YES Nsn >z
l Ja=Q
‘ JO = 101 e

DOES
NO n=ily YES

H ¥

IMULTH'I IMULT"?I

CALCULATE THE
PRESSURE AT THE
INTEGRATION POINTS

!

ADD
PRESSURES TO VLOAD

] weiyen

Nag /S 1Y 22 YES

=1+

|
¥

MULTIPLY THE COMBINED
PRESSURES (VTLOAD + VLOAD}
BY THE INCREMENTAL

AREA AX Ay aND

DIVIDE BY 6

Y
ADD THE RESULT
TO ALOAD {N}

¥

1a=ia+1

1S

> 285
YES 1a NO

L

TLOAD = ALDADI(1] + ALDADI2)

RETURN
TO THE
CALLING
PROGRAM




LAMBDA

YES Yz

YES

Az = BESTL

e

CALCULATE
Ayl -1UVDT/yq) -IVDT/Ya)

= e . e . B

é 2 My 2 ivprryn -2 (VD¥/v2)
e . B . 8

K=K+1
NO gZES vEst ITERATE FOR A
CLOSER VALUE
g OF BESTL

BESTL
TEST = |1 - ——

Ao

!

BESTL =0

PRINT A
WARNING MESSAGE
THAT A ; HAS

NOT CONVERGED

TEST < 1 % 103

RETURN TOD
THE CALLING
PROGRAM
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CAMBER

YES

s
ISPLIT = -1

NO YES
CALCULATE THE MASS # %
THICKNESS FOR THE
3D PORTION OF THE CALCULATE THE MASS CALCULATE
DISTRIBUTION THICKNESS FOR THE THE MASS
2D PORTION OF THE THICKNESS FOR
DISTRIBUTION THE 2D PORTION
USING NEGATIVE
SIGNS
Y- I
513

CALL SUBROUTINE R GION

TO FIND WHICH BLADE

CURVATURE REGION THE

MASS IS SLIDING ACROSS

Jei

CALL SUBROUTINE INCURV

TO CALCULATE THE

VALUE FOR THE INVERSE

OF THE CURVATURE

RADIUS

e %
CAMBER 2
= b e
PRESSURE Pl X THICKNESS X DENSITY X {VELOCITY)

RETURN TOQ

THE
CALLING
PROGRAM
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REGION

[ NST = NSTAT -2 ]

is
XNODE < XCEN1(KJ}

NO

IS
XNDDE 2> XCENZ (KKJ)

YES

f

NO

514
YES “”’L K= KJ+1

B:-! JC1=KJ }—

YES

RETURN
TO THE
CALLING
PROGRAM
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i\.
)

INCURV

CALCULATE THE X AND Y COORDINATES
FOR THE MID-POINTS OF THE BLADE
SEGMENTS JC1 AND JO1+ 1

!

CALCULATE THE CHANGE [N ANGLE
DELPHI

18

DELPHI < 1.7 X 105 NO

1

CALCULATE THE CHORDAL
DISTANCE BETWEERN
{XMID1, YMID1) AND (XMID2Z, ¥YMID2)

%

CALCULATE THE
RADIUS OF
CURVATURE
RCURV

! !

1

RCURV

RETURN
TO THE
CALLING
PROGRAM

¥
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I |

PRESUR

LIM = TOTAL # OF NODES @ RADIAL
STATION 13

. |ecatgr—

Y

I J3=1

Is
~
:‘;fv's CALGULATE THE
CALGULATE THE NODE WITHIN DISTANCE ALONG %
B oy e oo
H L
' < AND THE BISTRIBUTION
CENTER AND THE NODE |% St NTER
ves ND
15 IS
THE THE
NODE NODE
BEYOND THE BEYOND THE
OUTER LIMITS OUTER LiMITS
OF THE DISTRIBUTION OF THE DISTRIBUTION
NO
YES YES
HAS
THE
MISSILE MISSILE
COMPLETELY COMPLETELY
IMPACTED AND IMPACTED AND
DOES THE NODE DOES THE NODE
LIE WITHIN THE VOID LIE WITHIN THE VOID
vES OF THE DISTRIBUTION OF THE DISTRIBUTION YES
e —— -
1 [
F' NG O ¥
CALCULATE THE DISTANCE BETWEEN CALCULATE THE DiSTANCE
THE NODE AND STAGNATION POINT ALONG X BETWEEN THE NODE
AND THE STAGNATION POINT
¥ Y
CALCULATE THE PRESSURE AT THIS | _ ::fscxég;i;rNE;f::%”E AT
NODE USIN Cos
USING THE 3D EQUATIONS EQUATIONS
[
I CALL SUBROUTINE CAMBER —I
L | —— | N
ND “ i
s
B L B=4341 I 3 > LM
YES I YES

RETURN
TO THE
CALLING
PROGRAM

Bl



’ : MODAL

ALL LOADS™,
ON THE BLADE

YES EQUAL TO ZERO NO
CALCULATE THE PARAMETER
= % # FOR FORCED RESPONSE
ZERO OUT THE
DEFLECTIONS, STRESSES
AND VELOCITIES AT
ALL NODES
YES NO
IS 16 GREATER
THAN THE TOTAL
NUMBER O'FA CALCULATE THE GENERALIZED
FCRCE FOR MODE 16
Pi {16)
16=16+1 CALCULATE THE MODAL
COEFFICIENTS AND THEIR
YES NO - TIME DERIVATIVES FOR
IS JB GREATER MODE 16 USING @ {I6)
JHAN THE TOTAL AND QD {16} FROM PREVIOUS
NUMBER OF Tk STEp
MODES
QI (16}, QD! {i6)

%

JB=JB+1 [ Q{16 = ai {i8)
Qp {16) = apl (16)

" %@ETURN TO PROGRA[\D * JB =1

CALCULATE THE IN-PLANE AND OUT

OF PLANE DEFLECTIONS AND VELOCITIES,

AND THE THREE COMPONENTS OF STRESS

FOR MOCDE JB
DEF {1, JB}, DEF (2, JB), VEL (1, JB), VEL (2, JB}
STRS (1, JB! STRSS (2, JB}, STRSS (3, JB)
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NA(L
L1

= f OF MISSILE SECTIONS IMPACTING DURING TIME STEP |

= FIAST MISSILE SECTION TG IMPACT

RMHUIl 2 THICKNESS EQUAL TO SUM OF THICKNESSES OF SECTIONS IMPACTING
AM2{l) = THICKNESS EQUAL TO SUM OF THICKNESSES OF SECTIONS SLIDING

ZERO QUT:

¥

ITSLD {1} =7

YES

L > ITSLD {1} NO

IS
11{L) =1 NO
YES
ADD MISSILE
I SECTION L'S THICKNESS
ISLIDE (L, 1) = 1 TO AM11)
L YES [SLIDING)
NO y
INCREMENT
ARE NA (1} BY 1
ONE OF
THE PREVIOUS
MISSILE SECTIONS
YES SLIDING NO | Tsipin =L IS
T YES NA(l =1
ADD THIS MISSILE ! L=t e MO
SECTION'S THICKNESS i ]
TO RMmz2{i}
SET WMTI1}
EQUAL TO THE
THE WIDTH = WIDTH OF
OF THIS MISSILE THIS MISSILE
SECTION SECTION GREATER
_ THAN Wa1(1) NO
YES =
g

GREATER
THAN THE

TOTAL#OF
MISSILE SECTIONS

NO

SET WM1(i) EQUAL ToO
THE WIDTH OF THIS
MISSILE SECTION

L=L+1 i

YES

-86~
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WILL
ANY OF THE
MISSILE SECTIONS BE
IMPACTING DURING THIS TIME STEP

YES NO

SET DL =TO THE
= WIDTH OF THE
2D JET REGION

{

CALCULATETHE X AND Y
COORDINATES OF THE
CENTER OF IMPACT

X171 ANG Y1

AND SET JC1=T0 THE
BLADE SEGMENT THAT
WILL BE HIT

FIND:

XK NEAR1 = X COORDINATE ON PLANFORM GEOMETRY CORRESPONDING
TQ THE BEGINNING NODE ON BLADE SEGMENT JC1

PLTAL1 = OISTANCE BETWEEN BEGINNING NODE ON BLADE
SEGMENT JC1AND IMPACT POINT

GMAL? = X COORDINATE ON PLANFORM GEOMETRY CORRESPONDING

TO IMPACT POINT
CALCULATE:

VAL (I} => RELATIVE IMPACT VELOCITY FOR THIS TIME STEP
ALPLT{I} = RELATIVE IMPACT ANGLE FOR THIS TIME STEP
VDTLT) = AMOUNT OF MISSILE THAT WILL COME ON

THE BLABE THIS TIME STEP

s
APL1{l}

NG SMALL ENOUGH TO CONSTITUTE SLIDING?

__

CALCULATE THE PARAMETER DESCRIBING
THE GECMETRY OF THE GENERAL JET
E = DISTANCE BETWEEN JET CENTER LINE
AND CENTER FORCE
G = DISTANCE BETWEEN JET CENTER LINE
AND STAGNATION POINT
Y3 +7a = EXPONENTIAL DECAY COEFFICIENT

%
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TO
PROGRAM
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%

CALCULATE THE DISTANCE BETWEEN

THE IMPACT CENTER AND THE LOCATION

OF THE DEFLECTED FORWARD POINT OF THE
IMPACTED MASS ON THE PLUS SIDE OF THE
DISTRIBUTION = A,

%

CALCULATE THE X-COORDINATE ON
THE PLANFORM GEOMETRY OF THE
STAGNATION PRESSURE POINT

sPP (1)

CALL SUBROUTINE LAMBDA TO
CALCULATE THE LOCATION OF THE DEFLECTED
FORWARD POINT OF THE IMPACTED

MASS ON THE NEGATIVE SIDE OF

THE DISTRIBUTION A,

{

CALCULATE THE VALUE OF THE

LOAD FOR THE 20 PORTION OF

THE PRESSURE DISTRIBUTION
Five 2D (1)

CALL SUBROUTINE P3D TO CALCULATE

THE VALUE OF THE LOAD FOR THE 3D

PORTION OF THE PRESSURE RDISTRIBUTION
FIMP 3D (1]

SUM UP THE TOTAL
IMPACT FORCE

FIMP

FIND OUT WHERE THE IMPACT

FORCE IS LOCATED ON THE BLADE

AND DISTRIBUTE THE FORCE AT

THE TWO CLOSEST NODES AS PRESSURE

v

%

RETUARN
TO

PROGRAM
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SECTION IV

INSTRUCTIONS ON THE USE OF THE PROGRAM

The MMBI program uses an unformatted method of data input, Individual
items of data need only to be separated by a comma or blank. Howaver, it is
recommended that sets of data be grouped together in a manner that allows
the user to keep track of the number of data points being input per set since
a missing data item or a misplaced comma (or blanrk) may result in gross errors
in the analysis. The inputs to the FOD Impact program are grouped into four
categories:

1) Problem definition

2) Missile description

3) Modal data

4) Blade description

4.1 PROBLEM DEFINITION

r/;,RIMP,TSTQP,ALPHAO,XOCL,YOCL,NR,NN,NM,NVA,IPDEL,DEN,ISYM

1} . V - Initial missile impact velocity (in/sec) [REAL]

2) RIMP - Impact radius (in.) [REAL]

3) TST@PP- Total length of time representing the duration of the analysis, It
is recommended that on the first trial run, the user input a time length equal to
the blade cord width times the inverse of the cosine of the impact angle, divided
by the initial impact velocity. If this run is successful the time length
for subsequent runs should be of a duration sufficient to include the
impact stage of the problem and the length of time necessary to pass through
one complete cycle of vibration at the lowest mode of the blade. (sec.) [REAL]

4) ALPHAO - Initial impact angle. Fig. 6§ illustrates the sign convention for

I

5 radians such

angles. This angle must be input with a value between 0O and
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that the blade chord angle, determined with a vector drawn from the leading
edge to the trailing edge, must lie between 0 and % radians (see Section 2.1.3).

(radians) [REAL]

5) XOCL, YOCL - In-plane, out-of-plane coordinates for the intersection of
the missile centerline and the blade (see Section 2.1.3). (in.) [REAL]
6) NR - Total number of radial stations defining the blade. [ INTEGER]
7) NN - Total number of nodes describing the blade. [ INTEGER]
8) NM - Total number of nodes to be used in the problem. [INTEGERJ
9) NVA - Total number of lengthwise sections defining the missile. [INTEGERJ
10) TIPDEL — Number of time steps between each printout of displacements and
Stresses, [INTEGER]
11) DEN - Missile density., Note that the value input for this item must be such

that the mass of the missile will be consistent., Thus, if a one-pound

spherical missile is being modeled the density must be such that when it is

multiplied by the volume of the modeled missile it will yield one pound,

LBS—SEC> (REAL]

in%
12) ISYM - Flag indicating whether items input in section 4.2 describe a symmetric
(ISYM=0) or umsymmetric (ISYM=1) missile., If ISYM=0 NVA (see 4.1.9) must be

equal to 6. [INTEGER]



4,2 MISSTLE DESCRIPTION (Fig. 5)

/Rm),RL(z),Rus),PL(4>,RL<5>,RL<6)

/mx(1>,m1<z),m(a),mca),msmmts)

r///EL(l),CL(2),CL(3),CL(4),CL(5),CL(6) [

P
r/’DELTL(l),DELTL(2),DELTL(B),DELTL(&),DELTL(S),DELTL(G)

/WM(I),WM(.’Z),WM(B),EM(&),WM(S),WM(G)

1) RL(1), RL(2), RL(3), [RL{4)_ RL(5), RL(6)]%*** — Radial distance from nissile
centerline to centerline of corresponding missile section. Note the sense of
positive values of radius. (*The number of input items must be equal to

NVA and the numbering order must be from right to left as per Fig. 5.) (in.)
[REAS.]

(%% If ISYM=0 there must be three entries input for this variable.)

2)  [RM(1), RM(2), RM(3), R¥M(4), RM(5), RM(6)]#** - Thickness of missile sections, (in).

[REAL] (see starred note 4,2.1)

3) CL(1), CL(2), CL(3), [CL(4}, CL(5), CL(6)]*** .. Length of missile sections -
(in.) [REAL] (see starred notes 4.2.1)

4) [DELTL(1), DELTL(2), DELTL(3), DELTL(4), DELTL(5), DELTL(6)]***~ Offset of each
missile section towards aft end from missile center at forward end. {in.)

[REAL] (see starred note 4,2.1)

5) WM(1), WM(2), WM(3), WM(4), WM(5), WM(6) — Width of missile sections including

both the 2-D and 3-p portions. (see section 2.2.3) (in.) [REAL] (see

starred notes 4,2,1)

#%*% Needed only if ISYM=1 and NVA>3.
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4.3 MODAL DATA

1)

2)

(ﬁml) JMAX(2) ,MAX (3) ,MAX (4) , ~———-MAX (NR)

(ﬁﬁB(l),NJB(Z),NJ3(3),NJ3(4),—————NJ3(NR)

fﬁulcl),VMI(z),VMI(z),VMI(a), ————— VMI (1)

(6&(1),DR(z),DR(3),DR(4),DR(5), ————— DR (M)

Wﬁ(l),wﬁ(z),wﬁ(3)swﬁ(4):““‘-—W¢(NM)

T

PH2(1,1,1),PH2(1,2,1),PH2(},3,1),~——— ,PH2 (1,NN,1),

N

PH2(2,1,1),PH2(2,2,1),PH2(2,3,1) ,mmmmm ,PH2(2,NN, 1),

RN

HZ(l,1,2),PH2(1,2,2),PH2(1,3,2),“““——,PH2(13NN,2),

TN

(/%H2(2,1,2),PH2(2,2,2),uu———Pﬁz(z,NN,z)

r/PH2(1,1,3),PH2(1,2,3), ————— PH2 (1,NN, 3) , ~—— PH2 (2,NN, 3) , ———
r/%H2(1,1,NM), ————— PH2 (1,NN,NM) ,—-~——PH2 (2, NN, NM)

_réﬁz(1,1,1), ----- SH2 (1,NN, 1), —~mm—m SH2(2,NN, 1) ,————m SH2 (3,NN, 1),
réHZ(l,l,Z), —————— SH2(1,NN,2) === SH2 (2,NN,2},~————SH2 (3,NN,2) ,————
f/§H2(1,1,NM), ————— SH2 (1,NN,NM) ,————— SH2 (2, NN, NM) , e mmene SH2 (3, NN, M)

MAX (1), MAX(2), ———MAX(NR) — Number of nodes at each radial station of

the blade. [INTEGER ]

MAY =225

RJ3(1), NJ3(2), —-~NJ3(NR) - Index corresponding to the chordwise node at

each radial station for which the user wishes to obtain displacement and
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3)

5)

63

7)

8)

9)

10)

stress output results. (e.g. if radial station 6 of the blade has its

center of twist located at node 7 from the leading edge, the user may wish

to imput NJ3(6) = 7)., [INTEGER]

VMI(1l), VMI(2), -——VMI(NM) - Modal mass corresponding to the first, second ——-
NM modes of the blade. (1sNM<10) [REAL]

DR(1), DR(2), -—— DR(WM) -~ Critical damping ratio associated with each

mode. (I1SNMS10) [REAL]

WH (1), W6(2), —- Wh(NM) ~ Modal freﬁuency associated with each mode.
(15NMS10) (Radians/sec)  [REAL]

PH2(1, 1, 1), PH2(1, 2, 1), PH2(1, 3, 1) =--— PH2(1, NN, 1) - In-plane dis-
placement components for the first mode at each node of the blade.
(*ThEnumbering of nodes is row by row from the leading edge node to the
trailing edge node. Thus the data will be composed of displacements corres—
ponding to the nodes of the lowest radial station, then the neodes of the

next radial station, etc.) [ REAL ]

PH2 (2, 1, 1), PHZ (2, 2, 1), PH2 (2, 3, 1) =—— PH2 (2, NN, 1) - Out-of-plane
displacement components for the first mode at each node of the blade. [ REAL 1
{see starred note 4,3.6)

PH2(1, 1,2), PH2(1, 2,2), PH2(L, 3, 2) —— PH2(l, NN, 2) - In-plane displace-
ment components for the second mode at each node of the blade. [REAL] (see
starred note 4.3.6)

PH2(2, 1, 2), PH2(2, 2, 2), PH2(2, 3, 2) ——— PH2(2, WN, 2) ~ Out-of-plane

displacement components for the second mode at each node of the blade. [REAL]

(see starred note 4.3.6).

PRZ(1, 1, 3) -—- PH2(1, MN, 3), PH2(2, 1, 3), - PH2(2, NN, 3), ——m,
PH2(1, 1, WM), PH2(l, 2, NM), --—, PH2(L, NN, NM), PH2(2, 1, NM), PH2(2, 2, WM),
—~= PH2(2, BN, WM) ~ In-plane and out-of-plane displacement components

corresponding to each mode at the nodes of the blade. The order of
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11)

input follows the same as in 4.3.6 thru 4.3.9, i.e, first the in-plane
Components at each node, then the out-of-plane components at each node,

etc., ete. for each mode. [REAL] (see starred note 4.3.6),

SHZ(1, 1, 1), SH2(1, 2, 1), ~— SH2(1, ™N, 1), SH2(2, 1, 1), —~- 8H2(2, NN, 1),
SH2(3, 1, 1), SH2(3, 2, 1), ——- SH2(3, NN, 1), SH2(1, 1, 2y, sH2(1, 2, 2), —-
SH2(1, NN, 2), SH2(2, 1, 2), SH2(2, 2, 2), —-— SH2(2, NN, 2), SH2(3, 1, 2),
SH2(3, 2, 2), --—- SH2(3, NN, 2), --~SH2(1, 1, W), SH2(1, 2, NM), ---SH2(1,
NN, NM), SH2(2, 1, NM), SH2(2, 2, NM), —- SH2(2, NN, NM), SH2(3, 1, NM),
SH2(3, 2, NM) ——- SH2(3, ¥N, NM) -~ Three components of stress at each node,
for each mode. The order of input consists of first inputting the first
component (uswally chordwise) at each node, then the second coniponent

(usually radial) at each node, then the third component (usually shear)

at each node, then repeating for the next mode until all modes have been

input. [REAL] (see starred note 4.3.6).
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4.4 BLADE DESCRTIPTION (Figs 1 and 2)

1)

2)

3)

4}

5)

¢)

(@NQDE(I)
NﬂDE(l,l),XN¢DE(1,2),XN¢DE(1,3), ————— XN@DE (1,MAX (1)),
NQDE(Z)
(/&N@DE(Z s 1) ,XN@DE (2,2) ,XNGDE (2, 3) , ~—mmem XN@DE(2,MAX (2)),
t LS SN N N T T S T T T T S S BN
f/Qmwuv(NR)
r&N@DE(NR,1),XNQDE(NR,z),xn@nE(NR,s), ----- XN@DE (NR , MAX (NR) )
1/%¢(1), X(2), X(3), ~~—— XP(MAX(impact radial station))
(Yei(l), ¥P(2), YB(3), ~——- Y@(MAX (impact radial station))

YNDE(1) ~ Radius of the first radial station. (in.) [REAL]

KN@DE(1, 1), XN@DE(1, 2}, —~—-XN@DE(1,MAX{1)) - Chordwise coordinates of the
nodes iying on radial station 1. (* Input order is from the leading edge to the
trailing edge.) (in.) [REAL]

YN@DE(2) - Radius of the second redial station. (in.) [REAL]

XNODE(2, 1), XNODE(2, 2), ——- XNODE(2, MAX(2)) - Chordwise ccordinates of the
nodes lying on the second radial station. (in.) [REATD (See starred note 4.4,2)
YNGDE(3), XN@DE(3, 1), ——- XN@DE (3, MAX(3)), YNPDE(4), XN@DE (4, 1), ~—

XN@DE (4, MAR(4), —— YN@DE (NR), XN@DE(NR, 1), ——— XN@DE(NR, MAX(¥R)) ~ Radial

coordinate of radial stations and chordwise coordinate of nodes corresponding

to each radial station. Order of inputs is as shown. NR<?23,

XP(L), x4(2), Xd(3), —— XP(MAX (impact radial station)) - In-plane
coordinates of nodes segmenting the blade chord at the impact radial
station. (see starred note below), Input order is from the leading

edge to trailing edge., (fa.) [ REAL]

-95-



7) Y@(1), YP(2), ¥Y¥(3), -— YP(MAX(impact radial station)) — Out-of—plane

coordinates of nodes segmenting the blade chord at the impact radial

station. Input order is from the leading edge to the trailing edge. (in,)
[REAL]

*NOTE: The coordinates X@(J), Y6(J) must be such that

1 X (J+1)-XB (T}

s il < T
ﬁ¢(3+1)—X¢(J)] 2+ [E@+D-v83)] 2 :

0= Co

4.5 OUTEUT

4.5.1 Pressure Distribution

During the time in which there remains a portion of unimpacted missile length
the MMBT program prints out the pressure distribution for each time step. When
the entire length of missile has impacted the blade, pressure printout is
performed for every IPDEL time step until the final TSTﬁP is reached. 1In
addition, when the pressures on the blade have reduced to a negligible amoumnt,
the program prints out a message to the user indicating the time

elapsed to complete the impact phase of the problem. If the value of

TSTPP is reached before the pressures on the blade have reduced to negli-

gible values, the program prints out a message informing the user that

the length of time allotted to solve the problem is too short.

4.5.2 Poor Convergence in Subroutine LAMBDA

As mentiocned in Section 3.3.2, the program is instructed to print a warning

message informing the user that it was unable to converge to a one percent accuracy

—~0 6
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for the definition of the impacted missile mass shape. The best accuracy achieved

is printed and the program will continue with the analysis. Generally, accuracies

within 5 percent are acceptable, and accuracies greater than 5 percent are

indicative of an error im the inputs with respect to missile shape (see 4.2,

4.5.3 Displacement and ftress

In addition to Printing out the displacement and stress output for

each IPDEL tdime step, the program will print the displacements angd

stresses for the first and last time steps of the problem. Displacement and
stress output is printed in two configurations, The in~plane and out—of-plane
displacements at the node NJ3 (see 4,.3.2) of each radial station are printed out
vs. the radial coordinate of the radial station. In addition, the stresses in
the radial direction at the leading edge node, node NJ3, and trailing edge

node of each radial station are printed out vs. the corrvesponding radial
coordinates. Note that in order for this printout to be successful the user
must input the proper component of stress as mentioned in 4.3.11. The second
configuration of displacement and stress printout consists of tabulating this
data with respect to the chordwise distance relative to the leading edge at the
impact radial station. The in—-plane and out-of-plane displacements at the

nodes lying on the impact radial station are printed out versus their chord—
wise distance from the leading edge. The program then prints out the chord—
wise (STRESS-X), radial (STRESS-Y), and shear {SHEAR-XY) stress components at the
nearest radial station below the impact radius, the impact radial station, and
the nearest radial station abave the impact radius, for chordwise distances

relative to the leading edge.
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SECTION V

DFMONSTRATION PROBLEMS

As noted in the introduction to Section II, the MMBI program

solves the problem of missile impacts on blades in three separate

phases, The demonstration problems presented in this section

illustrate the program's ability to handle the missile and blade geometry
and its analysis of tha pressure distribution associated with the impacting

missile. Presented in Section 5.2 is a complete modal response analysis

of a soft body impact on a blade.

5,1 Llmpacts on Rigid Plates

The impacting missile used in these analyses is a 600 gram,cylindrically

shaped mass with a 2 to 1 length to diameter ratio, impaciting the target

at a velocity of 7800 in/sec. Specifically, the length of the missile
lb—sec?

iz 5.8 in.,, making the density 8.89x10-3 =t - Fig. 28 illustrates

the parameters used in modeling the missile for the program.

Since the target is rigid, the modal displacements are set to zero. In
addition, only one mode need be used, with a frequency chosen such that
the time step sizes calculated by the program will be sufficient to
Lllustrate the variation of the pressure distribution with respect to time
and target surface. Since the length of the missile is 5.8 in,, the
frequency is chosen as 8449.8 rad/sec. The program will calculate a time

step from

2w

-4
- = 7. s
At = Togagiy.g OO see

(see Section 3.1.8)
The length of missile that will impact during each time step will then be

VAT = 7800x7.4359x10™% = .58 in.

It will therefore take 10 time steps for the missile to impact the blade

at an impact angle of 90 degrees.
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5.2

The program was run using impact angles of 259, 45° and 90°. The

results were then compared to experimental data repovted in Ref, 20

on similar impacts. Table III summarizes the results which are plotted

in Figs. 29, 30 and 31. Generally, the data points are shifted toward

the stagnation pressure point by .75 inches. The general shape of the
distributions for both the calculated and observed results are similar. In
the case of the 25 degree impact :the correlation is poor for points near
the center of impact lying along the minor axis. However, the relative
values for the data points located at the center of impact and at a

radius of .46 inches in this case

from the center to the outer point. This result is contrary tec both theory
and to the res.lts for the 45 and 90-degree cases, indicating that the

test data for pressure ratios along the minor axis in the 25-degree case

is questionable.

30-DEGREE IMPACT OF A 1 LB, SPHERE ON A FLAT PLATE SIMULATED Q-FAN BLADE

Fig. 32 depicts the model used in performing this analysis. The blade
consists of rigid steel plate bolted on a titanium spar between the 26-inch
and 33.75~inch radial stations. The plate measures 10 inches between the
leading edge and trailing edge, is flat on the impact face, and tapers on
the rear (or spar) face from a nominal thickness of .31 inches at the
center of twist to a thickness of ,14 inches at the leading edge and .080
inches at the trailing edge. The leading edge is located a distance of

4.6 inches from the center of twist and is parallel to the spar’'s twist axis.
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The missile is a 3.75-inch diameter sphere weipghing 1 1b. and impacting the
plate with a velocity of 600 ft/sec. at a 30° angle to the plane of the plate.

Figs. 33 and 34 show the dimensions of the model depicting the missiie,

The modal data used in the problem includes the first five modes of

the blade. Since the plate is relatively rigid it was felt that

these lower modes (i.e. the first three bending and the first twa
twisting modes) would be sufficient to obtain the data necessary for
comparison with test results. Due to the lack of a good finite element
model for the blade, consisting of a dimensional plate element, the
modal data was obtained from a beam analysis eigenvalue solution. The
results of this normal modes analysis was then used to determine the
displacements of the plate nodes relative to the point of the plate
located at the impact radius and the center of twist. Since the plate
is relatively rigid this approximation should not impose any gross
errors. In addition, the loads calculated by the program are maximum
along the impact centerline and decay rapidly with distance from the im-
pact centerline, thus reducing the effects of errors in the mode shapes with

respect to the blade response. Below is a summary of the medal data,

*DISPLACEMENTS TWIST
MODE| SHAPE FREQ. (HZ) IP OOP IMPACT STATION | BLADE TIP
1 |1St BENDING 69 .383 .310 -, 0407 ~.108
2 {2nd BENDING| 139 -.205 -.116 -.0169 -.231
3 {3¥d BENDING| 231 .375 -.515 .0237 -.191
4 |1St TWIST 244 .0131 .129 .297 .0861
5 |2nd yrsT 360 ~.269 -.624 217 514

*At the impact radial station and center of twist
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The impact station is at the 30-in. radius and the center of the missile
impact is .6 inches off the center of twist towards the leading edge. A
listing of the input data is presented in Table IV and the output results
of the program are presented in Appendix G. Presented in Fig. 35 is a
plot of the calculated flatwise displacement response at the blade tip

and the corresponding test data, The test data indicates the presence of
higher mode contributions to the displacement response of the blade, how-
ever, these contributions are minimal. With respect to the duration of
the response and the general shape of the curve, the anrrelation between
calculated and test results is very good. The peak displacement predicted

by the MMBTI pProgram is within 6.7% of the test results.

Fig. 36 shows the calculated response of the blade in twist at the im-

Pact radius and the test data for twist response of the blade at the blade
tip. Although the two sets of data cannot be directly compared, several
encouraging conclusions can be drawvn from their relative shapes, First,
note that for the initial rise of the response and for the fall off after the
pealk, there is good correlation. fThis is consistent with the fact that the
blade response during these time intervals is mostly due to the lower

twist modes. The break away of test results from the calculated curve
indicates, as with the displacement response, the Presence of higher

modes. Furthermore, noting that the modal data input to the program is
based upon a rigid body transformation of the plate with regpect to g

peint at the impact radius, and considering the summarized modal data, it
can be seen that there is a sharp transition in the twist mode shapes

between the impact radius and the tip radius. The MMBI Program predicted
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that the missile mass washes off the blade 1 millisecond after the
initiation of impact. It would therefore be expected that the blade twist
response will include the higher modes after this time as is illustrated

by the test data,

It should be noted that the effects of blade camber on pressures are

not present in this analysis since the plate motion is virtually rigid, How-
ever, the significance of this demonstration problem iies in the ability of
the MMBI program to couple the effects of a variable sized and shaped

missile with the modal characteristics of the impacted blade. The

program was able to predict within acceptable accuracy, the response of

the blade subjected to a nonlinear load.

5.3 RECOMMENDATIONS

In its present form, the MMBI Impact program combines the effects of coupled
modal response with a time variable missile model. Although the demonstra-
tion problems presented in Jections 5.1 and 5.2 provide an insight to the

capabilities of the pProgram, it must be pointed out that a thorough evalua-

tion of the Program is still warranted.

As a first step, it is recommended that the results from available test
data on missile impacts of real fan blades be compared to corresponding
analyses performed with the program, 2.g. missile impacts of the 3a Q~Fan
Demo Blade performed for NASA Lewis by Hamilton Standard under Contract No.

NAS3-17837.
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Second, since suceessful design techniques require the analyst to conduct
parametric studies on proposed designs, the evaluation of the program with

respect to parametric applications ig of importance,

As an outgrowth of these studies, improvements on the present modelling
could be accomplished, such as:

1) The development of a technique for integrating the pressure
distribution over the surface of the blade. Such a method has
already been partially developed.

2) The inclusion of Hugonoit pressure for the initial shock force
developed prior ro steady flow,

3) The inclusion of an internal preéprocessor for extracting the eigen-
values and eigenvectors associated with the blade. The procedure
for inputing the modal data into the program is a cumbersome task
due to the large volume of data that is associated with most blades.
Errors in traasmitting the data from an external modal preprocessor
to the MMBI program can be incurred if extreme caution by the

user is not exercised,

It is to be noted that the present version of the program does not account

for the non-linear behavior of blades subjected to impacts. The expansion

of the program to include the effects of large deformation, non-linear
elastic-plastic matericl behavior, and as a final step, inhomogeneity, would
be a significant improvement. The methodolegy used to determine the variation
of impact load with respect to time and blade surface would be analogous to
that used by the present versiorn of the program. However, rather than purely

time stepping through the problem with a single solution set for the modal
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response, a time step integration technique can be developed such that the
generalized coordinates corresponding to the modes of the system are solved
for during each time step. This releases the constraints that the transient
forcing function on the system, and that the material and stiffness properties
of the system, be relatively smooth functions with time. A similar method

is presented in Ref, 21-

An additional area of interest, in which the FOD Impact program could be a
useful tool, concerns the subject of failure analysis, The development of
the program's capability to handle delamination and fracture damage could be
implemented using the methodology described above. These developments would
necessitate further efforts in the improvement of the missile model. Since
fracture damage comstitutes discontinuities in the surface of the blade, the
improved missile model would be required to respomd to these discontinuities,
Such a model can be developed by using a non-linear, semi-solid, theoretical

substance such as Mooney-Rivlin material.

The improvements mentioned above cover a very broad and general scope of
developmental work. Certainly, the area of program evaluation is a task which
should be afforded immediate dttention. The remainder of the recommendations

constitute multiple task efforts that can be expended as longer range developments.
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TABLE . EXPERIMENTAL iMPACT DATA

IMPACT ANGLES, @

AUTHORS MEDIUM DESCRIPTION
W. SCHACH LIQUID 2b AND 3D OBLIQUE JETS 30, 45, 60, 76, 90
REFERENCES 5 & 7 IMPINGING PLANE
JLF. FOSS & S.J. KLEIS AlR 3D OBLIQUE JETS 3.6,9,12, 15, 30, 45, 60
REFERENCES 13, 14, 15 IMPINGING PLANE
A. LECLERC Liaulo 3D NORMAL JET 80
REFERENCE 12 IMPINGING PLANE
G. TAYLOR LiqQuib 3D COLLIDING CBLIQUE 30, 45, 60
REFERENCE I JETS
T. STRAND Liauip 3D NEAR NORMAL JETS 80 & 90
REFERENCESS, 18 IMPINGING PLANE
R.L. PETERSON & J.P. BARBER | BIRD BIRDS OBLIQUELY 25, 45,90
REFERENCE 4 IMPINGING PLANE
J.P. BARBER & ..5. WILBECK BIRD BiRDS OBLIQUELY 25,45

REFEREMNCE 19

IMPINGING PLANE
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TABLE Il

REL 3 ".&i SHIPS FOR 2D, 3D, AND GENERAL SYMMETRICAL MISSILE MODELS

1. FORWARD FLOW AREA

2. PRESSURE DISTRIBUTION

1
= 2
’;‘c:o':Z PV,

3. DECAY COEFFIGIENTS

4. DEFLECTED THICKNESS

5. FORCE FROMJET ¢
6. STAG. PRESSURE FROM FORCE
7. STAG. PRESSURE FROMJET ¢

T+ [wPp/(dL/dX]g]
Hr

27 (pyfPg)+ [wPq/ldLidXIg)

[ (§/alyfiBlalg ) + AglAg

+p'2=

wa
AF, =—(1+co5Q)
2

(Prpg} = e~IX/ N) (2=l A |

1 a
Aqfa s—t1-—)sING
3 ‘ﬂ'

a
Nofa =— siNG
3w

1
td/al, =—l1*cosa)
2

1
{efalg =— COT A
2

14 2a
f/aly =—11-—) SIN G
o T

1 28 24
lgfaly =—[ €OT @+— (1-—1 SIN @]
2 9 7

1+ 1 {dL/dX) g/wPgl
T =
3 lpslpz) + (dL/dx’si’WPz]

1+ Aglhy

#a® (8 /a)4/187a)a) + AglAy

Ta? a SINza
-—x

4 T

F_-
AF., =
8 2T

PrPg) = omtx/ N2 [ g o-tx/NZ )

AF = AFZ + AF3

— 1
PiPg = r3 (PIP,)_+ 13 (PIP5),

4 sinda
(halte—r —0—

3 (1-cos ycos al?

a sina 42
{ G/abg=— (——) siNG

2% \-cos ycosa

4coTa

(e/aly =

3T {14/ SINQ)

27

2.3 24 z2a
(Halg =— {1=—) [1-0-—} 1%

2 w w

{g/alg = {ofalq + lf/alg

/1-Icos Ycos a)?

(B /ab = Ug 18/alg + Uy ( S1a), T

Az (9/812 + A3 Iefﬁlg

(efa) =
A2 + Ag

0.18INZ2 0

2

[glal3 A3 + (Ql"a}z AZ

(gfa) =

A3'*'A2

NOTE: Pz &85 ARE VALUES FOR (=0
mi2

{dL/dX)g = ?j[ X Pgd W
+]
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TABLE 11l. PRESSURE RATIOS FOR 25, 45 AND 90 DEGREE IMPACTS
OF CYLINDRICAL MISSILES ON RIGID PLATES

25° IMPACT 45° IMPACT 80" IMPACT
G=4.12 IN. G =2.48 IN. G =0.00 IN.
PIP, PIF, PIP,
r TEST** | THEORY | A* r TEST** | THEQORY | A* r TEST** | THEORY | A*
-0.804 0.50 0.56 0.20 -1.19 0.93 0.96 0.25 0.0 0.524 1.0 0.95
g 0.0 0.140 0.34 1.05 -0.60 0.76 0.87 0.45 0.47 0.847 0.89 0.70
:: 0.24 0.130 0.29 0.90 0.00 0.54 0.72 0.55 "1.48 0.42 0.72 055
8 0.84 0.003 0.21 0.85 0.38 0.38 0.60 0.70 1.92 0.15 0.46 0.62
g 1.07 0.060 0.14 0.75 0.59 0.30 053 0.78
1.08 0.12 0.38 1.5
AVG. SHIET OF STAG. PT. =0.76 AVG. SHIFT OF STAG. PT.=0.71 AVG. SHIFT OF STAG. FT = 0.75
STAGNATION
gl e o | om o fues | o am e e
< ’ ) " ) ' ’ ) ’ POINT MINOR s, |
T 1.45 0.13 0.05 -0.2 1.44 0.22 0.36 0.37 AXIS CENTER OF
z 1.81 0.05 0.01 -0.45 IMPACT
E 2.43 0.02 0. -0.75 B G -

AVG. SHIFT OF STAG. PT.=0.03

AVG. SHIFT OF STAG. PT.=0.75

* AIS THE SHIFT ALONG THE AXiS
FROM THE OBSERVED VALUE TO THE
EQUIVALENT P/P, ON THE CURVE.

“*EROM REF. 2.

MAJOR
AXIS

/

haiballi " o

-
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OF A1 LB. SPHERICAL MISSILE

TABLE IV
INPUT DATA TO MMBI PROGRAM FOR ANALYSIS OF A 30 DEGREE IMPACT

###% TS0 FOREGROUND HARDCOPY saux

BSNAME=TSOGO2I.DEMO7.DATA

v ]almp]TsroplALPHAU[xDCLlYDCLlanNNINMINVAIwnaLIDEN
2, 9.885"5;1

RL 1.5625,.95,,325,~.325,~.95,~1.5625,
BM .625,.60,.65,.65,.60,.605
CL 2.10,3.26,3.75,3.75,3.26,2.10,
DELTL .825,.245,0.0,0,0,,745,.805,
WM 2.10,3.26,3.75,3.75,3.26,2.10
MAX 8415
NJ3 5%a
VMI .0098558,.0062763, .009889,.0102230,.02334
DR .035,.035,.035,.035,.035

WP 933.500,673.3900,1445.0,1533.106,2262.0

7260.0,3D.0,.0500, .5236,4.5460,3.7705,8, 120, 5, 6,

6.470906E-01

0.603713E-01

0.771465E-01

0.939220E-01

0D.110697E+00

-112-

11 0.127473E+00 0.144245E400 0.161024E+00 0,177799E+00 0.194575E+00
.0, 218340E+00 0. 296299E+00 0.27425SE+00 0.302217E+00 0, 326681E400
0.1C2718E+00 0.135999E+00 0.152774E+00 0.165550E+00 0.186305E+00

210.2C3100E+00 0,219876E+00 0.236651E+00 0.253427E+00 0.270202E +00
0.293967E+00 0.321926E+00 0.3495366E+00 0.377845E400 0.402308E+00
0.198346E400 0.211627E+400 0.226902E+00 0.065177E+00 0.261955E 400

3 0.278728E+00 0.295503L100 0.310279E+00 0.329054E+00 0.345830E+400

B1 ]0.3695965+400 0.3975548400 0.425513E+00 0.453472E+00 04779366400
i 0.273:70£+00 0.087354E400 0.304030E+00 0.320505E400 0.337580E+00
E|477.354350E+00 03711316400 0.387907E+00 0.404652E+00 0.421457E+00
Q| L0.44B203E+00 0.47316CE+00 0.501141E+D0 0,529100E+00 0.553564E+00
3 0.330654E+00 0.343975E+00 0.360750E+00 0.377506E+00 0.304301E+00
%5 [0.611077E+00 0.427852E6+400 0.444627E+00 D.4616C3E+00 0.478178E400
B 1 0.50194%E+00 0.529503E+400 0.557867E+00 0.585821E+00 0.610265E+00
[ 0.4063L25400 0.417603E+00 0.436378E+00 0.453153E400 0.6469929E400
610.486704E+00 0.503479E+00 0.520255E+00 0.537030E+00 0,553806E+00
0.577571E400 G.¢05530E+00 0.633459E+00 0.651448E+0C 0.685913E+060

TPT98L849E10L 0.495230E400 0.5120056400 0.508781E+00 0.5455556400

7] 0.862337E400 0.579107E+00 0.595883E+00 0,612658E+00 0.629433E+00
| 0.653199E.00 0.681158E+400 0.70G117E+00 0.737076E+0u 0,761540E+00
0.557B77E+00 0,570858E+00 0.587633E+00 0.604409E+00 0.621184E+00

B10.637959E+00 0.6547355+00 0.671510E+00 0.666286E+00 0.705061E+00
0.722526E+00 0.756755E400 0.784745E+00 0.81270GE+00 0.6837168E400
0.526333E-01 0.383952E-01 0.20%040E-01 0.C41-B0E-02 -.155765E-01

11--335697E-01 -.515609E-01 -.695521E-01 -,875432E-01 -.1055395E400

TZ: 1310006400 -, 1610076400 -, 190993E+00 -.220978E+00 ~.247215E+00
- LSTOL0E-01 -.3299400-01 ~.509353E-01 -.689065E~01 -.56917SE-01

2{-.104909E+00 ~.1I71900E+00 -.140891E+00 -.156533E+00 ~.176874E+00
T-S0C361E+00 . 232T46E+NU -, 2623326400 -.292317E400 -, 318554E+00

51 T 900402E-01 -.184283E+00 ~.122275E+00 -.140266E400 -.158257E+00
w3 |- 276248E400 -.194239E400 ~,212231E+00 -.230222E+00 —.248213E+00
Z| Lo-270700E+00 -.I03686E+00 -.333671E+00 ~.363656E+00 - . 3B9894E +00
3] ~:161350E+400 -, 175623E+00 -.193614E400 -.211605E+00 -, 229594E+00
S[A ]~ 257587E000 - 265579400 -.283570E+00 -.301561E400 - .319552E+00
% 1L2:345040E+00 -.375025E400 ~.405011E+00 -.434996E+06 -.461233E+00
a - -214834E500 - 229127E400 -.747118E+00 ~.065109E+00 —.253101E+00
g [ 5[ --301092E+00 -. 3190838400 -.337074E+00 -.355066E+00 -.373057E+00
S [:399544E+00 - 528530E+00 -.453515E+00 -.488500E+00 -.514738E+00
=+286223E+00 -.300460E400 ~,318658E+00 ~,336G49E+00 -.354440E+00
61-.372631E400 -.390422E40€ ~.40B414E+00 -.426405E+00 - .464396E+00

[ : 469804E400 ~ 49986 FE+00 - .529854E+00 ~,559840E+00 ~,586077E+00

U7 -35T583E40D - 371B0SEHUT - ISPTFTEHDD ~.G07TSBEL00 - 425779400

F 1= A43770E+00 - 461762E+00 -, 479753E400 -.497744E+00 -,515735E400
[-:541223E400 -.571208E+00 -.601194E+00 ~.631179E+00 -.657616E+00

MODE # 1
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TABLE IV {CONTINUED}

=113~

o

z

[

o

-

L ]

[ ~T428902E+00 -.443145E+00 -.961136E+00 -.479127E400 -.497119E+00 o

81~.5151100+00 -.533101E+00 -.551097E£400 -.569083E+00 -.587075E400 [ &

=:618560E400 -, 0%2547E+00 -.6705336400 ~. FOC518E400 -, TEB755E+00 | =
--£13493E400 -.208445E400 -.202068€400 -.195602E+00 —,169315E+00
P]-.182933E400 -.176562E400 - 1701856400 -.163808E+00 -.157432E+00
= 1483S6E+00 - 137770E+C0 - 127140E+00 ~. 1165156400 -.107215E400
--LCa593E400 - 2095456400 - T1316GEH00 -, 2007918400 ~.20D415E+00
21-.194D38E+00 -.187661E400 ~. 181285F+00 - 174C03E+00 ~.168531F+00
= 159+ SSE+00 - 1488700400 -.138742E400 - 1276149E+00 -.118315E400
=-230093E400 -.230045E8400 - . 204l08E400 -, 217991E+400 ~.ZE1515E+400
31-.CO5138E400 -.193761E+400 ~.192354E+00 ~.186008E400 ~,179651E+00
51 |o:170598E400 - 159970E+60 ~.140342E+00 -.138714E400 -.129415E+00
ai ToSGGTRIEL00 - T41THME400 -, 235080400 -, 228991E+00 -.020614E+00
S 14| C16I3BE400 - J09561E400 -, J03GWE00 -, 19710SE+00 ~.190731E+00
O j=.181697L400 -.171069E+00 -.160442E+00 -.1499814E+00 ~.140515E+00
] -.£55117€400 -.250069E400 -.0q36C2E100 -.237316E+400 ~.23093GE+00
@ | 8] - 045678400 -.21S184E400 -, F11S09E+00 -, 2064326400 ~,199050E ¢00
G| ]=:190000E400 - 179384E 400 -, 108700E+00 -, 1501398400 -.148839E+00
o ©.LE6D1TEI00 - .261109E400 ~.284790E+00 -, 248416E100 ~. Jui039E+00
G -.2356602E400 - D2Q0ABES00 -, 200909k +00 ~, 2165300400 -, 7101556400
Z:F011I2E400 - 1904999E+00 - 17986¢E+00 - 1697386400 ~.159939E+00
[~T27TIITEA00 - 2720657400 - 2058976400 -, 269S15E400 -, 531396400
T{- Cu6TOlEN00 =, 903850400 - 2390090000 -, J0Te3IE+00 -, 2012550400
| ~.C12222E400 -.001554E+00 -.190900E+00 - 180338400 -.171039C+00
- CBSA1TE00 -.IS833680400 -.2F69Q2E400 -.270615E+00 -, 64035E400

B~ C57800E400 - 0514551400 ~ . 245108E400 ~. 2367326400 —. 2373556400 g

~.<23501E400 -, 2106945000 -.J02000E400 -.1914380400 . 1821398400 | .

0.187633E+00 0.181I3T3E400 §.173309E+00 0.165346E+00 0.1573¢3E+00] O

1]0.149379E400 0.16133E+00 C.133913E400 0.125929£400 0.117446E+400] 9
[ 0.106136E400 0.528308E-01 0.795253E-01 0.0021976-01 0.545774E-01
0.185583E400 0.179003E400 0.1712790+00 0.163296E+00 0.155313E+00
210.147329€400 D.139346E400 0.1313036+00 0.1233705+400 0.115396E400
0.104086E+00 0.907609F-01 0.774753E-01 0.641698E-01 0,555275E-01
0.1835536400 0.177213£+00 0.16822%€+00 0.101240E+00 0.153263E+00
p=§3j0-145279E+00 0.13729E+00 0.129313E+00 0.121329E+400 0.113346E200
Z| |U.10C036E400 0.837309E-01 0. 754283E-01 0.601198E-01 0.504774E-01
= 0.181453E400 0.175163E+00 0.1671790+00 0.159196E+00 0.151213E+00
S| ]0-193229E400 0.135290E+00 0.127003E+400 0.119279E400 0.111296E+00
<] {0.999369E-01 0.8608C3E-01 0.733753E-01 0.600098E-01 0.484275E-01
z 0.179945E+00 0.1736I50+400 0.16564CE400 0.157659E400 0.149675E+00
2[5)0.141692E400 0,133709L400 0,1257I5E+400 0,11772E+00 0.109759€+00
D1 7[0,934085L-01 0.851433¢-01 0.718376E-01 0.585323E-01 0.468500E-0)
S 0.177895E400 0.171575E400 0.143597E+00 0.155603E400 0.147625E+00
C|6)0.139%2E+00 0.131655E400 0.123675E+00 0.115692€+00 0.107709E+00
0.963989E-01 0.430033E-01 0.6978780-01 0,569823E-01 0.948400E-01
(07175545E400 01695256400 D.161542€+00 0.153556E400 0.145575E+00
7{0.137592E400 0.179609E400 0.121625E400 0.113642E+00 0.105659E+00
[ 0.543469E-01 0.810434E-01 0.677378£-01 0.544323E-01 0.427900E-01
0.173795E400 0.167475E6+80 0.159492E+00 ¢,151508E400 0.193525E+00
B10.1355420400 0.107559€+00 0.119575E+00 0.111592E+00 0.103605E+00
0-922989E-01 0.789934E-01 0.656675E-01 0.523503E-01 0.407400E-01
=-979193E400 - 47181ITE+00 - . G6IECTE+00 -.353184E400 - 44366 7E+0D
F|--434550F+400 - 4I5033E400 -.415917E+00 -.w00600E+00 -.397283E+00

=: 304034E200 -, 368556E400 ~.3I53078E400 -. 337500400 -.3239L3E+00 | o

< -HOSOTYELD0 - 957I18E400 - . 440001E+00 ~.438686E400 - .429368E+00 | =

2| -+420051E+00 -.410734E+00 ~.401417E+00 ~.392100E+00 -.382784E+00 ] 4

~-369585E400 ~.35G057E+00 ~.338529E400 -.325001E+90 -.309414E+00| 0

TTASDIGE400 -.4AT0818F400 ~. 9335028100 - 6241556400 ~.914588E+00 ] =
3| -.405551£4000 -.I96TI5E400 -, 3IB6FIHE+00 ~.377601E+400 -, 368284E+00
| =- 355085, 400 -, 339557E+00 -, 324025E+00 -.308501E400 -.294914E400

ORigp,
MGy
o %ﬁi



TABLE 1V (CONTINUED])

-114~

F:@BS&QSE*UO ~.GT8319E400 ~.419000E+00 -. 4096856400 ~.400369E+00
~.39105ZE+00 -, 381735E400 -, 372418E+00 ~.363101E+00 -.353785E+00
| = 3%0536E+400 ~,325058E+00 ~.309530E+00 ~.294002E+00 -.280415E+00
- =.424820E400 -,41T4449E+00 -, 408128E+00 ~.398811E+00 -.359493E+00
2 = 380177E400 -.370860E+00 ~.361544E+00 ~.3520227E+00 -.342910E+00
g | ~.30971IE+00 -.319183E+00 -, 98655F+00 =.283127E+00 ~-.269540E+00
8 =.GY0301E400 ~,402945E+00 -, 353628E+00 -.384311E+00 ~-.374995E+00
< =.365678E+00 -.356361E+400 -, 3G7049E+00 =.3377CFE400 -, 308%11E+00
o | = 31521CE+00 -, 299684E+00 ~.284156E+00 -.C68628E+00 -.255041E+00
a =.395821L400 -. 3384458400 -, 379129E+00 ~.J69812E+00 -.350%495E+00
E -.351178E+00 -.341C61E+00 ~.332545E+00 -.323228E+00 -,313911E400
- | ~.300712E+00 ~.285184E+00 -.06%656E400 ~.254178E+00 -, 260541E+00
=+ 3813226400 -, 373546E+00 -, 354609E400 ~.355312E+00 -, 34959GaE+00
= 330HTSEH00 -, 327360E+00 -, 3180456400 -.308725E+00 ~.299317E+00
--286C13E+00 -, 2TORS5E+00 -.255157E+00 ~-23G629E+00 -.226040E+00] B
=.547007E~0} ~.614063E-01 -.655217E-01 =.784175E-01 -.B69129E-01 g
=.95408+E-01 -,103904E+00 ~.118399E+00 -.1C08S5E+00 -.129390E+00| 2
| - 1419066400 =, 1655846400 ~.1697938+00 =.183302E+00 -.196292E+00] E
=.183343E400 -.190069E+00 -,1985465E+00 -.C07060E+00 -,215555E+00 g
=-8I4051E+400 -.232546F+400 -.241040E+Q0 ~.2499537E400 -.255033E+00| O
| = C7C00BE+00 -, 2A420FE+00 -.2CS5386E+400 =.312545E400 -.324934E+400| m
-.311985E+400 -.518711E+00 ~.327007E+00 -.33570CE+00 -.3494198E+00(
= = 35C0693E400 ~. 3611896400 -, 349684400 ~.373L79E+00 -.386675F+00 g
5 =, 3CAT10E200 -.41C809E+00 -.407005E+00 -.441187E+00 ~.453576L+00] O
= =-4406C8E400 - 4uT3IS3E+00 -, 45584CE+00 —.66434aE+0D ~.472850E+00 | &
3 =.481335E400 -, 4898316400 -.495306E+00 ~.500802E+400 -.515317E+00
5 | -.527350E+00 ~.541511E+00 -.555671E+00 -.569830E+00 -,582219E+00
& =.537109E+00 -,543835E+00 -.550330E+00 ~.5608Z6E400 -.569301F+00
o -.57781VE400 ~.586312E+00 ~.594808E400 —.603303E+00 ~.611799E+00
o | Z.e03834E400 -, 637993E400 -, 65015°FE+00 ~.666312E400 -.673701E+00
0 ~.665750E400 -~ 6TL4TTEH00 -, 6809736400 -.685466E400 ~.69795%4E+00
o =-700459E+00 -, 714955E+00 -.723450E+00 = 731945E+00 -.740%%1E+00
| = 753477E400 -.TH6635E400 -. 7807556400 ~.794C954E+00 -.807343E+00
1= 754324400 ~.8011C0E+00 -.80%615E+00 -.818110E+00 -.826600E+00
-.S35101E+00 -.843597E+00 -.852092E+00 -.GO0568E+00 - .B569083E+00
| —.8B1119L+00 - . 8G5276E+00 -.909437E+00 =.9C3595E+00 -.6$355985E+00
=-923036E400 -.929762E+00 -.938257E400 =-.996753E+00 -.9552453E+00
1-.963744E+00 -, 9700398400 -.S50735E+00 ~.989230E+400 ~.997726E+00
-.10097cE+01 -.102392E+01 ~.)103808E+01 = 105224E40) -.106463E+01
0.779120E+00 0.71172SE+00 0.606601E400 0.541472E+00 0.456345E+00
0.371216E+00 0.286085E+00 0,200560E+00 0.115532E+00 0.307035E-01
| = -8656941E-01 -, 031775E+00 ~.373455F400 -.515556E+00 -.63I968CE+00
0.6S0937E400 0.623543E+00 0.538415E+00 C.453287E+00 0.308159E+00
0.0B3031E+00 0.197903E+00 0,112775E+00 0.276468E-01 -.574816E-01
=;178079E+00 -, 319%61E+00 -.461561FE+400 -.603701E+00 -.727866E+00
— | 6.602752E400 0.535358E+00 0.450230E£+00 0.365102E+00 0.279974E+00
5 0.193846E+00 0.109718E+00 0.245897E-01 -.605383E-01 ~.145667E+00 <
= | =, COOIAGE400 —.408146E+00 -.550026E+00 -.69190T7E+00 ~.816052E+00 | o,
g 0.514566E+00 0.447172E+00 0.362045E+00 0.276917E400 0,191789E+00] w
< | 47 0.106661E+00 0,.2Y5327E-01 -.655955F-01 ~.148724E+00 ~.233852E+60 8
a | -+ 354450E400 -.496331E+400 ~.638211E+00 -.780092E+00 -.904237E+00| 5
@ 0.445427E+00 0.381033E+00 0.295906E+00 0.210778E+00 0.125650E+00
o 0.%05217E-01 ~.946062E~0) -.129734E+00 ~,216863E400 ~.299991E+00
=S — 4D0589E+00 ~.5624TOE+00 -, 704350E+00 ~-.846231E+00 -.0703746E+00
0. 3602426400 0.2928458E+00 0.207721E+00 0.122593E+60 0.374449E-01
—«476639E-0) -.132791E+00 ~.217920E+00 -.303048E+00 ~.388176E+00
~:508774E+00 ~.650655E+00 ~. 7925356400 -.934416E+00 ~.1058556E+01
T fU-Z70US7ELOD U.20G653E+00 0.119538E4+00 0.344073E-01 -.5OT7202E-01¢"
--135848E+00 -.220976E+00 -.306105E+00 -.391233E+400 =.475361E+00
| ~.596959E+00 -.738841E400 -.850721E+00 ~.102060E+01 ~.114675E+ 01




0.183872E+00

TABLE IV {CONTINUED)

Digy,
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0.116478E+00 0.313503E~01 ~.537779E-01 -.138505E+00
-.2240349E400 -.30916TE+00 ~,394290E+00 ~.4794%18E+00 -.564547E+00
-.665144E+400 —.827026E+00 ~.96A906E+00 ~.111079E+0) ~.123493E+01
-.162351E+0) ~.1500G6E+01 ~.134617E+01 -,1191358E+01 -,103658E+01
~.B81TS7E+00 -.726993E+00 ~.572199E+00 -.317904E+00 -.262610E+00
-, 433183E-01 0.C214672E+400 0,472663E+400 0.73C653E+00 0.956395E400
-, 153742E+01 -,141487VE+01 -.126008E+01 -.110528E+01 —.95048B8E+00
-.795694E+00 -.640€00E+00 -.486105E+00 -.331311E+00 ~.1765L7E+00 | _
0.407747E-01 0,300755E400 0.555756E+00 0.816747E+00 0.106249E+01| B
- I45132E+01 ~.132875E+01 ~.117363E+01 -.101919E+01 ~.864395E+00] 5
- ~.709601E+00 -.554806E+00 ~.400012E+30 ~.245018E+00 ~.504236E-01(=
2z [0.126555€400 0. 3868556400 0.644849E400 0.902839E+00 0.112856E+01 | &5
g . 136B03E401 -, 129268E401 ~.108759E+01 -, 933006E+00 —,F78300E+00| O
] - .623507E+00 -.468713E+00 -.313919E+00 ~.15%105E+00 -.433033E-02 | 2
2 [0.214961E+00 0,.4T2952E+00 0,7309%3E+00 0,955932E+00 0.121467E+01(
= Z.130066E+0) -.117811E+01 ~.102332E+01 ~.B6B526E+00 -.713732E+0D E
o ~.5G3937E+00 =-.406143E400 -.249390E+00 -.645548E-01 0.60239E-01| O
B 0.279531E+400 0.537500E+400 0.795513E+400 0.105350E+01 0,127924E+01 g
5 —.121457E+01 ~.109202E+01 -, 937208E+00 -.782433E+00 -.627635E+400
S ~.472845E+400 -.316050E+400 -.163056E+00 ~.846177E-02 0.146333E+00
[ 0.355626E+400 0.623615E+00 0.681606E+060 0.113960E+01 0.136534E+01
TZT7110847E+01 —. 1005936401 -.551134E400 ~.656340E+00 ~.541546E+00
~,386751E400 -, 23195TE+00 -.771627E-01 0.776315E-01 0.232%06E+00
[0.451718E+00 0.709703E+00 0,96769CE+00 0.120569E+40) 0.145143E+0)
~.104235E40) —.Q1G5835E+00 ~,7650%1E+00 -.610047E+00 -.455452E+00
~.300655E+00 ~.19586+E400 0.593062E-02 D.163725E+00 0.318519E+00
0.537311E+00 0.795801F+00 0.105379E+01 0.131178E+01 0.153752E+01
-, 651468E400 -.590776E+00 —.G40402E+00 ~.990028E+00 ~,103965E+01
~_108928E+01 -.113851E+01 ~.118853E+01 ~.123816E+01 -.1ZB776E+01
[ -. 1356006401 -.144030E+0) -.152351E+01 ~.160622E+01 ~.167859E+01
-.570332E+00 -.6096C0E+00 ~,65909%E+00 -, T05571E+00 -. 7584978400
~.B08123E+00 -.857750E+00 -.S07376E+00 -.957000E+00 -.100663E+01
[ -. 1076936401 ~.115964E+01 -. 1242356401 -, 1I0606E+01 -.139744E+01
To.289174E+00 =. 3264626400 -.37B085E400 -.427714E+00 ~.477340E+00
-.526%66E+00 ~.576590E+00 ~.606019E+00 -.675845E+00 -, T2E4T1E+00
Bl 12 795775E400 ~.B78456E400 ~.901196E400 -.104391E+01 -.111628E+01
in —.8D156GE-02 -.473041E-0) -.969300E-01 ~-.146556E+00 -, 195182E400
5 L ,245809E+400 -, 2954356400 -.395061E+00 ~.39%668E+00 -.4443149E400
O] |-.514618E+00 -.597305E+00 ~.680035E+400 -, 7OL749E+00 ~,535120£+00
< 0.207853E+00 0.163564E+00 0.113935E+400 0.643118E-01 0.146857E-01
8§ 51-,349308E~01 ~,845674E~01 =.134193E+00 ~.183820E+00 ~.2334G6E+00
A1 (- 3037508400 -.386460E+00 -.469171E+00 -.551881E+00 -.624253E+00 (o
a 0.484010E+00 0.4445721E+00 0.395095E+00 0.345469E+00 0.295843E+00 m
0.046216E400 D.)96590E+00 0,1456964E400 0.973374E-01 0.477108E-01 |
|-.205976E-01 -.105304E+00 -.183014E+00 -, 2707258400 -.343095E+00 g
“10.765165E+00 0.705876E+00 0.676252£+00 0.626626E+D0 0.577000E+00
0.527373E+400 0.477797E+00 0.428121E+00 0.378494E+00 0.328568E+00
10. 2585656400 0.1755853E+60 0.931430E-01 0.104324E~01 -.619392E-01
0.104632E401 0.100703E+01 0.§57405E+00 0.907753E+00 0.858157E+00
0.808531E+00 0.758305E6400 0.709278E+00 0.65%652E+00 0.610025E+00
0,539722E+400 0.457011E+00 0.374300E+00 0.291590E+00 0.2192)8E400
0.4735C3E+00 0.573437E+G0 0.699132E+00 0.824827E+00 0.950522E+00
0.107622E+01 O.120191E+01 0.132761E+01 0.145330E+01 0.157900E+01
[0.175706E+01 0.196656E+01 D.217605E+01 0,838554E+01 0.256885E+01
0.15G690E400 0.29419G5E400 0.419504E+00 0.545590E+400 0.671284E+00
0.796980E+00 0.920675E+00 0.106837E+401 0.117406E+01 0.123576E+01
0.147783E+01 0.168732E+01 0.189481E+01 0,.210630£+401 0.228951E+01
"TT7B45465E-01 0.149618E-01 0.140656E+00 0.268352E+00 0.392047E+00°
0.517762E+00 0.643437E400 0.769133E+00 0.5943828E+400 0.102052E+01
&119859&01 0.140808E+01 0.161757E+401 0.1B2707E+01 0.201037E+01

L4n
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OOP DISPLACEMENT

-]

| =, 363784E+00

0.2338505E+00

} 0.919353E+00

~.57321C2E+00
0.290771E-01

| 0.709925E+040

~-.852450E400
~.250160E+00

| 0, 430688E+00

-.113169E+01
-.529397E+00 -
| 0.151451E+00
.14109°E+01
- .808635E+00
-.127786E+00

AR von

g

at'

R

TABLE IV (CONTINUED§}: # -

~.264275E+00
0.364200E+00
0.112855E+01
-.473703E+00
0.156772E+00
0.915418E400
-.752940E+00
-.124465E400
0.640180E+00
-.103218E+01

-.403702E+00 -
0.360942E+00

=-131141E+01 -
-.557244E+00

-.682940E+00
0,817043E-01

-.138581E+00
0.459895E+00
0.133833E+01
-.348009E+00

0.260467E+00

0.112891E%01
-.627246E+00
0.123000E~-02
0.849671E+00

L .G06483E+00 <

-.278007E+00
0.570434E+00
.118572E+01

0.2391196E+00

~.128852E-01
0.615590E+00
0.154783E+01
~. 2223138400
0.406163E+00
0.133840E+01
-.501550E+00
0.126925E+00

0.105916E+01

~.780788E+00
~.152312E+00
0.779926E+00
~.106002E+01
-.431539E+00
0.500688E+00

v ;“’
e -03'1

0.112810E+00
0.7412B6E+00
0.173113E+01

~.956182E-01
0.531857E+00
0.152170E+01
~.375855E+00
0.252621E+00
0.124247E+01
~.655092E+00
-.266171E-D1
0.%$43231E+00
-.934330E+00
~.305855E+00
0.683995E+00

FAl B AGE IS
QUM

MODE # 5 (CONTINUED}

STRESS X

15%1.630+4
151, 662+4
15%1.515+4
15%1.622+4
15%1.352+4

15%1.13444

'15%9.170+3
15%7.026+43

STRESS ¥

15%-2 ,335+4
15%#-2.0664+4

15%-1,B885+4

15%-1.771+4
15%~1.6684+4
15%-1,416+4
| 15%-1.149+%
15%-8.852+3

MODE #1

SHEAR XY

15%-5.650+¢
| 15%-6.650+2
15404,
15%-6.639+2
15%-6.649+2
15%-6. 64242
15%-6.
15#-6.597+2

62642

sagrz

STRESS X

15%-4,283+3
154-3.280+3

15%-2,663¢3

15#-2,177+3
15#-1,852+3
15* 8,522+2
15%1.2904+2
15%1,051+3

STRESS Y

“1E%1.294%4 7

15%3.062¢4
15%#2.661+4

165#2,220+4
15%2,039+4
Ib#1.689+4

15%9.094+3

B TR 4G s s B—

MODE # 2

SHEAR XY

c!:zum-‘mwmmawwﬂmqmmhu‘m—~a:~qmmnwro-mummamm-—-mqmmbwm-—-

15%-3,072+3
15%-3,072+3

TIBNSIIOTINI T

15%-3.071+3
15#-3,07143
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15#-3%.072+3
15#-~3.079+3
15%-3.077+3

MODE # 2 (CONT)

STRESS X

15%-3.13445
15%-2.76745
15%-2.520+5
15%-2,365+5
15%.¢ . 24745
15%-1,884+5
15%-1.525+5
15%=1.1724+5

STRESS Y

15%~2.59445
15#-2,27745
15%-2.064+5
15%=1,93045
15%-1.828+5
15%-1.514+46
154%-1.207+45
15%-9,09%9+4

MODE #3

SHEAR XY

15%-3.610+3
15%-3.60043
15%-3.608+3
15%-3.605+3
15%-3,607+3
15%-3.592+3
15#-3,.564+3
15%-3.527+3

STRESS X

15%]_378+5
15%81,19345
15%1.070+5
1549 _6214+4
15%9,32946
1547.52044
15%5.75444 7
15%4. 08444

STRESS Y

15%2. 03643
15%5,077+2
15+2.205+43
15%3,304+3
15#4.1268+3
1546.65543
15%9.017+3
15#1.004+4

SHEAR XY

15k5,2586+4
15#5.284+4
1645, 0261+4
1555, 280+4
1545 . 27%+4
15%5.272+44
1545, 286+6
15%#5. 22544

MODE #4

STRESS X

15%-4.971:5
15%-4.174+45

15%-3,837357 7

15%-3,30145
15%-3,04545
15#~2.2634+5

15%-1.506+45 — 7 7

15%-8.069+4

MODE #6:

=N oMb N =N WNOYOAWNaINYNO LA RN SN Ao fowoO bwn=]lowo

15%-1.718+3
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STRESS Y

15#-2.115+4
15%-3.426+4
15%-4.251+4
15%-4,832+4

15%-1.009+5

15%-6.82044
15%-8,64244

TABLE tV (CONTINUED)

SHEAR XY
aNONbWKNAlONTH A WN

15%5.83514
15%9,808+4
15%9 . 821+4
15%9.817+4
15%9.81644
15%9.780+4
15#9.704G+4
15%9.570+4

MODE #5 {CONTINUED)

YNODE(1) 27.

0

11.0,11.6.12.2,12.8,13.4,16.0,14.6,15.2,15.8,16.4,17.25,
xNODE%1.3.25,19.25,20.25,21.'00 ' '
YNODE(2) 25.0
XNODE{11.0.11.6,12.2,12.8,13.4.14.0,14.6,15.2,15.3,16.4,17.25,
18.25,19.25,20.25,21.00
YNODE(3) 29.0
XNODE | 11-0;11:6:12.2,12.8,13.4,14.0,14.6,15.2,15.8,16.4,17..25,
18.25,19.25,20.25,21.00
YNODE(4] 30.0

1.
"NODEha.as.m.as.ac.as.zl.on

.75

YNODE(S} 30

11,
"NDDE“I 15.25,19.25,20.25,21.00

0,+11.6,12.2,12.8,15.4,14.0,24.6,15.2,15.8,16.4,17.25,

0,11.6,12.2,12.8,13.4,14.0,16.6,15.2,15.8,16.4,17.25,

YNODE(6) 31.75
XNODE | 11.0,11.6,12.2,12.8,13.6,14.0,14.6,15.2,15.8,16.4,17.25,
18.23,17.25,20.25,21.00

YNODE(7) 32.

11.
XNODE { 18.25,19.25,20.25,21.00
YNODE(8) 3.

1.
"NODE{1&.25.19.25.20.25,21.03

75
0,11.6,12.2,12.8,13.4,14.0,14.6,15.2,15.8,16.4,17.25,

75
0,11.6,12.2,12.8,13.4,14.0,14.6,15.2,15.8,16.4,17.25,

x‘?il.D,1.473.1.9@6:2.413.2.891.3.3&4,3.837.4.310’4.782.5.255-5.925:6.713:

7.501,8.289,8.86C y . N
1.0,1.369,1.739,2.108,8.478,2.847,3.216,%.586,3.955,4.325,4.848,5.463,

V¢{s.u79,6-695.7.141
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2D PLANFORM
REPRESENTATION
OF BLADE FACE

CHORDWISE AXIS
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FIGURE 1. BLADE FACE MAPPED OUT ON PLANFORM PLANE



OUT OF PLANE AXIS (O0P)

AXIS OF ROTATION

DIRECTION L |
OF ROTATION
| ACTUAL BLADE
I FACE
IMPACTING
MISSILE [
BLADE FACE SEGMENTED
MODEL
LEADING
EDGE

TRAILING
EDGE

IN PLANE AXIS (IP}

FIGURE 2. BLADE CROSS SECTION IN {P-O0OP FRAME

-120-



QOP AXIS

le'YS)

1P AXIS

FIGURE 3. BLADE SEGMENTS IN IP-OOP FRAME
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OO0P AXIS

P AXIS

FIGURE 4. MISSILE SECTIONS IN IP-OOP FRAME
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FIGURE 5. MISSILE DEFINITION
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APPENDIX A
S L

SPRING-MASS ELEMENTAL MISSILE MODEL

Aggroach

This spring-mass clemental analysis approach is analogous to a finite
element analysis but simpler in execution. In this analysis the missile
1s analyzed as 4 finite slug of fluid impacting an inclined surface and
includes all the si requirements defined by the contract and listed in
the Introduction., 1In this approach the fluid slug is divided into a
finite number of mass blocks ag shown in Fig. 1A, The mass of each block
is concentrated at the center of the block and these masses are connected
to the neighboring masses sharing a common surface, The volume enclosing
the mass of each fluid slug can be calculated by summing the triple vector
products of the relatcive position by computing the appropriate cross-—
products., Once the volume of the block is known the density can be
calculated from

Pi = my/Vy (1A)
where:
my is the mass of block i,
Vi is the volume of block i, and
Py 1s the density of block i,

The pressure at the center of block i can be found from a constitutive relation,
In the present analysis the pressure, P, is computed as

2 Yy + 1
Palo~ p
Yy + 1 Py
When P 2 "‘PT
and as
Pz Py (34)
if
P -PT {4A)
where:

Po is the nominal density,

Co 1s the speed of sound at P =p,
Y 1is a material parameter,

Py is the ambient pressure, and

PT 1s the tensile pressure failure load,
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These constitutive relations are similar to those used in Ref, 8, The
interface pressures can be computed as the average of the pressures at
two connected masses. The forces on the masses can then be evaluated
by using the calculated interface areas. The position of the particles
at the end of the time increment can now be found from Newton's second
law of motion. Presently the integration in time is done using the
Runge-Kutta method,

Status & Results

Using the scheme just described, the two-dimensional model in Fig. 1A was
examined at various angles of attack, As the angle of attack is increased,
the analysis showed that backflow (i.e., reverse flow up the plane in Fig.,
1A) was initiated at the angle of attac. for which it was expected. This
angle depends upon whether the flow is two- or three-dimensional and the
fineness of the grid,

Table TA presents the peak pressure that occurred for the model in Fig. 2A
and the elapsed time when the peak pPressure was reached. Cases 1 and 2 in

Table IA are for arbitrary material Properties, while Case 3 uses the material
Properties of water given in Ref, 8. The results for Case 3 are comparable
to the results in Ref, 8 where the normal impact of water droplets was
examined,

Figure 2A sresents the average pressure over the blocks intersecting the
surface as a function of time for Case 1 of Table IA, Note that there is a
high initial peak response followed by a relatively steady portion. As
shown in Fig, 2A this steady portion actually has a great deal of neise
resulting from numerical instabilities,

The time domain integration algorithm and. the finite grid are contributing

to the numerical instabilities, In addition to this the model does not include
any cushioning for the leading masses, which could also be contributing to the
numerical instability,

Improvements

Without adding to the complexity, an improved representation of the missile
could be obtained by: (1) adding zero masses to the outside surface which
will allow the Program to track the surface of the missile in order to obtain
the cushioning effect, and (2) moving the pressure calculation points to the
element interfaces instead of placing them at the lumped masses. The numerical
stability in the time domain could be improved by: (1) using an implicit
integration scheme in time or (2) evaluating the stability criteria, and if
necessary, (3) updating the grid periodically, Concurrently with this effort
it might be advantageous to undertake to obtain, test, .nd evaluate the

COMCAM program, the code used in Ref, 8. For the angles of attack of interest
(a X 30 deg), the total impact force and center of pressure would be presented
as a function of time, 1In addition, the force distribution for each time
increment required by the Multi-Mode Blade Impact Program would be evaluated,
These improvements to the present model should result in an improved, but
relatively simple, technique to predict the pressure loading due to foreign
object impacts,
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TABLE 1A

PEAK PRESSURE AND ELAPSED TIME AT PEAK PRESSURE

NOTE 1. PARAMETER DEFINITIONS:

H=10cMm

D=4cCM

Vo =20 X 103 cM/sEC
a=30 DEG

=0

Pp =0

Pt=0

NOTE 2. CASE 3 IS FOR WATER

FaCaVo Pmax " Cot *
CASE NO. Po tGrem3) | ¢, tomysec) Y {DYNES/CM2) PoCoV, { usecl b
1 10 250 x 103 -0.78 0.5 x 109 2.58 250 1.56
2 1.0 150 X 103 -0.78 3.0 x 109 1.23 18.7 0.626
3 1.0 150 X 102 6.15 3.0 % i0? 1.08 13.3 0.49¢
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FIGURE 1A. MODEL DESCRETIZATION FOR A TWO DIMENSIONAL
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SURFACE

~158~



5

Prvase

MORMALIZED AVERAGE PRESSURE

1.0

Do = 1G/cm3

C, = 25000 CM/SEC

Py =0

v = -0.78

Pmax = 1292 x 108 DYNES/CMZ
M = 10CM

D = 4CM

A = 20000 CMISEC

a = 30 DEG

1.0 1.5 2.0 2.5

NORMALIZED TIME, THHIV )

FIGURE 2A. AVERAGE IMPACT PRESSURE OVER THE IMPACTED SURFACE
VS TIME FOR CASE 1 OF TABLE |

-159-



APPENDIX B

UNTFURM PRESSURE, 2D & 3D OBLIQUE IMPACTING JET MISSILES

Reference 4 presents test results which show that birds behave as a fluid

during impact at high speeds and that the maximum steady impact pressure for

low impact angles is proportional to po(Sin a)2, where Po is the stagnation
pressure and o the impact angle., The test results alsc show that there is a
critical impingement angle between 25 and 45° below which a relatively uni-
form impact pressure of this magnitude occu*s over the impacted area. The
approximate analyses developed below were based on this test information.

More recently it was learned by Reference 19 that the test results were not
fully evaluated and, therefore, in error. Because of this and the acquisition
of References 5 and 7, which permitted the development of a better missile model,
the simplistic, uniform pressure missile developed herein was abandoned in favor
of the missiles developed in Appendices C, D, and E,

2D Oblique Impacting Jet Missile

Numerous texts and articles give the solution for the splitting of the 2D jet

and the magnitude and position of the impulse load on the plate; see for example
Reference 18, These quantities plus the fact that the magnitude of the fluid
velocity is maintained can be derived using the theories of continuity, momentum,
and energy; see Figure 1B. However, there is no simple way of arriving at the
pressure loading distribution on the plate. Because originally no known solution
was found in the literature (later Reference 5 was found), an approximate analysis
was developed based on the uniform pressure test finding reported in Reference 4.
In this analysis the deflected streamform is assumed to be given by circular ares
which result in a core of uniform pressure over a length, I, either side of the
impulse load point; see Figure 1B.

3D Oblique Impacting Jet Missile

The same uniform pressure and constant radius streamform assumptions were used for
the approximate 3D analysis as for the above 2D analysis. However, in this case
the jet is split ints radial sectors in which the fluid is assumed to flow. Thus,
tle radius cf the streamform is a continuous function of the azimuthal angle and
is symmetrical about the line of impingement of the jet. The derivation of the
approximat~ 3D jet analysis assuming a uniform pressure is given in Figure 2B.
Note that centerline of the split is the same as that for the two dimensional jet
= dl.e,b =1 Cos a and A = r Cot a. For this analysis the resultant impulse force
is leated a distance 2/r+(.265-.022 Cos o) Cot a aft of the impingement center
of the jet, and the uniform pressure area is centered about this location. The
separation line for forward and rearward flow is a distance £/r =‘fE#Cot a aft of
the load center e/r. Figure 3B presents the variation af the envelope dimensions
of the uniform elliptic pressure distribution with impingement angle, and the
location of the resultant impact force from the jet centerline.
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FIGURE 1B. APPROXIMATE 2D JET MISSILE
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APPENDIX C

APPROXIMATION FOR 2D OBLIQUE IMPACTING JET MISSILE

The conformal transformation solution for the steady state,oblique, impingement

of a 2D jet on a flat plate given in Reference 5 and recent test results given

in Reference 19 show that the pressure distribution on the plate is not uniform
for low impingement angles as originally reported in Reference 4 and assumed in
Appendix B, Therefore, a new representation of a 2D jet missile was developed.
To facilitate compurations and to alleviate some anomalies in the solution given
in Reference 5 for low impingement angles, an approximate analysis was developed
based on the analysis and test results given by Schach in Reference 5. The
approximate analysis is based ou the assumption that the velocity distribution
along the plate can be represented by the expression V/¥g=(l-e- X/A). Because
the pressure on the plate surface is equal to P0=l—(y/tb)% the resulting pressure
distribution will have the form P/Po = e—_xﬂ(a - € K/A) .
such expressions for V/V, and P/Po fit the experimental and Schach's results very
well., Thus, the only requirement is to determine the decay parameters Aj and Ao
for each side.

Figure 4 shows that

The results given in Figure 1B for the splitting of the jet is still valid,
being based on momentum, energy, and comtinuity, i.e,

V1=V2=V0
aj/a = Cos? /2
ag/a = Sin2 /2

and efa = 1/2 Cot a. The decay parameters must be such as to satisfy the force
and its position on the plate recognizing the pressure fistributions are based on

the stagnation point, Thus

s3] w
Force J Pl/PO dx +f P2/P, dxg = 2a Sin a
o

(8]
&
or Ay + Az = ~-a Sin o
k| (1c)
and
[30] fo.4]
Position
o F1/pg %y dxy - P2/Py xp dxp = 2 £ aSin o
[4
or ;\12-)\22=%f351na (2¢)
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Solving Equations (1C) and (2C) we find that

2 B
Al = —a Sin o + 3

L

(30)

N

3
=% aSinag-<f
lz 7

w

Now evaluation of test and analysis results, see Reference 5

» show that f can
be approximated to varying degrees of accuracy by the follow

ing expressions:

14 20
fi/a = =5 (1 - )sin o (4c)
14 20 1 2 .
f2/a = {—9— (1 - —;)-i- 3 Cos® o Cos 2&] Sin o (5¢)
/a = 12501~ 2% (g 2 3
f4la = 1.2501- =7 1-(1- £ (6C)
f3/a =284 cos a1 + sing ) (76)

T

Although Equation (7C) matches the load Position given by Schach's solution,

the rearward decay constant, A2, becomes negative for impingement angles lesgs
than 220, which is impossible. This is the result of the anomaly in Schach's
solution which has the stagnation center outside of the jet for small impinge-
ment angles. Although Equation (5C)} ard (6C) fit the test and analysis results
slightly better than Equation (4C), the extra complication did not seem warranted;
see Figure 6, Thus, substituting Equation (4C) into (3C) we find

o
Ay =4 (l —‘“)Sin o
3 ™

(7¢)
4 fa

Ag = 3 (;r‘) Sin o
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APPENDTX D

APPROXIMATE 3D OBLIQUE IMPACTING JET MISSILE

The assumption of a constant pressure distribution over the impingement area
used in the development of the 3D missile model in Appendix B was found to be
unrealistic, even for shallow angles; see References 5 and 19, Therefore a
new representation of a 3D jet missile was developed based on the concepts
and test information given im Reference 5. This new, approximate analysis
assumes the fluid in the impacting jet is split into and remains in radial sec—
tors after being deflected by the plate., This assumption is the same as used
in Appendix B. Thus, the derivation of the splitting of the jet presented

in Figure 2B applies to this analysis, i.e. b/r = Cos «; see Figure 15. This
split of the jet was found to correlate very well with test results; see
Reference 5.

The approximate 3D Jet Missile analysis is based on the assumption that the
velocity distributign along the plate can be represented by the expression
ViV, = (1 - e=(x/A)}4) |, where x is the radial distance from the stagnation
point and A is a decay parameter that is a function of Cos 3 see Figure 13,
The resulting pressure distribution is given by the expression

P/PO =1- (V/Vo)z = g7 (K/AjZ[jZ - a—(x/l)%] (1D}

It was found that these expressions for V/V, and P/P, fitted the experimental
data quite well; see Figures 16 and 17.

The expression for the decay parameter, A, is derived so that the pressure
distribution gives the proper normal impulse force and its location., The
development of the differential loading for each sector requires considerable
trigonometric manipulations as given below:

dL/E, =% * 2 T2 SinGd8 = 28x Sinddy (2D)
Now
T/ = CosCosa +1 1~Sin2@Cosza
Tanp = Tan§Sina
Sin§ = Sing/ 1-cos?y Cos‘a
Cos d = Sina Cosy/ Y 1-CosZy Cos2q
dé/dp = Sina/(1-Cos2y CosZe)
Cosd = Cos} Cosa
Sin¥ = Sina/Y 1-Sin?d Cos2y = ‘1—0052¢ Cos2y
so that
GF/r)2 = sinly fl + Cosc  Cosy
\ 1 - Cosa CosV¥ (3D)
Thus,
dI"/PO = r2 Sin3a 1+ Coso Cosy dl{j
! ~ Cosa Cosi YT = Cos’ar Cosla
or w o ‘ (4D)
dL/P. = 12 3a + Cosa Costh
/Po = % Sin \1{1 ~ Cosa Cosy)® ¥
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Assuming P/P, = 2e - e » we find that

[x2)
3
dL/P, = H/ff P/P xdxdy = Z-A2d¢

o

The decay parameter is obtained by equating Equatio

2 =4 _9q:.3 % (1 + Cosw Cosa)
+x25
A 37 in a‘ (1 - Cosy Cosa)3

The location of the resultant load from the stagnat

(5D)

ns (4D) and (5D) giving

(6D)

ion point, £, can he

obtained by including the moment arm when integrating over the pressure area, i.e.

: ) 2’
o A
fL/pg = 2 vf/F ‘/ﬂ (Zx2 Cosie - x2 Cosij e ) dxdy
& g
b)) S0
= jn {1 - p.) «ff‘ A7 Cospd 7D
i““ 4Y7 = ydy {(7D)
Now, L/p, = 2mr Sin«, and A is given by Equation 6D, so that
) 7 ~ 3/4
. 3_1 }_.( 1y 7 v | 1 + Cosy Cosa
fr=3| % ¥z - 4) Sin “_//’ lﬂl - Cosy Cosa)3| Cosydy
o
7 T (1 - Cosly C sza)3/4
. 4 - o
= .35754 Sinj o ,f’ ° Cospdy (8D)

P (1 - Cost Cosg)3

There appears to be no closed form solution of the
(8D). However, integrating it graphically results
of £/r (See Figure 1D):

a .o 7.50 150 300 4
f/lr o 1.94 1.98 .62 i.
e/t «a 4,71 2.09 .80 .
elr co 6.65 4,07 2.42 1.

integral in Equation
in the following wvalues

50 60° 759
23 .87 b
4t .25 .11
67 1,12 .55

)
DOO%

Reference 5 points out that there is no corresponding simple way to determine
the location of the resulting load from the center of the 3D jet as there was

for a 2D jet. Thus, one must resort to using the test results given in Reference

5. These results are plotted in Figure 18 and show
angles the load position from the jet centerline is
for the 2D jet. Although the test results indicate
impingement angle decreases, the question arises as
a-—®o.,
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about .43 of that found
this value increases as the
to what value it goes to as




The limiting value of the coefficient was obtained by assuming that as a—o0,
the 3D jet acts like a series of parallel, 2D jets as depicted below. The
analysis in Appendix C for the 2D jet shows that the vesultant load ends at

Y
rd ¢ dy
J‘ 4L = 2rCOS (dy pv2SIN G
- .
: A dM = rCOS ¢ COT ad Yev? t9p)
~—— G —e
sg— 2r COS ¢—m»i dM/P, = 4r3cos® ¢coT asIN ad¢
{SMALL a)
FORCE DN

ZONE

the edge of the jer as the impingement angle approaches zero. The magnitude
of the resultant load is proportional to its deflected area, Based on the
above relationships, Equations (9D}, we find for small impingement angles,
i.e, ga—so0,

iz 16
me, = sr3cotasing S cos3pd g = — 3sinacoTa {100}
o 3

Dividing Equation (10D) by L/P, = 2nr> Sina we find

] g
gafr=— = — €OTQ (11D}
Lr 3T

Using this value for a-——wo and the test value of about 4/3r for the large im-
pingement angles, we find that the following expression for the normal load
position from the jet centerline e/r fits the test data very well; see Figure 18:

BCoTa/msw

1+ /SING

(12pD)

alr =
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APPENDIX E

GENERAL, SYMMETRICAL 3D, OBLIQUE IMPINGING JET MYISSILE

To model a peneral, symmetrical shaped misnile using oblique impinging

jet theory, the D and 3D jet models, developed in Appendices € and D,

are combined as shown in Figure 20, The resulting model has the center
section depicted by the 2D jet and the two sides are depicted by halves
of a 3D jet, As such an oblong jet becomes a square or round jet, the

equivalent model degenerates into an equivalent pure, round jet. Such

a model composed of 2D and 3D jets appears appropriate because the di-

viding lines for forward and rearward (low for oblique impinginpg 2D and
D jets are the same, i.e. Ar = Cot a. The assumptions and relation-

ships needed for simulating a general, symmetrical 3D jet missile by a

combination of 2D and 3D jets are given helow.

The impacting missile is assumed to be symmetrical about the blade chord-
wise impact centerline; see Figure 20, It is also assumed that the missile
impacting cross-section is depicted by a number of rectangular sections
parallel to the velocitvy axis of the missile, First, *re n rectangnlar
impinging layers h thick are approximated by a combination of 2D and 3D
jets as shown in Figure 20. Naturally the total cross-sectioned areas
must be the same. For simplicity the width, W, of the approximate model
is made the same as the original, rectangular layered missile, i.e.

W = nh. Although this assumption for W introduces a slight error in
approximating the layered missile, an evaluation of the error for typical
missiles showed it to be small.

The centerline position of the approximate missile is such that its center
of gravity is consistent with the original, layered missile. The position
of the centerline of the approximate missile relative to the centeriine of
the first rectangular layer of the original missile is given by the expression

n ' n
A = I A:{n-1)h/Z As (1E)
£ 1ax j=2 ) /j=1 !
where
T n
= A + = + -— = .
AAM 2 A3 (1 i WIW i:l AJ (2E)

Although the dividing lines for forward and rearward flow for the 2D and 3D
jets are the same, the positions of their resultant forces are not, Because
of the sideward spreading action of the 3D jet its resultant force is not
displaced as far aft of the jet centerline as that for the 2D jet; see Figpures
14 & 18. Since their impingement forces are proportional to their respective
areas, A3 and Ay, the effective resultant position is represented by the
welghted average based on area, i.e. -

S/ = A2(e/r)2 + Az(e/r)3

3E
A2+A3 (E)

where © = W/2.
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2D and 3D jets are different, which result in
common boundaries., To prevent these discontinuities f
o correction factors are applied to the 2D and 3D result
o total incremental load and flow area at a given radius
stagnation point and flow dividing line, respectively, o
For the flow area this poses no problenm because the flow dividing lines for

the 2D and 3D jets are the same; see Figure 1E, In general, for shallow

impingement angles, a, almost all of the fluid is deflected forward, for

rom occurring, o
S such .that the

from the pressure
are maintained,. - ;-

Ang = ~nr2(1-g + §%%%E® :;nrz,if a< 439 (<97 error)
™ L :
na o s e )
Ay = L ;(1 + Cos a) = 21r ,if a< 450 ( <15% error)

Thus, for simplicity the rearward flow can be

factors , 3 and p 2 for the 3D and 2p spreadi
as follows: i z

neglected and the correction
ng thicknesses are approximated

(6/r)§ = u3(6/r)3 & (G/r); = pz(é/;)z (c ='norrec£ed)'(5E)

Fwd Fwd Fud Fwd
u3 A3+ 5 Ay = Ay + A,

sy i,

or LT O (em)
aPPTOX. u3 A3+ uy Ap = A3 + Ay
;
L ) | ; |
‘,! Cf/r)BPS = (8/x)9 M, (Junctiog) [E3=52(“'Jun0t10?57(7E)
Thus, o k B
1+ Ay/A, 1+ ay/a4

‘s BT GEmy a2 G, Aj (8E)
% ‘ (6/r)2 Aaf - (6/f)3 As

For the uniform thickness region the s

preading thickness is given by
combining Equations (5E) and (8E) or

Py 3

N c - ¢ : : . ,
(6/1‘)2 7 (cs/;')3 ; A } 3 N R | (o8)
A3 "Azi " . i B '

(6/x)3 (8/1)y "

A more sophisticated approximation can be made if both the forward and
ek, rearward discontinuities are to be prevented. This can be done by using

‘ - a linearly changing corre - side jet results and
front and rear correction factors for the 2D center jet, Considering the

‘ ] inalysis, such additimal complexity did not
-appear justified initially. - - L Ry




The loccation of the stagnation pressure points for the 2D and 3D jets

from the missile centerline differ slightly, Also, their respective

decay rates differ, The simplest way to tie the two pressure distribu-
tions together without any discontisuities is to assume they both have

a common pressure stagnation point relative to the missile centerline.
Because the pressure loadings of the 2D and 3D jets are proportional

to their respective areas, the weighted average position of the stagnation
point from the missile centerline can be expressed as follows:

(8/r)3 Az + (/12 A,
g/r = (10E)
Ay + Ao

Even though the pressure distributions for the 2D and 3D jets are made

to start at a common stagnation peint given by Equation (10E), pressure
discontinuities will occur at their junctions because of their different
pressure decay expressions. To rectify this situation the magnitudes of
the pressures can be modified by factors Y3 and vz so as to satisfy
equilibrium and alleviate the pressure discontinuity at the junctions.
These pressure correction factors are obtained in a manner similar to that
done for the flow spreading correction factors. As for the flow case, the
pressure load due to the rearward Ylow is assumed small and neglected for
simplicity. Then, referring to Figure IE, vertical equilibrium incre-
mental loading gives

w/2
(dL/dx)3 o 2 K Pady  where P3=f(w)
a)
(11E)
(dL/dx), = fp,
so that
v3(3/dx) 3 + vo(/ax)y = (L/dax)q + (dL/dx), (12E)
and
Y3 53 = Y9 P32 (Junctiom) [?3— Py @ Junction](lBE)
Thus,
Y3 =1 _ -
P3/P2 + (dL/dX)3[!P2
and (14E)

-

- LP2/§3 + 1P2/(dL/dx)3

where P3/'P0 is given by Equations (1D) und (6D), For the uniform pressure
region the pressure is given by combining Equations (13E) and (14E) or
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< c _ 1P2 + (dL/dx)3

Pg

Just as for the spreading thickness case, a more exact but more sophis-
ticated approach could be used to smooth out the pressure distribution
of the 2D and 3D jets, but it did not appear warranted initially.

Table II summarizes the pertinent equations for modeling and analyzing

a general, symmetrical 3D oblique impinging jet missile. Appendix F
gives a procedure for modifying the 2D and 3D jet pressure and thick-
ness distribution results for the entire jet, not just for the forward
deflected portion. To do this requires three correction factors,

rather than two, so that no discontinuity occurs between the junction of
the 3D side jet and the 2D rearward jet as well as between the 2D forward
jet.
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APPENDIX F
SUPPLEMENTARY RELATIONSHIFS FUR GENERAL MISSILE MUDEL

Appendix E gives relationships for defining the general missile model
assuming most of the flow is diverted 'swards the direction of impact,

thus simplifving the corrections necessary to tie together the 2D and

JD jet models that make up the general missile. Because of the desire

to have the computer program plot pressure contour lines, a more elaborate
correction is necessary to prevent any discontinuities in pressure in the
rearward flow. This is also true of the squashing or thickness expressions.
This Appendix presents a more exact modifying procedure, so that there will
be no discontinuities in the pressure or squashing contour distributions

in any direction.

Appendix E suggests that all the pressure discontinuities could be eliminated

by using a linearly changing correction factor for the 3D jets; i.e, ¥f73+?3¢/w.
However, such a correction function is incensistent with the 3D pressure~distribu~
tion, so that, although the junction discontinuities are eliminated, a distorted
unrealistic pressure distribution can result between v=0 and 130°. In order to
circumvent this problem and still eliminate the Jiscontinuities between the 2D

and 3D jets,it is proposed to perturbate the 3D pressure distribution using the
following relationship:

_ p__p. 180 29 p v
Y ik 37P3 (1F)
33\ pg-p, 80 737 pop 180‘} 3

A similar perturbation expression can be used for smoothin

thickness of the jet; i.e.

o.
63763

g of the spreading/

(2F)

In order to satisfy the force equilibrium ow continuity, moment equilibrium or
flow split, and avoid discontinuities in the pressure or thickness for both

rearwvard and forward flows of the 2D jet and

are needed. Two of these correctio

factors apply to the front and rear 2D jets,
four correction factors for both the pressure

derived below:

3D jet, four correction factors

n factors are in the perturbation of the
pressure or thickness for the side 3D jets, whereas the other two correction

The expressions for the necessary
and thickness distributions are

Pressure Distribution: Expressions for Pp and Py are given in Table II. The

location of the pressures is based on rhe stagnation point defined by g: see

Table IT.
| A : 12 1 2
Load Equilibrium: (Correction Factors Yos Yos Yqs & Y3 )
1 2 T 1.1, 22 =
(92+P2)£+ 2xf Pydi=(y P +v5P) £ -rz\cjo P, dy (3F)
o]
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Moment Equilibriim:

m
(P2+P2) £ 3(+2X'f P3Coswdd»=(YoP2+YqP )4 x+2x2f -P.3Cos-,pdu; (4F)
[o]

Boundary Conditionsf

sd_ 1.1 5 180 V2 2 - |
F37YgPp and Py ey g ; N T (SF)

Substituting Equations (IF) and (5F) into Equations (3F) and (4F) we find
T/ » _p 1807\ po._p -

; A T oyp.p 180 WL
+p2. (p%p 180, | 1, 2 1 ( 3" 3 7 ¥37Py
[P2+P2 (P3+P3 )] - [Yj"'YJ,Q + 2}([737 —--..F d¢+Y§[ } dy
- BT egp, 00 o \p5p 180 |
and _
, | d’P ‘
-P PL=P
180. ( 37°3 373 -
LPZ"PZJQ —(P3-P3 YA +2x Z{PO o Y:];+ S 180° y% Cosydy
[o] PO_P o
| . 3 3 0°3 _ (7F)
or| v . ]
: 180 D
P.,~P P,.~P 2
373 3
(P P ) (P —P ISO:I'Q -y _g +2X 3 Y1, ‘ 3 13 Cosydy
272 373 3 Pdlp 180 3 23 180
: 373 03

i

After integrating the integral quantities in Equatioms (6F) and (7F) one obtains

: 1 ,
two equations in two unknowns, y; and yg. Once Y3 and Y4 are determined from

Equatlons (6F) and (7F) Y2 and Y% can be solved for using Equatlons(SF) Knowing

f all four correctlon tactors, the pressure distribution is then defined every-

where for that particular value of X.

Thickness Distribution: Expressmns for S and 53 are given in Table II. The
location of the ‘thicknesses is based on the stagnation point defined by g; see
Table II. The thickness distributlon is only valid for X/r>> 1/Sina, :
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Flow Continuity: (Correction Factors u%, u%, ui, & ug)

u,A +uqxq+ X jﬁ $qdu=a, +A +\3-\1

or (8F)
1.1, 1.2, (‘" - 2oz
ﬁ(u2024u2e2>+2x { 5400=(2 f rotr)=a,
Flow Split:
/2 _ /2
1,1 5’“ 1
A +2X §4du=A,+2X J" §,dy
o) o)

or (9F)

n/2

1.1 T2 -
5, 0 + 2x é’ §1dv= f 6+ 2x jﬁ

Boundary Conditions:

- 2,.2_7 180°
u365=39 and p383=3, (10F)

Substituting Equations (2F) and (lOF) into Equations (8F) and (9F) we find

0-.

180° oo
R 85+5,7°" yvax !’ §jdy=(2 Zr+ur®)=a,
or
o w ° o
A 5rudreSrs, 180%  1ox |p L 83763180 83 &
3ty 3 3 3
o | apn? { d|=24r  (11F)
§0 5 180 3o 1 &% si89
373 373
and
180° ~
2 /2
1,.0 1 w/ 56 2 -
ﬂ(u3+63) + 2% Mg f 373 cllp-i-u f 8——3'———' dy =fﬂ; {(12F)
o] v v ¢ o
o_ 180 o 180
§3-83 AR PR
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After integrating the integral quantities in Equatioms (11F) and (12F) one
obtains two equations in two unknowns, u_% and: ug. Once ué and u§ are determined
from Equations (11F) and (12F), u% and ug can be solved for using Equations
(10FY., Knowing all four correction factors, the thitkness distribution is then

defined everywhere for that particular value of X.

Because of the form of the expression for § the bracketed quantities under
the integral signs in Equations (11F) 1nd (?EF) are the same for all values
of X/r. Thus, the respective values o: the integrals remain the same for
all X's for a given impact configuration. Specifically, the first and second
integral take the form, see Table I,

180° 2
(63—63 1 r]-f-Cosa

_____Tg_ di= = 1| dy
< 0- . 2 t
o_ Cosai _

d} 83 63 (l-h..os1 -1 I-Cos®Cosy
1-Cosa
and

Oﬂ

L 2. 2,
373 1 /[{-(_'.:5:.1. 14Ces = \\ |

- l!]: - — = .‘j C'LP
£ I—Cost Cestd

-] 4 - |
o 180 | +Cus “‘)" kf"@osvt
5 -8 -
/V3 3 / {~CQesue i L

Thus ,only the integyral 'fitliCosu)z/(1—CosaCos¢)§h¢ needs to be evaluated
numerically once for all” the thickness distributionsfor the particular
impact configuration,
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APPENDIX G

LISTING OF COMPUTER OUTPUT RESULTS FOR DEMONSTRATION PROBLEM 5.2

(PAGES 180-~251)

-180-




-181-

V,RIHF'TSTOP,ALPHAU’XUCL;YOCL.NR;HN-NH.NVA:IFDEL,DEN:ISYH 7
0.726000E+04a0.SOUGODE#DE'0.SDDDDOE—DlvO.523600E¢Oﬂ.0.454600E+01.0.377DEUE+01: 8,120, 5, 6, 2,0.988800E-04, 1

RL 1, 2, 3, 4, 5, &,
. 0.156250E+01,0.950000E+00,0,325000E+06, -, 325000E+00, -. 950060E+00, ~. 156250E+01,

RM 1, 2, 3, 4, B, &,

0.6350005*00:0.6000005%00vﬁ.6500005*00:9.650000E+UU:0.600000Ef00.0.&25000E+00:
el 123,78, 5,06, T T
0.ZIOUUUE+01pﬂ.326000E+01a0.375000E+01:U.375UUUE+UIJU.3260005+Ul:0.2100005*01)

DELTL 1, 25 35 %) 5, 6y . . . . . .
0.825000E+400,0.255000E+00,0.0 ;0.0 +0.2645000E400,0.825000E+00,

HH 1’ 2‘ 3. q' 5" 6,
] ﬂ.ElDUUUE+01,G.326000E+0110.3750005+Ulp0.375000E+01,0.32600ﬁE*Ul;0.210000E}01|
MAX 1, 2, 3 s 5, 62 75 8, &
15, 15, 15, 15, 15, 15, 15, 15, D
NJj‘ 11.51-3; 4, 39 -1 %: 3, h cj
9, q’ ql ‘.' 9’ 9, 9, 9'

—MI. 1> 20 3, 8y B . . : S : - -
0.98558E-02,0.42763E-02,0, YBBI0E-02,0.102238-01,0.23340E-01 ,

DR 1, 25 3, Gy 5
.. 0.35000E-91,0,35000E~01,0.35000E-01,0.35000E-01,0.35000E-01, . . .

WO 1, 2, 3, 4, 5,
0.43350E+03,0.87332C403,0,14450E+04,0.125531E+40%,0.22620E+04,

PH2( 1,1, 1) THRU PH2( 1,120, 1)~

..0.67091E-01,0.60371E~01,0.77146E-01,0.93922E-01,0,11070E+00,0,12747E+00,0.14425E+60,0.16102E+00,0.17750F+08,0.19458E400,
0 21834E+00,0.24630E+00,0.27426E+00,0.30222E100,0.32668E+00,0.12272E+400,0.13600E+00,0.1527FE+00,08.16955E+00.0. 186336400,
0.20310E+00,0.21988E400,0.,23665E400+0.25343E+00,0.27020E400,0.29397E+400,0.32193E+400,0. 349A9E+00,0. 37784E+00,0.40231F4+00,
0.19535E+02,0.21163E+00,0.22640E+00,0.24518E+400,0. 261950400, 0.27873E+00,6.29550E+00,0. 312288+00,0, 32905E+00,D, 54583E+400,

—.0:36955E400,0.39755E400,0.42551E+00,0.45347E+00,0.6779GE+00,0.27397E+00,0.28725E+00,0.30403E+00,0. 32081E460,0. 337536400,
0.356436E+400,0.37113E+400,0.38791E+00,0,40468E+00,0.42145E+00,0,44522E+00,0.47318E400,0.50114E+00,0.52910E400,0.55356E400,
0.33069£+00,0.34395E+00,0.36075E+00,0.37753E400,0.39430E+00,0.41106E+00,0.427B5E400,0,44563E400,0.46140E+60,0.47818E400,
0.50194E+00,0.52990E+00,0,55786E400,0,58562E+00,0.61028E+00,0.46632E400,0.41960E+00,0.43535E+00,0.45315E200,0.46995E+400,
0.45670E+00,0.50348E+06,0.52006E+00,0.53703E400,0.56381E+00,0.57757E400,0,60553E+00,0.63349E<60,0.£6145E+00,0.568531E+00,

' 0.48195£+00,0.49523E+400,0.51200E+00,0.52878E+00,D.54556E400,0,56233E400,0,57911E+00,0.595886450,0.61265E+90,0.629%30+00
0.65320E+00,0.68116E+00,0.70912E+00,D.73708E400,0,7C354E+00,0.55758E+00,0.57084E+00,0,58763E+00,0.,60441E+00,0.62116E400,
0.63796E+00,0.65474E+00,0.67151E+00,0.68B29E+00,0. 70506E+00,0.72883E+00,¢. 756 78E+00, 0. 7BG75E+00,0,81270E+00,0.8371 76400,

FHZ2( 2,1, 1} THRU PHZ( 2,120, 1)

'”0.526385101.b;3a3?55i01.0.204045—01,0.241255-02,-.155795-91.-.335705-01.-.515ﬁ15-01.-.69552E—01,—.375435—01.—.105535+cc.
-.13102E+00Q,-.16100E+00,-.19099E+00,~.22098E¢0D,~.24721E+00,-.18701E-01,~.32944E-01, - . 50935E-01,-.6B927E-0D1,~.86918E-01,
-.10491E+00,-.122%0E+00,-.14089E+400,-.15888E+400,~-.17687E+00,~.20236E+00,~. 23235E+00, - - 26233E+00,-.29232E400,-.31855E+00,

90040E-01,~.104E8E+00,~,12227E+00,~.F4027E400,~, 15826E+00,~.17625E+00.~.19%24E+36, ,21223E+400,-.23022E+00,-. 2482 E+00,

T=LZ73T0E00, - . 30365E+00, -, 3335 7E+00,-.36366E+400,-.38969E+00,-.16138E+400,~.17562E200,-.19361E400,~,21161E400,-. 22960E400,
~.@4759E+00,-.26555E400,~.28357E+00,~.30156E+00,-.31955E+00;~, 34504E+00,~.37502E+400,—.40501E+00,~.43500E+00,-,%6123E+00,

~.21488E400,-.22913E+400,-.26712E+00,-. 2652 2E+400,~-. 2831 0E+00,-.30109E+00,-.31908E300,- . 33707E+00,-.35507E400, ~.37306E+400,




b P

.=+ 39654E 400, - 42853E 400, -
=.37243E+00,~.39042E400,
=+ 35756E400,-. 37181E400, - Z6980E+00 . 40779E+00, - 42578E+00 ) . 44 X77EL00 =-46176E400, - . 47975E400, -, 49774E+00, - . 51573E+00,

~.54122E+00;-.571215+00:-.601195*00,-.63115E+DU:-.65742E+00,-.42890E+00,-.443145+00.—.461165+00,—.479135+00,-.497125*00.

58$;§10Qg35985508+qgg—.514?45400,-.266226#00,'.30047E+00,~.31846E+00.-.33645E+00.*.354445*00:

OBQIE*Dﬂn~.42641E+DDp-.44440E+00:~.Q6988£+00:-.49987E+UU,-.52985E+00:—.55984£+00,-.58605E+00:'-A

—.§1511£+00,—.533195190l3.§§1g55100.:.569OBE+00,-.58?0?E+00,-.6125é£+00,-.64255E400n—.67253E+00,7.?0252E+DD,-.728755+00s“,

PH2( 1,1, 2) THRU PH2¢ 1,220, 2}

-.213@95#00;-.20345E+00|-.20207E+00s-.195695+00:-.18932E+00;-.182&uh4031-.17656E+00s—.170195+00y-.16381E+00.-.15743E+00:
~.14840E+00.-.137?TE+00;-.12714E+BU|".116515+OD.—.107215+DD»-.22459E+00:—.21955E+00;—.21317E+00:-.20679E+00,—.200425400r
_m.14}3304E?09J1m1Q?66E?Q911L15129E*00:‘.17@9151001-J16853E+00:-.15950E+00n"'IQB&?E+DUs~.13824E+DD,~.127615+UU;-.11831E+00,
-.235695#00--.23365E+00--.22427E+DD,-.21789E+DO:~.21152£+00,-.20514E+00.-.19876E+00,-.19238E+00.—.18601E+OD.-.17963E+DD,
-.1706nE+00:-.15997E+00,-.149345+00--.138?1E+00.~.129Q1E+00.—.246?9E+UO,~.241?QE+00,-.23537E+00.-.228995i00,-.222615+00’
-.21624E+00.-.20986E+00.-.20348E+00,~.19711E¢00.-.19073E+00|~.1817OE+OD,-.1710?E+00.-.160Q4E+0D,-.14981E+00,—.1@052E+00,

_m_:-255135199r:,250015?00:-L24369E+00,—.23732E+00,~.23094Ei00,-.224565+00.—.21619E+00:-.211815+00|7.20543E+DU:-.19906E+UDL"

-.19002E+DD»-.1?939E+00,—.16877E+UU;-.15&14E+03:—.1&884E+00,—.26622E+00,-.26117E+00,-.254?9E+00’-.248Q2E+00--.242045+004
-.23566E400.-.229E9E+OU:-.2229IE+00.-.216535400--.210165+DD.-.20112E+00,—.1904?E+DO,—.179B7E+00,—.169245*00;-.1599GE+00.
-.2?732E+00--.272275100.*-265895%00:-.25951E+00a-.25314E+00;~.246765+00;-.24038E+00a".23401E+00:-.22763E*00a-.22126E+00,
w;tg;gggsgpq,r!gplgsatpo,;,190935400&:.;5034E+00,7.171045¢00,-.aaaqu+00,-.283375+00,-.27699E+00.-.270615+ﬂ0.—.26424£+00,

~.25?86E+001-.251485*00,—.245115+GD|-.23873E+GD.-.232355400.-.22332E+00,-.2126PE+00,-.202075#00:—.191QQE+OD;-.18214E+00:

PHRL 241, _2) THRY PHZ( 2,120, 2)

0.16?635+uu,5.18131£+no.o.173335+uu,o.155355+oo,0.157365+ao,o.1493ss+ou.n.141405+nn,u.13341£+uo.n.13543£+no.o.117455+oa,
__,qa;qg;4£+ag.q,9gas1g:q1!qiygsgSETo;,q,aagena7o1,u.545775-01.o.1sssaE+no,o.179265+oo,u.171eae+oo,n.163305+un.0.155315+no,
o.147335+uo.u.139355+oo,o.131365+uo,o.1a3355+oo,o.115405+ou.o.1n¢uqe+ou.u.907815-01,0.774755—01,9.641705-01.0.525275—01.
0.15353E+00pﬂ.177215+00,0.16923E+00,0.16125E+00,0.15326E+00,D.165285+00.0.13730E+00.D.12931E+DD.0.12133E+00,0.11335E+00.
u.1oauqe+na,u.as7315~01,0.754255-01.0.621205-01.n.5047?5-01,0.181485+no,o.175165+oo.o.1671ae+oo.o.159205+oo,o.15121£+no,
o{lg;gggtgglgilgggggfpglgl;gzg@gigg,o,;;ggaf&ou,q.111305+cu,n.99935£-01,o.sﬁsaxs-ol,0.733755-01.0.600705-01.0.434275-01.
U.1?994E+00-0.173628+UO;0.16564£+00,0.15766E+00,0.14968E+00.D.141695+00.0.133?1E+00.0.125?2E+DD.0.117?GE+00,0.10976E*00.
0.984495-01uD.851432-01.0.?18385-01.0.58532E-01;0.468905-01s0.177905400.0.17158E+00-0.16359E+G0.0.15561E+UD.0.14?63E+00.
0.13964Ei00.0.13166E+GD.U.12367E400;0.11569E+00.0.10?71E+DD.0.96399E-01.0.83093E-01,0.69783E-01,0.56482E-01.D.QQB¢05-01g
-mp,l?S@SEtPQ:D-l6?§3EgDU.p,;6159519019.15356E+00;0.;4557E+00.0.137595+GU-0.12961E+DD.D.12163E+DU,0.11364E+00,0.10566E+00.

0.943495*01:0.61043E—01;B.6?735E-D1:0.54432E-Dl,6.42790E-0110.17379E+00.0.167475+0010.15949E+00;D.15151E+0030.14353E+00s
(’ 1 0.13554E+OUp0.12756E+00,0.11958E+00.0.11159E+UD,0.103ﬁ1E+00,0.92299E-01:0.?89935—01;0.65688E-01,0.523825~01,0.¢G740E-01p

—-281-

C9: FH2T 1,1, 30 TRRU FHZC 15188, 35

-.4791954qg,-,9?;&g§+oq,1L9§2505+ug,-.9531sz+oc,-.443575+oo,—.434555+ap,-.4asass+on,~.415925+no.-.406eos+oo.-.397aaz+ao,
“""iTséZbafldu;:;3basse+oo.—.353035&00.-.33?sua+uo.-.323915+uo.-.45&69£+nn.-.457325400,-.aqanos+uc,-.a3aeas+no,—.42937e+uo.
-.azoosa+ou,-.41073£+uo,-.401425+ou.-.392105+oo.-.3ez7as+oo.—.359535+ou,~.35406£+cu.-.333535+nn.~.3esanEfnu.—.309415+uo,
-.45n195+oo,—.442825+uo.-.433505+on,-.qa41aE+no.-.41qa7E+no,-.405555+oo,-.395235+on,—.3ssqae+ou,-.37760E+oo.-.3esaas+oo.
355095400.—.33956£+uo.-.32403£fuo,::303505+uu,-.29491£+uu.—.43559E+no,~.4za3aE+uo,-.4199054oo,-.q09695+no.—.40037E+ao,
'éiﬁ?fiﬁd;U:33f?4E4ﬁO;323?2425+ao.-.353105+00.-.353735+oo.-.34059£+on.—.32506£+no.-.30953£+oo,—.2940054uu.-.23041E+uo.
~.qzqaze+ou,-.41744£+uo,-.403135+ou.-.398815+oo.-.339495400,-.3301anoo,~.370865+ou.-.361545+uo.-.352235+oo.-.342915+uu.
-.329?1E+oo,~.3141&E+00,-.298655+uo,—.25313£+uo,u.26954£+uo.—.410325+no.-.4029a5+oo.—.39363E+oo,-.38«315+00,-.37499E+uo,
-.3656BE+009-.35636E+00|-.34?0&E+00q7.33??3EfOﬂ.-.3284IE+00.~.31521£+DU.-.299685+00,-.28416E+00p—.268635+003--255045+00s
""1:3§§§251hdlliSEB&SEiﬁﬂ{l.37§I§E+00;-.36981E+00.-.36049E400£-.3511BE+00.-.34186E+00.-.332545+uu.-.32323E+00.—.31391E+un.
-.3uu71£+ao.-.285135+ou,—.269665+0n,-.25413£+no.—.240545+oo,~.381325+uo,-.3?395£+oo.~.364635+no,-.355315+oa.-.3a6005f00,
-.336685+oo.-.327365+00.».318055+u0.-.303735+an.-.a9941E4on.-.aaszlseon.—.a7069e+no,-.25516£+uo,-.239635+oo,-.226045+nu.

PH2( 2,1, 3) THRU PH2t 2,120, 3)




—.54701E-01,~.61¢26E~01;—:69922E—01.f.78417E-df,-.869135461,-.954085-01,-.103905*00,-‘112405400,-.120905600.-.12939E400,
-.1414354OO,-.15558Ef00,-.16974E+00,-.183905&00,-.196292400,-.18334E400,’.190075400.-.19856E¢00,-.20706E000,-.21556E+00,
-. 24055000»--232555+00:-.24104E¢00,~.249565+00,--253035600,-‘270075400,—.284235#00,-.293395000,-.312556#00,-.324935100,
X 7,31199E600{-.31871Eé00,-.}27215(00,-.3357OE+OD,~.34420E+00;-.35269E400,-.361195400,~.369685400;~.375185400;-.366685&00,

6,39871E§00,-.41287E¥00,—.4270353001-.441195600y--453535400,-~440632000,-.44735E#UO,—.45585E‘00,—.464345600,~.67284E100;

. '.45133E‘00,-,489835400,-.49633E*00,-.506825*00,—.515325*00,-.527355400,-.54151E*00.-.555675*00.-.56983E#00,-.582225000.
-.537115&005~.5@383E600,-.55233E¢00,~.560835600,-.569325400,°.577325+00,-.58631E*00,—.594615600,-,60330E600,-.611805400,

'~WV:>§33335t00;:;@3799E6Q0z:p6521554003:;65531&#00,'y67670E¢00,v.6$5755400,-,672485000.7,680975400,-<68947E000y~,697?6E600,v4

: -;706465#00z-.714€5E660,-.723455400,-.7319¢E+OD,-.74044E600,-.75248E+00;-.76664E+00:-.78079E400,-.794955600:-.3073456001
~,794395400;-.601125600,-.809625600;-.818115‘00:->626615400,-.835105400.-.843605000:-.85209E400,'.86059E+00,'.86908E600v
-.881125*00,-.89526E600,-.909445*00:-.9236OE+00,—.93S99E+OO,-.923045400,-<92976E*00,-.93826E000,-.94675E600:-.955255400,

~“,ia9637Q§?90)i&9Z?245‘QQ:'&?5Q745600y-,?892354001'A997735¢00,-.100965?01)',102395401,-.103615#01,-,10522E*01.-.10666E401, o

PH20 1,1, 4) THRU PH2( 1,120, 4)

L ymmedbesest P B e S A N S DS TRR Lo -

0.77912E+0C,0.711735600,0.62660E+00,0.541475#00,0.456355400r0.37122E000,0.286095600.0.200965000yO.11583E400.0.307035-01:
-.89894E-01,-.23177E+00,—.373665#00,~.51554E400,-.639685400,O.69094E*00;0.62354E¢00;0.538425900.0.453295400,0.36816E900,

_,c.ga}pssgoo,oﬁ;97qosfoo!g.1127§E+oozo.226§75701,-.574525-01,f,1zaoas‘oo,~-319965000,-.461345500.-.aos7ze«oa,-.7z737s+oo.

0‘60275E600,0‘535365400.0.45023E100,0.365105400,0.27997E+00,0.19485E400,0.10972E400,O.245905-01,—.605385-01,-.145675400,

-.266265+00,—.408155600,-.550032600,-,691915*00.-.81605E+DO;0.51¢57E‘00;0.647175400,0.36204E+00,0.276925400.0.191795000,
0,106665ooo,o.215335-01,-.635955-01,—.1ae7zefoo,-.zssass¢oc,--354455+oo,-.496335+oo,-.633215¢oo,-.780095400,-.90424E+oo,
0.44643E+00,0, 2

TT-l32059E400,~. 5 475000,-.70435E600,-.846235+00,--97038E600,0-36024E#00,0.292855400.0.20772E400,0-122595400:0.374655-01.
-.476635-01»-.13279E+00.-.21792Eé00,~¢303055600,-.388185%00,—.508775400:-.é5065E000;'.79254E+OD.-.934425600,-,10586E¢01,
D.272065600,0.20466E%00,0,119545+00,0.34407E-Oly-.507205-01»—.135855%00,-.220985+00,-.306115+00,-.391232400.-.476365000,

___:¢§s§555fqg;::73634§goq,—.aaozg;ynglf,longsyul,-,114665+01,o.1aza7zfoo,o.1164aEfoo,o.313505-01,-.537785-01,9-136?e£+no,

-.23403E#OO)°.309165+0O,~.394295400,-.479425*00,-.564555&00,--665145400,-.827035400,-.968915000:--1110824015-.1234§E+01,

PH2L 241, 4) THRU PH2E 2,120, 4)

€871~

-.16235E+01,-.15010E¥01,-.134625001,-.119145901,~.103665001.-.88179E+00,-.726995900,--572205*00;-.417405000,-.26261Ei00,
_«;iqssggsfpgﬁoﬂg;gq753po,pngzas§stgo,g.7;qg55eoo,0_956395»00,-.153745401,-.141495‘01,-.126615+01,e.110535;01,-.95049E¢oo,
-.795695;00,-.640905»00,-.456115¢oo,~.33131£+oo,—.176525+oo,n.427755—01,0.300765;00.0.553765400.0.816755;00,0.104255c01,
'-;145135*01,-.132885601;-;11740E601:-.101925601,~.a64405400y-.709605400,-.554815000.~.400015400,-.245225400.-.904242-01,
‘0.128375600.0.386865000.D.64435E+00,O.90284E+00,0.1128650014-.136525001,3.12427E501,-.10879Ef01.-.93310E400;-.773305#00'
T2 82351E+00,-.46871E+00, ;nggsggqizf;gaxzsfoo,f.433035-oz,o-214965¢oo,0.473955+ao,o.730945+po.o.9aa9ss¢no,o.1z1a75¢ox.
-.13007E+461,2.11761E+01,

;102335401.—.866535400;-.7137SE+00.-.55894E¢00,~.¢04145400,-.249355400.—.94555E-01,0.602405-01,
0‘279535000.0.537525600,0,795515600.0.10535E401,0.12792E001a~.12146E+01.-.10920Ef01,-.937235&00,-‘78243E+00.-.627665+00,
-.67285E+00,-.318055900,~.163265600,-.8%6165—02,0,146335é00,0.365625400,O.623625000,0.881615400,0.113965401;0.136535@01.
-.112555¢q;,-:}qqs9§fq;,1,65;;353991-,§5§345foo,-.541555900,-.385755¢oo.-.23196£+oo,~.771635-01,0.776312-01,0.332435400,
“"‘d?hﬁi?éé;oo,6.709715&09.0.967705400,o.12257E+01,0.145145401,-.104245001,-.919835+oa,-.755045+oo,—.610255403,-.45545£+oo,
-.300665400.-.14566540@,0.593065-02,0.163735+oo,o.3laszs¢oo,0.537315¢co,0.79saoz+oo,o.105385+01,o.131185401,0.153755401.
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TUBRZTITL TS BT THRUTPHET 136, &5

-.BSIQ?E'OO:--B9O785*00p'-?@OQOE‘DO,-.990035*00,-.103965001,-.108935‘01.-.11389E601,~.11885E+01,-.123825#01,-.128785#01,

f‘lflsssiéibiil:i&qeésiol;;.1523§E+o17;.160625431,—.167fez+01,-.570335+oo,—.609625400;~.65924£+ao;;.7cea7e+oo.~.7sasos4oo.‘

-;808125*00,-@857755400,~.90736E+00g~.9S7DOE+00,-.100662‘01,-.167695401,-.115965#01,-‘124235401.-.132515401.-.139745401;
-.289175‘00:-.323465*00»‘.378096000,-.62771{900,-.4773454001~.52697E400,-.576595400;-.626225‘00»-.675555400;-.725475000;
--795775!00:~.57549E+00.’,961205#00;’.106395401,-.111632#01.-.661575—02,-.473045-01’~.969305-01;-,14656E400.-.l9618E400,

q3§ggqlQ,g?SQlEpOQ,QJ;102§§f00,0.125655600,0.40522&-01;7,44606E-01,--129735400;*!214865400,7.299?956001,,

v '”":?ZGSBIE?UU}3:295445100§:f345535400;’.394695&00,-1446315+00,-.514625000;-.59733E080;4.680045400;~;762755900;-.835125680,‘ T

0.202555&00,G.16356€¢00,0;113945‘00,0.64312E—01;0.146865-01)-.34?415~01.—.86567E-01’--13419E+00,—.18382E600;-.233455‘00:
-,303755600,-.386465600,~,4§917EGOO»-.55183E600,-.62425E+00.0.484015600,0.444725*00,0.395095900,0.345475600,0.29584E600,

srems s




~781-

__mp.24§225+0?sq.19§59Egoq,95;469§§+00.9,973375-0;,0.4?7115~01.-.22593E-01,-.1053ﬂE+00.—.18&015400.—.270?35400.—.343105400.
D.?6516E+00so.725835#00,0.676255+00.0.62&635*90,0.577ODE+D0.D.52737E+GD.0.¢?775£+00,0.42812E600.0.378495400,0.3EBB7E+00.
0.258575400.0.1vsase+oo.n.931435—31,n.194335-01.-.519395-01,0.104635401.0.100705+01.u.957415400,0.90?7az+oo.a.asa1ss*uu.

0.80353E+00,0.?58905+00a0.?0928£400a0.65965E+00;G.61002£*00.U.539?2E+OD,0.45701Ei00.0.3743DE+00,0.2?159E+BU.0.219225+00;

PH2L 2,1, 5) THRU PH2! 2,120, 8)

'_“ETZiEBSEIEETHféiiﬁéé#ﬁﬁ?ﬁ?&éiiﬁﬁlﬁb,E;éé&észéﬁh.6;§sn$ét+ud.o.107625401.d.120195+01.o.13276£4ni,o.i4533E401}d.157¢b5401,
0.175?IE+01s0419666E¢01,0.21761£+01-0.23855E+01,D.256882+01,0.19669E+00.0.2942ﬂE+00.D.#l?&?EiUD,0.5455?E+OG.0.6?1285+00.
0.79695E¢00.0.922685+00,0.1048QE+01,0.11741Ei01.0.12998E+Dl.D.147?BE+01.0.168735+01.0.18965E+01.0.210635&01,0.226?65+01,

_.“g§4547570170114962E~01:0L14966E+00:0.26635E+DO;0.39205E+DO,D.51??4E+0D,0.663445+DD;0.76913E+UD;G.B?QBBE*DUaD-IUZDSE*UIs —_—

D.119865+01.0.14ﬂ81£+01;0.16176£+dl.0.182?15*01:0.20104E+01,—.36378E+00,~.26428E+00.—.13858E+DO,-.12855E~01sD.112815400:
0.23851E+00,D.3642ﬂEi00.D.489895+00:0.61559E+DG.0.74129E+00.U.91935E¢HD.0.112&BE+01.0.13353E+01n0.15478E+01.0.17311E401:
-.57321E+00,-.473TBE+DO.-.348018400.-.22231E+00a-.96618E-01,0.29077E-01;0.154?7E+OD.0,28047E+00,0.406165+00:0.531865400r

_h_p.?Q??ZEGOO.D,?l?ﬁ?EfOD,D,11289E+01'ﬂ.13384E191|ﬂ.152175*01.-.85245E+00,-.?5294E+00,-.62?255+00:--50155E*00r-.37586E+001w1”.”

-.25016E+DO,-.124465400:0.123005-02:0.1269EE+00.0.252&2E+UO'0.43069E+00.D.6QDIBE+0030.BQ?&TE#DO.0.105925+01;0.12425E+01:
--113175401.-.103225101;~.9064&E+UD|-.78079E+00;-.65509E+00,—.529Q0E#Dﬂa-.4037UE+00|~.27801E+001°.15231E400a-.266175-01;
0.15145E+00.0.36094E+00,0.5?0435400,0.77993E+00p0.963235#00.-.14109E+01--.13114E+011-.11857E*01a-.10600E+01|-.93433E+Gﬂv
“:.§§Q§3Etpog:1§§239&&00;:.557245f001:.&}155E+00;r.305855+00,-.127?9E900,D.81706E-01:0.29120E+DO:0.500695400:0.63400E+00,

SH2¢ 1,1, 1) THRY SH2( 1,120, 1)

0.186005*05:0.188005+05-0.18800E%05.0.18800£+0§10.18800E+05.0.IBBDDE+OS|D.IBBDDE+05:G.ISBOOE+05|0.18800E+05y0.183005*05v
0.15800E+05g0.IBGUOEGDS;O.18300E+DS,U.18800E+05,0.1EBUOE+05;0.16&20E405:0.166205+05:0.16620E+0510.166205¢05;0.166205405,
— 0.16620E405,0,16
0.15150E+0510.15150E+05a0.15150E+05.0.15150E+05,0.151505+05,0.15150E+05.D.15150E+0530.15150E+05-0.151505405|G.lSlSDE*ﬂE,
0.15150E405.0.151505405s0.151505+05aD.15150E+05.0.151505+05.0.14220E+05s0.14220E+05|0.142205405.0.14220E405,0.142208+05»

0.14220E+BSa0.14220E605-D.1Q2205+05-0.142205405;0.142205405,0.14220E+05.D.14220E+05,D.142203+05:D.14220E+05,0.142205+05.

o.1zsaagtg§.g:;gggggyng,g1;352qg3g5,g,;§5auffos,u.13szn£+05,o.135205+u5.u.1352ns+us.n.1zsans+us.n.1352ns+05,o.135205+ns. N

o.135205+05.u.135205+us.o.13520£+ns,u.13szn£+ns.0.135305405,n.113405+05,0.113405+05.o.1134as+05,a.113405+us.a.113495+os.
a.11340£+05,n.113405+os.o.113405+os.n.113405+05.u.113405+n5.o.113quE+05,u.113an+os.u.113405+05,u.113que+95,0.113qﬂ5+05,
0.91?ous+u4.o.917005+04,u.917coa+04.0.917005*94,0.917nnz+c4.n.91?an5+u4.0.91?uas+u4.u.917ons+nq.n.917nns+u4.n.917anaiua.
_ptglzgpgtgalptg;zgugquhg.glippEgga!g.3;?QQE+04,0.91700E404,D.?Daqos+u4,o.702405+oq.9.702405+a4.0.792@0E+uﬁ.0.7024n54nﬁ'
0.702405+04,0.70240E+0410.702#OE+04.0.702405404.0.?0240E+04,0.762&0540&.0.702405+uﬁ.0.70240E+04.0.?BEQUE+GQ,O.?02§0E+04,

SH2( 2,1, 1) THRU SH2( 2,120, 1)

-.2335n5+05,~.233505+ns.-.z33505+ns.—.233505+05.~.233505+05,-.233505405.-.2335uE+05,=.233505+05.-.233505405,-.233505+05,
-.;3§§qe+qs.-.gzgsqgfug.1:333§ogyns,~:233505aos.—.233505+05.-.2oﬁaoe+n5,~.aoseuE+95.~.znsau5+ns.-.zassn5¢ns.-.206505405.
”"'Jiaé%ené+u§}572dasue+us.-.anésae+os,-.zoeen£+uss-.anasus+a5,—.anaﬁn£+os.-.295505&05,—.2oesuz+os.-.206605+os,-.zusaos+ns,
~.1aa5as+us.-.188555&05.-.1aasos+ns.-.1sssus+os,-.1aasoe+ns.-.1aasnE+us,-.Jaascs+us.-.158505435,-.133505+05,-.laasn£+05.
-.155505;05.-.1assue+05.-.1sasuz+05.—.1aasus+os,—.1essoa+os,-.1771ua+05.-.177102405,-.17?105+05,-.177105+05,—.177an+05,
1.177;05605,-.177105¢os,-.17?105+05.-.1771UE+05,-.17719£+ns,-.177105+05.-.1771ns+05,—.177105+05,-.177105+us.—.17710£+os.
"‘“:Tisﬁﬁﬁﬁiﬁé;;:1£§aﬁii55;1tibaaoséus.111eaqo5+os.-.1634usens.-.1aaqos+os,-.1eaaos+us.-.1eaqns+ns,-.1eaqos+us.-.1eaans+os.
-.16840E+05-~.168405&051-.163405405--.16840E+05.—.153ﬁ0E405,~.14160E+05;-.1&1605405:-.14160E+05--.141605405:-.14160E+05:
-.141605+05.-.141505+os,-.141anE+n5,-.141aoE+05.-.141505+ns.-.1416uE+ns,—.141605+us.-.141enE+n5,-.1415u5¢05,-.1&169&405.
-.114905405.-.114905+05.-.114905+05,-.114905+05,-.114905+c5.-.114905+05,—.1149ne+05.—.114905+05,—.114905+05.-.114905+n5,
"liildﬁuéihgil;Iiaﬁhsios;l.114¢ﬁ5405:4.114905405.-.11q90£+05.-.asszns+oa.-.aasan+04,-.aaszn£+un,-.855205+u4,—.83520£+04,
«.88520E+04.-.85520E+04;-.BBEEOE+04;-.885205+04|—.BBS&DE%DQ,-.BBSEOE+04’-.88520E+04.-.58520E+04,-.88520E+04:-.88520E50Q|

TTSHRCTEL T THRUCSHIE HIAGIY 0 e

ﬁ20§jQ5.0,1Q620540§,B,16§EOE+05,D.16&20E+05;ﬂ.166205405,0.16620E+05,U.166205405;0.16620E495:0.16620E+05: —




Al

-.66500E+03, - . 66500E+03, - 64500E¢03, -, 64500£403,~ . 66500E+03, -, 66500E+403,~.66500E403,-.66500E403,~-.66500E403,~.66500E+03,

- 66500E+03,~.66500E+03,~ .66500E+035~.665006+03,— . 66500E+03, —.65500E+03,—.66500E+03,~.66500E+03,~.66500E+03,-.66500E403,

~.66500E+403,~.66500E+03,~.66500E+403+=.66500E+403:~ . 66500E+03,~.66500E403,- . 66500E+03,- . 66500E¢03,~.66500E+03,~.66500E+03,

~66AR00E403,— . 664F0E403,~ . 664F0E+03 = . 66490E+03, - .66490E+03,~.66450E+03,-.66490E403,~ . 664F0E+03,-.666G90E+03, -, 66490E403,

= 6B4ONE4DI,— HELFTE+DS .- . 66490E+03, - . 664F0EL03, ~  66490E+03,~ .664F0E+03, - . 664G20E+03,~-.669F0E+03, ~.66GF0E+03, - . 665F0E+03,
- G649DE+03,~ . 66GF0E+03,~ . 66490E+03 5. 664F0E+03:-.66490E+03,—.669F0E+05,-.664F0E 4035~ . 66GP0E403,-.664F0E+03,~.66G90E403, <
— bBYFOE+03,~ ,66GF0E+03,~.66GF0E+03,~. 664G90E403,~ . 664F0E+03,~ . 66450E+03, - . 664F0E+03,~.66G90E+03,-.664G6F0E403,~ . 66490E+03,
~ . 66490E+03 =, 664F0E+03, -~ H6GFOE+D3, -~ 664FDE+03,~.66G5F0E+03 4~ . 66420E+03, ~ . 66420E403, - 66420E+03,~.66G20E+03,~.66G20E+03,
. mB6420E403,- 66620E+03, ~.66420E+03, - . 66G20E403, - 664 20E+03,-,66420E+02, - . 66420E+03,~ . 66420E403,-.66426E403,~.66520E403,
~.66260E403,-.66260E+03,~.66860E+03,~,66260E403,-.66260E403,~.66260E+03,~-.66260E+403,-.66260E403,-.66260E+03,~.66260E4D3,
- 65260E403,~.66260E+03,~.66260E+03,~.66260E+03,-.66260E+403,-.65970E+03,~.65970E+0%,-.65970E403,-.659705+403,-.65970E+03,
-.65970E+03,~.65970E+03,— . 65970E+03,-.65970E+03,~.65970E403,~ .65970E+03,~.65970E+403,~. 65970E+03,-.65970E203,~.65970E+03,

SH2t 1,1, 2) THRU SH2( 1,120, 2)

- 42830E+00,-.G2830E406,~ . 42830E+04,~ . 42830E+0%,~.42830E 404, - . 42830E+04,~ . 42830E¢ 064, - .62830E404,~.,G2830E+04,~ . 42830E+04,

< 42830E4+04,~.G2830E+04,~.62B830E+0G ,~ . 42830404, ,42830E404,~. 32800E+04, -, 32800E+0%,~,32B00E+05,~. 32800E+04,~ . 32800E+0%,

~.32800E+0%,=-.32B00E+04,~,32800E+00, -, 32800E404,~.32800E+04 ,~. 32800E+04,-.52800E+04%,~.32800E+0% -, 32B00E404%,~.32800E404,

_ ~.26030E+06,~,26030E+0G,~.26030E+404,~.26030E406,~. 26030E+06G -, 26030E+04,-. 26030E+04,~ . 26030E+04,~. 26030E+04,~ . 26030E+05, _

~.26D30E+06,~.26030E+04,~.26030E+0G, -, 260305406, - . 26030E+64,-.21770E+04, - 21770E+0G,~ . 21 770E+06G - . 21770E+0%,~ 217705 +05,

~.21770E+00,- .23 770E+04,- .20 770E+06 4~ . 21 770E+04,~ .21 770E+04,~. 21 770E+04,~.21770E+06G~. 21 770E+4062~,21770E+04,~. 21 770E+0%,
-.18520E40%,~,18520E+0% ) ~.18520E+0% - . 18520E+406% 4-.18520E404,~.18520E+04;~.18520E406,-.18520E+06,~.18520E+04 . 18520E+04,
__=.18520E+Y4,~.18520E+0%y~.18520E+04,~.18520E+0%,~.18520E+04,~ . B5220E+403,-.85220E+03,~.85220E+03,-.85220E+03,~.85R208403, _. . _  __ ... . ..
T .B5220E+03,—.85220E+403,~.85020E405,~.85220E+403,~.85220E+03, -, 85220E+03,~.65220E403,-.85220E+03, -, 85220E+03,~, 85220E+03,

0.12900E+03,0.12960E+03,0.12900E403,0.32300E403,0.12900E+03,0.12900E+03,0.12900E+03,0.12900E+03,0.12900E+03,0.12900E+03,

_ 0.12900E+03,0.12900E+03,0.12900E+03,0.12900E+03,0.22900E+403,0.10510E+0%,0.10510E404,0,10510E+06,0.16510E404,0.10510E+04, g &
;  0.10510E+04,0,10510E+0% 0, 16SL0E+0% 0, 165105404 ,0.10510E 404 ,0. 10510E+04,0.10518E+04,0.10510E+06,0,10510E404,0, 10510E+05, .. .~ _a__ .
- S5
i [os)
: tn sHz{ 2.1, 2) THRU SH2( 2,120, 2) Q
] i R
. 0.30620E+05,0.30620E405 0. 30620E+05,0.30620E405,0. 30620E405,0.30620E+405,0.30620E+05,0. 306205405, 0.30620E405,0.30620E+05, g by
0.30620E+05 0. 30620E405,0.30620E+05,0.30520E+405,0.30620E40550, 26610E+05, 0. 26610E405,0.26510E405,0.26610E405,0.266120E+05, X
0 26610E+05,0. 26610E+05.0. 26610E+05,0.26610E405,0. 2H610E+05,0.26610E+05,0.26610E+05.:0.25610E405,0.26610FE405,0.26620E405, GD_
0. 23900E+05,0.23900E405,0. 2Z900E+05 ,0. 23900E+05, 0. 23900E+05, 0. 23900E+05, 0. 23900E+05,0, 23900E+405,0.23500E405, 0. 23900E+05, =5
0.23900E+D50.23900E+05,0. 23900405 ,0.23900E+05,0.23900E+05,0.22200E+05,0.22200E+05,0.22200E405,0.22200E405,0,22200E+05, P
0.22200E+05,0.22200E405,0.22200E405,0., 22200E+05,0.22200E+05,0. 22200E+05,0.22200E05,0.22290E+05,0,22200E+05,0. 22200E+05,

__D.20890E<05,0.208%0E+05,0,20890E+05,0.20850E+05,0.20890E+05,0. 208%0E+05,0.20890E+405,0.20890E405,0.20B90E+05,0. 20890E+05,
T 9.20850E+05,0.20B50E+05,0.20890E+05,0.20850E+05,0.20890E+05,0,16890E+05,0,16890E+05,0.16890E+05+0.16890E+05,9.15850E405,
0.16890E+05,0.16B90E+05,0.16890E+05,0.163%0E+05,0.16890E+05,0.16890E+05,0.16B90E+05,0.16890E+05,0.16890E+05,0,168%0E405,
0.12940E+D5,0.12040E+05,0.12540E+05,0.12940E+05,0.22940E405,0.12940E+05,0.12940E405,0.12940E405,0.12950E405,0.12940E+05,
__ 0.12950E+05,0.12940E+05,0,12950£+05,0. .12940E+05,0.12940E+0540.90940E+0%,0.90940E406,0.90940E40%, 0. S0940E+04,0. 90940E+04,
T 6. 905%0E+04,0.90940E+06,0.90950E+04,0,30940E+0%,0. 90540E+064,0.90940E+0%,0.90940E+06,0.90940E404,0. 90F40E+04,0. F0940E+0%4,

__sH2l 3.1, 2) THRU SH2( 3,120, 2)

- 30720E+GG,~, 30720E400,-.30720E+05, -, 30720E+04 ,—. 30720E+04,— . 30720E404,~ ., 30720E404,~.30720E+04,~.30720E+04,~.30720E+04,
—.30720E+04,~.30720E¢06G,~.30720E404, -, 30720E+0%, . 30720E+0G,-.30720E+0%,~.307205404,-.30720E+04,~,30720E+04,~.30720E+404,
T 3DY20ER0G, =, 307206406, ~. 30720E40G+~ . 30720E+04 4, 30720E404, -, 30720E404,-.30720E+0%,~.30720E+06.—. 30720E+04,~ . 30720E+04,
-.30710E+0%s~.30710E+00,~.30710E40%,—-.30710E+04,-.30710E+04,~.30710E+06G,-.30710E+0%,~ ,30710E404,~.30710E+04,~.30710E+D4,
~.30510E+0% . 30710E40G,~. 507105404 ,~.307L0E+04,~.30710E4064,~,30710E+406G,~.30710E+0%,~.30710E+0%,~.30710E+04,-.350710E+04,
—.30710E+0%,~. 30710E+06,~, 30710E¢ 0%+~ . 30720E+0% ,~ . 30710E+04,-.30710E404,-.30710E+04,~.30710E+04,-. 307L0E+04%,~,30710E40G,
= uTIGTIOE 0% . - 30710+ 0G, - . SOVI0E+0G,~.30710E 404, . 30710E+06,- . 307L0E+04, -, 30720E+0%, -, 30710E+04,~- . 307106E+04,~.30710E+04,
=.30710E 406G, ~. 307L0E 406G —. S0710E+06 = . 307L0E+04,—. 50710E +04 ,~.30720E+04%,~ . 30T20E+04 3~ . 30720E+06 ,—. 307208404~ . 307205404,
~.30720E+0% 3~ . 30720E40%,—. 307206406 5. 30720E+04,~. 30720E+0% 5 - . 30720E 406~ ., 30720E406%,~ ,30720E40%,~. 30720E+04,~ . 30720E+04,
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_uf-30?§0E40§|f.30?40E004u-.307405+04;-.307405‘0§:-.307405604'-.307405004;-.30740E404.-.307QDE104:-.3074&5404.-.307405404:
-.3074ﬂE+BQ,-.30740E+0Q.—.307&05&04:~.307QDE+04,-.307&05*0&.—.30?7DE+04:~.307TUE+04.-.30770£#04,«.307?0E604:-.3577QE404,
-.30?70Ei0ﬁ,-.3077DE+DQ;-.30?70E+ﬂﬁ:-.30?708%04;-.39??DE+04.".30770E40@:-.30?73£104:-.307705404,-.307TDE+04,—.30770£+06:

T SH2t 1,1, 30 THRU sH2t 1,130, 3)

___:a§13QnE?Qﬁ::¢3134QE‘951F-313905?0ﬁr:-313405*06;“.31340E+ﬂ6,~.31340f406:-.313QUE+06,-.313405%06;-.31340E+D6;ﬁ.31340E+D6,
-.313405+06:-.31340£+06:--313QBE+06:-.313QOE+06:~.313405*06n-.276705406:-.27670E406:—.2767UE+06n-.2767DE+06a-.276?OE+DBs
-.276?DE406;-.2767DE606;-.276705406:-.276?OE+06.-.275705406y-.E?ﬁ?ﬂE%O&;“.2?6705+06|—.27670E+06:-.2767DE406|-.2767OE+U6:
-.25200Ef06:-.EBZUUE*Db.-.252002+06,—.25200E+06;-.252005+86,*.25200E+06:-.25200E+06.-.252005+06;-.25200E406,~.ESZOOE+DE.
-.25200E+06,-,25200E+06:1a252005906aﬁ.252005*06;—.25200E+06,-.23650E+06;-,23ﬁ50E+06,—.2365DE+DE:-.23650E+06:—.E3650E+Db-
-.23650E+06:~.236505+06-~.236SDE006|-.23550E+06.—.23650E&06--.E3650£+06.-.23650E*06.-.236505405,-.23650E406,--23650E406r
—.224?02406.-.EEQTDEﬁﬂﬁs—.226705&06:-.2247OE+06:-.224?0E+06|~.2247OE+D6,~.2247OE+OB,-.2247DE+06|—.2247DE+06;-.2247OE+06|
n.22&7DE+06,-.224TGE+D6;-.22670E+06,—.22ﬂ705+0ﬁ,~.224?GE+06u-.18840E¢06.—.188&05&06,-.1884DE#DB;-.188405+06:—.IBBQDE+US:

_,w:-18640E406a1.1BBGUE+06n~‘18840E+051-.188405+06;~.188QDE+06,—.lSBﬁOE+06,-.1BSQDE606.-.IBBQUE+06:—.188405+06;-.183405+06:‘,_

—.152505&06,-.152505+06,".152505406|-.152505+86|-.1525DE+06,—.15250E+06g-.15250E+06.-.15250E+06.-.15250E+D&:*.152505+06:
-.15250E+06’-.15250E+06,—.152505406:-.152505+06:-.15250E+06:-.117205405:-.11?205&06.-.11?20E+06:-.117205&05,—.117205405:
-.117EOE+06a-.11720E+06a-.117205+06--.117205+06a-.11720E+06.-.117205+06.-.11720E+D&,-.11?20E+b6:-.117205+06--.11720E+06:

SHel 2,1, 3) THRU SH2( 2,120, 3)

~.25940£+U&:-.259#0E+06:~.25940E+06a-.25940E+06;-.259QDE+06.-.259Q0E406,—.259405#061~.259405406:-.2594D£+U6;-.25940E+B6:
-.25940E+06--.25940E+06|-.259405+06.-.259408+06,-.25940E+06.-.22?7DE+06,~.2277BE*06,-.22?705+06|-.2277OE§06p-.227705406w
-.2277DE+06:-.22770E406;“.EBT?DE&OE:-.227?DE+06a-.22770E+061—.22??UE+06.-.22770E+U&:-.22??05*06,-.22770E+06;-.22770£+06:
:L3Q§ﬁ0E+0b,t,206405&06.1L206405+06:';EO6QDE406,-.206405+06s~.20649E+06,-.EB&&DE+06|-.206405*06,-.ZﬂﬁﬁﬂEinég-.206405*06,
~.20640£+06.-.20640E+06-—.206405406.—.20640£+06,-.20640E¢06.-.193UDE+06,-.193005*06;-.19ZDDE+06|—.19300E+06--.19300E+06|
—.19300E+061~.193DOE+06;-.19300E406v--19300E+06.-.193UDE006.—.19300E&06,-.19300E+06n-.193ﬂUE+UBy-.19SDDE+06|-.193DOE+06:
-.182&&E+06;~.18280E+05,--18280E+06s~.182505*06.-.IBZBUE+06s-.15250E+06a-.182805+06|-.IBEBDE+06=-.IBZBDEiﬂﬁa-.IEZBUEéﬂﬁs
-.lsggggfggl:t;aggggﬁﬂé,1¢;8:80Ef96.:.18280Ei06,:.18280E+06.-.151&05*06,-.15160E+06,-.151405+06|-.151405406.-.151405+D61
-.151405+06.-.151405+06--.l5140E+06.-.151QUE+06p—.15140E406:~.15140E406.-.151QOE+O6.-.15140E+U6.-.15140E+06|-.151405+06:
-.12070E+06a—.120?05406:—.120?UE+06;-.120705#06.-.120?0E+06a~.120?0E+06;-.1207DE+06.~.1207UE+HGn-.12070E436;-.1207DE#06,
-.1207DE+GB.-.120?0E+06,-.120?05+06:-4120705+06a~.120705*06p-.90990E+05'-.?09905605;-.90990E+D§r-.90990E+05s~.90990E+05.
_Myhgnggpgin,;19099o£§pst;.9n9995395l;.gn9305+05,-.909905+05.-.909905+05.—.909905;05,-.9099UE+05,-.90?905+05,-.9u990£+05,

SHRL 3,1, 3) THRU SH2( 3,120, 3)

-.36IOUE+04,-.36100E+n4,-.36100E+34,-.36160E+04,-.361005+D4,-.36100E+04,-.36IUDE404.~.36IDOE+04.-.36100Ei04.—.361ﬂ0£+04-
—.3slan+04,-.3alooE+oq.-.361005+oq.-.351005+n4,-.361995+94,-.3609u5+ua,—.zanna+uq.-.3509us+na.—.3anqaa+on.-.3&090£+04a
_1;3@99Q§#D¢.1,360905+0ﬂ.-.360905404.-,36090E+04,-.36090E+04.—.360905+04.-.36090E*0Q.-.36090E+04,—.36Q905+04.-.350905+D4s
o -.350&0E+04.-.36UBDE+04'-.36OBDE+DQ.—.360805604.-.360&DE+UQ,-.36080E404g~.36UBOE+04.-.36080E¢UQ.-.35080£+04,—.36BBDE+BQ,
—.360505404a-.36083E406.-.360&DE+04.~.3ﬁDaGE+UQa-.36080E+04.~.360305404,—.36UBOE+OQ--.360805+04.-.360805+0&,-.SﬁoaoEinﬁ.
-.3aoau5+aq.—.3aneos+oa.-.360802404,-.3eusot+o¢,-.3auaoa+oa.~.3eoanE+uq.-.3suaoE¢na,~.3aoana+oq,-.3sosos+oa.—.3sasa£+uq.
-.360?05?0415336070E+0&!-.3607DE604.—.360705404.-.3607DE+04--.360705*04,-.360?DE+04--.360?0E+UQ.—.3607DE+DQ,-.3607DE+0¢.
“““3Ti£d?ﬁé+h4.-.360705*04.1.360705+94.-.3607os+nq,-.3su7us+oa.—.359zne+oa,-.359295&04.-.359205+04,-.3sqzo£+ua.—.359205494,
-.359:DE404,-.35920E404.-.3592DE+0&.—.35920E+04,-.35920£+04--.35920E+06.—.35920E+04;~.359305+04’~.359205+04p-.35920E+64.
-.356405+04.-.356qos+04.~.355405+04,-.35sans+uq.-.356405+04,-.35&&0£+04.-.356405+a¢.—.3564nz+uq,-.3554nE+gq,—.356an+a4.
-.356405+O4.:.35640Ef0§--.35640E+06:-.35660E004;-.356QDE+04;-.352?DE+04a~.352705+04.-.352?0E+04.—.35270E+04,-.3527DE+UQ»
'“l.sséfuekbé.-:3327OE+06.-.3sa7oe+oa.-.3527os+04.-.35270£+oq.-.3sa7us+ua.—.3sz7os+na.—.3527us+04,-.35279560ﬁ.-.5527ue+04.

Amfﬂ?(mllzl_ﬁ]_IﬁﬂU‘SHZKAF;IZD._ﬁ)

0.13750E+06,0.137BUE+06:D.137BOE+06aD.l3780£+0ﬁ.U.137505*06.0.137805406,0.13730E+06.D.13780E+36.0.13?80E+06s0.137505406-



g T T

e R fEat-tartin

L 0.137805606:0.13780Eﬁ0610.13780Eiﬂ6'0.13?ﬁ0E40§.D.13780E+O6.0.119QGE+06;0.119405406uﬂ.11940E606|0.11940E406.0.11940£+06,
0.119&05006,0.119405*06;0.119QOE+06s0.11940E+06a0.119QDE+06.0.119405*06,D.11940E+06;0.119405+06,0.11940E+06.0.119ﬁ05606s
D.10700E+06.0.10700E+06.0.10700E+06;0‘107BDE+06>0.10700E496-D.lﬂ?OOE+06,D.10?ODE406|0.10?90E+06:0.10705E+D6.O.18?90E+06.
0.10?00E+06-0.10700E+05,D.10700E+06s0.1070DEi06,D.107DDE+06,0.99210E+05,0.992105+05’D.99ZIUE+05-0.99210E+U5.B.992105+05:
9.99219E+05,D.99210E405.0.992105*05,0.9921OE+05,0.99210E+05|0.992105+05;0.99210E*05,0.99210560510.99210E+05-0.9921GE+05:
D.932QDE+05;U.93290E+05-3.93290E+05-O.?329DE+05,0.93290E405'0.932905*05,D.9329BE+05.0.932908+05s0.932905#3590.93290E+05:
0.932QUE+0559.932905¢05.0.932905605,0.932905*05,D.9329DE+05,0.75200E+05a0.75200E+05:D.75200E605|0.752005+05.0.75200£+US:
0.752005405|D.?52005+05:0.75200E+05:0.75200E*05-0.75200E+US.0.75200E*05:0.752005+05:0.752005+DS|0.?5200E+0510.752505*05:
_D.STSQDE{QB.0.5?5405+05,0,575905+05.0.57540E405,D,5754OE+05.0.57SQUE§05,0.5?5Q0E+05:0.575405*05,0.57540E40510-575405*05,.__, —— e e
D.575ﬁ0E+05.0.575495+05-0.57540E+05:0.5?540E+05.0.575405*05:O.QDBQOE+05|0.40840E+05-0.40340E+05.0.ﬁDBQOE+0530.4OBQOE+05-
0.40840E+05:B.QDB@DE405:0.408438+05,U.QOBQOEGDS,U.408405+05:0.408405+05;0.40840E+05:0.408ﬁUE4051D.QOBQOE+05|O.408405405;

SH2( 2,1, 4) THRU SHz( 2,120, 43

m_“u.20360E404,0.203605+04-D.20360E404;0.20360E+04:0.203605+04,0.2036OE+04'D.20360E+041D.20360E+04.0.203605+ﬂ4n0.203BUE+U@:W__, e n— e e
0.20360E+0Q.0.203605+04,0.20360E+D4.0.2036DE+DQ:0.20360E404.0.507TOE+03,0.507705+03s0.507705+03,0.5077GE+03.D.SD770E§03,
0.5077BE+03:D.50??0£GDB.D.50770E+03.0.507705!03,0.5077OE+03|0.50770E+ﬂ3,0.50770E403:0.50773E+03:0.5077UE+03,0.50770E+03|
0.22250E+UQ.D.22250E+04-0.222505%04,0.222505&04:0.22250E+64:D.22250E+0410.222505+04|D.22250£+04.0-22250E+DQ;0.2225DE+E#,
.Wp.222535{04:0m§22505f0419.22259E404m9maZESDE}94,0.222SUE+O.,0.33040E+04,0.3304ﬂ£+04,0.33UQDE§0410.33040E+0¢p0.330&0E+04, -
0.33DQOE+04.D.33040E+04,0.33040E+D4;0.330405+04s0.330405+04.0.33040E+U@.0.33UQOE+UQ30.3304DE+0Q:0.33ﬂ40£+04s0.33ﬂﬁﬂ£+04t
U.41250E+04:D.412805+04-0.412805+04c0.41280E+04;0.41280£+343D.41280E+041G.QLZBOEiﬂﬁpD.412805#04,0.41280540430.QlEBDEfBQo
0.ﬁlZBUE#GQ:O.41280E+04.0.41280E+04'D.41280Et04:0.412605+Oﬁs0.66550E#0410.665505404-0.665SOE+0410.66550E604.0.6ﬁ5505+34:
“__g=§§550Eiq&sD;QQEﬁDEiQ&JQAQ§EEG§#Q3;0-&65595*&@13.665505*04:0.66550E+04;0.66550E404,D.66550E4043ﬂ.bﬁSSﬂEfﬂQ:O.ﬁ&SSﬂE#ﬂ@;____mﬁm_w i aem

0.9017GE+04-D.90170£404:D.9017DE+04.6:9017OE+D4,0.9017BE+04'U.901?0E+04p0.901705%04:0.90170E+D4:0.90170E+04;D-931705404. ‘Ef -
0.90170E+0410.9017DE+04|0.9017DE*04,0.9017DE+GQ;0.90170Ei04,0.1DBQOE+05:0.10840E+05|D.10840Ei05:D.IDBQUE+DS,0.168405455: t!fés;
D.10840E+05,0.10840E+05a0.10840E+05s0.108405405,0.10840E+05p0.108405405:0.10860E¢05,0.198%0E+05‘D.108@0E+05g0.1ﬂ840£+05; . 1§§,‘:)
i SH21 3,1, 41 THRU SH2¢ 2,120, 43 ::UE‘Z:
?J D.528605%05.D.SEB&DE+DS:B.52860E+05.9.528605!05,D.52860E+05;0.52860E+05,0.528605+05.0.528605¥05;0.52860E+05p0.52360E405- 5;:::,
0.52&6GE+05|D.528605605.0.528602+05,0.52860E+05sﬂ.52860E405|U.SZBQDE+05|O.SEBQDEiDS’O.528405405:0.528405+05|ﬂ.528405+0§p t:;ﬁ;
0.528@05+05:0.5234OE+05-D.52340E+05.U.SZBQGE+05.0.528408+05;D.52840E+05pD.SZBQGE+05|0.528405+0530.528455405:0.528405+05’ '__ or

_mp,§aa;psiuslo.§aaloEgps.ptgzalgsypslo.sga;pe+os,0.5251u5+05.e.528105+o5,o.5a3105+05.o.saelnE+ns,n.szaloe+05.a.saalos+ns.
0.52810E405.0.528105+05,0.52810E+05.0.528105+05-c.52&105+05»0.528005+05.0.SZEDBE+BS,3.535525%65-0.52300E505,0.52809E#053
o.szsnn£+us.0.528005405.0.528005+os.o.szaoosfos.o.szenoz+os.n.szsous+o5:u.saanos+n5,a.szanoe+ns.n.saanua+05.n.szann5+os.
8.52790E+05.0.527QDE+05.0.52?9OE&05,0.52?90E+05.9.52790E+05,0.52790E+05.0.52?90E+05.D.52?905+ﬂ5,0.52790E+05,0.527905495.
omggzgggggs.9152795590519,5233951p5,g,5g2905+05,q.527905+os,o.5z7aos+ns,o.537zus+05,o.sa7anﬁ+os,u.sa7aus+ns,o.sa7znz+ns,
o.sa7zos+u5.n.sz;ao£+us.u.5272n5+ns.o.se7zus+us,u.52?zoz+us,u.527aus+us,o.527205405.o.sa7aus+ns,u.sa7ansous.a.527aas+ns.
0.52560E+05.U.5256OE+05,0.52560E405:0.525605405-0.525605405,0.52560E+05.0.52560E+05»0.52560E+05sD.SES&UE#US.O.SES&OE*OS»
o.sassus+ns.o.szsenE+ns.n.sasaue+ns.a.5zsanz+ns,n.5asaoe+05.n.szasne+us.n.seasna+os.a.saasns+us,o.szzsos*ns,o.saasua+os,
qgggggquqg,ngggsqgﬁqs,qlsgg§qgfn§,qasagsugfus.u.sazsoe+ns.o.saasnsons,a.5zasuE+ns,9.saasnE+os.n.seasus+ps,o,sazsne+as,

-

.

SH2( 1,1, 5} THRU SH2( 1,120, 5)

-.497105+06,~.49?10E+06,-.49710E+06.—.49710£+06.-.49?IUE+06,-.4971OE+06a-.49710E¢06u-.497105406.-.49710E+06p-.ﬁ97102006.
-.ﬁ9710E406,—.49710E+06g-.497IGE+OB.-.49710E+O&:-.&9?10E+06.-.417QDE+D6,-.417405+06:-.417QOE¢06;-.417465*06,-.41740E+06;
~.ﬁ1740E+Uﬁv'-41740£+06--.41740E+06.~.41740Ef06,—.41740E406.-.41740E+06.~.417QUE+069—.417405+05.-.41740E+06,—.41?4ﬂE+nﬁ:
‘";:isfﬁuéibs.1:3537bE$06;l.363?&5466;;.363705406.—.3637ns+ns,-.3637oz+os,-.3a37uE+06,-.3637as+na.—.3637ns+na,-.363705+06,
-.3637OE+06,-.3637OE+06,-.363?UE+06.-.3637DE+n6,-.3637UE+06’-.33nlnE#ﬂ6,—.330105486.-.33010E+Gé,-.33OIDE+06‘-.33D10E+06-
~.3301uE+oe,-.3301u5+ua.-.330105+us.~.33010£+ua,-.33010E+06.-.33n105406,-.33n105405,-.3331n€+06,-.3301DE+05,-.33uzuE+06.
-.30450E+0&:-.304508+D6s-.3045GE¢05--.304505+06.—-304505406'-.30450E+06p-.3OQSDE¢06.-.304505+06;—.3DQ5EE+06.-.304505406:
““‘Itzuasﬂsxua,41304505+06;=zzoasns+os,-.304505+06,~.304505+06.-.226305+na.-.32630E406.-.226305+ns;-.225305+06.-.226305+e6.'
-.226305+06.-.22630E+06.-.22630Ei06.-.226308+06.-.22630E+06a-.226305+06,-.22630E+06;-.226305006,w.2263OE+06.-.22630E436.
~.15usos+oa,-.Lsoeus+os,-.1susns+os.-.1suecs+oe.-.150605+ns,~.1soane+us.-.1506n5+na,-.1snbuE+u5.-.1595u5+95,—.150605+nb,



Jii

h7.15060E+0§,-.159605+06,-.1506QE§06.-.1506OE+06,~.15060E+06-—.806905+05;-.8069GE+05,-.80690E+05.—.80690E+05--.806905405:
--806905+05.—.8&6905+05,-.80690E+05.~.8069OE+05,-.80690E+05s—.80590E+U5;~.806905+05;~.83690E+05.~.BD69BE+05.—.80690E+65.

. SH2t 8,1, 5) THRU SH2( 2,120, 5)_

~.17IBDE+04:-.17180E+04a-.17180E+04'—.17180E+0“:“.17180E+04:“.17130E404a-.17180E404:-.17180E404|—.17150E404|—.17180Ei04|
.Ww:;1?1395?99;:5171605+041:,17180E+9ﬁ,3.171605&04,~.17180E+04,—.21156Eé05.—.21150E+05:-.21150E+05:—.21150E+05.-.21150E+05:
—.21150E+05.—.211505+05:-.21150E+05:-.21150Ei05.-.21156E+05.-.211505+05:-.21150E+05,-.21150E+DS,-.211505+05,~.21150£+05a
-.3#26OE+05--.34260E+05,-.34260E+05|-.3426OE+05.-.34260E+05,-.3&2605*05;-.3@260E+05:—.342&05+DS,-.342605+ﬂ5;-.34260E+05s
~.34260Ei05.~.342605405;-.34260E+05,~.3&26DE+05,~.3¢260E¢05,~.42510E+05.-.42510E+05.-.42510E+05»—.¢25105+05.—.425105i05.
,-.42510E+05,1.92510E§05:f,42510E+05:-.Q2510E+05=-.42510E+05,~.Q2510E+BS.~.42510E*05,—.42510E+95,-.42510E+05,-.4251OE+05, .
-.QBSEOE+05,—.ﬁBSEﬂE*OS,-.Q8&20E+05,—.63820E+05;-.Q8820E+05.~.Q8520E+05.~.QSSEOE%BS'-.QSBEOE+05,-.Q88205+05;-.48620E+05;
-.48320E+05,—.QSB2DE+05,-.48320E+05|—.488205¢051-.4882054051-.682205+05'—.68220E+05,—.6BZZDE+05;—.68220E+05,~.682205%35,
-.6&220E+05.-.682205+05,-.6BEEOE+05.-.63220E+05,-.682205+05;-.56220E+05,-.682205+05,-.682205+05;-.68220E+05;-.662205+05.
_m”:.864205*05r‘-36420E405$f,864205*051‘.8&4205*05".864205405".364205+05:".364205*05.-.55420E+05:"-36420E405v“-864305*051
-.864ZOE+05:-.SBQEDE‘DS,-.56Q20E+05,-.854205i05,-.66420E+05,—.10090E+06.-.10090E+06.—.10090E+06v".100905+061-.1009050061
-.100905+06;-.10090E+06p-.10090E+06v~.1009OE+06.-.10390E+06;-.10090E+06.—.10090E+06;-.10090E+06:—.10090E+06:-.10090E+06:

T SH2( 3,1, 5) THRU sHai 3,120, 5)

___qhg§35q5+us,939§;5051951g,$§3505+05,o,9s3sos+os,o.9assoE+os,o.983595*05,0.9a3ses+os,o.9assas+ns,o.9assns+os,o.9a3soe+os,
n.9assne+ns,u.9assoe+as.n.933505+us.o.933505+e5.a.93350E+05.o.9aaaoE+05.o.9azsns+05,o.98250E+05,n.vsaaoe+os,o.9sasoz+u5,
c.9aasos+os,o.932305405.0.9szaue+05.0.9saaoe+ns,o.9aaeue+os.o.9azaoz+ns.o.9szsos+os,o.9aaauE+ns.o.9aaana+os.o.9saens+os.
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. . _. PLANFORM BEOMETRY OF BLADE
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IN-PLANE COORDINATE
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1.94600
2.41500
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6.71300
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8.86000

OUT OF PLA
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15,2000

X8

_ 15.2000

INITIAL BLADE CAMBER GEOMETRY
AT IMPACT STATION
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MISSILE GEOMETRY

e e SECTION THICKNESS MWIDTH  LEHGTH  OFFSET
1 8.625 2,100  2.100  0.825
2 0.600  3.260  3.260  0.245
) ¢ B .. 0.650. _ 3.750 _3.750_ . 0.0 . " }
4 0.650  3.750  3.750  p.0
5 0.600 3,260  3.260  0.245
6 0.625  2.100  2.100  0.82%
MODAL DATA
) - MODE ' FREQIRAD/SEC) ~ MODAL MAss MODAL STIFFNESS DAMPING RATIO ) N -
1 0.433500E403 0.985580E-02 0.185212E+06 0.350000E-01 ”.:Ii'u
2 0.873390E+403 0.427630E-02 0.326201E+04 ¢.350000E-01 by
v e e o3, 0, 14G500E404  0.985900E-02 __ p.206485E405 0.350000E-01 8 E _
4 0.153310E+04 0.102230E-01 0.240281E+05 0.350000E-01 IS
5  0,226200E404 £.233400E-01 0.119622E+06 0.350000E-01 &
& -
f by
L —_arenra - b -— - — — - HE ke sy g;".m:.—.— -
2 CHORDWISE : é-?
o IHPACT IHPACT HISSILE IMPACT CODRDINATES IMPACT S
o e e MELOCTTY __ ANBLE. .. . DENSTIY IN-PLANE . OUT-OF-PLAME  _ RADIUS . .. _ *® by
0.726000E404  6.523600£400  0.988800E-04  0.454600E+01  0.377050E+01 £.300000E402
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e e e JF0L.2TO00E 402, . ..-Y=0,28000E+02
X P X p
0.1100E402 0.0 "0.1100E+02 " 0.8107E-00
0.1160E+02 0.6337E~18  0.1160E402 0.1909E+00
T T el 12708402 00 B497ECIT T 0.1220E 402 " 0.1157E402
0.1280E+02 0.1376E-07  0.1280E+02 0.1858E+02
"”-"Efizéﬁéloim'615#&35-65”“"6{13405+na“b.89315401
0.1400E+02 0.6495E-06  0.1600E402 0.2218E+01
" T0.1460E402 T 0. 3672656 0.1460E402" D.3262E+00
0.1520E+02 0.0 0.1520E402 0.3017E-01
0.1580E402 0.0 0.1580E402 0.0
0.1640E+02 0.0 0.1640E402 0.0
T OTTel7eBENE T 6i0 T T T oL iveEE403 To.g”
0.1825E402 0.0 0.1825E402 0,0
0.1925E+02 0.9 0.1925E+02 0.0
0.2025E402 0.0 0.2025E402 0.0
" T8.2100E402 0.0 " 0.2100E402 0.0

.. FIME STEP=

Y=0.290G0E+02

X

T 0.1100E402

0.1160E+02
0.1220E+02
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0.1340E+02

0.1400E+Q2

' 0.1460E+02

0.1520E+02
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0.1263E+06
0.5739E+03
0.2465E+403
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0.4319E+02
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0.0
0.0
0.0
0.0
0.0
0.0

0.0

2 TIME=0D.289325E-03 SEC
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0.1825E+02
0.1925E+02
0.2025E+02

0.2100E+02

p
0.4178E+03
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¥ p X P
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T T 0.1350E402 0. 5879ED2 T 0.1340E402  0.1232E-03
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0.1520E402
0.1640E+02
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P
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0.0
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0.0
0.0
0.0
0.0
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0.0
0.0
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0.0

0.0
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| 0.1725E402
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o8
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_Y=0,31750E+0
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0.1460E402  ¢.8385E400
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0.1280E+402 0.7624E+00

0.1400E+02 0.1333E:01

0.1B20E+02 0.0

0.1640E+02 9.0

0.1725E+02 0.0

0.1525E+02 0.0

T ¢.19ZBEves 4.0 T
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0.1%85E 05 e
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© T0.19e8E+02 0.0 T T
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0.2100E+02 0.0 7

V=0,33750E402 y=
X P
0.1100E+02 0.0
0.1160E+02 0.0
0.1220E+02  0.3203E-28 7
0.1280E402 0.1637E-21
0.1340E+02  0.86656-18
0.1400E+402 0.0
0.1460E+02 0.0
0.1520E+02 0.0
0.1580E402 0.0
0.1640E402 0.0
0.1725E+02 0.0
D.1825E+02 0.0
0.1925E+02 0.0
0.2025E402 0.0
o.2lg0E+02 0.0 0 T

S e e e SRTTRNTRET
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0.19258302

¥=0.27000E+02

X

0.1160E+02
| 0.1220E+02
0.1280E+02
0.1340E+02

0.1400E+02

- 0.1480E402

0.1520E+02

0.1640E+402

T 6.17z5E4+08 "

0.1825E+02

0.2025E+02

" Te.2100E402

0.1100E+02

0.1580E402 0.9

4]
6.0

0.3641FE-05

0.1799E-p2

0.3144E-01
0.1G40E+DD

0.1384E+00

'0.1050E+00

0.0

0.0

0.0

“o.0

0.19258502

TIME STEP=

Y=0.28000E+02

X

0.116DE+02
0.1270E+02
0.1280E+02
0.1340E402
0.1600E+02
0.1460E402

0.1520E+p2

0.1580Ev02 T

0.1640E+02

" T 0.3725E402 o,

0.1825E+02

0.2025E+02

- 0.21008+02

-]

0.6397E+02

0.2621E+03

0.3206E+03
0.2393E+403

0.1327E+03%

0.5830E+02

0.1751E+02

6.0

Y=0.29000E+02

X
0.1100E+02
0.1160E+02
0.1220E+02
C.1280FE+02
0.1360E+02

0.1400E+02

0.1460E+02

0.1520E+02
0.1580E+02
0.1640E+02
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P
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0.26205+04
0.2522E+04
0.2113E+04
0.1431E+04
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D.2825E+02
0.0

0.0

% TIME=0.299168E-03 SEC

Y=0.30000E+02

X
0.1100E+02
0.1160E+02
0.1220E+02
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0.1340E+02
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0.1640E+02
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0.1825E+02
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0.2432E+04
0.1717E+04
0.1079E+06
0.6435E403
0.3747E+03
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0.1103E+03

0.6230E+02

Y=0.30750E+02
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0.1100E+02
0.1150E+02
0.1220E+02
0.1280E+02
0.1360E+02
0.1400E+02
0.1460E+02
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0.1640E+02
0.1725E+02
0.1825E+02
0.1925E402
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p
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0.2432E+04
0.1717E+04
0.1079E+04
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0.2151E+03
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0.6230E+02
0.0

0.0
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02208402 bleenaE 03
0.1280E+02 0.8424E+03

0.1400E+02 D,2950E+403

0.1520E+D2 0.3710E+02

T e.se0

0.1640E+02 0.0

. Y=0,32750E+02

X P

© 0.1100E+02 0.92956-2¢

0.1160E+02 9.8261E-03%

'-“BL12£ns+némmhf1osas+ud

“'dl134b£+02"diéééaé;65"”
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0019286408 glo T
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0.1220E402

0.1280E+02
0.1340E+02
0.1400E+02
0.1460E+02
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0.1864E+04
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0.2025E402 0.0 0.2025E+02 0.0
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; 6.1280E+02

T 8.13408402
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0.1100E+04

0.1082E+04
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0.1640E402 0.11B84E+04
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—
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0019258508
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0.1100E$02  0.8094E-11  0.1100E+02  0.1259E400  0.1100E402 0. 9760Ev05"
0.1160E+02 0.3641E-05  0.1160E+02 0.6397E+02  0.1160E+02 0.2620E+04
T 7623208402 6.17996-02 T0.32805+05 0.2621E+03  0.12808+02  0.2504ri04
0.1280E%02 0.3144E-01  0.1280E+02 0.3215E403  0.1280E+02 0.2644E+04
T 6.1340E+02 0. 1162E400 T0.1340E+020.2780840F 0. 1340E402 0.2557E+04
0.1400E+02 0.8995E+00  0.1400E+02 0.4565E403  0.1400E+02 0.2656E+06
" T0.Ta60E+02 0. 3798801 T Bl 1ae0E 0 0.6644E+03 0. 14608462 0.2613E706
0.1520E+02 0.4415E+01  0.1520E+02 0.5507E+03  0.1520E+02 0.2594E+04
0.1580E402 0.5960E+01  0.1580E:02 0.5725E+03  0.1580E+02 0.2583E+05
0.1640E+02 0.9039E+01  0.26G0E+02 0.5294E+03  0.1640E+02 0.2371E+04
T T 1795808 0. 8508E501 7017258402 057208405 0.17258+02" 0.1974E+04
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0.1220E+02

P
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0.2606E+04
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0.1100E+02 ©.1028E-07

P

" 0.15g0E«g2
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_Y=0.33750E+02
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0.1400E+02 0.2303E-03

0.1520E+02 0.1067E-01

0.1640E+02 0.4424E-03
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0.1825E+02 0.2569E+03  0.1825E402 0.1164E+02

T 0.19258508

0.37076+02

T0.1925E+402
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0.1825E462 0.1401E-03

0.1925E+02 p.0

0.2025E+62 0.0 0.2025E:02 0.0
0.2100E+02 0.0 0.2100E+02 0.0

0.1725E402 0.22008-01

0.1460E+02 0.2654E-02
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. JEO.RT000F+02, . .. . .. Y=0.28000E+G2. e

X

G.1100E+02 0,0
0.1160E+02 0.0

" 0.12208402 g0
0.1280E+02 0.0

0.1100E+62 0.0
0.1160E402 0.0
" 0.1220E462
0.1280E+02 0,0

0.1340E+02 0.0
0.1400E+402 0.6349E-22
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0.1460E+02 0.0

0.1520E+02 0.0

0.1360E+02 0.0
0.12400E+02 0.0
T 0.146CE+02 0.0

0.152DE+02 0.0

6.1160E+02

0.3767E-16 ~ 0.1320E405

0.1280E+02
“0.13408402

0.1400E+02

0.1520E4+02

0.1580E+02 0.0
0.1540E+02 0.17L0E-16
oL 1725ET0 o0

0.1825E+02 0.1936E-03

0.1580E+02 0.5293E-16  0.1580E+05

0.1640E+D2 0.0

" T6.3725E402 0.0

0.1640E+02

0.1825E+02 0.2196E-09 0.31825E+02

" o B100E402 T0h

0.1925E+02 0.2430E+00

0.2025E+402 0.5118E-05

0.1925E+02 0.1824E-01  ©.1925E+02

G.2025E+02 1, 2064E+01 0.2025E+02
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0.0

0.0
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.. Y=0.30750E+02

X

p

"0, 11008402 6 a5s6E01 " bl 100Es02 5. 4nSEELGT
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0.5234E+00

0.0

0.0
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0.0

0.11460E+02

" T0.1220E+02
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Y=0.31750E+02

- 1Z0.32750E402

T T 0.1925Ei02

0.3605E-01

X P X p
T0.1106E+02 T0.50 T T T Gl1i00Eier 5o

0.1160E+02 0.0 8.1160E+02 0.0
0.1220E+02 0.0 0.1220E+02 0.0
0.1280E402 0.0 0.1280E+02 0.0

T TToaddoEree Tove T T o 18408405 ToLg” T T
©.1400E+02 0.0 0.1400E+02 0,2398E-19

" 0.1460E+02 0.0 0.1460E402 0.0

0.1520E402 0.0 0.15208+02 0.0

T 0015808402 T00 T T T B 1580F 03" 5l8iA0E 25
0.1640E+02 0.0 0.1640E402 0.0
0.1725E+02 0.0 0.1725E+02 0.0
0.1825E+02 0.9930E-05  0,1825E+02 0.1208E-12

T0.1925E+02 " 0.T044E+01

0.2025E402 0.3682E+01  0.2025E402 0.1215E+00
0.2100E+02 0.0 0.2100E+02 0.0

YS0.33750E+02

X P
0.1100E+02 0.0

0.1160E+02 0.0

0.1280E+02 0.0
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0.1340E402  0.3107E-11

0.1400E+02 9.0

0.1825E+02 0.8359E-03
0.1925E402 0.5668E-03

0.2025E+02 0.0

"7 o.Z1008402 0.0
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vme - XE0.27000Es02  _ _ __¥20.28000E+02 Y=06.29000QE+02 |
X p X P X p
0.1100E+02 0.0 0.11005402 0.0 “"o.11006402 0.0
0.1160E+02 0.0 0.1160E402 0.0 0.1160E+02 D.0
T TTel1gzoEvoz 6.0 77 7T To.izzoesoz 0.0 " b.1220E402 0.0
0.1280E+02 0.0 0.1280E+02 0.0 0.1280E+02 0.12G2E-04
T 9.1340E+02 0.0 0.1340E+02 0.0 " 0.1340E+02 0.2758E-03
0.1400E402 0.0 0.1400E+#02 ;0,0 0.1400E+02 0.8
T To.1460E402 0.0 EZiEZdEidEﬁf?fo' " p.1460E402 0.0
0.1520E402 0.0 0.1520E+62 0.0 0.1520E462 €.0
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" T GATERE®ET 60 T T T T 17250 0.5 T 0.1725E402 0.0
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0.1925E402 0.0 0.1925E+02 0.0 0.1925E+02 0.0
0.2025E402 0.6407E~22  0.2025E+02 0.2879E-17  0.2025E402 0.1083E-01
T TTDJ2100E462 T 0.2918E-D6  0.2100E+0Z U.5584E-0¥  0,2100E+D2  0.3600E-02
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0.1825E402 0.0 0.1825E+02 0.0 0.1825E+02 0.0
BN 08 U711 4.7 o " T0.19e5E402 T0.60 T T 7 §.1995E+05 B0~
0.2025E402 0.1260E-16  0.2025E+02 0,1975E-20  0.2025F+02 0.3391E-10
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0.1460E+02"
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_ TIME STEP:=

53 TIMESD.505014E-01 SEC
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TIME=0.181667E-03 SEC

s s . PISELACEMENTS AND BENDING STRESSES VS. RADIAL STATION S SO
DISPLACEMENTS RADIAL BENDING STRESS -
R IM-PLANE OUT-0F -PLANE%##LED-EDG CHO-PNT TRL-EDG "
e D BTOO0ERN2 0, 3BFF6E-02 __ -.94973E-02 #% =.92376E+03 . -.92376E+03 __ -,92376E+03 _ ot e e it e e e e o
0.28000E+02 0.29056E-02 ~.86260E-02 ## -,B4GG32E+03 -.64432E+03 -, 864432T+0%3 -
0.29000E+02 0.19716E~02 -.77548E~02 *% -, 737458403 -.73765E+03 -.73T65E+03 &
0.30000E+02 0.10377E~02 ~.6BB3BE-02 ¥% -, 57062E+03 -.67062E:03 -.67062E+03 =
e . D BD7BOES02 | 0.33718E-03 . -,62300E-02 #% -.61936E+03. - ,61936E+03 . -,61936E+03 _ . N e
0.31750E+02 ~.596B0E~073 ~.53588E~02 %% -, 66211E+03 -.46211E+03 -.G6211E+03
0.32750E+02 -.15308E-02 ~.44875E-02 #¥ - 30928E+03 -.30928E+03 ~.30928E+63
0.33750E+02 ~.26667E-02 ~.I6162E-02 ## -, 16801E+03 -.16801E+03 -.16801E+03
DISPLACEMENTS V5. CHORDWISE LOCATION
S . AT IMPACT RADIUS e s e, e R
x IN-PLANE OUT-0F-PLANE
0.0 6.13742E-01 -.30523E-01
o e e s st s e e o v min e e e 0oB0000E400 _ 0.12452E-01 _ -.28121E-01 - e o
0.12000E+01 0.10621E-~91 -.25087E-01
I 0.18000E+0) 0.91905E-02 -.22053E-01
) 0.240060E+01 0.75599E-02 ~.19019E-01
gg 0.30000E+0L1 _ 0.59294E-02 _ -.15985E-01 _ . _ - L .
1 0.36000E+01 0.42988E-D2 -.12951E-01
0.42000E+01 0.26682E-062 -, 991 74E-02
0.48000E+01 9.16377E-02 ~.68B835E-02
e o e o vttt ot e e ot e v e o . .D.54000E+01 _  -,59289E-03 =-38496E-02
0.62500E+01 -.29028E-02 0.44B48E-03
0.72500E401 -.56205E-02 0.55050E-02
6.82500E+01 -.83380E-02 0.10562E-01
0.92500E40) -.11056E~01 _ 0.15618E-01 L .
% 0.10040E+02 -.13434E-01 0.20043E-01
ki
; e T T T o T T T e STRESSES VS. CHORDMISE LOCATIGN
AT IMPACT RADIUS
. STRESS-X _STRESS-y i SHEAR-XY ..
b4 HH= . EGDUETO2EREG . 1000k + 62 R=07 3075402 #R=0.2900E+02%AS0, 3000E+02iR=0, 3075E+02 #R=0.2900E+02#R=0.3000E+024R=0.I075E+02
6.0 ¥ 0.15G6E+04 # 0.1431E+04 ¥ 0.1343E+04 % ~.7377E+03 # =.6706E403 # -, 6194E403 # 0,1102E+04 % 0.1102E406 % 0.1102E+06
0.6000E+00 ¥ 0.1545E400 * 0,1431E+04 * 0.1343E+046 % «, 7I77E403 # ~,6706E+03 # -.519GE+05 % 0.1102E+06 % 0.1102E+0G # 6.1101E406
0.1200E401 % 0,1546E+04 % 0.1431E+04 # 0.1343E404 # -, 7377E+03 # ~.6T06E+03 ¥ —.6194E+03 % 0.1102E+04 # 0.1102E+04 # 0,1101E+04
TRIIBGOEFEL W 0UISGEET04 # GLAUSIE0E % D.1363E406 & - 7I7TE+03 # -.5706E+03 ¥ - .6104E+03 " # 0.1102E+04 % 0.1102E+04 # 6.1101E+04
0.2400E+01 # D.1596E+06 # 0.1431E+00 % 0.1343E404 % - 7377E+03 ¥ -.6706E+03 # ~.6194E+03 % 0,Y102E+04 * 0.1102E+0G 0.1101E+G4
©.Z000E+01 # 0,1546E+04 * 0.1431E+04 ¥ 0.1343E4060 # - 7377E+03 # -.6706E+03 # ~.6194E+03 # 0,1102E+04 # 0.1102E+0% 0.1101E+06
0.3600E+01 ¥ 0.1546E+06 #* 0.1431E+404 * 0,1343E+06 ¥ - 7377E+03 # -,6706E+03 ® -.61945+403 # 0,.1102E+0% % 0.1102E+0G % 0.1101E+04
TTULBEI0ENOY W L ISAEEAUG H O I IAIIEC04 # UTIBA3E404 "% —, 737TE03 ¥ ~.5700E+0% ¥ -, 4106E+03 # 0.1102E+04 % 0.1102E+04 % D.1101E+hs
0.4800E+01 # 0.1546E+04 # 0.1431E+04 % 0.1343E404 % -.7377E403 # -.6706E+03 # - 6194E+03 # 0.1102E+04 #* 0.1102E+04 # 0.1101E+06G
0.5400E+01 * 0.1546E404 ¥ 0.1431E+04 * 0.1343E+04 # -.7377E+03 # -.6706E+03 ¥ ~.6196E+03 % 0.1102E+04 * 0,1102E+06 # 0.1101E+04
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0.7250E+01
0.8250E+01
6.9250E+01
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#
#
#
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# 0,1343E+06
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# 0.1343E+D4
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DISPLACEMENTS AMD BENDING STRESSES V5. RADIAL STATION

...... . DISPLACEMENTS

T IN-PLANE

RADIAL BEMDING STRESS
CHD-FNT

QUT~OF -PLANE ###LEG-EDG

e =m0 32TEOE+0E

0.27000E+D2
0.28000E+D2

0.30000E+02
0.30750E+02
0.31750E+02

0.33750E+02

0.11612E-01
0.89131E-02

~. D.290Q0E+02 . _0.62145E-02 .
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—. —-39051E-02
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-.24721E+04
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-.13400E+04

...-.B8745E+03
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AT IHPACT RADIUS

TRL-EDG
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DISPLACEMENTS VS. CHORDMISE LOCATION
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TTBISGBETYIR UG5 I5EV04
0.3600E+01 # 0.4515E+04
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*
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0.4175E+04
0.4175E+0%
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0.0
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_0.72500E+01

0.82500E+0]
0.92500E+0)
0.10000E+02

. IN-PLANE |
0.3%496E-01
0.35840E-01
0.31223E-D1

0.21987E~01
0.17369E-01
0.12751E-01

0.81337g-02

0.35159E-02
-.11019E-02
~.F&G37E-02
-.15340E-01

e, 23036E-01

-.30733E-01
~.37467E-0L

0.26605E-01

OUT-0OF -PLANE
-.87165E-01
-.80366E-01
~.7A779E~01

~.566049E-01
-.4b6016E-D1
-.537428E-01
~.26841E~02
~.20253E-0L
~.11665E~01
0.50079E-03
.. 0.14814E-0)

0.29127E-01

0.93439E-01
0.55963E-01

STRESSES V5. CHORDWISE LOCATION

AT IMPACT RADIUS
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~.63191E-01

¥ 0.3917E+04
% 0,.3917¢406
¥ 0.3917E<06
* 0,3917E+04
# 0.3917E+04

‘0.3917E+ 04

#
¥ 0.3917E+04
* 0.3917E+09

% -.2156E+04
# -, 2156E+04
# -, 2156E404
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# - 2156E+04
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*
*

*
*
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¥
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-.1958E+04
~.1958E+04
~.1958E+04%
~.1958E+04
-.1958E+li4
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~.1958E+04

# -, 1806E+04

# -, 1806E+06

# -, 1806E+0G
* -, 1806E+04
® -, 1806E+04
¥ -, 1806E+04°
¥ -~ 1806E+04%
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0.1162E+04 # 0.1102E+04
0.1102E+04 ¥ 0.1102E+04
0.1102E+0% # 0.1102E+04%
0.1102E+04 # 0.1102E+04
0.1102E+04 * 0.1)102E+04
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0.3183E404
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0.3103E+04
0.3103E+06
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0.1101E+04
G.1101E406
0.1101E+04
D.1101E+D4
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SHEAR-XY 5 5
# 0.3103E+04 ® 0.3102E+04 o &
* 0.3103E+04 ¥ 0.3102E+04 Sy
# 0.3103E+04 * 0.3102E404 Efj s
# §.3103E+04 ® 0.3102E+06 A EE?
# 0.3103E+04 # 0.3102E+04 89
% 0.3103E+404 # 0.3102E+06 S
# 0,3103E404 ® 0.3102E+04 ~
% 0.3103C+04 % 0.3102E+04



A

0. 625OE+01 % 0, 45155404 #
0.7250E+01 % 0.4515E+04 »
- D.DREDE+0L # 0,G5)15E+04 %
0.9250E+01 ¥ 0.4515E+04 ¥
0.1000E+02 ¥ 0.4515E+06 #

¥ 0.4i75E+04

% 0.46175E4+04 &

0.4175E+04
0.4175E+0%

0.6175E404

0.5175E+04
0.4175E+04

3917E+04

3917E404

¥ 0,

%0,

# 0.3917E+06G
® 0.3917E+04
* 0.
# 0,
* 0.

39L7E+04

3917E+04
3917E+04

~.2156E404
-, 2156E+04
-.2156E+04
~.2156E+04
~.21B6E+04
-.2156E+04
~.2156E+06

Bk K X Xk

# -_1958E+04%
# - 1958E+04
¥ -, 1958E+04
# - 1958E+DG
# -.)958E+0%
* -,1958E+04
¥ -.1958E+04

&
#
#
#
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TIME=0.504719E~03 SEC

~.1806E+04
~.1806E+04
~.1806E+04
~.1806E+0%
-.1806E+0G
~.1806E+04
-.1B06E+D4

DISPLACEMENTS RADIAL BEHDING STRESS
IN-PLANE OUT-OF-PLANE#K%LED~EDG CHD-PNT TRL~EDG
N .220005+oa__“_9 G7263E-D). . -.98679E--0) %% —, 59224E+04 =.992R4E+04 .. ~,99224E+04 . . .
0.28000E+02 0.38198E-01 ~.90341E~01 #% -, 88456E+04 ~.BB456E+0G -.88456E+04
0.29000E+02 0.29132E-01 -.82003E~01 %% -, 75535E404 ~.76535E+04 ~.76535E+04
0.30000E+02 0.20067E~01 = 73664E-D) %% - 69063E+04 ~.69043E+04 -.69043E+04
w— __.Q&BQZ5QE?QK‘__.Qllsgéeﬁralu.__f&ﬁ7&11E:Q1u*fq-1¢33145+04m ~.=-63314E+06 -, 63314E404
0.31750E+02 0.42026E-02 ~.59073E-01 %# -,45733E404 -.65733E+64 - 45733E+06
0.32750E+02 -.GB626E-02 ~.50735E-01 #% -, 28672E+04 -.28672E+04 -.28572E204
6.33750E+02 ~.13928E-01 ~.G2396E-01 #*% -, 12980E+04 ~.12980E+04 ~.12980E+04
DISPLACEMENTS V5. CHORDWISE LOCATION
S e e mm e e i ke e o e e i e s e .. AT IMPACT RADIUS
X IN-PLANE OUT-OF-PLANE
0.0 0.12707E+00 -.27201E+00
0.80000E+00 0.11615E+00 ~.25186E+00
0.12000E401 0.10246E+00 ~.22640E+00
0.18000E+0) 0.88729E-01 -.20095E+00
0.240G0E+01 0.74997E-01 ~.1756%9E+00
— e e e - e~ — o _D.30000E+0Y  0.6126%4E-01 ~.15003E+00
0.35000E+01 0.47532E-01 -.12458E+00
0.42000E+01 0.33799E-01 -.99121E-01
0.48000E+01 0.20067E-01 ~.73666E-01
0.54000E+01 _ 0.63345E~02  -.48208C-01
0.62500E+D1 -.13120E-01 ~.12145E-01
0.72500E+03, -.36007E-01 0.30283E-~01
0.62500E+01 - .58854E~01 0.72711E-01
e e e e o . 0.92B00E401 - .BI782E-01  0.11514E+00
0.10000E+02 ~.10181E+00 0.15226E+00
STRESSES VS, CHORDMISE LOCATION =~ 7 =~
AT IMPACT RADIUS
. STRESS-X STRESS-Y
T TTRT T RRE0. Z500E162HRE0 [ T000E + o umRg | 3075E+02 #R=0.2900E+02#R=0.3000E+G2#R=0. I075E+02 uR=
0.0 # D,1577E+05 # 0.1453E405 # 0.1358E+05 # ~.7654E+06 & ~.6904E+04 ¥ - 63ITE+04 % 0.B916E+04
0.6000E+00 * 0.1577E+05 # 0.1G53E+05 % 0.1358E+05 # —.7654E+0G ¥ -.6904E+06 # -.$331E+046 # 0.8916E404
0.1200E+01 # D.1577E+05 * 0.1453E+05 % 0,1358E+05 # —.7654E404 ¥ - 6904E406 ¥ - 6331E:06 ¥ Q,B916E+04
T TEOEETOL RO IS YIRS E Y, INE3E 08 #OI1I58E+05 % -, TH54E+0G =.6904E+04 # - 6331E+06 # 0.BS16E+04
8.2400E+0] % 0.I577E405 # 0.1453E+05 # 0,1358E405 = -.7454E+06G % =.6904E+0% ¥ ~.6331E+04 * 0.8016E+04G
0.3000E+0) # 0.1577E+05 % 0.1453E+05 ¥ 0,1358E405 % -, 7654404 % =.6904E+06 # -,6331E+04 # 0.8916E+06

0.3103E+04
0.3103E+04
0.3103E+04
0.3103E+04
0.3103E+04
0.2103E+04

FEE KK XX

#
#
o
*
#
#

—.DISPLACEMEHTS. AND BENDING STRESSES.VS. RADYAL STATION. _. __ _. ..
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#*
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#
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0.3103E+04
0.3103E+04
0.3103E+04
0.3103E+04

SHEAR-XY

#
#
#
»
#
It

0.3103E+04 # 0.3103E+04 »* 0,3102E+04%

0.3102E+04
0.3102E+04
0.3102E+04

0.3102E+06 .

G.3102E+04
0.3182E+0%

0.2900E+02#R=0.300DE +02%R=0) . 30 75E+02

0.8915E+04 # 0.B913E+04
0,8915E+04 # 0.8913E+04
0.8915E+04 * 0.8913E+04
6.B915E+0G % 0.8913E+04
0.8915E+04 % 0.8913E+04
0.8%15E+0% % 0.8913E+04



0.4840E+01
0.5400E+0]1
" 0.7250E401
0.8250E40]
0.9250E+01
0.1000F+02

®
# D.1577E+05 ¥
# 0,1577E+05 %
# 0.1577E+05 #
B 0.1577E+405 %
¥ 0.1577E+05 *
¥ 0.1577E+05 #
# 0.1577E+05 #

*_0,1577E+05 % 0,1453E405 % 0,1358E405

8.1453E405

0.1453F+35
0.1453E+05
0.1453E+05
0.1453E405
0.1453E+05
0.1453E+05

#
#*
¥#*
#
*
*
3

08.1358E+05

0.1358E+05

0.1356E+05
0.1358E+D5

0.1358E+405

0.1358E+05
0.1358E+05
0.1358E+05

% - 7654E+04
# -, 765GE+04
- . 7654E+04
-.7654E+04
- . 76E4E+06G
~.7654E+04
-.7654E+04
-.765%E+04

B 3

# -, T6B4EL0G

# ~.6904E+04 # -.6331E+0G * 0,B916E+04 »
# <,6904E+04 % -.6331E+04 % 0,8916E+06 #
¥ ~.6904E+04 ¥ -,6331E+04 # 0.8916E+04 #
% - 6F0GE+04 # -, 6331E+04 ¥ 0.8916E+04 %
¥ . 6904E+06 # ~.6331E+00 # 0.B916E4+06 *
# -,6905E404 # - 6331E+056 % 0.8916E+06 ¥
# -.6904E+04 ¥ -.6331E+04 % 0.8916E+04 »
# = 6904E+04 # - 6331E404 % 0,8916E+04 #
§mf-6904Ei04ﬂ¥mf,6331£+O4Nm?.0,8916E+04Af

-.. . TIME=0.548717E~03_SEC.. ... ..

DISPLACEMENTS AND BENDING STRESSES VS. RADIAL STATION

0.0

# D.1908E405 # 0.1756E+05 % 0.1641E405 # -
TTTOTEUODERUDT R OVITUEEFI5 RO TVECEVIS 0 1661E 405 % -
0.1200E+01 # 0.190B8E+05 % 0.1756E+05 % 0.1651E405 % =
0.1B00E+01 # 0.1908E+05 ¥ 0.1756E+05 # 0,.1641E+05 # -

+9289E+404 % - .8369E+04 ¥ -, 7H6GE+0G
-9289E+04 ¥ - B8369E+06 ¥ - VL66E+0G
<928%E+0G % - BIGOE+0% * -, 7666E+04
-9289E404 # - .B3I6FE+04 # ~.766HE+04

0.8915E+04
0.8915E+04
0.8915E+04
0.8915E+04
0.8915E+04
0.8915E+04
0.8915E+04
0.8915E+04
B,8915E304

*
H
*
*
#
H
*
#
#

0.89136+04
0.8913E+04
0.8913E+04
0.8913E404
0.8913E406
0.8913E+04
0.8913E+04
0.8913E204

O.89L3E405. . .

s o erene o DISPLACEMENTS . _ .. RADIAL BEWDING STRESS
R IN-PLANE OUT-OF~PLANE###LED-EDG CHD~FHT TRL-EDG
0.27000E+02 0.56903E~01 ~.11976E+00 *¥ «,12111E+D5 -.12111E+05 -.12111E+05
8.228000E+92 0.48050E-01 ~.10980E4+00 ¥% -, 10753E+05 ~.10753E+05 ~.10753E+05
— —. Q.29000E302 __ 0,37201E-01_ —- e 9OBGLE-0), ¥% - O2B90E+04  __ -.92890E+04._  ~,.92890E+04
0.30000E+02 0.26356E-01 -.B89882E-D] #¥% -, B83690E:04 -.83590E+04 ~.83690E+04
0.20750E+02 0.18211E-01 -.82413E-01 #% ~,76655E+04 -.76655E+04 ~.76655E+06G
0.31750E+02 0.73602E-02 -.72454E-01 #% -, G5Q066E+04 -.55066E+06 -.55066E+04
e 02 327BOERDE  -.34509E-02 - T-6Z895E-Q1 %% . Z4119E404 - I4LI9E+04 -, 34II9E+0G
0.33750E+02 ~.164342E-01 ~.52536E~01 #% ~.14068E+04 ~.16868E406G ~.14868E+06
DISPLACEMENTS VS, CHORDWISE LOCATION
' AT IMPACT RADIUS
[y
Ej X .. IN-PLANE.  _  OUT-OF-PLANE __
; 1 0.0 0.15110E+00 ~.32095E+00
! 0.60000E+00 0.13842E+00 ~.29748E400
f 0.12000E+D1 0.12241E+00 -.26783E+00
___________________ 0.18000E+01  0.10640E+00 = -.23817E+00
0.24000E+01 0.90391E-01 -.20851E+00
0.30000E+01 0.74381E-01 ~.17885E+00
. 0.36000E4+01 0.58371E-01 -.16920E+00
3 0.42000E+01 0.42360E~01 = -.11954E+00 _
" 0.458000E+01 0.26350E-01 -.89882E-01
0.54000E+02 0.10339E-01 ~.60225E~01
0.62500E401 ~.12342E-01 ~.18210E-01
e e e e .. 0.72500E+01 - _35026E-01 _ 0.31219E-01
e 0.682500E+01 -.65710E~01 0.B0648E-01
0.92500E+01 ~.92394E-01 0.13008E+00
0.10000E+02 -.11574E+00 0.17333E+00
STRESSES VS. CHORDWISE LOCATION
v e o e e e AT IHMPACT RADIUS
STRESS-X STRESS-Y
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SHEAR-XY
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0.5400F+01 * 0.1908E+05 # D.1756E+05 % 0,1641E+05 & -.0239E404 ~-8369E+04 # -.7666E+06 % 0.1031E$05 ¥ G.1030E+05 # 0,1030E405
0.62502401 * 0.1908E+05 % 0.1756E+05 % 0.1661E+05 # —.02a89E+04 % ~-B8369E+04 # -.7666E+04 # 0.1031E+05 ¥ 0.1030E+05 # 0.1030E+05
0.7250E+01 # 0.1908E+05 # 0.1756E+D5 % 0.1641E405 % -.0289E404 ¥ ~+8369E+06 % -.7666E+04 #* 0,1031E+05 % 0.1050E405 # 0.1030E+05
___QaﬂgﬁgﬁngwzggmlsggEtaﬁmxmg;LZSQE19515wn11§&;E+05+H¥_:J92595+04Lf =+ 8369E04 ¥ -, 7666E+04__# 0,1031E+05 # 0,1030E+05 # 0.1030E+05 _ .. _
9.9250E401 % 0,1908E+05 ¥ 0.1756E+05 % 0.1641E+05 ¥ -, 02896404 ¥ 7-8369E+04 # -.7666E+04 # 0.1031E+05 % 0,1030E+05 ¥ 0.1030E+05
0.1000E+02 # 0.1908E+05 # 0.1756E+05 % 0.1641E+05 # -.0289E+04 & ~-B369E404 # -.7666E+0% % 0.1031E+05 % 0.10308+05 % 0.1030E405

> Lo

TIME=0.719889E-03 SEC

PISPLACEMENTS AND BENDING STRESSES V5. RADIAL STATXON. .. . . .. ... B

D --'R T e————

0.0

'“RHEUTQQUUEiﬁzﬂN55?3000E302NP50230755#02”1350.2900E+02¥R=
* 0.3526E+05 # 0,3236E+05 * 0,3017E+05 # -
0.6000E+00 # 0.3524E+05 ¥ 0.3236E+05 # 0,.3017E+05 % -

+1734E+05 # - . 1555E+05 % -
+1734E+405 % - 1556E+05 % -

0.3000E+02%R=0,3075E+D8 wR=

D.29DUE#02§R$D.3DOOE*UZNR=0.BDTSE+02
-1419E+05 ¥ 0.1586E+05 * 0.1586E+05 .
+1417E+05 #* 0,I586E+05 % 0.1586E+05 % 0.1586E+05

0.1586E+05

DISPLACEMENTS RADIAL BENDING STRESS
R IN-PLANE OUT-OF -PLANE#%5LED-ENG CHD-8NT TRL-EDG
e — B, 27000E+02 _.Q512Qé95+ug«._mvmeaéﬂlﬁiqg"*E_-¢230&aﬁ+054 .~ B3048E405 . -, 23048E+05
0.28000E+02 0.16171E+00 ~.20606E+00 #% -, 201831E+05 -.20181E+05 -.20181E+05
G.29000E+02 0.82737E-01 -, 18872E+00 ##% -, 17362E+05 -.17342E+05 ~.17352E+405
i 0.30000E+02 0.63761E-01 =.17137E+00 #¥# - 15557E+05 -.15557E+05 -.15557E+05
_,_m,u_9¢éQ25Q§£§§-mm_ﬂ-42§§§§:QL_m"_:AIQBEZEtDD.Eimr-1&1928i05 ....... =-14192E+08 _ -.14192E+05 R . b e e e - - S, -
0.31750E+02 0552E-Q) =.14102E+00 #% -, 10003E+05 ~.10003E+05 ~.10003E+05
8.32750E+02 0.11575E-02 ~.12268E+00 %% - 59414E+04 -.B941GE+0G -.59414E+04
6.33750E+02 ~.74008E-02 =.10633E+00 ## - 22167E+400 ~.22167E+04 =.22167E+04
! )
Rj DISPLACEMENTS VS. CHORDMISE LCCATION
?0 ATXMPACT RAOUS. .. -
® IN-PLANE OUT-OF-PLANE
' 0.0 0.26258E+00 ~.53888E+60
I T e e e e LD60000E400  0.26247E400  -.50153E+00 e . :
0.12000E+01 0.21694E+00 ~.45437E+00
0.18000E+01 8.19141E+00 - 40720E+00
0.24600E+01 C.165B8E+00 ~.36004E+00
0.30000E+01 0.14035E+00 _ -.31287E+00 o ;
0.35000E+01 0.11482E+00 ~.26571E+00
“ 0.42000E+01 0.89290E-01 ~.21854E+00
0.48000E+01 0.63761E-01 ~.17137E+00
1 s . 02 54000E401 0.38231E-00 . -.12421E+00 )
; T e 0.62500E+01 0.20643E-D2 -.57390E~01
{ 0.72500E+01 - . 40485E-01 0.21220E-01
: 0.82500E+01 ~.B3034E-01 0.99830E-01
] 0.92500E+01  -.12558E+00 0.17864E+00 o
: ¢.10000E+02 ~.16281E+00 0.26722E+00 ’
]
i
: T T TN T ST T e e e e STRESSES V5. CHUOROKISE LGCATION
AT IHPACT RADIUS
STRESS-X STRESS-Y SHEAR-XY



QR R e B e AV B A g B T Ry R
gg:;-ﬁng« AR RTINS T T LR s e
.ﬁ
—..0.1200E+01 # D,3524E+05 # 0.3235E+05 % 0,3017E+05 # ~,1734E+05 % ~.1556E+405 ¥ -.1419E+05 % 0.1586E+05 # 0.1586E+05 ¥ 0.1586E+05
0.1800E+0] # 0.3524E+05 # 0.3236E+05 # 0,3017E+405 % —.173GE+05 # — 1556E405 % —,1619E+05 % 0.1586E+05 % 0.1586E+05 # 0.1586E+05
0.Z500E+01 ¥ 0.3524E+05 # 0.3236E405 # 0.3017E405 % ~.1734E+05 ¥ —.1556E405 # —.1410E+405  D.1586E405 ¥ 0.15B6E+05 % 0.15846E+05
0.3000E+01 ¥ 0.3524E+05 % 0.3236E+05 # 0.3017E+05 # -.173GE+05 * ~,1556E+05 # —.1419E+05 % 0.1586E+05 ¥ 0.1566E405 % 0.1586E+05
- 0-3600E+01 % 0.3524€+05 % 0.3236E+05 * 0,3017E+05 # -.1734E+05 % -.15GAE+05 % -.1G19E405 % 0.1585E+05 # 0.1586E+08 ¥ 0.1586E+05
0.4200E+01 # 0.3524E+05 # 0.3236E+05 # 0.3017E405 # -.173GE+05 % —.1556E+05 % -.1419E+05 # 0.1586E405 0.1586E+05 # 0,1585E+05
0.4800E+01 * 0,352GE+05 # 0.3236E+05 # 0.3017E405 # - 173GE+05 % —,1556E+05 % -.1410E¢05 # 0.15866+05 & 0.1586E+05 % 0.1586E+05
0.5400E+01 # 0.3524E405 % 0.3236E+05 # 0.3017E+405 # ~.1734E+05 % -.1556E+05 % ~.1G19E+05 # 0.1886E+05 # 0.1586E+05 # 0.1586E+05
e D HEE0ELQ) % 0,3529E+405 * 0,3236E+05 # 0,3017F+05 % =,17345+05 ¥ _~-,1556E+05 * -, 1419E+05 % 0.1586E+05 % 0,1586E+05 # 0.1586E+05 _ -
0.725DE+01 * 0,3524E+05 ® 0.3236E+05 # 0.3017E+05 # - 1734E+05 % ~.1556E+05 & -.1419E+05  # 0.1586E+05 # 0.1586E+05 % 0,1586E+05
0.8250E+01 #* 0,3524E+05 ¥ 0.3236E+05 % 0.3017E+05 % - .1734E+05 # -.1556E+05 * -.1G10F405 & 0.1586E+05 # 0.1586E+05 # 0,1586E+05
0.9C50E+01 ¥ 0.3524E+05 % 0.3236E405 # 0.3017E405 # -,173GE+05 % -,1556E405 ¥ - 1410F+05 # 0.1506E405 B.1586E+05 % 0.1586E+05
e 0-1000E202 % 0.3524E+05. % 0.3236E405 # 0.3017€+05.. # -.1734E+05 %_-,L556E+05 % —.14)9E+05. % 0,1586E405 % 0.1586E+05 # 0.15686E405 .
e e et e et e . . ... TIME=0,873301E-03 SEC e = — . —
DISPLACEHENTS AHD BENDING STRESSES V5. RADIAL STATION
e e n ot o oo DISPLACEMENTS . . _ . _RADIAL BENDING STRESS | ‘ . . .. .
IN-PLANE OUT-OF-PLANE#¥##LED-EDG CHD-PNT TRL-EOG
9.27000E402 0.19265E+00 =.335G9E+00 ## -, 35205£405 ~.35205E+05 -.35205E+05
0.28008E402 0.16593E+00 ~.31118E+00 #*% -, 30595E+05 ~.30595E+05 -.30595E+05
B, 29000202 0.13941E400  -.2G687E400 W -.26230E:05 _ -.26230E+05 ~.2623DE405 S e e vt et e = s o
9.308000E:82 0.112B9E+00 ~.26256E400 ¥ -, 23486E+05 -.23686E405 -, 234865405
£. 307508402 6. 92993E-01 -.24G33E+Q0 % ~, 213088E+05 ~.21388E+05 -.21388E405
0.317RQE+02 0.66471E-01 ~.22002E+00 #% - 1G996E+05 -.14946E405 - . 14946E405
o S-BCTERENE2 0 3994BE-0) - J957RE+00 ¥4 - BF017E+B4 _  -.87017E+DG - B7017E+05 - - - e -
! ,{, 2.33750E402 0.136426E-01 ~.17IG1E+D0 W -.29768E+0G -.29788E+06G - .297858E+04
i | gl
1 wo
1
DISPLACEHENTS VS. CHORDWISE LOCATION
AT IMPACT RADIUS
e e e e et e s e . %o ... IN-PLANE  OUT-OF-PLANE _ .
0.0 0.38104E+00 -.75760DE+00 A
8.60000E+00 0.355379E+00 ~.70730E+00 g )
0.1200DE+01 0.31938E+00 ~.64377E+00 33
0.18000E+01  0.28456E+00 _ ~.5B023E400 - a= e
0.24000E4+01 ¢.25055E+00 ~.51470E+00 851
0.30000E+01 0.21613E400 -.45316E400 g5
0.36000E+0] 0.18172E+00 ~.38963E+00 E‘ﬁ;
e e e e . B.G2000E+01  0.14730E+00 -.326106¢00 -
- 0.45000E+01 0.11285E+00 - . 26256E+00 Ry
0.54000E+01 0.78470E-01 -.19903E+00 g s
0.62500E+01 0.29716E~01 ~.10902E400 53
0.72500E+01  -.27643E-01  -,31321E-02 o &
- 0.82500E401 -.85001E-01 0.10275E+00 - T @ """
0.92500E+01 ~-.14236E+00 0.20865E+00
0.10000E+02 -.19255E+00 0.30130E+00
STRESSES VS. CHORDWISE LOCATION
AT THMPACT RADIUS N _ B
STRESS-X STRESS-Y SHEAR=XY

b

¥R=0.2900E+02¥R=0.3000E+02#R =0, 3075E402 ¥R=0.2900E+02¥R=0,3000E+02%R=0.3075E+02 *R=0 +2900E+024R=0.3000E+02*R=0,2075E+02



A e BN SR
B e

i

ST S
0.

S000E+00 ¥

0.1200E401
0.1800E+01
~J-RE00E+01
0.3000E+D)
0.3600E+01
0.46200E+01
JSE00E+01

L4
]
#
%
#*
#*
%
#

k]

0.5287E+05 _»
0,5257E405 #
0.5257E+05 u
0.5257E+05 #

. 0.5257E405 #

0.5257E+05 %
0.5257E+05 #
0.5257E+405 #

¥ 0. 5257EL05 % _0.4020E+05.

D.4B20E+05 *
0.4820E+05
0.4820E+05

0.4820E+05

D.4820E+05

0.4820E+05

#
*
*
#
0.4620E+05
*
0.4820E+05 *
*

*

0.5400E+01 # 0,.5257E405 % 0.4820E+05
0.5250E401 # 0.5257E+05 % 0.G820E+05 #*
0.7250E+01 % 0.5257E+05 % 0.4B20E+D5
e 0. BREOEL0L. ¥ 0.5257E+05. %_0.4820E+05 *
0.9250E401 # 0.5257E+05 ¥ 0.4820E+05 #
0.1000E+02 # 0.5257E+05 # 0.4820E+05

0. 4488E+05
0.4488E+05
0.448BE+05
0.44%88E+05
0.4488E+05
0.4488E+05
0.4%488E+05

X _N,4488E+05

0.4486E+05
D.4488E+05
0.448B8E+05

- 0.4GBBE+05 .

0.44988E+05
0.4488E+05

V¥ - 2623E405 # -, 2349F405
¥ -,2623E405 % ~,2346E:05
* ~.2623E+05 % -.2349E+05
* -, 2623E+05 ¥ -, 2349E+05
¥ -.2623E405 # -_2349E:05
¥ -.2623E+05 % -, 2340FE+05
* ~.2623E+05 ¥ -,2349E+05
# -.2623E+05 # -,2369E+05
¥ =, 26236405 % - 2349E405
*® - 2623E+05 % -.2349E405
¥ -.2623E+05 ¥ -, 2349E+05
# -.2623E+05 ¥ -.2349E+05
* =,.2623E+405 # -,2359E405
¥* ~.2623E405 * -,2349E+05
¥ ~,2623E+405 ¥ -.2349E+405

*
#*
¥
#
“
#*
*
*
*
#
#*
*
*
*
#*

=.2139E+08
~.2139E+05
=-.2139E+05
~.2139E+05
-.2139E+05
=.2139E+05
~.2139E+65
-.2139E:05

T R13ITEH05

-.2139E+05
-.2139E+05
~.2139E405
=.2139E+05
=.2139E+05
-.2139E+05

kol R K K Ok kR Kk R R % Kk

0.2090E+05
0.2090E+05
0.2090E+05
0.2090E+05
0.2090E+05
0.2090E+05
0.2090E+05
0.2090E+05
0.2090£4+05
0.2090E+05
0.2090E+05
0.2090E+05

0.2090E+05
0.2090E+05

0.2090E+05

*

#
*
*
#
#
*
#
3
#*
#
%
#
#
¥

0.2090E+05
0.2090E+05
0.2090E+05
0.20%0E+05
D.2090E+05
0.2090E+05
0.2090E+05
0.2090E+405
0.2090E+05
0.2090E+05
8.2090E+05
0.2090E+05
N.2090E465
G.2090E+05
0.2090E+05

0.2090E+05
0.2090E+405
0.2090E+05
0.2090E+05
0.2090E+05
0.2090E+05
0.2090E+05
0.2090E+05

0.2090E+05. _ . _

0.2090E+05
0.2090E+05
0.2090E+05
0.2090E+05
0.209CE+05
0.2090E+05

TIHE=0.970919E~-03 SEC

T T T e o e e CDISPLACEHENTS AND.BENDING STRESSES VS. RADIAL STATLON

OISPLACEMENTS RADTAL BEMDING STRESS
R IN-PLANE OUT-0F -PLANE#3%LED-EDG CHD-ENT TRL-EDG
0,287000E+02 0.73026E+00 _ _ -.40807E400 4% ~.43256E405 _ -.43256E+05 -.43256E+05 e e e o o
0.28000E+02 0.20970E+00 =.379BTE+Q0 ## -, I7520E+05 ~.37520E+05 ~.37520E+05
0.25000E+02 0.17913E+00 ~.3516BE+00 #¥ -.32166E+05 -.32166E405 -, 32156E405
0.30000E+02 0.14857E+00 -.32349E400 %% -,28800E+05 - .2BBO0E+05 - .28B00E+05
! — e B.30750F402 _ 0.12565E+400 __ ~,30034E400 ke =.262EFE+05 . =,26227E+05 - ,26227E+05 — e - -
N 0,31750E+02 0.95091E-01 ~.27415E+00 ## -, 18376E+05 ~.18326E405 -.18326E+05
Pt 0.32750E+02 0.64530E-01 ~-.26596E+00 *% — 106656405 ~.10665E+05 -.10665E405
i 0.33750E402 0.33969E-01 - Z1777E+00 #% -, 36422E4+06 -.36422E+04 -.36422E+04
DYSPLACEMENTS VS, CHORDMISE LOCATION
o e e v e e -~ e AT IMPACT RADIUS =
b4 IH-PLANE OUT~OF -PLANE
0.0 0.46217E+00 -.90295E+00
..-0.60000E+00. _ 0.43031E+00 _ -.84408E+00
0.12060E+D1 G.39006E+00 -.76971E+00
0.18000E+01 0.34981E+00 -.69534E+00
i 0.24000E+01 0.30957E+00 ~-.62097E+00
: e e e e e e e . 0.30000E+01 0.26932E+00 _ ~,54660E+00
o 0.36000E+0) 0.22507E+00 -~ 47223E+00
0.42000E+01 0.18882E+00 -.39786E+00
0.48000E+0) 0.14857E+00 ~.32349E:00
wmn. U.54000E+0X  0.10832E+00 ~.24912E+00
0.62500E4+01 0.51507E-01 ~.14376E+00
0.72500E+403 -.15774E-01 ~.19813E-01

0.82500E+01
_0.92500E+01
“0.10000E+02

AT

=.14993E400

-.082854E-031

~.20863E+00

IHPACT RADIUS

0.1041%E+00
0.22809E400
0.33654E+00

STRESSES V5. CHORDWISE LOCATION



-1¢£2-

R
0.270800E+02
0.28009E+402

0.30000E+02
€¢.30750E+02
0.31750E+02

..0.32750E402

0.33750E+02

— — D.29000E+02 _ 6.31160500 __

.. TIME=0,128215E-02 SEC

DISPLACEMENTS AMD BEWDING STRESSES V5. RADIAL STATION

e . RADIAL BENDIHG STRESS.

OUT-OF -PLANE¥**LED-EDG

DISPLACEMENTS ...
IN-PLANE
C.37774E+Q0 ~.59590E+00
0.34967E+00 -.54435E400
T2 53501E+00
0.27853E+00 -.50126E+00
0.25373E+00 - 47760E+00
0.22065E+00 ~.44606E+0D

0187596400

0.15452E+00

¥
Lig
3
E1 3
HH
L3

-.67170E+05
-.58216E+05

=+50137E+05

-.G55059E+05
~-.41174E+05
-.29251E+085
<L76T4E+DE
. 70159E+04

CHD-PNT
-.67170E+05
~.582146E+05

~.B0137E+05

-.45059E+05
~.41174E+05
~-.29251E+05

.= 1T674E+U5

~.70159E404

TRL-EDG
- .67170E+05
- .58216E405

-.BDIZ7EHOS . .

-.45059E+05
-.41174E+05
-.29251E+405

<, J0159E+06

DISPLACENENTS VS. CHORDWISE LOCATION
AT INPACT RADIUS

N

oo

0.60000E+00
0.12000E#01

_0.18000E+01
©.26000E+01

0.30000E+02
0.36000E+01
0.42000E+0)

'0.48000E+01

0.54000E+01
0.62500E+01
0.72500E+01

“0.82500E+02

0.92500E+01
0.10000E+02

IN-PLANE = OUT-0OF-PLAME
0.69756E+00 -.12826E+01
D.65498E+00 -.12032E+01
0.60121E+00 -.11029E+01

. 0.56763E+00 ~.10027E+01
0.49365E+00 -.90238E+00
0.43987E500 ~.B0210E+0D
0.38609E+00 -.70182E+00
0.33231E+00 __ -.60154E+00
0.27853E+00 ~.50126E+00
0.22675E+00 -.40098E+00
0.14856E+00 -.25892E+00
0.58930E-01  -.91787E~01
T-.307026-01 ~ 0.75347E-01
-.12033E+00 0.24248E+00
-.19876E+00 0.38872E+00

STRESSES VS. CHORDWISE LOCATION

#

k3
#
3*
#
#*
#
*
#
#
*
W
#*
#
#

0.2G3I5E+05

0.2435E+05

0.2435E+05 | |

0,.2435E+05
0.2435E405
0.2435E+0B8
0.2435E+05,
0.2435E+05
0.2435E405
0.2435E4+05

0.2635E+05 _.. . .

0.2635E+05
0.2435E+05
0.2435E+05

e STRESS-X__ ___ _ STRESS-Y , SHEAR-XY

b4 #R=D,.2900E+02¥R=0.3000E+02#R=0.3075E402 ®#R=0,2900E+02%R=0,3000E+02#¥R=0.3075E+02 #R=0.2900E+024¥R=0.3000E+02%R=0.3075E+02
# 0.6376E+05 # 0.5B4G4GE+D5 ¥ 0,.5440E+05 ¥ —,3217E+05 ¥ -, 2880E+05 # -, ,2623E+05 # 0.2435E+05 # 0.2435E+05
D.6000E+0D0 % 0.6376E4+05 ¥ 0.5844E+05 ¥ §.54G0E+05 # - . 3217E+05 # -, 2EB80FE+05 * -, 2623E+05 #* 0.2435E+05 # 0.2435E+05
.B.1200E+01 ¥ 0.63V6E#+D5 ¥ D.5844E+05_# 0.54G0E+05 ¥ -.3217E+05 ¥ - 2B80E+05 ¥ —.2623E+05 # 0.2435E+05 # 0.2535E+05
0.1500E+0] # 0.6376E+05 * 0.584GE+05 # 0,5440E+05 # -, 3217£+05 ¥ — _ 20B0E+05 # -,2623E+05 # 0,.2435E+0b # 0.2435E+05
0.2400E+Q) # 0,6376E+405 # 0,5844E+05 % 0.56G0E+05 3 ~,3217E+05 # - 2B80E+05 ¥ ~,2623E+05 ¥ 0,.2435E+05 ¥ 0.2435E+05
0.3000E+01 ¥ 0.6376E+05 # 0.5844E+05 % 0.54G0E+05 # -,3217E+05 # -.2B80E+05 ¥ —.2623E+05 * 0.2435E+05 # 0.2435E+05
0.360DE+01 % 0 .6376E405 % 0,584%E+05 ¥ 0.54G0E+05 % —-,3217E+05 # -,2B80E+05 ¥ ~,2623E+05. # 0,2435E+05 # 0,2935E405
0.%200E+0) # 0,.6376E+05 % 0,.58G4E4+05 % 0.56GG0E+05 % -, 3R217E+05 # -, ZBBOE+05 # -, 2623E+405 # 0.2435E+05 ¥ 0.2535E+05
0.4800E+01 % 0.6376E+05 % 0.5844E+05 % 0.54G0E+05 % -,3217E+05 # -.2880E+05 # -_.2623E+05 # 0.2435E:05 # 0.2G35E+05
B.5G00E+01 ¥ O.6376E+D5 # 0.5844E+05 % 0.5GG0E+05 ¥ -, 3217E+05 # - 2B880E+05 # -.2623E+05 ¥ 0.2435E+05 # 0.26435E+05
. 0,6250E20Y # 0.6376E+05. % 0.584GE+05 # 0,54640E+05. % - .3217E+05 ¥ -,2880E+05 ¥ =,2623E+05 . 3 0,2435E+05_% 0,2435E+05
0.72S0E+0Y % 0.A3576E+05 % 0.5849E+05 ¥ 0,5440E+05 # ~ . 3217E+05 % -.2880E+05 # -, 2623E+05 # 0,2G3I5E+05 #* 0.2435E+05
0.B250E+01 % 0.6376E+05 # 0.584G4E+05 # 8.54G0E+05 # -, 3217E405 % -, 2880E+08 # -.2623E+05 # (.2435E+05 # 0,.2435E+05
0.9250E+01 % 0.4376E+05 * 0.5844E+05 # 0.56G0E+05 3% -.3217E+05 # -.2B80E+05 % -, 2623E+405 #% 0.2G35E+05 % 0.2435E+05
o BJADNOEHN2 ¥ 0.6376E405 % 0.5844E405 % 0,.B4G0E+05 ¥ -, 3217E+05 % -,2B80E+05 % -,2623E+05 . ¥ _0.2G635E+05 # 0.2435E+05.

0.2635E408... .




e

. AT IMPACT RADIUS

STRESS-% STRESS~Y SHEAR-XY
X ¥R=0.2900E+02%R=0, 3000E+02uR=0, 3075E+02 un=o.aqooz+ua*n=o.3ooos+aaﬁn=o.30755+oa ¥R=0.2900E+02%R=0, 3000E+02¥R=0, 3075E+02
.00 % 0.9079E+05 ¥ 0.8319E405 % 0.7741E405 * - 5014E405 ~-G506E+05 ¥ - .4117E+05 # 0.3319E+05 % 0.3319E+05 # 0.3315E+05
0.5000E+00 ¥ 0.9079E+05 # o, 8319E405 # 0.7741E+05 % -.5014E+05 # ~-G508E+05 % - 4117E+05 % 0.3319E+05 x 0.3319E+65 % 0.3318E+05
G.1200E+01 # 0.5075E+05 * 0.8319E405 # 0.7741E+05 * - 5014E405 ¥ =-49GD6E+05 * - G117E+06 % 0.3319E405 0.3319E+05 # §.3318E+05
0.1300E+01 % 0,9079E+05 # 0. 8319E+05 % B.7741E405 % -.5014E+05 ©-A506E+05 * -, 4117E+05 % D.3319E+05 = 0.3319E405 # 0.33182+05
....... 0.2%00E+0) * o, 9079E+05 % 0.8319E+05 % 0.7761E+05_ # <-5014E405 # -.4506E+05 ¥ m.4117E+05 # 0.3319E405 ¥ 0.3319E+05 # 0.3318E+05
0.3000E+01 #* 0.9079E:05 % 0. 8319E+05 # 0,7741E+05 =-5014E+05 # - 4506E+05 % —.4117E+05 0.3319E+05 # 0.3315E+05 0.3318E+05
0.3600E+01 * 0.9079E+05 g, 8319E+05 # 0.7741E+05 % =.5014E+05 # - 4506E+05 # -,4117E+05 % 0.3319E+05 * 0.3319E+05 * 0.3318E+05
0.420DE+01 % 0.907SE+05 % (. 8319E+05 % (.7741E+05 3 ~-501GE+05 ¥ - GGOSE+05 ¥ -,4117E+05 D.3319E405 % 0.3319E+05 # 0.3318E+05
. 0.4800E+p1 » 0.9079E+05 %_0.8319E+05 * 0.7741E405 % - 5OIGE+05 # -+4506E+05 * -, 41175405 % 0.3319E+05 % 0.3319E+05 » 0.3318E+05
0.5400E+01 # 0.9079E+05 # 0. 8319E+05 % 0.77451E+05 # =.5014E+05 # - 4506E+05 % ~-4117E+05 # 0.3319E+05 % 0.3319E405 ¥ 0.3318E+056
0.6250E401 # 0,9079E+05 » p. 8319E405 * 0.7741E+05 # ~+50L4E+05 # - 4506E+05 % - 4117405 ¥ 0.3319E+05 * 0.3319E+05 # 0.3318E+05
0.7250E+01 # 0,9079E+05 * 0. 8319E+05 % 0.7741E+05 =+S014E+05 # - 4506E+05 # -,4117E405 0.3319E+05 * 0.3319E+05 % 9,3318E405
-0 B250E+01 % 0.9079E+05 % 0. 8319E+05 * 0,77415405 % =-B5024E+05 % - 4506E+05 ¥ ~.4117E405 ¥ D.3319E+05 # 0.3319E+405 * 0.3318E4+05
0.9250E+01 # 0.9079E+05 % 0.8319F+05 % C.7741E+05 # - .BO14GE+05 * ©-3506E495 % - 4117E+05 % 0.3319E:05 x 6.3319E+05 # 0,3318E+05
0.1000E+02 # 0,9079E+05 % 0. 8319E+05 % 0.7741E405 # — 5014E+05 % =-G50BE+05 # -.4117E+05 % 0.33195405 # 0.3319E+05 % 0.3318E+05
TIME=0.183769E-62 SEC
- DISPLACEHENTS AMD BENDING STRESSES VS. RADIAL STATION . L } R
DISPLACEMENTS RADIAL BENDING STRESS
R IN-PLANE OUT-0OF~PLANE®#%{ ED~EDG CHO~PNT TRL-EDG
- D:27000E402 0.45261E+00 v Z2BIL08E+00 *% - 8OGOOE+05 -.89500E+05 -.89500E+05 . . -
6.28000E402 " p G7267E+00 =.60576E+00 4% -, 78B46E+05 ~.785G6E+05 -.765G6E+05
) 0.29000E+02 6.49273E+00 =+62045E+00 #% ~_ 69297E+05 -.69287E+05 -.69297E+05
o 0.30000E+02 0.51279E+00 -.63514E+00 %# -,63483E+05 -.63483E+05 -.63483E+05
Lo 0.30750E402 D.B2783E+00 -, +64616E+00 %% -, 59034E+05 . ~.59034E+05 --B9035E+05
ﬁ° 0.31750E+62 0.54789E+00 ~-66084E+00 %% - G5381E+05 -.45381E+05 -.45381E+05
0.32750E+02 0.56795E+00 --67553E+00 *% -, 32039E+05 -.32039F+05 ~.32039E+05
i 0.33750E+02 0.58801E+00 = BF022E+00 ## ~ 194736405 -.19473E+05 -.19473E+05
DISPLACEMENTS VS, CHORDMISE LOCATION
~ - AT IMPACT RADIUS n
% P IN-PLANE OUT-0OF -PLANE
. 6.0 0.87154E+00 -.13476E+01
;i . S e e e .. 0.60000E400  0.83509E400 --12752E+01
% T T e e B - G.12006E+01 0.78%905E+00 -.11838E+01
' 0.180G0E+01 0.74300E+00 -.10924E+01
0.24000F+01 G.69595E+60 ~.10009E+01
 0.30D0GE+01 0.65092E+00 ~.90947E+00
0.36000E+01 G.60487E+00 ~.81803E+00
0.42000E+01 0.55883E+00 ~.72658E+0D
0.48000E+01 6.512796+00 -.63514E4100
0.54000E+01 D.46674E+00 -.54370E+00
T T e e e “D.625008+01 " 0.40152E+00 =.41615E+00
0.72500E+01 0.32478E+00 -.26175E+00
0.82500E+01 0.24804E+00 -.10934E+00
0.92500E+01 0.17130E+00 0.43061E-01
T 0.1DU0CE+B2 ~ 0.I0415E+00 CUT0.176G1E+00 T




ks

&fuﬁﬁw”

1 YA

STRESSES VS. CHORDWISE LOCATION
AT IMPACT RADIUS

0.30000E+01

C.3600DE+0)
0.42000E+02
0.48000E+01

“0.54000E+01

0.62500E+0Q1
0.72500E+01
0.82500E+01
0.92500E+01
0.10000E+02

0.74545E+00
0.74308E+00
G.76071E+00
0.73834E+00

T 0.73597E+00

0.73262E+00
0.72867E+00
0.72472E+00
C.72077E+00
0.71731E+00

- .63671E+00
~.61820E+00
-.59968E+00
~.58117E+00
~.5b266E+00
-.53543E+400
«.50558E+00
=-.G7472E+00
T~ G4387EL00
-.41687E+00

*¥R=0.2900E+02%R=0.3000E+02%Rk=0. 3075T+p2

STRESS-X STRESS-Y
o K ¥RZ0,2900E+02%R=0. 3000E+02%R=0, S075E+02 #R=0.2900E+02%R=0, 3000E+02%R= 0.35075E402
“p.o # 0.7473E+05 % 0.6858E+05 & g, 6391E+85 # -_6930E+05 ~.63G8E+05 ¥ -.5903E+05 *
0.6000E+00 # 0.7473E¢05 % 0,4853E405 % 0. 6391E+05 # - 6930E+05 % —,6348E405 % -.5903E+05
0.1200E+01 # 0,7473E+05 # 0, 6358E+05 ¥ 8.6391E+05 # ~.6930E+405 # -,6348E+05 # ~.5903E+05 #
2-1300E+01 % 0,7473E+05 05 # 0.6391E+05 "*_m:69305+05"*_r.§348Ei05 #* -, 5903E+05__ #
0.2400E+01 # 0.7473E405 * 0.6301E+05 ¥ -.6930E+05 % -, b34BE405 & -.5903E+05 #
0.3000E+01 % 0.74973E+05 % 0.4858E405 * 0.6321E405 # -.6930E+05 % -.4348E+05 # -.5903E+05 &
0.3500E+01 % 0.7475E+05 % 0.6853E+05 % 9. 6391E+05 # -,6930E+05 % -,.6348E+05 * -.5903E+05 #
,,,,,,, 0.3200E¥01 # 0.7473E+05 %_0.6658E405 ¥ 0,6391E+05__ % -.6930E+05 ¥ -.634G8E+405 % ~,5903E+D5 %
0.4800E+01 % D.7473E+05 # 0.6B58E405 % 0. 6391E4+05 #* - 6930E+05 % -.5348E+05 % -.5903E+05 *
0.5400E+01 # 0.7473E+05 % 0.6858E+05 3 0.6391E+05 # -.6930E+05 # -.6348E+05 ¥ -.5903E+05 #
0.6250E+01 # 0,7673E+05 & 0.6856E+05 # 0.6391E+05 # -.6930E+05 * —.63468E+05 # -.5903E+05 #
. B-7ZE0E401 # 07473405 % 0, 6B58E+05 # 0,.6391E+05 X -.6930E+05 ¥ --63G8E+05 # - 5003F+05 %
0.8250E+01 # 0.7473E+05 % 0.6858E+05 # G.6391F+05 # -.6930E+05 % -.63G5E405 & ~.5903E+05 #
0.9250E+01 # 0.7473E+05 * 0,6858E405 # 0.6391E405 # -.6930E+05 ¥ —.6345E+05 -.5903E+05 %
0.1000E+02 # D.7473E+05 % 0.6858E+05 # 0.6392E+05 # - 6930E+05 # —.5348E+05 -.5903E+05 *
TIME=0.239324E-02 sEC
DISPLACEHENTS AND BENDING STRESSES VS. RADIAL STATIOH
DISPLACEMENTS RADYAL BENDING STRESS
e e o R IN-PLANE e DUT-OF-PLANEX%#LED-EDG .. CHD-PHT TRL-EDE_
9. 27000E+02 9.38976E+R0 ~.2BAL3E+D0 #* -, 84357E+05 -.84357E+05 - .B4357E+05
&.20008E+02 B.58595E400 —.38314E+00 ## -,75138E405 ~.75138E+05 ~.751L38E+05
0.290005+02 6.42215E+00 =.GO216E400 ¥% - GBGELIE+DS ~.68961E+05 ~.68461E+05
9.30000E402 0.736834E400 - 58117E+00 ¥E - 6G266E405 -~ 04264E+05 . 64266E+05
0.38750E+02 0.52549E+00 ~.655G3E400 ¥¥% —.61050E+05 -.51050E+05 ~.61050E+05
0.31759E+02 0.94168E+00 =.75645E400 %% ~.51190E+05 -.51190E+05 -.Bl190E+05
0.32750E+02 C.I0579E+01 ~.85346E400 #% -.41411E+05 -.61411E+05 -.41411E+05
e Qu33THOEH02  0,11741E+01 ~+95247E+00 #¥ -, 31760E+05 -.31760E+05 -.31760E+05
- BISPLACEMENTS VS. CHORDWISE LOCATION
AT INMPACT RADIUS
X IN-PLANE QUT-OF-PLANE
v e e e Lo _ . 0.75681E+00  -.72B41E+00
T T o e " T0.60000E400 T 0.75493E+00 -, 71076E+00
0.12000E+01 0.752556E+00 -.69226E+00
C.18000E+01 0.75019E+00 -.67373E+00
0.24000E+0% 0.74782E+00  -,65522E+00

0.3494E+05
0.3494E+05
0.3494E+05
0.3494E+05

0.3494E+05 #

0.3494E4+05
0.3494E+05

0.3499E+05

0.3494E+05
0.3694E4+05
D.3494E+05
0.3494E+058
0.3495E+05
0.3494E405
0.3494E405

*

*
*
#
3
#
*
*®
L
*
*
3+
#
3*
L]

SHEAR-XY

0.3493E+05 #
0.3493E+405 #
0.3493E+05 #

0.3493E405 %

0.3493E+05 #
0.3493E+05 #
0.3493E+05 #
0.3493E+05 *
C.3493E+05 *
0.3495E+05 *
0,3493E+05
#*
¥*
§#
*

E 0.3493E405

0.3693E+05
0.3493E+05
0.3493E+05

0.3493E405
0.3493E+08
0.3493E+05

0.3493E+05
0.3%93E+05
0.3493E+05

0.3493E+05,

0.3493E+05
0.3493E+08
0.3493E+05

0.3493E+05

0.3493E+05 .

0.3493E+05
0.3595E+05
0.3493E+05
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*¥R=0.2900E+02#R=0.3000E+02%R=0,3075E+02 #R=0,2900E+02%R=

"STRESS-X

AT s

STRESS-Y

STRESSES VS. CHORDWISE LOCATION
AT IMPACT RADIUS

KRB R KR K ok ok ¥ K Ak %

0.0 ¥ 0.1035E+05 * 0.9781E+04 ¥ 0.9327E+04 # -.6846E+05 % ~.6427E+05 % 61058405
- 8- 6000E100 ¥ 0.1039E405 * 0.9781E+06 * 0.9327E+404_ % —.&B46E+05 ¥ -.6G27E+05 % -.6105£+05
0.1200E201 * 0.1039E+05 * 0.97B1E+04 % 0.9327E+04 % —.6846E+05 % ~.6427E+05 * ~.4105E+05
0.1800E+01 # 0.1030E+05 # 0.9781E+04% # 0.9327E+04 * —.6B846E+05 % -.6427E+05 % —,6105E+05
0.2400E+0) # D.1039E+05 # 0.9781E+0G * 0.9327E+04 ¥ —.6BGHEIDE X -.6427E+05 ¥ —,6105E+D5
- 0.3000E+D) * 0. 1039E+05 % 0.9781E+04 * 0.9327E+B4. % .68G6E405 % ~.6427E+05 * —,6105E+05
0.3600E+01 * 0,1039E+05 * 0.97681E+04 * 0.9327E+04 % - .58G6E+05 * ~.6427E+05 % - ,6105E405
0.4200E+01 # 0.1039E+05 * 0.9781E+04 % 0,9327E+04 % - .6846E+05 ¥ -.64G27E405 % -, 6105E+05
0.4800E+01 % 0.1039E+05 * 0.97B1E+0G ¥ 0.9327E+04 % ~.6B46E405 % ~.6427E+05 ¥ -.3105E+05
......... D.5400E+01 % 0.1039E+05 * 0.9781E+04 * 0.9327E406 % —.6BG6E+05 % -.642FE+05 * - 6105E405
D.52508+01 * 0.1039E+05 % G.9781E+04 ¥ 0.9327E404 % -.6846E+05 % —.6G27E+05 X -.6105E+05
0.7250E+01 # 0.1039E405 * U.9781E+06 * 0.9327E+04 * -.6B846E+05 % - 6427E+05 * -.6105E+05
0.8250E+01 # 0.1039E405 ¥ 0.9781E+0& % (.9327E+04 % —.6B46E405 X -.6427E+05 ¥ -,6105E+05
~8-9250E+01 % 0,.3039E+05 # 0.9781E+04 % 0.93275+04 L% - 6B46EH05 % -.6427E+05 ¥ -.6105E+05
0.1000E+02 % 0.1039E+05 % 0.97B1E+04 % 0.9327E+06 % ~.6846E+05 ¥ ~.6G57E+05 * ~.6105E+05
TIME=0.412061E~02 SEC
BISPLACEMENTS AND BENDING STRESSES VS. RADIAL STATION
DISPLACEMENTS RADIAL BENNING STRESS
R IN-PLANE OUT-OF-PLANE##%| ED-EDG CHD-PNT TRL-EDG
0.27000E+02 0.355630E+00 -.57D51E-01 %% —-.1885)E+05 -.18851E+05 -.18851E+405
0.28000E+02 0.55482E¢00  -.19548E+00 #¥ - 14989E+05 -.1498%E+05  ~,14989E+05
0.29000E+02 0.71334E+00 ~.33391E4D0 #¥ -.313523E405 -.13623E+405  -.13623E+05
0.30060E+02 0.87186E400 ~.47234E400 %% - 12761E+05 ~.12761E+05 ~.12761E+05
D.30750E+02 0.99075E+00 -.57616E+00 *% -.12099E+05 -.12099E+05 -, 12099E+05
- — 0;31750E+02 0,11493E40) _ -.71459E+00 #* -.10057E+05  -.100D57E+Q5 -.10057E+05
0.50750E+02 0.13678E+01 -.85301E+00 *¥# -, 795688E+04 ~.7968BE+04 ~.79688E+04
0.33750E+02 0.13663E+01 . 99164E400 ¥% —, 584356406 ~.58435E406 ~.58435E406
DISPLACEMENTS VS. CHORDWISE LOCATION
AT IMPACT RADIUS
Tt o ) T by IN-PLAKE OUT-0F-PLANE
0.0 0.31715E400 0.38321E+00

0.60000E+00
0.12000E+01
0.18000E+01
0.24000E+01
0.30060E+01
G.36000E+01

"0.42000E+01

0.48000E+01
0.54000E401
0.62500E+01

T 0.72500E+01

£.82500E+D1
0.92500E+01

0.37351E+00
0.44470E+00Q

0.29528E+00
0.18648E+00

0.51589E+00 0.76681E-01
D.58709E+00 ~.33122E-D1
0.65828E+00 =.14293E+00
0.72947E+00 ~.25273E+00
0.80067E+0Q0D ~.36253E+00
0.87186E+00 =.4723GE+00
0.94305E+00 ~.58214E+00
0.10439E+01 ~.73769E+00
0.1)4256E+01 -.92070E+00
0.12812E+0% ~.11037E+01
0.13999E+01 ~.12867E+01

0.3000E+02%R=0,3075E+02 #R=0.2900E+0

0.1691E+05
0.1691E+05
0.16%1E+405
0.1691E405
0.1691E+05

0.1691£+05

G.15621E+05
0.1591E+05
0.1691E+05
D.1691E+05
0.1691E+05
0.1691E+05
0.1691E+G5
0.1691E+05
0.1691E+05

#

*
*
#
H
*
3*
#*
*
*
*
*
A
*
*

SHEAR=-XY

0.16S0E+05
0.1690E+05
0.1690E+05
0.15690E+05
0.1690E+08
0,16%0E+05
0.1690E+405
0.1690E+05
D.1690E+05
0.16%0E+05
0.1690E+05
0.1690E+05
0.1690£405
0.1690E+05
0.1690E+05

*

#
*
#*
#
#
*®
*
3
%
*
*
*
#
*

Z2H#R=0.3000E+02%R=0,3075E+02

0.1690E+05

0.1690E+05

0.1690E+05
0.1690E+05
0.1690E+05
0.1690E+05
0.1690E+05
0.1590E+05
0.1620E+05

0.1690E+05

0.1690E+05
0.1690E+05
0.1690E+05
0.1690E+05
0.1690E+05
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|
|
i
i

=GET~

. .0:10000E+02

0.15037E+0]

-.144968E4+01

STRESSES VS. CHORDWISE LOCATION

AT IHPACT RADIUS

0.42000E+01
D.48000E+01

" 0.54000E+01

C.62500E+01
0.72500E+01

0.12796E+00 ~.66700E-02
0.17190Ex00 =+ 78515E-01
0.21584E+00 <. 1G5036E+00
0.27816E+00 -.25214E+00
0.35133E+00 -.37188E300

JHR=0,2900E+02%R=0, 3000E

=.3097E+05
~.3097E+05
-.3097E+05

- 3097E4+05

~.3097E+D5
~. 3097E+05
-.3097E+05
=-+3097E+05
-~ 3097E+05
~.3097E+05
=-+3097E+08
=.3097E+06
-+ 3097E+05
=.3097E+05
~.3097E+05

STRESS-X STRESS-Y :

i h"mx.,mmmm¥R39.29&95?OaﬁﬂﬁﬂlaﬂoﬂEtﬁzﬁeﬁn-EQ?SEtoamﬁn;o.29005+02ﬂﬂ=0,3000E+02*R:0.307SE+ua
0.0 # 0.2767E+05 % 0.2578E405 % 0.2435E+05 ~.1362E+D5 % -.1276E+05 % -.1210E+05 #
0.6000E+00 # 0.2767E+05 # 0.2578E+05 #* 0.2435E+05 3 ~.1332E+405 % -.I276E+65 ~.1210E+05 #
0.1200E+01 % 0.2767E+05 % 0,2578E+405 & 0.2435E405 # - 1362F+0% % - 1276E+05 # -.1210E+05 %

..... 0.1800E4D1 # 0,2767E+05 # 0.2578E405 # 0.2635E+05.. # ~.1362E+05 ¥ -,1276E405 # ~.1210E+05  #
0.2400E+01 * 0,2767E+05 * 0.2578E+05 * 0.2435E405 & —-1362E+05 % - 1276E+05 % -,1210F+05 #
0.3000E+01 % 0.2757E+05 % 0.2578E+05 * 0.2435£:05 % --1362E+05 % - 1276E+05 % -.1210E+05 %
0.3600E+01 * 0.276TE405 % D.2578E405 * 0.2435E+05 x =+ 1362E405 # -, 1276E+05 % ~,1210E+05 #

w3 420DES0) % 0,2767E+05 % 0.2578E+405 # 0,5435E+405 % -.13562E+05 # -,1276E+05 # -.1210E+05 _#
0.4600E+01 * 0.2767E+05 * 0.2578E+05 * 0.2635E+05 ~.1362E+05 # ~.1276E+05 # -, 1210E+05 %
0.5400E+0)1 % 0.2767E+05 # 0.2578E+05 * 0.2435E+05 # - 1362E+05 % - 1276E+05 ~.1210E4+05 #
0.6250E401 % 0,2767E+05 % 0.0576E405 G.2435E+05 % -.1362E+05 # -,1276E+05 % ~.1Z10E+05 %

..... 0.7250E+01 # 0.2767E+05 ¥ §.2578E+05 # 0.2435E+05 % =+ 1362E405 * - 1276E405 # —.12)0E+05 #
0.8250E+01 ¥ G.2757E+05 ¥# 0.2578E+05 % 0.24358:05 ~-1362E+05 % - 1276E+05 % -,1210E+05 #
0.9250E+01 # 0.2767E+05 ¥ 0.2578E+05 # 0.2635E405 % -.1362E+05 % -,1276E+05 -.1210E+05 #
0.1000E+02 * 0.2767E+05 % 0.2578E+05 % 0.2435E+05 ¥ -+1362E+05 % -,1276E405 % -,1010E405 %
TIHE=0.701923E~02 SEC
- ] DISPLACEMENTS AND BENDIMG STRESSES VS. RADIAL STATION
DISPLACEMENTS RADIAL BENDING STRESS
R IN-PLANE QUT-0F ~PLANE®*#¥%LED-EDG . CHD=-PNT . TRL-EDG
0.27C00E+07 0.18350E-01 0.93241E-01 %% 0.57434E+04 0.57434E+06 0.57434E406
0.28000F+02 0.69533E-01 0.35989E-01 #*# 0.61510E+0G 0.61610E+04 0.61610E+06
0.29000E402 0.12072E+00 ~.21263E-01 #¥ 0.55578E+04 0.55578E+04 0.55578E4+04
e e 02 30000E+02 _ 0,171S0E#00 —- 7+ 8515E-C1 % 0,51831E+04 0.51831E+04  0.51831E+04
C.30750E+02 0.231029E+00 ~.12135E+00 %% 0,45889E+04 0. 4B889E+04 0.45839E+06G
6.31750E+02 0.26147E+00 ~.17871E+00 #% 0,G0085E+04 0.40085E+04 0.460035E+64
0.32750E+02 0.31265E+00 ~.23596E+00 %% §.31468E+406 0.31468E+04 0.31468E+04
0.33750E+02 0.36364E+00 e 8932LE+00 %% 0.23192E+04 0.23192E+04  0.23192E+04
o e . . DISPLACEHENTS Vs. CHORDWISE LOCATION
R AT IMPACT RADIUS
b4 IN-PLANE OUT-OF-~PLANE
..... ) e, 0.0 -.17049E+00  0.4B128E+00
- T b.40000E+00 ~.13570E+00 0.42440E+00
0.120006E+01 -.91758E-01 0.35255E+00
0.18000E+01 -.G7815E~-01 0.28071E+00
. — 0.24000F+01 ~.38722E-02 0.20886E+00
T T T e e - - TD.30000E+01  0.40071E-01 “0.13702E+00
0.36000E+01 0.84014E~0), 0.65174E~-D],

SHEAR-XY

* - 3097E+05
# -, 3097E+05
~.3097E+05
- 3097E+05
. 3097E4+05
~.3097E+05
~.3097E+05

¢ = 3097E+05.

~.3097E+05
~.3097E+05
-.3097E405
-.3097E+05
=-.3097E+05

*
*
*
*
3*
#
* - 3097E+0B
)
*
*
#
*
% -, 3097E+05

¥ -_.3095E+05
# ~.3096E+05
¥ ~,3095E+05
¥ ~.3096E+05
# -, 3096E+05
* - 3096E+05
¥ -, 3095E+05
¥ ~,30946E+05
* - 3096E+05
# - .3096E+05
¥ -.3056E+D5
¥* =, 2096E+05
* -, 3096E+05
¥ -, J095E+05
¥ -.3095E405

+02HR=0,3075E402



~9€¢-

....8:82500E+01
D, 52500E+0L
0.10000E+02

0.42457E+0N
0.49781E+00
0.56189E+00

~.45162E+00

-.61136E+00
-.71614E+00

STRESSES VS. CHORDMISE LOCATION
AT IHPACT RADIUS

STRESS-X STRESS~Y
X #R=0,2900E+02¥R=0.3000E+02%R=0.3075E402 #R=0.2900E+025R=0.35000E+02%R=0.3075E+02
0.0 # -, 9349E+04 # - 8771E+04 * ~.8331E+04 # 0.555B8E+04 * 0.5183E+06 % 0.4889E+04 # -,2G30E405
e 0 H000E$D0 ¥ = 9349F404 % -.8771E+04 % ~,8331E+04 . # 0.5558E+04 % 0.5183E+04 X 0.48B9E+05. # -, 2430E+05_%
0.1200E+03 # ~.9349E+04G # - 8771E+04 # -.833LE404 # 0.5558E+056 % 0.5183E+06 * 0.4889E+04 # —.2430E+05 *
0.1800E+01 # ~,9349E+04 * ~.B771E+04 % -,8331E404 # 0.5558E+04 * 0.5185E+06 # 0.G889E+0G # -.2430E+05 #
0.2400E40)1 # ~.9349E+04 % -, 8771E+0% % -, 8331E+0% % 0.5558E+06 % 0.5183E+0& % 0.4889E+04 % -, 243DE+05 %
@< 3000E$0L % -, G349E+04 ¥ ~.8771E+04 ¥ -, 8331E+08 ¥ 0.5558E+04 % 0,5183E+04 # 0.4889E+04 % -.243I0E+05 %
0.3600E+01 # -.9349E+04 % ~,8771E+04 % -.B331E+04 3 0.555BE+04 % 0.5183E+404 * 0,.4880E+04 # -.2630E405 #
0.4200E+01 #* -,5349E+0% % ~,8771E+04 % -.8331E+04 % 0.5558E+406 % 0.5183E+06G % 0.GBACE+04 ¥ -.2G30E:05
0.4300E+01 ¥ -.9349E+04 % - _B77IE+06 # -,8331E+04 # 0.555BE+0&4 % 0.5183E+04 % 0.4BACE+04 % -.2430E+05 #
0 BG00E+0L ¥ -, 9345E+04 ¥ -.8771E+04 # -.8331F+04 ¥ 0,555B8E+04 % 0.5183E+04 * 0,.4889E40G % -.2430E+405 #
0.6250E+01 % -.9349E+04 % - B771E+0% % -.8331E+04 % 0.5ESBE+DYG % 0.5183E206 # 0.48B9E+04 ¥ -.2630E+05 *
0.7250E+01 # -.9349E+04 # =-.8771E+0% % ~.8331E+04 % (.5558E+04 ¥ 0,.5133E:046 % 0.6889E+04G X -,2430E+05 ¥
0.8250E+01 % -.9349E+04 * - .8771E+04 % -.8331E+046 ¥ 0,5558E+04 % 0.5183E+04 # 0.4589E+04 ¥ -.2430E+05 #
0.9250E+0) ¥ -.9349E+04 % -.8771E+04 # -~ B3IFLE+04 #* 0.5558E+04 % 0.5183E+06 % 0.4839E+DG % -.2630E+05 ¥
0.1000E+02 % -.9349E+04 % —.B771E+04 % -.8331E+064 ¥ 0,.5558E+006 % 0.5183F+0G * 0.4889E+04 % -,2G3I0E+05 #
TIME=0.991804E-02 SEC
DISPLACEMENTS AND BENDING STRESSES VS. RARDIAL STATION
DISPLACEMENTS RADIAL BEHNDING STRESS
R IN-PLANE OUT-OF ~PLANE®*#*%LED-EDG CHE-PNT TRL-EDG
¢.27000E+02 ~.11660E-02 ~.26894E+00 %% -,16854E+05 -.16854E+05 -.16B54E+05
o 0228000E402 -, 14138F400  -~.13046E+00 %% -, 16213E+05  -.16213E+05 _ -.142L3E+05
0.25000E+02 -.28159E+00 0.80197E-D2 #% —.11115E+05 -.11118E+05 ~.11115E+05
0.30000E:02 ~.421BOE+00 0.14650E+00 ¥% -,91737E+06G - 91737E+04 ~.91737E+04
0.30750E+02 -.52696E+00 0.25036E+00 #% -,76805E+04 -, 76805E+04% -, 76805E+04
0.31750E+02 T=86717E:00 0.38884E+00 #% - 31242404 ~.31242E+04 -.31242E+04
0.32750E+02 - .BO73BE+00 0.52732E+00 %% 0.12241E+04 0.12261E+0% 0.12241E+04G
0.33750E+02 -.94759E+00 0.66580E+00 *% 0.50500E+04 0.50500E+04% 0.50500E+04
DISPLACEMENTS VS, CHORDWISE LOCATION
AT IHPACT RADIUS .
""""" "X IN~PLAHE " QUT-OF-PLANE
0.0 0.97765E~01 -.635964E+00
0.60000E+00 G.44975E-01 «.55644E+00
0.12000F+01 -, 21707E-01 -.45602E+00
T o - - T T “D.18000E+01 < -.58389E-01 < T-.35560E+00 T 0 77 7 7
0.24000E+01 -, 15507E+00 -.25518E+00
0.30000E+01 -.22175E+00 -.15476E+00
0.36000E+01 -.28844E+00 ~.54339E-D1
T T T e T 0.42000E+01  ~.35512E+00 T 0.46080E-01
0.48000E+02 ~.42180E+00 0.14450E+00
0.54000E+02 - .48B84BE+00 0.24692E400

R T _
#R=0.2900E4+024R=0 . 3000E+025R=0.3075E

~-.2430E+05
=, 2430E+0DB
-.2430E+05
-.2630E+05
-.2630E+05

. =.2630E+05_

~.2430E+05
~.2630E+05
-.2430E+05
~.2430E+05
-.2430E+05
~.2430E+05
~. 2430E+05
~+2430E+05
-.2450E+05

¥ -,2429E+05

#* - RG2EH0L

* —-.2GE9E+05
¥ ~.2629E405
# -, 2429E405

¥ —.2629E405

~.E429E+05
~.2425E+05
-.2G29E+05

-.242GF+405 |

~.2429E+05

*

#

*

#*

# -, 2G29E+05
#

¥ -.2G29E+05
#
*

T+ 2489E+05

- 26G29E+05

+02



__________________________ 0.62500E+01 - .58295E+00 0.38918E200
0.72500E+01  ~.69409E+60 0.55655E+400
0.82500E+01  -.AOGR2E+00 0.723%92E+00
§.G2500E+01  ~.91636E+00 0.89128E+00
C.10000E+02  -.10iT5E+01 _  0.10377E+0%

AT IMPACT RADIUS

T AN A

STRESS-X STRESS~Y SHEAR-XY
T S ¥R=0.2700E+02%R=0,3000L+02%R=0.3075E402 #R=0.2900E+02¥R=0,3000E+02¥R=0.3075E+02 #R=0.2900E+G2#R=0.3000E+02%R=0. 30756302
9.0 # 0.2888E+05 ¥ 0.2586E+05 % 0.2355E+05 # ~ 1112E+05 # -,9174E+0% % —,.7681E+06 % 0.2532E+05 % 0.2531E+05 % 0.2531E+05
G.6000E+D0 * G.2B56E+05 # Q.ZBSGE+05 # B.2355E405 # - 1112E+05 % -, 9174E+06 # -, 7681E+94 % 0.2532E+05 # 0.2571.405 # 0.2531E+05
0.3200E4N2 % 0.2888E+05 # §.2586E+05 # 0.2355E+05 % - ,1112E+05 ¥ - 9174E+0G % —,7681E+06 * 0,2532E+05 % Q.2531E+05 ¥ 0.2531E+405
—..3.1800E+0L % 0, 7388E+D5 # 0.C5BL6E+05 ¥# 0,2355E+405 # -, 1112E+05 % -.9174E+04 % ~,7681E+064 # 0.2532E+05 % 0,2531E+05 # 0,25%1E+05 _
0.2400E401 # 0.288B8E+05 ¥ O.05B6E+05 * 0.2355E4C5 # - 111PE+05 ¥ ~,G174E+04 # -, 7481E+G4 % 0.25326+05 # 0.2531E+05 % 0.25I1E+05
C.3000E201 3 0.2838E+05 ¥ 0.2586E+05 # 0.2355E+05 # —.1112E+05 3 - ,917G6E+06G # -.7681E+04 % 0.2532E+05 * 0.2531FE+05 # 0.2531E+05
0.36G0E+0) # 0.28B88E+05 # 0.2586E+05 % 0.2355E405 # -, 1112E+05 % -.9174E304 % -, T681E+0G # 0.2532E+05 % 0.2521E+05 # 0.2531E+05
.. 0.6200E+01 % 0.28BBE+05 # 0.2556E4035 # 0.23I55E+05 # ~,1I12E+05 % - 9174E+04 ¥ ~.7681E+04 % D _25I2E+05 # 0.2531E+405 ¥ 0.2531F+05
0.6800£+01 # 0.2838E+05 # J.2586E+05 % 0.2355E+405 # - I112E105 ¥ ~.9176F+N4 % -, 7HBLE+04 # 0.2532E+05 & 0,2551E+05 # 0.2531E+05
0.5400E+01 # 0.288BE+05 # 0.25B6E+05 # 0.2355E+405 % -.1112E+05 % -.9176E+04 # -.7681E+046 % 0.2532E+05 # 0.2531E405 # §,2531E+05
0.6250E+D1 # 0.2885E+05 % 0.2586E405 # Q.2I55E+05 % ~.1112F405 ¥ - OL74E+04 % -, 7681E+04 ¥ 0.2530C+05 % 0.2531E+405 # 0.2531FE+05
. 0.7250E+01 # 0.7888E+05 ¥ 0,2566E+05 # 0.2355E405 ¥ -,1112E+05 # - 9174E+0& % -.7681E+04 3 0.2532E+05 % 0.2531E+405 ¥ 0.2531E+05
0.5250E+401 % 0.2888E+05 # D.2586E+05 # 0.2355E+05 # -,1112E+05 # ~_9174E+06 % —.7681E+04 # 0.2532E+05 % 0.2531E+05 % 0.2531E+05
0.92B0E+01 # 0.2688F+05 # 0,2586E+05 % J.2355E+05 # -, 1112E+05 #% -.9174E+06 % —,7681E+06 # 0.2532E+05 ¥ 0.2531E+05 # 0.2531E+06
0.1000E+02 ¥ 0.2888E¢05 ¥ 0.Z586E+05 # D.2355E+05 ¥ - 1112E+05 % = .9174E+04 # ~,7681E+406 % 0.25328405 % 0.253iE+05 # 0,2531E+05
TIME=0.12816%9E~01 SEC
DISPLACEMENTS AND BENDING STRESSES VS. RAUDTIAL STATION ﬁ%? &
DISPLACEMENTS RADIAL BENDING STRESS b %’
_____ e =R JIM-PLANE O CUT-DF-PLANY ®%¥LED~EDG, CHD-PHT . TRL-EDG — :
0.27000E+02 ~.33029E+00 0.19374E+00 #% 9.75674Es05 0.75674E+05 0.755674E+05 é? 55?
0.28000E+02 - 4G965E+00 0.30739E¢00 %% 0.66837E+05 0.66837E+05 0.65837E405 wg
0.2%000E+02 -.BE69U1E+00 0.41605E+00 #¥* 0.60926E+05 0.60926E4+05 0.60926E+05 o
i B 30000E402 | - . 68637E+00  @.52469E+00 #x 0.57210E+05 0.57210E+05 ~ 0.B72L0E+05 . =
0.30750E<02 -, 77785E+00 0.60618E+00 #% 0.54365E:05 0.54365E+05 0.54365E405 o
0.31750E+02 ~.B9723E¢00 0.71483E+00 #& ¢.45632E+05 0.45632E+05 0.G5632E+05 g:’g3
0.32750E+02 -.10166E+01 0.8236BE+00 #K 0.36973E+05 0.36973E+05 0.36973E405 ¥y oy
0.33750E402 _ -.11360E+01 _ 0.93213E+00 ¥ 0.2841BE+05 = 0.28418E+05  0.28418E+05 e P

.. STRESSES V5. CHORDUISE LOCATION

DISPLACEHENTS VS, CHORDMISE LOCATION
o AT IHPACT RADIUS

¥ IN-PLANE OUT-~0F ~-PLANE
6.0 -.3E520E+00 6.39636E+00
- T0.60000E400 T ~.56B73E+00 T T 0.40938E+00 7 )
#.12000E+401 ~.58582E+00 0.42585E+00
0.18000E+01 ~.60291E+D0 0.44232E+00
0.26000E+01 -.62000E+00 0.45880E+00
- T 0.ID0ODE+DL T ~.637GOEX00  TR.4VB2VE+0D T - -
0.36000E+0L -.6541B8E+00 0.49175E+00
0.42000E+01 ~.67127E+00 0.50822E+08



0.4B000E+GL  -.68B37E+00
0.54000E+01 -, 70546Z+00
0.62500E+0) -, 72567E+00
0.72500E+01  -~.75E15E+G0
0.82500E+01 -, 7BL64E+00
6.925005+0%  -.B151ZE+00
0.20000E+02  -.84005E+00

0.52469E+00
0.55117E+60
0.56G50E+00
B.59195E+00
0.61942E+00
0.64687E+00
0.£7090E+06

STRESSES V5. CHORDWISE LOCATION

i
ha
Lot
7

AT IHPACT RADIUS

********ﬂ***##*

- 3Z07E+3%
~.3287E+04
~.3207E+04
~.3207E4+0G
=-.3207TE+04
-.3207E+D4
-.3207E+04
~.3207E+06
~.3207E+05

~.3207E+00 *

-.3207E+04
~. 3207E+04
~.3207E+0%
~.3207E+04
-.3207E+04

*

B
*
*
*
¥#
*
3
3+
#
#
*
*
¥
#®

SHEAR-XY

=-.3207E+04

? ~,3207E+04

~.3207E+04
~.3207E+04
-, 3207E+04
~.3207E+04
-.320YE+04
~.3207E:09
-.3207E+04
-.3207E+04
-.3207E+0G
~.3207E+04%
-.3207E+04
~.3207E+04
~.3207E+04

STRESS-X STRESS-Y
% ¥R=D.2900E+02#R=0.3000E+02%R=0.3075E+02 *R=0, 2900E+02%R=0.3000E+02%RA=0. 30756402 ¥R=0.2000E+024R=
.0 ¥ 0.3675E+04 % 0.34609E406 % 0,3196E+04 % 0.&093E+05 = 0. S721E+05 ¥ 0.5G3&E+05
—-0.6000E+00 # 0. 3675E+06 % 0.3400E+04 # 0.3196E+06 * 0.6093E+05 * 0,5721E+05 * 0.54356F+05 _
0.1200E+01 # 0,.3675E¢06 # 0.3409E+04 * 0.3196E404 ¥ 0.0093E405 # 0.5721E+05 # 0.5436E+05
0.1800E+01 # 0,3675E+04 % 0.3G09E+04 % 0.3104E+04 # D.6093E+05 # 0.5721E+05 # 0,.5435E+05
0.2400E+0] * 0.3675E+04 # 0.3409E+04 # 0.3105E+06 & 0.6093E+05 # 0.5721E+05 % 0.5436F+95
- 0.3000E+01 % 0.3675E406% % 0.3609E:04 0.3196E+04 ¥ 0.6093E+05 % 0.5721E+05 # 0.5436£405
0.3600E+01 * 0.3675E+06 % 0.34095-04 % 0.3106E406 0.6093E+05 % 0.5721E+05 ¥ 0.56436E+05
0.4200E401 # 0.3675E+0G & ¢.3405E+04 % 0.3193E406 # 0.6093E+05 # D,.5721E+05 # 0.5436E+05
0.4800E+0) * U.3675E+06G % 0.35095406 % 0.3106E406 G.6093E+05 # 0.5721E+05 # 0.5436E465
. 0.5400E401 # 0,3675E+04 % J0.3409E406 ¥ 0.3196E+04 ¥ 0.6093E+05 ¥ 0.5721L+05 ¥ 0.5435E405
0,6250E+00 * 0.3675E+04 # ©.3400E+04 & D.3196E+04 % 0.6093E+05 % 0.5721E+05 # 0.5436E+05
0.7850E+01 # 0.367EE+04 ¥ 0.3609E+04 % 0,3196E¢04 * 0.6093E405 % 0.57Z1F+05 ¥ 0.5634E+05
0.8250E+01 # 0.3675E+04 #% D.IGOYE+04 ¥ 0.3196E+04 % G.6093F+05 ¥ 0.5723E+05 * 0.5436E+05
. 0.9250E+0) % 0.3675E+06 # 0, 3409E+04 * 0,3196E+04 ¥ 0,6093E+05 # £.57215+05 * 0.5436E+05
0.1000E+02 % 0.3475E404 % 0.3409E+04 & 0.3195E+04 % 0.6993E+05 % 0.5721E405 ¥ 0.5436E+05
TIHE=0.i57157E-01 SEC
DISPLACEHENTS AND BENDING STHESSES V5. RADIAL STATION
- - DISPLACEMENTS RADIAL BENWDING STRESS
R IN~-PLANE OUT-OF -PLANE#*%LED-EDG CHO-PNT TRL-EDG
0.27000E+02 0.14056E+00 0.22743E-01 #% -, 28102E+05 ~.261G2E+05 -.28102E+05
. 0.28000E+G2 0. 2oﬁ;DE+uor_mm:,33sgq5-01,*ﬁ"-.235735+05 -.23873E+05 ~.23873E+05
8.29000E+02 0, 27284E+00 ~.90382E~0QL %% -,22000E+05 ~.22000E£+05 -.22000E+05
0.30000E+02 G.33898E+00 ~.14694E+00 #% -, 20823E+05 -.20823E+05 -.20B823E+05
D.30750E+02 0.38859E+00 ~.18937E400 ¥# -,19918E+05 -.19918E+05 ~.19918E+05
0.31750E+02 0,45473E+00 _ ~.24593E+00 *» ~.17146E+05 ~.17146E+05 ~.17146E+05
0.32750E402 " 4.52087E+60 ~.30249E:00 *% - 14355E+05 ~.16365E+0%5 ~.14365E405
0,.33750E402 0.58701E+00 -.35905E+00 #% - 11513E+05 ~,11513E+05 ~.11513E+05

DISPLACEMENTS VS. CHORDWISE LOCATION
AT IHPACT RADIUS

.9

0.60000E+00
0.12000E+01
" 0.18000E+01
0.254000E+01
0.30000E+01

IN-PLANE

0.68892E~01
0.96334E-01
@.13100E+00
0.16566E+00
0.20033E+00
0.23499E+00

OUT-0F-PLANE
0.32166E+00
0.27405E+00
0.21391E+00
0.15377E+00
0.93624E-01
0.33482E-01

%.3000E+02#R=0.3075E+02

¥ - 3206E+404

% - 3206E+04

# -.3206E+04
¥ ~, 3205E+04
# - .3206E+05
# -, 32056E+04
*® - 3205E40%
¥ ~_3206E+04
# - .3206E+04

=.3206E+04 -

W

# -.3206E+04
# ~,3206E:06G
# ~.3206E+04
#
#*

-.3206E+04

—.3206E+04%



DG Lt

e e R ETIRYS

e

.

S 0.36000E+01  0.26966E+00 -, 26660E-01
% 0.42000E+01  0.30432E400  -.B6802E-0}
1 0.48000E+01  0.33898E+00  -.14494E+00
§ 0.54000E401  0.37365E+00  ~.2z0709E+00
¢ — e 0.62500E+01  0.422768+00  -.292298+00
b 0.72500E+01  0.G8053E+00  -~.39252E+00
H 0.82500E+01  0.53830E+00  -.49276F+00
i 0.92500E+01  0.56608E+00  ~-.59300E+00
£ et e+ - e 0 10000E+02  _ 0.64663E+00 - .68070E+00
¢

i

ETLN

STRESS-X

- STRESSES V5. CHORDWISE LOCATION
AT IMPACT RADIUS

STRESS-Y SHEAR-XY
—e o KoL ¥RE0,2900E4+02vR=0.3000E402%R=0, 30756402 #R=0.29005+402%R=0.3000E+024R=0. 30756402 *H=0.29G0E+024R=0.3000E+024R=0. 3075E+02
0.0 # -.2595E405 % - 2420E+05 * ~,2290E+405 # —.27008:05 -.2082E+05 % - 1992E+05 # -.1873E+05 = ~.1872E+05 # -, 1872E+05
0.5000E+00 #* -.2595E405 # —-.2622E+05 ~-2290E405 # -, 22Q0E+05 % -.2082E405 # —.1992E4D5 ~+1873E405 # -, 1872E+05 & ~,1872E+05
0.1200E+01 % ~.2595E+05 # -.2G22E+05 % -.2290E405 ¥ --2200E+D5 # - 2082E+05 % -.1992E+05 # -, 1873E+05 * ~.1872E+405 % —,1872E+05
-.0.1800E+0F % -.2595E405 ¥ - 2422E+05 # -,p2290E+05 ¥ —.22D0E+05 * -.2082E405 % -.1992E+05 # -.187IE+05 # -.1872E+05 % -, 1872E+05
0.24008401 % -.Z595E+05 % ~.2G22E+05 ¥ —,2290E+05 ~-2200E+05 % - 2082E+05 # -.1992E+05 # —.1B73E405 * ~.1872E+05 # - 1872E+05
0.3000E+01 # - 2595£405 % -, 2622E405 ® -.22908405 & -+2200E405 *# - 2082E405 % -.1992E405 # -,1B73E+05 % -.1872E+05 # -,1872E+05
0.3600E+401 # -.2595E405 # -.2022E+05 % -,2290E405 -.22D0E+05 # - 2082E+405 * -,1992£405 # ~.1873E+05 % -.1872E+405 # -,1872E+05
—-.0:4200E+01 % - 2595E405 ¥ -.2622E405 ¥ -.229DE+05 % ~.2200E+05 # -.2082E+405 % -,1992E405 # ~.1873E405 * -.1872E+405 % -,1872E+05
0.4800E+01 % - 2595E+05 & ~.2G22E+05 # —~.2290E405 & =-2200E+05 # - 2082E405 % -,1992E+G5 ~.1873E+405 # - 1B72E+05 % -,1872E+05
0.5400E+01 # ~.2595E+05 ¥ —.26G22E+05 % -, 2290E+05 & ~.2200E+05 ¥# - ,2082E+05 % -,1992F+06 & ~-1873E+05 # - 1872E+05 % -,1872E405
0.6C50E+01 % -.2595E405 # -,2422E405 ¥ -,2290F+05 ~.2200E+05 # - 2082E+05 % ~,1992E+08 x “.1873E+05 * -.1872E+405 * -.1872E+05
— 0. 7250E+01 * - .2595E405 #_-.2622E405 ¥ - 2700E+05 # ~+2Z00E+05 % -.2082E+05 # -.1992E+05 * -.1B73E405 ~.1872E+05 # -,1872E+05
0.8250E+01 # ~.2595E+05 % ~.26422E+05 # —,p290E+05 ~-2200E+05 % -,2082E405 ¥ -.1992E+05 % -, 1873E+05 % ~.187ZE+05 # -_1872E+05
0.9250E+07 # - 2E9BE405 # -.2422E405 * - 2290405 ~.2200E405 # - 2082E405 % -.1992E+05 ¥ =.1873E+05 * ~. 1872E+05 # -, 1872E+05 [aRe)
| 0.1000E+02 % -.2595E+05 % ~,2622E+05 # -, 2200E+05 ~-2200E+05 ® -.2082E+05 % -,1992E+05 # —.1873E405 # -.1872E+05 #* - 1872E+05 ) Eﬂ
N S md Q3
¢ < 2
TIME=0.186145E-01 SEC =) E:
DISPLACEMENTS AMD BENDING STRESSES VS. RADIAL STATION %% gi
DISPLACEMENTS RADIAL BENDING STRESS E: E}
oo B IN-PLANE - QUT-OF-PLANE**%LED-EDG CHD~FNT TRL-EDG = T
0.27000FE+02 0.25773E400 ~.19B32E+00 *% - . 44022E+05 ~.44022E+05 ~.44022E405 :E —
0.28000E+02 0.35375E+00 =.29426E+00 ## -, 38984E+05 -.38986E+05 ~.38984E+05 £
0.29000E+02 0.44976E+00 =-.39020E+00 %% - 35179E+05 -.35179E+05 ~.35179E+05
“g,3QQDUEfg?___“9:545?§E+09“_h7:,4&@1}E#00 #% -, 32784E405 ~.32784E+05 -.32784E+05
T T 0.307508462 0.61775E+00 ~.55808E+00 ¥% -.3I0957E+0%5 -.30957E+05 -.30957E+05
0.31750E+02 0.71381E+00 -.65402E+00 *¥ - 25332E+05 ~.25332E+05 -.25332E+05
0.32750E+02 0.80983E+00 ~.74996E+00 #% — 19781E+05 -.19781E+05 ~.19781E+05
DL%;??ngqgmmm_9190§§§E50Q”"_A-t5958?E+00 *## = 16419E+405 --14619E+05  -.14419E+05

DISPLACEMENTS VS. CHORDMISE LOCATION
i AT IMPACT RADIUS

X
6.0
0.68000E+00
0.12000E+01
0.18000E+01

IN-PLANS

0.46G682E+20
0. 45687E+00
0.46957E+00
0.48228E+00

OUT-OF-PLANE
~.45210E+00
-.45556E+00
~.45992E+00
=.96429E+00



¥

i
[
£
=)

i

WIS AT

ST L S i

0.5%000E+01
0.62500E401
0.72500E+01

0.82600E+03

0.92500E+01
9.10000E+02

.. B-26000E+01
0.30000E+01
0.36000E+01
0.42000E+01

. 0.48000E+01

0.49698E+00 -, 46866E+00
0.50768E400  ~.47303E+00
0.52038E+00  ~.47740E+00
0.53308E+00  -~.48176E+00
0.54578E+00 ~.4B613E+00
0.55846E+00  -.49050E+00
0.57648E400 - ,49669E+00
0.59764E+00  -.50397E+00
0.61881E+00 _  -.51125E+00
0.63998E+06 - .51853E+00
0.65850E+00  ~,52490E+00

STRESSES VS. CHORDWISE LOCATION
AT IMPACT RADIUS

0.6183E+0¢
0.6183E+04
0.6183E+04
0.6183E+04
0.6183E+04

0.6183E+04 3

0.6183E+04
0.6183E+04%
0.6183E+04

0.6183E404

0.6183E+04
0.6183E+04
0.6183E404

- 0.6183E+04

0.6183E+04

STRESS~X STRESS5~Y
¥ *R=0.2900E+024R=0, 3000E+02%R=0,3075E402 #R=0.2900E+02¥%R=0, 3000E+02%Rx0.3075E+02 #R=
6.0 ¥ 0.2887E+05 # 0.2686E+05 % 0.2535E+405 # -,3I518E405 # ~.3278E+05 % -,3096E+05 #
~0-6000E400 % 0.2887E+05 # 0.2686E+05 % _0.2535E405 # =+3518E+05 ¥ _~,3278E+05 % —, 3096E+05 %
0.1200E+01 # 0.2887E+05 * 0.2686E+05 % 0.p535E405 % -.3518E+05 # -.3278E+05 # -,3096E+05 %
0.1800E401 # 0.28B7E+05 % 0.2686E+05 # 0.2535E405 ¥ -.351BF405 * ~.3278E+05 ¥ - .30G6E+05 3
0.2400E+01 # 0.2887E+05 # 0.2685E405 # 0,2535E405 # ~.3518E+05 ¥ -,.3278E+05 ¥ -, 3094E+05 ¥
— 030008401 % 0,2887E405 % 0.2686E+05 % 0.2535£+05 % = 3B18E+05 ¥ -,3278E+05 % —.3095E+05 %
0.3600E+01 # 0.28B87E+05 # 0.2886E+05 X 0.2535E+405 # -.3518E+05 ¥ -.3278E405 # —.3095E405 #
0.4200E+01 % 0.2887E+05 # 0,.2686E+05 * 0.2535E+05 ~.3B18E+05 * -, 327BE+05 % ~,TN06E+05 %
0.4800E+01 # 0,2887E+05 # 0.2686E+05 & 0.2535E+05 ~.3518E+C5 # ~.3278E+05 # - NN05E+05 =
— 0.540DE+01 * 0.2887E+05 # 0.2686E+05 * 0,2535E405 # -.3518E405 # . 3278E+05 # ~.3096E+05 *
0.6250E+01 # 0.2887E+05 ¥ 0.2686E+05 # 0.25I5E+05 ~.3518E405 % -, 327BE+05 # ~,3096E+405 #
0.7250E401 % 0.2887E405 *# 0.26085E+05 # 0.2535E405 % —.3518E+05 % -.327BE+05 ¥ —.3096E+05
0.8250E+01 ¥ 0.2BB7E+05 # 0.2686E+05 % 0.2535E+05 & ~,3518E+05 * ~.3278E+05 * -, 3096E+05
—0.9250E+01 % 0,28087E+05 % 0.2686E+05 # 0,2535E+05  # ~.3518E+05 # ~.3278E+05 #* —~.3096E+05 #
T 0.10DGE+02 # 0.2887E405 % 0.2686E505 & G.2535E+05 # -.3518E+05 # ~,3278E+05 # -,3096E<05
TIME=0.215133E-01 SEC
DISPLACEMENTS AND BEWDING $TRESSES VS. RADIAL STATION
DISPLACEMENTS RADIAL BENDING STRESS
R IN-PLANE OUT-OF ~PLANE %[ ED-EDG CHD-PHT TRL-EDG
0.27000E+02 0.561188E-01 -.68930E-0) #% 0.1151GE+05 0.11510E+05 0.11510E+05
0.88000E402  §,75653E-01  -.B2111E-01 i 0.96758E+04 . 0.96758E+0G 0.96758E+404
T T 9L Z9000E02 T "D 50118E-61 C.95B90E-01 %% 0.89649E+04 0.89649E+04 0.89649E+04
0.30000E+02 0.10458E4+06 -.10847E+00 ## 0.85199E+06 0.85199E+04 0.85199E+04
0.30750E+02 0.11543E+00 ~.11835E+00 ## 0,Bl767E+0% 0.81767E+04% 0.8176 7E+04
0.31750E+02 0.12990E+00 >:13153E+00 ## 0.71316E+04  0.71316E+04  0.71316E+04 o
0. 327E0EG2 0. 16558E 00 =L 14671E400 ¥# 0.60978E+04 0.60978E+04 0.60978E+0G -
0.337508+02 0.15883E+00 ~.15789E+00 ¥## 0,502585+04 0.50258E406 ¢.502538E+04%

DISPLACEHENTS V5. CHORDMISE LOCATIOM
AT IMPACT RADIUS

0.
0

g

Q
&0000E+00

T IN-FLAHE ~  “OUT-OF-PLANE
0.1531%E+00 ~.25159E+00
0.14825£+00 ~.23705E+00

" SHEAR- Xy

0.2900E+32%R=0. 3000E+02%R=0, 3075E+02

¥ 0.6181E+04 % 0.6180E404

¥ 0.6181E+04
¥ 0.6181E+04
# 0.6181E+06
¥ 0.6181E+04
* 0.6181E+04
¥ 0.61B1E+04
# 0.6181E+04
* 0.6181E+04
#
*
3*
#
*
#*

0.6181E+04

0.6181E+04
0.6181E+04
0.6181E+04

0.6181E+04% #*

0.6181E+04

#*

*
*
*
*
#*
#*
3*
#
4
i
*
*
#

0.56130E+04
0.6180E+04
0.6180E+04
0.6160E+04

0.56180E404

0.6180E+04
G.6180E+04
0.6180E+04
0.6180E+04
0.6180E+04
0.61B0E+04
0.5180E+04
0.6180E+04
0.6180E+04




=1%¢-

0. 16000E+01
0.24000E4+01
0.30000E+D1

_0.36000E+01

0.42000E+01
0.48000E+01
0 54000E+01

0.72300E401
0.82500E+01
0.92500E+02

0.10000E+02

.. . 0.24201E+0C
0.13577E+00

0.12956E+00
0.12330E+00
0.11706E+00
0.11082E+00
0.10458E400
0.98344E-01

0.89507E-00 -

0.7910E~-02
0.68712E-01
0.58315E-01

0.49217E-01.. _.

AT IMPACT RADIUS

-, 2186BE400

~.20031E+00
-.18194E+00
~.16357E+00

~-1G521E+00

~-.126B4E+00
~.10847E£00
-.90102E-01

~.33467E~01
~.265Y4E-02
0.27760E-01
0.56546E-01

_STRESSES V5, CHORDWISE LOCATION

L64089E=01

0.8785E+04
0.8785E+04
0.87685E+04

0.8785E+04 %

0.8785E+04
0.8785E+04
0.8785E404
 G.8785E40%
0.8785E+04
0.8785E+04
0.8785E+04

0.8785E+0% *

0.8785E+04
0.8785E+04
0.8785E+04

STRESS-X STRESS-Y
e — % . ¥RZ0.2900E+028%=0.3000E+02%R=0, 3075E+02_¥R=0.2900E+02%R=
0.0 ¥ 0.3703E+05 # 0.3462E+05 & 0.3280FE+05 % 0 .B965E405 # 0. B520E+04 # 0.BL77E+04 #
0.6000E+00 # 0.3703E+05 % 0,3462E+05 % 0.3280E+05 # 0.8965E+0G % 0.8520E+04 % 0.8177E+0G &
0.E200E+01 % 0,3703E+05 % 0.3462E+05 # 0.32B05+405 ¥ 0.8965E+04 3 0,8520E+06 % 0.BL77E+04 #
0.1800E<0L # 0.3703E405 # 0.3462E405 * 0.3280E+05 _# 0.8955E+04 # 0,8520E+06 ¥ 0.8177E+04. %
0.24D0E+01 # 0.3703E405 % 0.3462E+05 # 0,3280E+05 % 0.BO65E404 0.8520E+04 % 0.8177E+06 %
0.3000E+DL # 0,3703E+405 # 0.3462E+05 # 0,3280E+05 & 0,8965E+05 % 0,8520E+04 ¥ 0.8177E+04 %
0.3600E+01 # 0.3703E+05 ¥ 0.3462E+05 ¥ 0.3280E+05 % 0.8965E+06G % 0.8520E+04 ¥ 0.8177E+04 #
— 0.5200E+01 % 6.3703E+05 * 0.3462E+05 ¥ 0,3280E+05 _# 0.8965E+04 % 0.8520E+04 * 0.B177E+04 %
0.4800E+01 % 0.3703E+05 # 0.3462E+405 # 0.3280E+05 ¥ 0.BOS5E+04 ¥ 0.8520E+0% ® 0.81l77E+04 #
0.5400E401 # 0.3703E+405 % 0.3462E+05 % 0.3280E+05 % 0.8965E+0G # 0.8520E+04 ¥ 0.B177E+06
0.6250E+01 % 0.3703E+05 % 0.3G62E+05 # 0.3200E+05 % 0.B965E+0G # 0.8500E+04 ¥ 0.B177E+06 #
0,7250E+01 # 0. 2.2 0. 3062E+05 # 0.3280E+Q5 % 0.8965E+04 # 0.8520E+04 # 0.8177E+06 #
0.8250E+01 ¥ 0. ¥ 0.3462E405 ¥ 0.3280E+05 # 0.8965E+04 ¥ 0.B520E+D4 * 0.8177E+0G #
0.9250E+01 % 0,3703E+05 # 0.3462E+05 % 0.3280E+05 # 0.8965E406G # 0.8520E+0G % O.BIVTE404 %
0.1000E+02 # 0.3703E+05 % 0.3462E405 # 0.3280E+05 * 0.8965E+06 # 0.8520E+406 # 0.6177E4+0G ¥
TIHE=D,244121E~-01 SEC
DISPLACEMENTS AND BENDIMG STRESSES VS. RADIAL STATION
DISPLAGEHENTS RADIAL BENDING STRESS
—— e B IN-PLANE OUT-OF-PLANE¥*%LED-EDG CHB-FHT TRL-EDG o
0.27000E+02 —.11EXBEAD0 T D.10322E+400 w¢ 0.49779E+04 0.49779E+04 9.49779E+06
0.28000E+02 -.1658)E+00 G.16170E+00 ¥ 0.48937E+04 0.GBO37E+04 0.48937E+0¢
0.25000E+02 -.22646E+00 0.22018E+00 %% 0.42977E+04 0.42977E+04 0.42977E+04
0.30000E+02 -.27912E+00  0.27665E400 %% 0.39187E+06 0.39187E+0%  0.39187E+04
0.30750E+02 - 32011E+007 7 0.35251E+400 wk 0.36370E+04 0.36370E+04 0.36370E+06
0.31750E202 ~.37076E+00 0.38098E+00 ## 0.276G97E+0% C.27497E+04 0.27497E+06
0.32750E402 ~.42942E400 0.439496E+00 %#% 0,18780E+04 0.18780E+04 0.18780E+04
0,33750E202 _ -.4B408E+00_ _ 0.49793E+00 ¥% 0.10948E+06 0.10948E+04  0.10948E+04

_ DISPLACEMENTS VS. CHORDWISE LDCATION

AT THPALT RADIUS

IN-PLANE

QUT-DF -PLANE

#

»
#
3
ES
#
*
*
#*
*
#
*
*
]
*

SHEAR-XY

0.8783E+04 *
0,8783E+04 %
0.8783E+04 *
0.8783E404 #
0.8763E+0% %
0.8783E+04G %
0.8783E+04 *
0.8783E+04 *
0.8783E+04 *
0.8783E+04 %
0.8763E+04 #
0.B783E+04 %
0.8783E+04 #
0.8783E+06G *
0.8783E+04 *

0.3000E+02%R=0.3075E+02 %#R=y,2900E+025R=0,3000E+02%R=0,3075E+02

0.8781E+04
0.8781E+04
0.8781E+04

0.8781E+04% .

0.8781E+049
0.86781E+0%
0.8781E+04

.0.8781E+04

0.8781E+04
0.8781E+04
0.8781E+04
0.8781E+04
0.8781E+04
0.8781E+04%
0.8761E+0%



Lo S SRR
p

P

i o e H = 3742E405 # =«3501E+405 % - 3318F405 & 0.4298E+04 # g, 3919E404 % 0.3637E+04 « ~+7571E404 % -, 7569E305 x ~.7567E+04
0-6000E400 # -, 42E+05 # *.2:3501F405 % - 33 ¥ 0.4298E+04 D.3%19E+06 * 0.3637E+04 = =+ 7571E+04 ¥ 2 TBE9EL0G % T TBE7ES0G e e
. 1200E+01 # -, 3742F 405 5" ~.3501E+05 # ¥ 0,.46298E+04 « 0.3919E:04 « 0.3637E+06 x -.7571£+nq ¥ ~,7569E4+04 ¥ -.7567E404
0.1800E4+01 # -.37425+os % - 3501E+05 » ~+3318E+05 g, 4298E+04 % 0,3910E400 0.3637E404 » "o 7BTIEH04 % - 7569E4+04 & -.7567E+04
G.2400E+01 » ~.3T4RE+0B ~.3501E+05 ~.3318E+05 g, 4298E+04 % 0.3916E+q4 % 0.3637E+04 = = 7571E+0G % - 7559404 » ~. 756 7E+04
—- 0.3000E+0] # - =:3762E+05 M. 3501E405 ¥ - +3318E+05 s ¢, G298E+04 % 0.3919E404 » 0.3637E+06 =« -=TB7TIE+0G & =.7569E+04_# -=eI567EH04 - .
0.3600E+01 8 T <3742E405 « ~.3501E+086 % ~.3318E405 "x B.4298E+04 # 0.3915E:04 » 0.3637E406 = -.7571E+04 = ~.7569E406 % - <756 7E+04
0.4200E+01 + =+3742E805 ¥ « 3500E+05 « -3318E+05 « 0.4298E+04 * 0.3919E+04 » 0.3637E+04 % =~ 7571E+04 # ~.7569E+06 » ~. 756 7E+04
g, 0.6800E+0] ~.3742E+05 # ~.3501E+05 % =.3318E405 # g, 4298E+0G % 0.3919Esp4 » 0.3637E+04 = =+ 7571E+04 # - 7559E+q4 i ~-.7567E404
£~ —-0.5500E301 u #m;;;zggggggmg_;ngglgggs ¥.7=3318E+05_ % o, 429BE+04 % 0.3919F+04 x 0.3637E+04 ¥ - 7571E+06 w ",?5695+04,g_r.75675+n4 . »
to 0.6250E+D1 -3742E405 # ~.3501E+05 # = -331BE+05 ® 0.4298E+04 * 0.3919E+04 x 0.3637E104 # --7571E+04 u =« 7569E400 % - 7567404
! 0.7250E+01 » = 3742E405 % -,.35018405 » “+3318E405 % 0,6298E404 » 0.3919E404 % 0.3637E404 & =« T571E4D4 % - 7549E404 % - 756 7E+06G
E 0.8250E+01 ® “+3742E+05 * - 3501Eign 5 _ «3318E+05 % g, 4298E+04 ¥ 0.3919F4+04 « 0.3637E+06 « "-7571E40G % -, 7569E304 x - 7567E+00
-0 2250E401 & = 3742E405 = =:3501E+05 = L =-3318E4p5 % ¢, 4298E40G % @, 3919E+04 # 0.3637E304 "« I571E40% ¥ -, 7569E404 ¥ -.7567E+04
0.1060E+02 %" ~.3742E405 & ~ «3501E+05 # ~.3318E+05 w 0.4298E+0% % 0.3519r+04 & 0.3637E404 x . 7571E+04 % - 75696486 % .. 756 7E+04
— R — T TIHE=D, 2731096-01 SEg
DISPLACEMENTS ANp BENDING STRESSES VS. RADIAL STATION
T e e e “DISPUARENENTS T - - " RADIAL BENDING STRESS i T e o
] IN-PLANE 0UT~DF-PLANE***LED -EDG CHD-pNT TRL-EDG
#.27000E+02 .312905+nu 0.19413E400 s g, 35794E+05 0.35796E+05 0.35796E+05
0. aanoas+ogn_'w: 39396E+00_“__0 259455+no ¥ 0.31391E405 _0.31391£+05q"m,o.313915+05_""“A”m__ o .
B LES000E o8 =G 7503 0™ 33478400 Wi 0.28284E+05 0.28284E+05 0.28286E405 " e
0.30D00E+02 ~.55510E400 C.39011E+00 #% 0.26330£105 0.26330E+05 0.26330E405
0.30750E402 ~-.61690E+00 " 0.43910E+00 0.24831E+05 0.24831E+05 G.24831E+05
- 0. 317506402 .6979ee+oq__m 0.50443E400 ¥% 0.20235E+05 0.202358+05 0.20235E405 _
T 038 B0E 65 - T7503E 460 0 BE976E+00 % 0.1567%E+05 T0.15674E+05 T 8.15674E+05 -
¢.33750E402 -.86010E+60 0.63509E+00 xx 0.11228E:05 0.11228E+05 0.11228F+05

L ~ e~}
AU A PR A

STRESS. ™

0.0 _
0 600005%00
0.12000E+ [+28
Q. 18000E+03

. 0.24D00E+01
0.3000 0E+D1
0.36000E+p1
8.42000E+0]
0.48000E+01

R L U e

0.54000E+0]
0.62560E+0]
G.72500E+01
0.82500E+01
C.92500E+01
G.10000E+02

~-25945E+00

_~:2G08)E+00

=.24470E+00
- . 24962E+00
-.25453E+00

~.26637E+00
- 26928E+00
- 27420E+00
-27902E+00
=+ 2B4%03E+00
~+29100E+0Q
~.29920E+00
= 30739E+00_ e
-.31559E400
-.32276E+00

STRESSES vs. CHORDMISE Lo

AT

IHPACT RADXIUS
RESS—Y

0.326853E40p
0.32346E+00
0.31706E+00
0.31066E+00

.0.30425E4+00

0.29785E+0p
0.29145E+60
0.28505E:0p

Q.Z?BGSEfDO...mm

0.27225E+00
G.26318E+90
0.25251E+00
B, 24185E+00
0.2311aF+00
0.22185E+00

CATION

SHEAR-XY

X R=0. 2900E+020R= 0.

3000E+02uR=

=0.3075E402 #

© ST
R=0. 2906E+02x%R=p, 3000E+02*R=0.30755*02 *

DISPLACEMENTS VS. chol

AT IMPACT RADIUS

R=D.2900E+024R= 9.3

000E+021R=

0.3075E+02

T e e

ROWISE LOCATIDN



[E

Gl

T

AT

R R T m

0.0

0.60000E+00
0.12000E+D1
0.18000E+01
0.24000E+01
0.30000E+01
0.36000E+01
0.42000E+401
0.48000E+01
0.54000E+01

..0.62R00E+01

0.72500E+01
0.82500E+01
0.92500E+403

.~ 0.10000E+02

IN-FLANE
- 47S5TE+0D
~.4A735E+00

~.49717E+00

~.506%5E+00
~.51651E+00
-.52663E400
-.53645E+00
~.B4A2BE+00
~.Bbol0E+0@
-.B6592E+00

..~ .B7983E+00

=.595208+00
-.61257E4+00
~.62894E400
~.64G326E+00

OUT-0F~PLANE
0.334%4E+00
0.34009E400
0.34724E+00
0.35533E+00
0.361535+00
0.36867E+00
0.37582E+00

C.38295E+00
0.3%011E+00
0.39725E+00

.. 8.40738E+00

0.41%23E¢+00
D.4311SE+00
0.44320E400
0.45352E+00

STRESSES VS. CHORDMISE LOCATION

AT IMPACT RADIUS

STRESS-X STRESS-Y SHEAR-XY
v B HRE0,. 2900E+023R=0 . 3000E+025R=0, 30755402 ¥R=0.2900E+02#R=0,3000E+02%R=0,3075E+02 #R=0.2900E+02%R=0,3000E+025R=0. 30756402
0.9 ¥ ~.3226E405 ¥ - 3000E+05 ¥ -.2828E+05 % 0.2878E+05 ¥ 0.2633E+05 # 0.2483E405 % - 3331E+04 % -.3330E+04 ® -.33308+406
0.6000E+00 % -,3226E+05 % -, 3000E+05 ¥ -.2808E+05 % 0.2328E+05 % 0.2633E+05 ¥ 0.2483E+05 * —.3331E+04 % -,3330E+0G * ~.3330E404
0.1200E+01 * -, 3225E+05 # ~.3000E+05 % - 0B28E+05 ¥ 0.2828E+05 ¥ 0.2633E+05 * 0.2483E+05 #* -.3331E+04 % —.3330E404 % —.3330E+0%
o 0. 1BQ0ES01 ¥ - 3226E405 % -,3000E+05 % -,2828E+05 # 0.2828E+05 x 0.2633E+05 * 0.2483E+05  * -.3331F+04 # -, 3330E+04 % ~.3330E+0G
0.2300E+01 # -, 3206E+05 * -.3000E+05 ¥ -.2928E+05 % 0.2808E+05 ¥ 0.2633£405 ¥ 0.2483E+05 # -.3331E+04 % -,3330E+04 % —,3330E+04
i 0.3000E+01 # —,3226E+05 # ~.3000E+05 % ~.2828E+05 % 0.2828E+05 0.2633E405 # 0.2483E+405 % ~.3331E+04 % —.3330E+04 % —.3330E+04
N 0.3600E+01 % -,3226E+05 * - S000E+05 # -.2820E+05 % 0.2808E+05 % 0.2633E+05 % 0.2483E+05 # -.3331E+04 % -,3330E+04 ¥ —. 3330E+04
ta o 024200401 ¥ - 3ZPEE+06 % -, 3000205 % -,2808E+05 % D.P8OBE405 # 0.2633E+05 # 0.2483E+05 ¥* ~.3331E+04 % —,5330E+06 ¥ —,3330E404
! 0.4800E+01 # - .3226E+05 % -,3000E405 % -.2628E+05 % 0.2828E+05 % 0.2633E+05 ¥ 0.2483E+05 % -.333L1E+04 % -,3330E+04 ¥ —.5330E+04
0.5G600E+01 % -.3226E+05 ¥ -.3000E+05 % ~-,2828E+05 % (0.2828E+05 & 0.2633E+05 # 0.26483E+05 % -,3331E+064 % -.3330E+04 % —.3330E+04
0.6C50E+01 % -, 3226405 * -.3000E+05 # -.2828E+05 % 0.2828E405 % 0.2633E+05 % 0.2483E+05 # -, 3331E+04 % -,3330E+04 * —.3330E+04
_____ 0.7250E40) % -, 3226E+05 ¥ -,3000E+05 % -,2808E+05 % 0.2828E+05 # 0.2633E+05 % 0.2483E+05 % -.3331E406 % -.3330E+04 % —.3330E+04
0.8250E+01 # -.3226E+05 % ~.3000E+05 % ~.2828E+05 # 0.282BE:05 % 0.2633E+05 * 0.2483E+05 * -.3331E+04 % -,3330E+04 * —.3330E+04
0.9250E+01 # -.3226E+05 # -.3000E+05 % ~ 2828E+05 # 0.282¢E<05 ¥ 0.2633E405 # 0.2483E+05 % ~.3331E+04 % -.3330F404 % —.3330E404
0.10002+02 ¥ -.3226E+05 ¥ -.3000E+05 # ~-.2828E+05 % 0.2828E+05 % 0.2633E+05 % 0.2483E+05 % -, 3331E+04 # -,3330E404 * -.3330E+06
D0
TINE=0.302097E-01 SEC ig Eg
- T - DISPLACEMENTS AND BENDING STRESSES V5. RADIAL STATION Eg
DISPLACEMENTS RADIAL BENDING STRESS < E:
] IN-PLAME ~  CUT-OF-PLANE##XLED-EDG CHI-PNT TRL-EDG O g
TN B 000ER 02T 0. 4668E400 -.13697E+00 #%® -, 12667E+05 -.12867E+05 -.12667E+05 s/ e
0.28000E+02 0.16321E+00 -.14404E400 %% -, 11G02E+05 ~.11402E+05 -.11G602E405 E: o
0.29000E+02 0.17954E+00 ~.15112E+00 %% -, 10084E+05 -.10084E+05 ~.1008%E+05 =
0.30000E+02 0.19557E+00 ~.15819E+00 %% -,92554E+04 -.925A4E+04 -.92B64E+04 =
TT0.30750E+02° 7T 0U20810E+00° T - 16349E+00 ¥ - 86191E4+06 ~.86191E404  -.B&L91E+04 = ra
0.31750E+02 0.22G45E+0D -.170B7E+00 %% - 66709E+04 -.66709E+04 ~.66709E+04G
0.32750E+402 0.240758E+00 =~ 17764E+00 *¥ - G74T77E+04 - 4TG7TE+04 ~-.G7477E+04
0.33750E+02 0.25712E+00 ~.18471E+00 %% -.29183E+04 -.29183E+04 -.29163E+04



X
0.0 e
0.60000E+00
0.12000E+01
0.18000E401

A A

STRESS-X

0.30000E+01
0.36000E+01
0.42000E+01

..0.48000E+Q1

0.5%000E+0)
0.62500E+01
0.72500E+01

.. B.8E500E+01

0.925060E+01
0.10000E+02

0.24000E+01

AT IMPACT RADIUS

IN-BLANE

0.28705E+00
0.27779E+00
0.26605E+00
0.25438E+00
D.24268E+00
0.23098E+00
0.21928E+00
0.20758E+060

.0.19587E+00 . .

D.18417E+00
0.16759E+00
0.14809E+00
0.12859E+00
8.10908E+00
0.920)6E-01

OUT-OF - PLANE
~.34586E+00
~+32678E+00
~.30269E+00
-.27861E+0D

.= +25452E400

~.23044E+00
~.20636E+00
~.18227E+00
-.15819E+00
=-.13411E+00
-.99987E-01
-.59847E~01
~.19707E-01
0.20432E-01
0,55555E-01

STRESSES VS, CHORDMWISE LOCATION

AT IMPACT RADIUS

" STRESS-Y

DISFLACEMENTS AND BENDING STRESSES VS. RADYAL STATION

0.81418E+00

OISPLACEHENTS
R IH-PLAME
0.27000E+02 0.18595E400 ~.67796E-01
0.28000E+02 _ 0,27732E+400 _ -.I5719E400
T 6 29000E 62 0.37565E+G0 ~.244658E+00
0.30000E+02 0.46406E+60 -.33598E+00
0.30750E+02 0.53408E+00 ~.40302E+60
0.31750E+02 0.62745E+00 - 49242E+00
8 3ZTEHETOY O 7E0B2EFST T IS81BLESOD
B.33750E+02 ~.67120E+00

B
H¥

W
%
it
L
¥

M

X ¥R=0.2900E+02%R=0.3000E+02%N=0,3075E+02 ¥R=0.2500E+02%R=0.3000E+02#R=0.3075E+02

0.0 # 0.2863E+05 # 0.2663E+05 ¥ 0,2511E+05 % -, 1008E+05 # —.O0256E+0G -.8619E404
— Q-6000E+00 # 0.2863F405 % 0.2663E+05 % 0,2511E+05 % —.1008E+05 ¥ ~.0056E406 -.8519E+04%
D:1200E+01 # G.2863E+05 % U.2663E+05 ¥ 0.2511E405 # - 1008E+05 # —.9256E+06 -.8619E+04
0.1800E+0) * 0,2863E+05 ¥ 0.2663E+05 % 0.2511E+05 ¥ -,1008E405 # —.9256E+06 & ~.BHLOE+04
0.2400E+01 # 0.2863E405 # 0.2663E+05 % 0.2511FE+05 # —.1008E+05 ® -.9256E+04 # -, 8619E+04

- D.3000E+01 % 0,2863E405 ¥ 0.2663E+05 ¥ 0.2511E+05. % -,1008E+05 ¥ -.9256E+04 ® -.8619E+06
0.3500E+01 % 0.2863E+05 % 0.2663E+05 # 0.2511E+05 # -.1008E+05 % -.9256E400 # -.8619E+04
0.4200E+0] # 0.2B863E+05 # 0.2663E+405 # 0.2511E<05 # —.1008E+05 % ~.9256E+04 % -.8619E+0G
0.4800E+01 % 0,.2663E+05 % 0,2663E+05 # 0.2511E+05 # -.100B8E+05 & ~.9256E+04 % -.8619E+04%
.8.5400E401 % 0,2863E405 # 0,2663E+05 * 0.2511E+05 % ~.1008E+05 % - 9256E+06 # - B61SE+04
0.6250E+0) # 0.2863E+05 # 0,2663E405 % 0.2511E+05 * —.100BE+05 % -.9255E+04 # -_B619E+0G
0.7250E+01 # 0.2863E+05 % 0.2663E+05 ¥ 0,2511E+405 # ~.1008E+05 % ~.9258E+06 -.8619E+04
0.8250E+01 # 0.20863E+05 % 0.2663E405 # 0.2511E+05 % -,1008E+05 % ~.9256E+0% # —.85619E+04
0.9230E+01 % 6,2863E+05 % 0,2663E205 % 0.2511E+05 # -.1008E+05 % ~.9256E+04 ¥ —,8619E+04
0.1000E+02 % D.2863E405 # 0.2663E+05 % 0.2511E+05 # -.1008E+05 % -.9256E+06 # -,0619E+04

T TIME=0.331085E-01 SEc’

-.25694E405
~.22653E+05
-~ .20855E+05
~.19722E+05
-.18658E+05
-.16195E+05

-.13526E+05

~.10845E+05

CHB~PNT
-.25494E+05
~.22653E+05

-, 208555405

-.19722E+05
-.18858E+05
-.16195E+05

-.13526E405°

~.10865E+05

- ' RADIAL BENDING STRESS
OUT-OF-PLANE®##LEB~EDG

TRL-EDG
-.25494E+05
~.22653E+05

- .20855E+05

~.19722E+05
~.18858E+05
-.16195E+05

=.13526E+405

—.10845E+05

LRI B I I N )

™

0.1055E+05

0.1055E+05

0.1055E+05
0.1055E+05
0.1055E+05

0.1055E+05

0.1055E+08
0.1055E+05
0.1055E+05
0.1055E+05
0.1055E¢05
0.1055E+05
G.1055E+05

0.1055E+05_

0.1055E+05

SHEAR-XY

0.1055E+05
0.1055E+05
0.1055E+05
0.31055E+05
0.1055E+05
G.1055E+05
0.1055E4+05
0.1055E+08
0.1055E+05
0.1055E+05
0.1055E+05
0.1055E+05
0.1055E+05
0.1055E+05
0.1055E+05

#R=0.2900E+02%R=0,3000E+02¥R=0,3075E+02

0.1055E+0%

0.1055E+05

0.1055E+05
0.1055E+05
0.1055E+85
G.1055E+05
0.1055E+05
0.1055E+05
0.31055E+05
0.1055E+05
0.1055E+05
0.1055E+95
0.1055E+05

_0.1055E+05

G.1055E+05



=GhT~

DISPLACEMENTS VS. CHORDWISE LOCATION
AT IHPACT RADIUS

"
0.0
0.60000E+0D0

0.12000E+06)

0.18000F+01
0.24000E+01
0.30000E+01

0.36000E+01

0.%2000E+01
0.48000E+01
0.54000E+03
0.62500E+01
0.72500E+0%
0.82500E+01
0.92500E+01

.0.10000E+G2

IN-PLANE
0.28131E+00
0.29988E+00

0.32333E+00

0.34679E400
0.37026E+00
0.39369E+00
0.41715E+00
0.44060E+00
0,%6406E400
0.48751E+00
0.52076E+00
0.55%83E+00
0.59892E+00
0.63801E+00

L0.67221E400

OUT-0F-PLANE

-.12225E+00
=.14397E+00
- 17140E+00
-.19883E+00
~.22626E+00
-.2536%E+00
-.£8112E+00
-.30855E+00
=-.33596E+00
~.35341E+00
~.40227E+00
~.G4798E+00
~.49370E+00
=-.53942E+00

AT IMPACT RADIVUS

* -, 2627E+04
® - 262TE+04
® ~,2627E+04
# - 2627E404
¥ - .2627E+0G
* — . 2627E+04
* ~,2627E+04
# - 2627E+04
¥ -.2627E+04
* -, 2627E+0G
® -, 2627E+04
¥ -.2627E404
* -, 2627E+04
¥ - 2627E104
# - 2627E+04

STRESS-X STRESS-Y SHEAR-XY
._[‘_K_____"¥R=D229QQ§*92¥R?UL§DQDEfDE?R=Q,30755}02_*R=DE2900E+02*R=0.3DOBE+82*R=U.3075E+02 #H=0.2900F+02%R=0,3000E+02%R=0, 3075E+02

0.0 % €.1081E+05 % 0.1026E405 # 0.98B5E+06 # -.P0B5E+D5 # ~,19072E+405 # -, 1886E+05 ~.2628E404 % -, 2628E+404
0.6000E400 * 0.1081E+05 # 0.1028E+05 # 0.9889E404 # -, 2085E+05 % ~.1972E+05 ~.1886E+05 % - _2628E+0G ¥ —,2628E+04
0,2200E+01 ¥ 0.1081E+05 % 0.1028E+05 # 0.9859E+04 # -, P0B5E+05 # ~.1972E405 & ~.1886E+05 # - ,2628E+04 # —.2608E+06G
0.1800E+01 ¥ 0.10B1E+05 % 0.1028E+05 % 0.9889E+04 % ~,2085E405 # . 1972E+05 % ~.18BGE+05 ¥ -.262B8E4+04G % -.2628E+06
0.2400E+01 * 0.10B1E+05 % 0.102BE+05 # 0.98B9E+04 # —.2085E+05 # -.1972E+05 & -.18B6E+05 % - 262BE+04 % -, 2628E+04
0.3000E+01 % 0.1081E+05 % 0.1028E+05 % 0.9889E+064 ¥ -.2085C+05 % —.1072E+05 # ~.1886E+05 # —.262BE+0G % -,262BE+04
0.3600E+01 # 0.10D81E+05 % 0.102BE+05 % 0.9889E+04 # ~.20B5E+405 % ~.1972E<05 % ~.1B886E+05 * -.2628E+04 ¥ -.2628E+04
_D.4200E+01 * 0,1081E405 * 0,1028E+05 % D.9889E+0G # -, 2085E405 -.1972E+405 % - 1886E+05 # -, 2628E+04 # -.2628F+06G
D.4800E+01 % G.1GBLE+05 % 0.1028E+05 % 0.9889E+04 # —.2085E+05 % —.1972E+05 & -.1886E+05 % ~,2628E+04 % - 262BE+04
0.5400E+01 # 0.1081E+05 % 0.102BE+05 # 0.9869E+04 % ~.2085E+05 # ~.1972E+05 % -.1BB6E+05 ¥ -.262BE+06G ¥ -.2628E+06
0.6250E+01 # 0.1D81E+05 # 0.1025E+05 % 0.98B9E+04 % —.2085E405 ¥ —.1070E+05 -.1B56E+05 % -~.26PBE+0G # -, 2628E+04
~--0:7250E+01 ¥ 0.1081E+05 % 0,1D28E+05 % 0,9889E+04 * -.2085E+05 % - 1972E+05 * - 1886E+05 % -,P678E+04 # -.2628E+04
0.8250E+01 * 0.1081E+05 % 0.1028E+05 # 0.9389E+04 # -,2085E+05 % - 1972E+05 i ~.1886E+05 # ~,262B8E+0G % -, P628E+04
0.9250E+01 # 0.108LE+05 # 0.1028E+05 * 0.9889E+04 % -, 2086E+05 % —.1972E+05 % -.1836E+05 # -,2628E+04G ¥ - 2628E+04
0.1000E+02 # 0,.1081E+05 # 0.10°8E+D5 % 0.9889E+04 ¥ -,2085E+D5 % —.1972E+05 # -.1886E+05 # -.2628E+04 % -,2628E+06G

TIME=0,360073E-01 SEC .

h - " DISPLACEMENTS AND BENDING STRESSES V5. RADIAL STATION
DISPLACEMENTS RADIAL BENDING STRESS
R IN-PLANE OUT-OF-PLANE#*%LED-EDNG CHD-PNT TRL-EDG
TTOV27O00E+07 T 0.86047E-02" T 0. 41158E-01 *# -.76767E404% -.76767E+04 -.76767E+04
C.28000E+02 0.46539E-01 0.22826E~-03 %% -, 682G64E+04 ~.6824GE+04 -.682G4E404 .

0.29000E+02 0.846G72E-01 ~.G0T01E-01 #% -.65411E+04 -.55411E+04 - 65411E+04

0.3G000E+02 0.12261E+00 -.B81631E-0] *% - .63613E+04 -.63613E+06 ~.63613E+04

TG 30750E+02 DL IS086E+ 00T L. 11233E400 #% -, 622 73E406 ~.6R2273E+04 -.62273E+04

0.31750E+02 0.18879E+00 ~.15326E+00 ¥*% -, GA0G1E+04 -.58061E+04 ~.58061E+04

0.32750E+02 0.22672E+00 ~.19419E+00 %% -, 53580E+04 ~.53680E+04 -.53680E4+06



} o SR SPLEEL i
R LR
A

~9%Z~

0-337595?92“m.‘U-aﬁqﬁéf*nﬁmmm.f:§§51§§iqqm§¥“::ﬁ86365+0¢..-193

oo

—,

.0
-5000E+00 # -
0.1

200E+01 # -

0.1800E+01 # -.1

0.2400E+061 % -
~0.3000E+01 % -

0.4200E+01 % -

G.QBODE+01 ¥ -
—0.5400E507 % -
0.6250E+01 » -
0.7250E+01 % -
0.8250E+01 # -
0.9250E+01 % -

. DISPLACEMENTS vs. CHO

636E+04

RDMISE LOCATION

~-98636E+ 014

e T S i

239E405 ¥ _.

Ds..? Ze1l

0.3600E+01 ¥ 1

0.1600E+08 % -.1239E:08"

X ¥R=0.2900E+02%
* - 1239E405 % -+1139E+p5
a

-.1139E+p5
-.1139E+05
~.1139E3+05
23139405
~.11395+p5
=.1139E+p05
~-.113%E+p5
+1139+05

% ~ 1139E+08

LEE JETe.

FE

0.27000E+0z
0.28000E+02
'"*_”5T?§UﬁUE352__b-
0.30000E+02
0.30750E+02

IN-PLANE
- 77464E-01
~.14329E+00
S I2651bE 00
-.27492E400
~.32429E+00

39E+05_

e e U R S ——

STRESSES vs. CHORDY

*2-1063E405 % .« gEGlEsng * -.6361E404 * -~ 6227F404
¥ -.1063E+05 "% - 4541Fe0q & =-6361E+04 ¥ - .6227E+04
% - 10635405 % ~ 6541104 ~-6361E+04 % -, 6227F204
# - 1063E+05 % -,6561F406 # ~-6361E+04 ® - 6227F404
27210836405 % - 6541Fegq ¥ “-6361E+04 ¥ -, 6227E404
* - 1063E+05 % L 6541F404 x ~-6361E404 ¥ - §227F404
¥ - 1063E405 ¥ - g561E+04 u ~-6361E404 % - 6227F104
* -.2063E405 ¥ - 65G1Fsps « “ 6361E04 % - 6227E404
¥ 23083E405 % - e5alpang ® - 6361E406 % =+6227E404
* 1063E405 x =+6541E+06 % - 8361504 % ~.6227E404

AT IMPACT RADIUS
X IN-PLANE OUT-0F-PLANE
th-Oumm“.mm"m_MW7-7§963E—02 —.0.10820E+0p
0.60000E+3) 6.57024E-02 0.88914E-p3
0.12000E+01 0.22374E-01 0.64551F-01
0.18000F+01 0.3%046E-01 0.40188E-01
S 0.264900E+0} - 0.55718E -0 —-0.15824E-01
0.30000E+01 0.723%0E-01 -.85398E-g2
6.36000E+01 0.8%062E-03 ~.32904E-01
0.42000E+07, 0.10573E+00 =.57267E-0}%
et 0.48000E+0) 0.32241E+00 =.81631E-0) S
6.56000E+01 0.139208E+00 ~+10599E+00
0.52500E+01 6.16270E+00 =.14051E+00
0.72500E+0) 0.19048E+09 ~.18112&+00
— - ..0.82500E+01 -0.21827E400 =221 72E+00
0.92500E+01 0.24606E+00 =.26233E+00
0.10000E+02 0.27037E+00 -.29786E+00

ISE LOCATION

AT IMPACT RADTUS

STRES5-X STRESS-Y
n:u.30005+oa*n=o.3o755+oz xn:o.a9ooe+oa*n=o.3uooe+oaxn=o.3o7sz+oa
® - 10635405 = “-B541E+04 % -, 6381F4ns -.6227E+06G
_95"E_:;llﬁ2§t§§_ﬁngiﬂé35fﬂ5",E.r,65¢1E+04,# 7-63615+04_¥_r.6227E404
L139E+05 % < 1043F+gE % =-6541EH0G ¥ ~ 6361F:p4 % ~.6227E+04
39E405 % -, 1139F+05 % “-1063E+05 % - ¢541rspg “-8361E+04 ® - 6227E404
12398405 % - 1130E405 =-1063E405 % - 6541E+04 ~+6361E+04 ¥ - 62a7F404

'TIHE=b.3aéusaE-hi'sEC““""

LI L S I

¥R=0.2900E+023
-.5993E+04 »

.~.B993E+04
~.5993E:04

* ook ok ok

= 5993E+04
-.5993E+0g
~.5993E100
~-.5993E+04
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Q
I s e s e s b e et e
STRESSES VS. CHORDMISE LOCATION
AT IMPACT RADIUS
T T T e e TSTRESET T T STRESS-Y SHEAR-XY
X *R=0,2900E+02%R=0. 3000E +024R=0. 3075E+02 ¥R=0, 2900E+02%R=0, 3000E+02%R=0, 3075E+02 *R=o.29005*02*9:0.30005+02*R=0.30755*02
8.0 ¥ 0.1691E+05 # 0.1590E+05 % 0,1514E+05 = ~«1369E405 % - 1290E+05 % ~-.1230E405 ~+4395E403 % -, 4396E+03 ¥ ~.4397E403%
_mmﬁgéﬂggiigami_gmlé21§39§m§w£;;§295i2§“5_94;5;9E&QE"“#.:;;3§2§+05.* -.1290E+05 ¥.7-1230E+06  # -.4395E+03 % =-9356E+403 # - §397E+03
0.1200E+01 # 0.1491E+05 ¥ 0.1590E+D5 % 0.1514E+05 # - 1369E+05 # ~.1290E+05 ¥ =.1230E+05 % -.4395F+03 % ~.4396E+03 ¥ -,4397E+03
0.1800E+D1 % 0,1691E+05 # 0.1590E+05 % 0.1514E405 ¥ -,1369E+05 ¥ ~.1290E+05 % =-1230E+05 # -.4395E403 ® —.4396E+03 # -,4397E403
0.2400E+01 * 0.1691E+05 % D,1590E+05 % 0.1514E405 % ~.1369E+05 % —,1290E+05 * --1230E+05 ¥ - 4395E+03 % -.4396E+03 & ~.5397E+03
0.3000E+01 * 0.1691E+05 0.1590E+05 3.q:;s;ﬁsfosnhﬁwf.;3595+qs * -.1290E+05 # -, 1230E+05 * ~:G395E+03 ¥ - . 4I06EH03 ¥ = 4397E403
""dfééﬁhé$bi'i'Fllébii+o§“¢'ﬁ:i§905¥65 ¥ O0IBT4ER 05 ¥ 1 1369E+05 % ~-I290E+05 # ~ 1230E205 " % - 4395Ei03 ¥ =~ 4396E+03 % L. 4397E+03
0.4200E+01 % 0.1691E+05 % 0.1590E+05 & 0.1514E+05 # -, 1369E405 * ~.1250E+05 » -.1230E+405 % - 4395E+03 # ~,4396E+03. % - G397E403
0.4800E+01 # 0,1691E405 % 0.1590E+05 % 0.1516E405 # - 1369E405 % -,1290F+05 & ~-1230E+05 % -.4395E403 # -.G396E+05 —-.4397E+03
U.5400E+0) % 0.1691E+05 # 0.1550E405 % 0.1514E+05 # - 1369E+05 ¥ -.1250E+05 » -+1230E+05 ¥ -.43I05E+03 = G396E+03 # -.4397E+03
“‘Efzﬁgﬁf?ﬁr"ﬁ“ﬁ:Iéﬁiﬁiﬁg"i‘ﬁti59653ﬁ?"%“ﬁ:iﬁias%bs CW-1369E¢05 % T 12008+05 ¥ JU1P30E+05 % -, 4395Fi03 # =.4396E403 & ~.4397E403
0.7250E+01 # 0.1691E+05 # 0.1590E+05 0.1514E+05 3 -, 1369E+05 # -.1290E+05 ¥ =-1230E+05 % -~ 4395E403 % -.4395E:03 x -.4397E+03
0.8250E+01 # 0,1691E+05 ¥ 0,1590E+05 » 0,1514E+05 # ~.1369E405 % ~,1290F+05 ~-1230E405 % -.4395E+03 ¥ —.4395F+0% # - G397E+03
9.9250E401 # 0.1691E+05 # 0.1590E+05 % 0.1514E+05 ¥ ~,1360E+05 # -.1290F+05 % ~.123GE+05 % -.4395F203 % - _4396E+03 ~.4397E+03
"0 T0G0ESDR F 6T ICEIETOE R BLIBYOEI08 % 0, 1514E 408 “¥ ~l1369E+05 ¥ T.1290E+05 # = 1230E+05 " % ~,43G5E+4053 * -.G39BE403 ¥ - G307E+03

TIME=0.505014E-01" BEC 77 e et v+ e+

DISPLACEMENTS AND BENDING STRESSES VS. RADIAL STATION



o
ie

A o

s -

S TA

¥

3
3*
*
*x
#*
#*
*
*
k3
#®
%
3*
*
*

0.8333E+04
0.2333E+04
0.2333E+0%
0.2333E+04
0.2335E+04
0.2333E+06
0.2333E+04
0.2333E+0%
0.2333E+0%
0.2333E+04
0.2333E+04
0.23353E+0¢
0.23335E+0%
0.2333E+06
0.2333E+04

DISPLACEMENTS 777 "RADIAL BEMDING STRESS
R IN-PLANE OUT-OF~PLANE**%LED-EDG CHD-PHT TRL-EDG
0.27000E+02 0.42755E-01 ~.3G927E~01 #% -,40075E+04 -.40075E406 -.40075E+06
..0.28000E+02 _ 0.60821E-01 _ ~.53295E-Q1 %% -,368L11E+04  -,368115+04 ~.35811E+06
0.29000E+02 0.78867E-01 -.71664E-01 #% - 33163E+04 -.331635406 -.33163E+04
0.30000E+02 0.96553E-01 ~.90032E-01 %% ~,30860F+04 -.30850E+04 ~.30860E:04
0.30750E+02 0.11050E+00 -.103581E+00 #% -,29116E+04 -.29116E+04 -, EGL16E+04
.......... 0.31750E+02 0.12857E+00  -.12218E+00 ## - 23709E+0&4  -.23709E+04 _ -.2370CE+06 -
0.32750E+02 0.138663E+00 -.14055E+00 %% -, 1836GE+06 -.18354E4+04 -.18364E+04
0.33750E+02 0.16470E+00 -, 15891E+00 %% -, 13271E+04 -.13271E+06 -.13271E+04
DISPLAGEMENTS VS. CHORDWYSE LOCATION
AT IHPACT RADIU.
X IN-PLANE QUT-OF-PLANE
0.0 0.85907E-01 ~.10406E+00
0.50000E+00 6.87029E-01 -.10258E+00
. - _ R o o . D.1200DE+0L__ _0.88467E-01_ _-.10079E+00
0.15000E+01 0.589864E-01 -.%5997E-01
¢.24000E+01 0.91282E-01 ~.97204E-0D1
0.30000E+01 0.92700E-01 -.954311E-01
0.34000E+0L 0.94117E-9 -.93618E-01 . . .
0.42000E+01 0.95535E-01 ~.91B825E-01
0.48000E+01 0.95953E-01 =-.90032E-01
0.540008+01 0.98370E-01 -.86239E-01
e N . L . __0.62500E+01 0.10038E+00  -.85699E-01 n
0.72500E+01 0.10274E+00 -.82710E-01
0.82500E+01 0.10510E+00 -.79722E~01
0.92500E+01 0.10747E+00 -, 76733E-01
0.100C0E+02 0.10953E+00 _ ~.76118E-D1
o - — . e STRESSES VS. CHORDMISE LOCATION .
AT IMPACT RADIUS
STRESS-X STRESS-Y SHEAR-XY
v FRZ0 . ZG00EF 02%R=0. 3000E+02%R=0,3075E+02 *R=0.2900E+02%R=0.3000E+02¥R=0.3075E+02 #R=0.2900E+02%R=0, 3000E+02%¥R=0. I075E+02
0.0 * 0.9763E+04 # 0,9137E+04 % 0.8662E+06 ¥ ~,3316E+04 % -.3086E306 % —.2912E+0% % 0.2334E+04G ¥ 0.2333E+06
0.6000E+00 % 0.9763E+05 # 0.9137E+404 % 0.8662E304 ¥ -.3316E+06 % -.3086E+06 % — . 2012E+04 % 0.2336E+06 # 0.23335+406G
0.1200E+01 % D.9763E+04 % 0.9137E+04G % 0.8662E+04 % -, 3316E+04 # - 3086E+04 ¥ -.2912E+04 # 0.2334E404 ¥ 0.2333E+06
0.1800E+01 * 0,9763E+04 % 0.9137E+04 ¥ 0,8662E+04 % - 3316E+04 % -.3086E+06 % - 2912E+04 % 0.2354E+04 ¥ 0.2333E+04
7T 0.2400E401 % 0.9763E+06 ¥ 0.9137E+04 ¥ 0.8662E+04 % -.3I16E404 % - 3086E+0& % -.P012E+06 ¥ 0.2334E+04 ¥ §.2333E+0G
U.3000E+0) % 0.9763E+04 * 0.9137E+04 #* 0.B662E+04 # - 3316E+404 # -.30856E+046 % — ,POL2E+0G # 0.2333E+04 % 0.2333E+04
0.3600E+01 # 0.9763E+04 % 0.9137E+04 % 0.8662E+04 % -.3316E+04 % -, 3086E+04 # -, P912E+04 # 0.2334E+04 % 0.2333E+404%
B.4200E+01 * 0.9763E+04 * 8.9137E+04 # 0.8662E+04 * -, 3316E+04 ¥ -.3086E+06 X —-.2912E+04 * 0.2334E+04 # 0.2333E+04
TTHVGE00EH0I % 0 9T63E04 ¥ TOI913TE404 R 0.8062E+04 % —-,3315F+04 ¥ <,3086E+04 % —.2912E+04 % 0.2334E+04 % 0.2333E+04
0.5300E+01 ¥ 0.9763E+04 * 0.9137E+0%4 % 0.8662E+06 % -, 3316E+04 % -.5086E+06 # —.2912E+04 % 0,2334E+06 % 0.2333E+06
0.6250E+01 % 0.9763E+06 % U.9137E+04 ¥ 0.8662E+04 % —,.3316E+04 % ~ . I086E+04 ¥ -, 2912E+04 # 0.2334E+04 % 0.2333E+04
0.7250E+01 % 0.9763E+04 % 0,9137E¢0G ¥ 0.8662E+04 % -,3316E+04 ¥ - 3086E+04 # -.2912E+04 # 0.2334E+404 # 0.8333E+04
TT0.B2E0E+01 ¥ G.9T63EV04 ¥ 0.9137E¢04 ¥ 0.8662E+0% # -.3316F+04 % -.3D8GE+0% ¥ ~,2912E+04 % 0.2334E104 % 0.2333E+06
0.5250E+01 # 0.9763E+04 % 0,9137E+04 * D.8652E+04 ¥ -,3316E+04 % - 3086E+04 % —~.2912E+04 # 0,233GE+04 ¥ 0.2333E+06
0.1000E+02 % 0.9763E+04 # 0.9137E+04 % 0.8662E+04 # - 3316FE+06 # -,3086E+0G % — . 2910E+04 # D.2334E+04 % 0.2333E+04
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... TORTRAN IV 61 RELEASE 2.0

JHAIN ... DATE = 79012 08/33/03

c INITIALIZE THE FROBLEM 00000010
0001 2002 FCRHMATUIH ,THENTERED) 00600020
.a6p2 N .. COHHCN/XMID/ XCENL(25),XCEN2(25) _ co0oo030
0003 COMMON/BLADE X0(25),Y0(25), THETAL24) XM 25) 00000040
0004 COMMOM/AR/ xwonetas,asl,vNonE(z5J.HAxtaSJ,PREsszzs.zsl, 00060050
1AAHO0E[ES.25l,PPL(25,25],PVL(ZS,ZS).FRSS(25,25] 00000040
_________ 0005 .COMMON/MODE/ QET(LO),VKILAOJ.HI(IO],GI(lOl,FI(lO}:EDI[lO).GDI(lD);OODOOO?OJ.WMHWMHA"mmm
1AA(10J,ES(10].PI(IDJ,QIKIOJ,Q(IU1,GDlIDJ,QDI(IDJ,NOIID),PH2(3,625‘00000080 ’
1101,Pptsas,al,DEFta,aas:.VEL(z,6a5:.srnssrs,szs},SHzrs,sas,lo) 00000090
0005 canDN/LK/vnTte,looo),ISLIDE(e,luoo1,sAﬁnAteJ,vnt6,1uoo1, 0590100
e e “__WFIALPﬁAtﬁI.ISPLIT§6);GAHHA;(IOODJ,GAHNAZtIGDDJ: . . 00000110
ISPP{IODOJ,POI1000),LAH911I1000),LAﬂDalrlooelgFIHPzntlooo
1),FIMP3D(1000),DIST(1000},SPP1(2000) 00000130
0007 COHHON/VARBLI/NA{IDOOI,RHI{IODO),RM2(1000].ITSLD[lOOOl,GHALlrlDﬁO)DUDGDlﬁo
e X VI,VRLIKJOGO).ALPLl(IOUO],ISPLT[lOOOJ.VDTLl[lDOOl,HHI(IBOU) 00000150
oogs CCHhDN/L/I!(6I.RH(é),XI(6),YI[6).IHITlél,RLtél.Xtél.Y(é];Nﬂ(ﬁ) 00000160
0009 connonxpnNT/NJst25),DEFBIt1000,25),DEF50(1000,251,coortloou,aS), 00000170
lcoaotlauu.esr,srsnslrlouo.zs,zl,sxsnsarluoo.zs.si,sxsnnl(loon,s. no0001se
. L “;251,s;GNA:g;oqq,3.as),Txngptlpoul o o 00000190
0010 - DIMERSION HIMQDE(ln1,vn1:103,XG(255;YO(231.INDEK(EB}, BO00G200
1X1(61,Y1(6),DELTLI6),CLE6 ), ADVNCE(6),BKBIK(6 00096210
1), IBACK{6 ), XNEAR(6 ), DFE(6),DELTA(6),DHAX( 6 ), 00000220
L lSQEﬁ(ﬁ[.FIFOE;(ES{QSJ.EGFQRC(25,25}aDE(101.CLUfs}mr 00000230
4637 REAL™LAMDII, DiriD2) T o ) C gooooeshT
an1z nsnu(5.xJV.RIHP,TSTDP,ALPHAO.XUCL,veCL,NR,NN.Nn,NVA,IanL,oEN,Isvnooaoazsa
0013 IF{ISYM.EQ.1)G0 TO 2001 60000260
0014 ] READ(5, %) ;Ry(ﬂ}:ﬂ=1.3),[;L[H)1H=1.}1.(NﬁtLJ.L?I;BJW _ 00o0o0270
T TTgdis T o T o RROYT=(RLET Y-axRit Zi+2%Riis )28 - ' ) - 00000280
0015 RH(2I=(RLI2)-2%BLI3) )*2 00000290
0017 EMI3)}=2%RLI3} 00000300
0018 DELTL(3)=0. e o . 00000310
3415 DELTLOZ RS IOL S ) § 75" " o wr o = e o o 00000358 "
0620 DELTLIYL)=ICLI3)-CLI1) )/ 2 0000330
0021 DO 2003 L=4,6 00000340
_bozz o HLEL-3 ) A 00000350
- ‘b0§'3 T T e '“—R'L(L]ER'[:[HE'i TToTm oo e e e T T e 00900360
pozG RM{LI=RMIHL) 00000370
0025 CLIL)=CL(ML} 00008350
0626 DELTL(L)=DELTLIML) 00000390
1o 14 T - 00000400
0028 2003 CONTINUE 00000410
0029 G0 TO 2004 00000420
0030 2001 READ(5,#)(RLIM),M=1,NVA), {RM(L),L=1,HVA) 00000430
TR T o e e e REAUTS:%r(CL(Hr;H=1;NVA1;tnELTL(n1,H=1,NVA);rwntET,L=1;HVA1 T 60000440 T
0032 2004 READ(E,%)(MAX(X3),I5=1,NR) 00000450
0033 READ(S,% ) (NJ3(I3),1551,N8) 00000460
0034 READ(5,#)(VMI{I6),I6=1,NM) 00000470
6035 HEADUBVRIMURTEG ISXO=1,MM) ™ 7 = = oo o

PAGE 0001

cosoolzo 7T

0000DGHE T




. FORTRAN 1V §

g3 299 CONTINUE
0043

A T

" CONTINGE

...... o CIHEHAX (13 )

—— h~XEfXNODE(IZ.J3+1)

-RELEASE 2.0 e JIAIN e, DATE = 79012

READ(S,*J(NO(I6),I6=1,NH}
DO 6605 L=, Nvy

mm_gpoﬁﬁCLQfLJ=CL[L)

WRITE(6,2002) "
DO 199 Ig=1,Mi
nEAnfs,*JrtPHE(Js,Ke.IeJ,x6=1,NNJ,J6=1,a)

. DO 399 I3=1,Nn

LIH=MAX(13)

READ(S;*JYNODE(IB).(XNGDE(I3»J3];J3=1:LIHJ

CONTINUE

oo o OUT THE MODAL COEFFICTENTS
0o 801 I6=1,NM

QIS5 )=g,

GO( X6 }=p.

- SEARCH FoR THE HIGHEST NATURAL FREQUENCY
M

DB 46 Us=1

DD 46 Te=1,mM
HIMODE[Ib)=H0(16}
IF(16.£Q.1) gp T0 46

iFIHIHODEirEﬁfGE]HiHOHETlétifJ 60°TO 46

HO=HIHODE( T6 )
HIMODE (6 )=HIMODE 35-1 )
HIMODE(To~1)=pg

CALCULATE THE PRESSURE AREA FOR EACH Nope
Do 7 I3=1 s NR

D08 JEET [ e e
XL=XNODE(I3:J3—1)
IF(JS—I.LT.I!XL=XNDDE(I3,J3)

TP U3 6T, LI INR=xNODE 15 3 ) -
RA=YNODE(13+1)
IFLI3+1.6T.MRIRA=YNODE (13

)

e BB=YNODE( 13-1

IFCIS-T LT, 1 REEYNOpE g3y~ ~
AANnoerls,J33=fo-XLJ*{RA-RBJ/4.
CONTINUE

CONTINUE

- Cﬂ[CULETE”THEmPﬁﬂA%ETERS”FOR MODAL ANALYSIS =

DO 400 16=1,NM
BET(I6)=DR(IGI*N0(ISJ
VKI[I&)=UHI[16J*NO(I63**2

“"“““”~§ﬂUW"NIfISlﬁsaﬂTTRBSIHDIIG)**EéBETIISJ**QI}

20600490
00000500
0000051p
00000520
00000530
00000540

.- 00000550
00000560

60000570
00000580

. 00ogessg
00000600

00000610
000008620

00000640

00000550
00000660

00000670

00000580
00000690
00000700

00000730
9000074
00000750

00000760 "

eoo0azyo
00090730
00000740

060008Gg = -

00000810
00000320
06009830

00000540

00000550
00000560
00000370

- 0000088¢™

00000390
60000500

00006910
T 00000929

00000930
00000940
o0oeeesg

00000980 R



PAGE 0003

000060970
60000930

00000950

. 00001030

0001000
000801010
ocoolozn

00001040
00061050
00001060

. fiooolozo

" opoo1080

000010%0
00001100

'"QOODlllﬁ_m“
000011z0

c0001130
00001140
00601150
00o0lisn
00002170
00001180

00001190

T 00001320 "

00001200

00001210
00001220
eco0r23p

00001240 "

00001250
00001280
00001270

edooreso

00001290
00001300
08001310

00001330
00001340
60001350

008601360

00001370

00001390

too0i400
00001410
00001420

,,FURIRANHEYHG%WWHELEEFE B0 ] MAIN DATE = 79012 88/33/03
c FIND WHICH RADIUS OF THE BLADE IS THE IMPACT RADIUS
0080 DO 110 13=1,np
....... S .. YIMPSVYNCDE(I3} . —
0082 IFCYINP,EQ.RINP)T7=T3
0083 110 CONTIMUE
0084 NSTAT=MAX(I7}
0085 ~NSTAESNSTAT-1 R e s e
0086 Rsanrs.*lertJc173t=1.NSTATJ,(YonCJ,JE=1,NSTA71'“'”'"" T
0037 DO 180 J5=1,NSTAT
0088 186  XM(J5)=XNOBE(I7,45)
s e e £ . LOCATE THE MID EDIHIS_DFmIﬂﬁmBLADEWSEGﬂﬁﬂTSm —— e
0089 XCENI{1}=XM( 1)
0099 HST=NSTAF-1
0091 DO 413 JC=1,N5T
— munqggznmm”mﬁ_"“m__“mu_w.mlF‘JCaEQ-l’GD,IO 414 y —
0093 XCENL{JC)I=XCENZ{ JC-1)
0094 416 XCEHE[JC)=(XH(JC+2)+XH(JC+1}1/2.
0095 IFIJC.EQ.(NSTAF-I))XCENZ(JC)=XH(JC+2)
.. e%s . 413 CONTINUE - ) . .
- T € TUESTABLISH THE TINETTAL COORDINATES OF THE BLADBE ™
0097 DO 101 JC=1,NSTAT
0098 XOLJCI=XO(IC)
0099 Loz YorJeisyocye) )
tico" e e e e,
I 0102 ITPRNT=1
[~ 0102 TIHE=0,
G dog =~ — e — IEVEO e ]
i 6ibg IFsLi=0 - " )
0105 IIFLG=0
C ************** PRINT INITIAI_ CUNDITIONS **#ﬁ***%**%**ﬁ***ﬁ*ﬁ**ﬁ
_ 0106 DIHEHSION“ICHTLtél,IQHTH(;O),ICNTN(625},ICNTR(25]
S DO 2605 J1 Ry — 01 ICNTNC 625 ), I Lo
0108 2065 ICHTL(J)=J
0109 DO 2006 J=1,NH
6110 2006 ICHTM{J)=y
"""" 01ii ™ T TG 2007 =N T o e e - - -
0112 2007 ICNTHS )=y
0113 00 2008 J=1,NR
0114 2008 ICHTR(J)=g
0115 "““EﬁITEfS;Eﬁiﬁ]V;ﬁiHPITSTdP;ALPHAO{RﬁCL;YncL,NR,HH;NH,NVE.IPDEL;””"
IDEN, ISYH
0115 2010 FnanATt1H1,57Hv,nznp,TSTUP.ALPHAU,XOCL,YGCL,NR.NN.NH.NVA.IPDEL,nEnuooolsaa
1,ISYH, /1H .61512.6,1H,J,5r13,1ﬂ,1,512.6,1H,,131
TN T e T e e HQITE(G.aﬁIIlrItNTLle;J=1,NVA}‘ oo
0lias 2011 Foanarrlﬁa,eunL,lx,stIz,1H,J)
8119 HRITE(6.2012)(RL(JI.J=1,NVAJ
- 0120 2012 FORMAT(1H 161E12.6,1H,))

HHITE(6;2013ITICNTL(JF;J:I;NVA)""

0000150

00001430




_ggz..

—acw

0122
0123

RELEASE

2013

" Eo1%

2022

2029
2027

Tlo4y

Ttsg"

" FORMAT(1HO, 3HVHT, 1,100 T2, 1H, j 1 * =

+ CONTINUE

”RRITEI6.2629r“t552(J6,K6;16),K6=1;NN)

2.0 .
FORMAT(1HO, 2HRH, 1X,6( %2, 1H, )
WRITE(6,2012)(RH(J), =1 ,NVA)
BRITE(6,2016) (ICNTLIJ), J=1,0VA)
FORMATCIHO  2HCL, 1X,6(12,1H, ))
NRITE(6,2012)(CL(JT,J=1,NvA)
RRITE(6,2015 ) ICNTLLJ}, =1 ,NVA)
FOEﬂAT[lHD,SHDELTL,1K,6(IZ.lH.))_mmr

DATE = 79012 (a/33/03

unITE(6.201a)iDELTLfJ),Jél,HVA)
WRITE(6,2016 }{ ICNTL{J),J=1 ,NVA)
FORMAT(IHO, HIM, IN, 6(12,1H, ) )
RRITE(6,20123(WM(J), =1 ,NVA) B
RRITE(6,2017 ) (ICNTR(J Y, 051, R )
FORMATCIHO, 3HHAX, 1X, 25012,1H, ))
WRITE(6,2016)(HAXIJ),J=1,HR ]

FORMATCIN ,25(713,1H,);

KRITE(6,2019)¢ ICNTRIJ), J=1,NT)
FORMAT(1HO,3HNJ3,1X,25(12,1H, 1)
RRITE(6,2018)(NJ3(J), J=1,4R)

RRITE(6,2020)( ICNTM(J),J=1,NH)

NRITE(6,2021J(VHI(J),J=1)NHJ
FCRMAT{ 1H »10(E11.5,1H,1}
HRITEIé,ZOEE)(ICNTM(JJ,J=1:NH]

’FdﬁHATfiHD}EHDR,iﬁ}IDfIE,lH;))

KRITE(6,2021)(DR(J), J=1,H4)
RRITE(6,2023) L ICNTN(I), 021 ,NM)
FORMAT(1HO, 2HHO, 1X,10(12,1H, ))
RRITE(E;ZﬁﬁldfuﬁiJ);Jil.NHl o
DO 2024 To=1,.NM

DO 20624 Ji=1,2
WRITE(6,2025)06,T6,.06 .MM, T6

RRITE(6,2026} (FH2(J6,K64,16),K6=1,NN)
FCRMAT(1HG,63(/1H +10(EI1.5,1H,)))

DO 2027 J8=1,3
HEITE[6.EOEB]Jé’IB:anNN,Ié

00001450
00001460
06001470
00001550
00001490
00001500
. 00001510

T goooisegT

00001530
10001540
00001550

PAGE 0004

" 00001BED

00001570
00001580
00001590

00001600 "

60001610
00001620
00001630
00001640
00001650
00001640
00001670

00001680 T

00001690
00GG1700
00061710

T 006D17RD U

00001730
00001740
oroel7so

‘”Fo?ﬁlfiiHb;nH?Hét;Eé;3H{1};12.11Hi THRU Pﬁet,Ia,lﬂ,,13;1H5712.1H1100001?60

06061770
00e0lvso
00001790
00001560
00001810
gocolsen

FCEHAT(IHO.QHSHEE,IEuSH.l,,IE,IIHJ THRU SHE(;IZ,IH,.IS.IH.,12:1H1100001830
kK ’ e " 0000184q " -

FORHAT(1HQ,63(/1H »100ELL.5,1H,)))

CONTINUE

KRITE(&,1069)

FCRHKT(1H1153X,?6HPEANFORH GEOHETRY OF BLADE) ™
D2 1100 I3=1,NR

LIM=KAX{I3}

KWRITE(6,1050 )YNODE(X3}

FORMATT/IHD;I300IH%, 714 WO0X, BHY=, F.4) 0 v

00001850
00601860
00001570
- 00001880
coonolago
20001900
00001510

‘oneo192g



., F T

~L5T-

Y009 CONTIRUE — o

00001930
00001540
00001550
000019560
00001570
00001550

..poooxe90
40002000

00002010
00002020
00002030

PAGE 000§

" gooozosg U

00002050
00002060

00002070

T ogoozose T

00002090
00002100
00002110
00002120
06002130
00002140

_ 00002150
00002169

" gopozzog "

00502170
0c002160
08002190

oeenzz10
0ggo2220
ooco2230

00002240 77T

gaocz250
00002250
00002270
00002260
00002290
60002300
00002310

©oogooaszzg T

100002340

it - R RS 7
[ 2]
FORIRAN IV.B1 RELEASE 2.0 MAIN AT = 79012 083303
0170 LIMP=LIM-10
0171 IFCLIMP.LE.0)LINL=LTM
L . IFCLINP.GT.0)LING=10
0173 Kz
0174 LIMP=LIM-LIN1
0175 IF(LIMP.LE.0}GO TO 1001
0176 R e e
0177 LINPL=LIMP.1Q™ 7T s e e
€178 IF(LIMPL.LE, O ILIN2SLIND
0179 IF(LIMPL.GT.0)LIN2=10
..pree o LINP=LIMP-LINZ S
0151 IFCLTP.LE. 0160 TO L1001
0182 KN=3
0183 LIN3=LIHP
- 0184 e ..1001 DO 1002 RLIN=1,KN S
2185 IF(NLIN.EQ.1)G0 TO 1003
0186 IF(NLIN.EQ.2)G0 TO 1004
0187 IF(HLIN.EQ.3)GO TO 1005
o .0iss . APO3 KMI=LINL o
0189 DO 1006 IXX=1,iTNy ™~ — ™ omeoe
0190 1006 INDEX(IXX}=IXY
0191 KRITE(6,1051 )0 INDEX( IXX),IXX=1,LINI}
0152 (1051 FORMATI/1H 23X51001HX,12,8X)) e e
T 0193 WRITE(E,1058 ) (XNOBE( T3, 037,051, LINLT™
0194 1052 FORHAT(/1H ,10(F9.4,2%))
0195 GO TO 1002
— 0196 1004 RHl=LIN2+i0 -
TToi97 T T B9 1do7 INk=1i,EM
0108 1007 THDEX(IXX)=IXX
0199 HRITE(6,1051 0 INDEX{IXX],IXX=11,KN1]
0200 ,“RITEFGrl952’!KBP??LI§L£§}'£§E}1»Kﬂl’ e e ]
GEet N ' Y, e - -
0202 1005 KN1=LIN3+20
6203 DD 1008 IN¥=21,KM1
0204 ) 1008 INDEX(IXX}2IXX o _ i
T To2ds T e "wﬁxre:e,lo§33iINUEx(Ixxx,ixx=21;KN1J -
4206 1053 FORMATI/1H ,3X,5(1HX,I2,8%])
0207 HRITE[6,1052 HXNODE(I3,J3),35221,KN1)
0208 1002 CONTINUE ,
G209 1106 CoNTiRye ™~
n210 WRITE(&,1054)
0211 1054 FCRMAT(//1H0,51X,29HINITIAL BLADE CAMBER GECMETRY:/IH ,57X,
L17HAT IMPACT STATION,//1H ,39X,4HMODE,&X,19HIN-PLANE COORDINATE,
T T T T A BSHOUT OF  BLANE EOORDIMATEY ™ ™ - e T o
212 DO 1009 JC=I1,NSTAT
0213 KWRITE[6,1055)JC,X0(JC),YO(JC)
0214 1055 FORMAT(1H ,40%,%2,9X,F10.5,16X,F10.5)

60002330
80002340
06002350

00002370

00002380 -

000023590

opob2g08 T

W,

-

R .7 .
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- FORTRAN IV 61 RELEASE 2.0 jAIN ... DATE = 79012 08/33/03
n21s HRITE(6,1056) 00002410
0217 1056 FORMATI//1H0,58X,16HMISSTLE GEOMETRY, /1HO, 64X, FHSECTION, 2X, 00002420

e m;qﬂIHICKNES§,ex,squuTH,qx,&HLEHSTH,sx.6H0FFSET.(1 o 00002430
0213 B0 1010 L=1,NVA 00002440
0219 HRITE(&,1057 )L, RHCL),HI{L),CLIL) ,DELTLIL) 00002550
0220 1057 FORHMAT(IH (47X,I3,4X,603%,F6.31) 00002460
0221 1QEQFED¥TINU§NF«mmmmwmmmm.um"mmummm". SO 1 L 11 F-L: i
0nz2 HRITE(&,1058) ’

0223 1058 FORMAT(//1H0,60X,1CHHCDAL DATA./1HO,31X,4HMODE, 2, 00002490
113RFREQ(RAD/SECY,4X, 1OHMODAL HASS,6X, 15HHODAL STIFFNESS,3X, 00602500
...... e . — - 1XSHOANPING RATION - wo e e e ... .. 00002510
0224 DO 1011 16%1,NM 00002520
0225 RRITE(6,1059)16,H0(16),VHI(I6},VKI(I6),DRITS) 00002530
D22s 1059 FORMAT(IH ,32X,I2,3X,E12.6,3(5%,E12.6) 1 00002540
- 0827 i . 1011 CONTINUE . . . booeas550
0028 RRITE(6,1060 IV, ALPHAD, DEN, XOCL, YOCL s RIMP 00002560
0229 1060 FORMAT(//1HO, 77X, SHCHORDWISE , /1H 123X, EHIMPACT, 10X, 6HIMPACT, 9%, 00002570
17HHMISSILE, 123, I8HIMPACT COORDINATES, 12X, 6HIMPACT, /1H ,22M, 00002580
. » } M}GHVELQCITr{9X,§HAngE,10x,?HDENSITY}9X;SHIN—ELANE:§X, 00002550
112HUUT-0F-PLANE.7x,6HnAn1us,/1H0.16x,6(4x,512.6)) 00002600
c -)é*%ﬁ'*****ﬁ*********-‘éﬁ***-‘i#i'%%‘&"3: ERXHAREEXFHRENRHNL FER R RHN NN W AN XXX¥000026 05
T ESTABLISH THE INCREMENTAL ENTRY POINT OF THE FROGRAM 00002610
0230 809 I=X4) " » . o - .. Gooo2szo }
¢ FIND THE ANSLE GF “THE BLADE CHORD AND THE ANGLE OF THE BIRD WITH Roogogseso™
C TO THE X-AX1S 00002640
0231 THETAO=ACOS((XO(NSTAT)-XO(IJ)/(SGRT((XO(NSTAT)-XO(l))**2+(Y0(NSTA 40002650
1TI-vYo(1)1%%2))) o , _ ) _ 00002660
T TTgEsg o T e e IFCEY0I5)-Yo 1T LT 00 )THETAD=CTHETAD —  ~ o —
0233 IFII.GT.1160 TO 123 00002680
0234 BETASTHETAD-ALPHAD 00002690
C . ..FIND THE BLADE SEGMENT ANGLES _ . ] 0002700
0238 1217 D0 B IR NSTAE T e oo e " poooz7ie U
0236 THETA[JC)=ACOS(tXO[JC+1)-X0(JC]]/ISGRT((XOIJC+11-X0[JC}]**2+tYO(JC00002720
1+1)-YO(JC)I%%2))) 00002730
0237 o o EECCYO(SCHL)-YOCJCY ). LT. 0. JTHETACJC )=-THETALJC ) 00002740
Tpe3s 7T TUUTUEL cedhrpaug vt o o n ' ' ‘000082750
c FIND THE FORWARD AND AFT POINTS OF THE BIRD SECTIONS 00002740
0239 DD 20 L=1,Mva 00002778
0240 IF(I.GT.1)60 Tp 19 _ 00002780
0241 erT&XOct$§LtET%sINiBETAi-DELTLrLi#CUS(BETA} T gooe27e0
0262 YULI=YOCL-RL(L)#COS(BETA)-DELTL(L)*SIN(BETA) 0002800
0243 XLOLI=ROL)-CL{ L )%COS(BETA) 00002810
0244 YLIL)=Y(L2-CLILI%SINCBETA) 00002520

N — B0 D pp G - 00005830 ~
(ELT 19 IF(IICL).GT.1) 80 TO 20 00002840
0247 IF(II(L).EQ.0) VDT(L,I-11=0, 00002850
0248 ADVNCE{ L)=v*DT-VDT(L,T~1} 60002860
035y ™ ROLI=XULI+X0ONCETLISCOB(BETA) ~ *© = = o e e T a80028T0
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- mm“FORIRANmEY,Glm“RE£§6§EWQJP\”mmmu"mmmnmmﬂﬁlﬂmmh”_m_nﬂ__m..DATE.=“??°1ZM“_ ......... 08/53/03 ) . PAGE 0007
0250 YOLY=YOL)+ADVNCEL L I%SIN(BETA) 00002530
0251 XLOL)=X10 LY +VRDT*COS(BETA } 00002530
— 0852 _.YAEL!FYJFk!:V?DT§§IN(B§TA)h S e e oooo29op )
0253 ACL=CLIL) ’ e6gpoz2eie © T U
0254 CLIL)=CL(L)-V¥DT(L,2~1) 060002920
0255 IFC{CLIL3I/ACL) . LE. .01 }ITCL )22 06002930
0256 \mmmIE£A§§fCLlL)/CLG(Lll-LI;;Ql)EIILlEEHW — o .. 9000940 .
0257 20  CONTINUE ’ ” 00002950 R ” B
c FIND THE INITIAL CCNTACT POINTS OF THE BIRD 00002%50
0258 IT=0 00002970
9859 . .. DO 30 L=I,NVA T e .., 00002980 e o
0260 IF(I.EQ.1IG0 70 i1 00002594
0261 IF(II(L).6T.1}G0 TO 30 00003006
o262 11 BKBIK(L)=0. 00003010
- m"mQ§§3"mmmw-mwmm”wNmW_MNEEACSPL1=0 .................. e e e, 00003020 ..
0254 B0 3100 JC=1,N5TAF ’ T ooooseso T -
0265 ISLIDE(L,I)=0 00003040 o
0266 UMKI=(YOC(JC+1)-YI(L) YXCOS(BETA)~(XO(JIC+11-X1( L) 1%SIN{BETA} 00003050 8 55
- DBT o e e L ALKIZ(NOCIC)-XICL) VXSINCBETA)-(YOUJC)-Y1{L))#COS(BETA) _ 00003060 5=
i 0268 IF(THETA(JC).GE.U..AND.UAKI.GE.OJ.AND.AIKI.GE.D.J G0 FO 31 © 10003070 @ -
! 0269 IF(THETA(JC].LT.O..AND.UAKI.LE.D..AND.AlKl.LE.O.) GO TO 31 00603030 Eg
: az70 IHXT(L)=0 00003090 5 g:
: 0271 ) torosloo VUL Y 0{JC T ORET 1ow0i T feivy i oo 20003100 e .
i 0378 3 BKBthL):(erJ-xoch+13)*(Y(Li-votJCJ)-(xtL)-XO(JcsJ*(Y(LJ—YU(JC+100003110 2 o
: 5 1)) 00003120 S
G 0273 THIT(L)=JC 00003130 Eﬁ =
il T T (TLETACIC) CE.0. .AND.BRBIK(L) . 6E.0, IBACK( L)L 00003140 =
0275 - IF[THETA(JCJ.LT.U.JﬁND.BKBlK[L).LE.O.JIBACK{L]=1'm o 7 7 pooosiso T ‘m"Eg” .
c CHECK WHETHER THE IMPACT ANGLE IS SHALLOW ENOUSH TQ CONSTITUTE 00003160 7
c SLIDING ALONG THE BLADE 00003170
0276 IFtAas;THETAthg-BETA).GE,1.75731 GO TO 32 00003180
0277 IF(ABsts.14155263&SABSETHE?AIJCJ;EETAJJZGE;iL7643jGo'Td'32 """ ST 0000319p T e
c SLIDING 00003200
0278 ISLIDE(L,I)=1 00003216
; * gy o e e o CHECK KUETHER THE BLADE ANGLE IS CLOSE To 90 pEGRees 00003220 .
i 0279 FPII=3.T41592554 0003230
' 0280 IF[ABS[PPII/Z.-ABS(THETA(JC)l).GE.l.?E-B] GO TO 33 00003240
c THE BLADE ANGLE IS GCLGSE TO 90 DEGREES 00003250
0281 YICLI=Y(L) 00003260
0588 XITEYE(Y(LJl?dfthi¥t07KN(THETﬁthi1+x0(Jc3“"'"“"“”'““”““““”" """" 000032707 .
0283 ¥HEAR(L)IsXM(JC) 60063250
02584 G0 TO 34 09003290
c THE BLADE ANGLE IS MOT 90 DEGREES 80003300
T R v e e g RECCIRROLY™ T o o e T e L e e QDGE3TLE = = v e o e
6286 YI(LJ=(X[LJ-XOIJC))*TANETHETA(JC)J+Y0[JC) 00003320
— 0287 XNEAR(LI=XML JC) 00003339
0288 3¢ DOFBIL)=g. 00003340
PEY DELTA(ET=((XIIE]ixoch1}**24tYIfL)~Y03Jc11**21¥%.5'““””““““"“'“ 70000335 e e



092~

LTINS MM LY . mm Lo PAGE 0008
€ CHECK WHETHIY THE SLIDE IS GOING FROM MODE N TO Ne1 AND WHETHER THO0003360
C  I[ORWARD POINT OF THE BIRD SECTION IS BEYOND THE END NODE OF THE BLOOOOS3gG

e et LG B SERIENTY . . H v i 00003380
0290 xs((tnerA(Jc;.Lr.o..ANn.vx(L».Ls.vo(Jcoxyn.oa.«rusrchc).ss.o..ANuoooossoo
1.YI(L).GE.YO(JC+1))) GO TO 35 00003400
0291 IF((TNETA(JC).LT.O..AND.YI(L).GE.YO(JC)I.OR.(THETA(JC).GE.O.AND. 00003410
ult!iklsLE:X?(JQ!!)GQMTOM3QWG_WWM"”,mm. i i L ORORORES L i
0292 GAMMAC L)=XNEAR( L)+DELTA(L) 00003430
0293 GO TO 40 00003440
0294 35  XI(L)=X0(JC+1) 00003450
LRERE e JELLIRYR(ICHLY i el o i SRS G SRRAN SRS, i o
029 XNEAR(L)=XM( JC+1) 00003470
0297 IHIT(L)=JC+1 00003480
0298 ISLIDE(L,K)=0 00003490
...... G, . SRR DELTA(L)=O, = § 00003500 BB
0300 GO TO 38 00003510
0301 36  XI(L)=X0(JC) 00003520
0302 YI(L)=YO(JC) 00003530
i, . SRR e . XNEARCL)=XM(JC-1) i i fld e 00003540
0304 IHIT(L)=JC-1 T Sainuaad iR i 00003550
0305 ISLIDE(L,K)=0 - 00003560
0306 oELrA(L)=(rxo(Jcr-xo(Jc-l))-«zo(vo(JC)-vo(Jc-lptuuz)-.s 00003570
0307 38 °f§‘¥!§!£%!E!rXIK&??*?Q?'Y‘L’°YISG’"?%P'?:S”.Am“, s L
0308 : IF(DFBIL).LT.1.0E-5)60 TO 340 st T et e
0309 DALFHA=ACOS( (X(L)=XI(L))/DFBI(L)) 00003600
0310 DFBIL)=ABS(DFB( L )*COS(BETA-DALPHA)) 00003610
Wi S o o SAMMACL)=XNEARCL)4DELTA(L) il ol e 00003620
TR T T 60 70 4o - i : ; ' i i e te it
0313 340 DFB(L)=0. 00003640
0314 GAMMA( L)=XNEAR( L )+DELTA(L) 00003650
osls so To Qo e T LR . a o p—— o b —— 0000“60
¢ THPAET ANGLE 1§ NOT" SHALLON e A
0316 32 xx(L)=(((V(L)-vo(JC))-c05(a£rA)-xtL)-st(aztA))-cos(tuer(JC)) 00003680
10X0(JC)'SIN(THETA(JC))*COS(BETA))/SIN(THETA(JC)-BETA) 00003650
c CHECK WHETHER THE BLADE SEGMENT ANGLE IS CLOSE TO 90 DEGREES 00003700
RTINS e e e PPII=3.1415%265¢ By g 7 00003710
0318 IF(ABS(PPII/2.-ABS(THETA(JC))).LT.1.7E-3)60 TO 37 00003720
c BLADE SEGMENT ANGLE IS NOT 90 DEGREES 00003730
0319 YICL)=OXTIOL)-X0(JC) I¥TANI THETA( JC ) )+ Y0( JC) 00003740
0335 &5 10 39— e ! . \(JC)) i e s S
c BLADE SEGMENT ANGLE IS CLOSE TO 90 DEGREES-USE TAN(BETA) 00003760
0321 37 YI(L)S(XIL)-X(L))I*TAN(BETA)+Y{L) 00003770
c FIND XNEAR,DELTA AND DFB 00003780
mi, . i ey e S SR SR SORERIOD - - e Ll
0323 oELrA(L)=((xo(Jcr-xx(L)1:«zo(vo(Jci-vxtL))-z)na.s 00003300
03264 GAMMACL)=XNEAR(L)+DELTA(L) 00003310
0325 DFBILIZCIXICL)-X(L))*%2+(YI(L)-Y( L) )*%2)%%.5 €0003820

IF THIS BIRD SECTICN'S FORWARD POINT IS IN BACK OF THE BLADE FIWD BORNINEe e e, iR



bt &/ e

..FORTRAN IV €1 RELEASE 2.0 BN SRCRCSOINNe L .
c OUT IF IT IS THE GREATEST DISTANCE BEHIND THE BLADE 00003840
0326 40  IF(IBACK(L).EQ.0)GO TO 30 00003850
LR ol XYRTVeY Lt L G 00003360
0328 DMAX(IT)=DFBIL) g 00003870
0329 IF(IT.EQ.1)G0 TO 30 00003880
0330 IF(DMAX(IT).GE.DMAX(IT-1))G0 TO 30 00003890
0331 DJ7-°.‘AX( IT) SISOt S MMM SOSRIITE . T anead S9A e e S PSS 456 A SO s+ S - cossrsoane = - ..°°°°39°°... D T Sur—r——— S
0332 DMAX(IT)=DMAX(IT-1) 00003510 AR
0333 DMAX(IT-1)=DM7 00003920
0334 G0 T0 30 00003930
9335 LS GOSN e e e e L N S
0336 30 CONTINUE 00003950
0337 PPII=3.141592656 00003560
c RESET THE POSITION OF THE BIRD SO THAT THE BIRD SECTION CLOSEST TO00003370
e C.... THE BLADE WILL HIT FIRST R R R, . o ] v, o S
0333 DO 41 L=1,NVA 00003950
0339 IF(I.EQ.1) 60 TO 12 00004000
0340 IF(II(L).GT.1) GO TO 41 00004010
W, .. T . 12 IF(IHIT(L).EQ.0)GO TO &1 00004020
- IF ALL OF THE FORKARD POINTS ARE IN FRONT OF THE BLADE THE BIRD WI00004030
c HAVE TO BE MOVED TOWARD THE BLADE 00004040
0342 IF(IT.EQ.0)GO TO 42 00004050
; L FOLRARD POINTS BEHING THE BLADE-MOVE THE BIRDBACK 00004060
0343 X(U)IEX(U)-DHAX( IT )%COS(BETA) = 00004070
0344 YOL)=Y(L)-DMAX( ITI*SIN(BETA) 00004080
03645 DFBILI=CIXITL)=XIL))*¥2+( YI(L)=Y( L) )%%2)%%.5 00004050
IAREIBNL, . o i o YRR . sl 00004100
c ALL FORWARD POINTS ARE IN FRONT OF THE BLADE ! % "7 00004110
0347 42  SDFB(L)=DFB(L) 00004120
0343 IF(L.EQ.1) GO TO 41 00004130
0349 IF(SOFB(L).LE.SDFB(L-1)) 60 TO 41 Al e LA
0350 DJ7=SDFBI(L) 7 00004150
0351 SDFB(L)=SDFB(L-1) 00004160
0352 SDFBI(L-1)=DJ7 00004170
0353 O BN o), SRR RO I i 00004180
} ¢ IF ALL FCRUARD POINTS ARE IN FRONT OF THE BLADE MOVE THE BIRD TOKAD0004190
c THE BLADE 00004200
0354 IF(IT.GT.0)G0 TO 43 00004210
0355 0 AR L e st 5 : 00004220
0356 IF(I.EQ.1) 60 70 13 iy e e B 00004230
0357 IF(II(L).GT.1)GO TO 44 00004240
0358 13 X(L)=X(L)+SDFB(NVA)*COS(BETA) 00004250
0359 YOL)=Y(L)+SDFB(NVA )*SIN(BETA) 00004260
‘‘‘‘ e T T84T DFBUL)SU(XICO)-XOL)I*¥24 (YI(L)=Y(L) )%%2 )u%.5 ~ " - T 77 00004270
c TEST FOR WHICH BIRD SECTIONS WILL IMPACT ON THE BLADE AND SET IT(L00004280
c IF IMPACT WILL OCCUR DURING THIS TIME STEP 00004250
0361 43 DO 45 L=1,NVA . 00004300
R P TINIT(L Y EG 80 60 YO A g Sl Ul A - CODOAENE

PAGE 0009
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BOODBEGTH ™ T

FORTRAN IV G1 RELEASE 2.0 MAIN DATE = 79012  08/33/03
0363 IF(I.ER.1III(L)=0 00004320
0364 IF(II(L).GT.1}50 TO 45 00004330

e U385 o IF(DFBILY.LT..01)TIC(LIEL 80004340
0366 &5 = CONTIRUE 00004350
c SET THE TIME STEP TQ ONE TENTH THE HIGHEST MATURAL PERIOD DURING T00004360
[ TIME THAT THE BIRD IS IMPACTING 00004370
0367 CONST=2. %PPIY/(10. XHIMODE(NH] ) 00604380
¢ IF THE BIRD HAS COMPLETELY IMPACTED SET THE TIME STER To ONE TENTHO0004300”
c LOMEST NATURAL RERIOD 00004400
0368 IF{IFY,.BT.0ICONST=2.¥PPIL/(10. *HIMADELL)) 00004410
O £ i .
c CALCULATE THE RELATIVE IMPACT VELGCITY AND AMGLE-CHANGE DT IF VREL00004430
c IS GREATER THAN THE LENGTH OF THE IMPACTING BIRD SECTION 00004440
0370 DO 47 L=1,NVA 00004650
0371 JH=IHITOLY e+ e . - .. Bo0c4460
0372 TF(INITCL).EQ. 080 7D 47
0373 IF(II(L).GT.1)G0 TO 47 00004480
0374 IF(I.EQ.1I60 TO 48 00004450
b3y — o dg=152 » _ . 00004500
0376 00 203 JB=1,N5TAF 00004510
0377 Jo=J941 00004520
0378 IF(JB.ER.IHIT(L))JIT=D9 000604530
0379 203 CONTINUE T T T L PR T T T L iy T e S 0000"540
0380 IF(ABS(PPII/2. -ABS(THETACIHIT(L V1) .6GE. PPII 127760 TO 49 0R004550
0381 OHEGA=(VELIL, JT31 )-VELIL,JT)) (YO L JK+1 )~YO( JK) ) 00004560
8382 GO TO 50 0004570
. 0383 LG9 OMEGA={VEL(2,JT+1)=VEL(2,JT})/(X0LJK+1)-X0(JKY) . 00004580 _
T 0384 BT RIDSVELI L ITYC (VI CL-¥0CTHITCLY ) )%0NESA 00004590
0385 YID=VELLZ, JT)+(XI(L)-X0¢ IHIT(L) ) I%OMEGA 00004600
0384 G0 TO 51 00004610
0387 48  XID=0. . 00004620
0388 Yin=0. " e T 00004638
p389 51  VISXID®COS(BETAl4YID®SIN(BETA) 60004640
0390 VB=XID*COS(THETA(IHITCL) ) }+YID®SINI THETA{ THITILY) )} 60004650
o391y __ VX1=(VY-VI}#COS(BETA)-VB¥COS( THETALIHIT(L))) ) 00004650
T o392 T T WISV RS INTBETA T VEBRSING THETAC THITIL) 3 } ‘00004670 T T T
0393 VRIL,IIS(VXL##2+VY1%ED 5%, 5 00004680
039¢ ALPHAL L)=ACOS( (VXI*COSITHETACIHITIL) ) )+VYLIXSINCTHETALTHIT(L) )} )/ 00004690
IVRIL,TI)) ) 00004700
03985 ISELITOOT=Y T T BB 047107
0395 IF(ALPHATL).LE.PPIT/2.)G0 TO 56 00004720
0397 ALPHA{ L)=PPII-ALPHALL) 00004730
0398 ISPLIT(L)=-1 0on04740
o g e e v oo PR Oy R GG TO 53 o e e e o e o oo e et 00064750
c CHECK WHETHER VREL%DT IS GREATER THAN THE LENGTH OF IMPACTING BIRDO0004G760
— ¢ SECTION AND SHORTEN DT IF IT IS 00004770
0400 DT1=CLI{LI/VRCL,Z} ; 00004780
P e T T ———— 00004790
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... FORTRAN IV G1 RELEASE 2.0 MAIN _ DATE = 79012 08/33/03
0402 50 TO 47
t CHECK WHETHER VREL*DT IS GREATER THAN DFB FOR BIRD SECTIONS NOT IM
e e s o e O CONTACT HATH THE BLADE_YET "
G463 52  DTLI=DFBILI/VRIL,T)
0404 IF(DTL.GE.DTIGO TO 47
0405 IFIDTI.LT.DT/2.)60 TO 53
0406 e b e e+ e = e e o]
0407 60 TO 47
c IF THIS BIRD SECTIOMN WILL TAKE LESS THAW ONE HALF THIS TIME STEP T
c IMPACT THEN IMPACT IT DURING THIS TIME STEP
. 0408 B 1 g L e
0409 47  CONTINUE
¢ FCR EACH BIRD SECTION CALCULATE THE LEMGTH OF THE SECTION THAT MIL
c IHPACT DURING THIS TIME STEP
_ 0410 e BB LELMVA e
0411 IF{IHIT(L}.EQ.0)GO TO 55
0412 IF(II(L).GT.1)60 TD 55
0413 IF(IX{L).EQ.0)G0 TO 55
e DALE e LVBTULDISVRIL TIEDT-DEBIL) )
0415 GO TO 54
0416 55 VWDTiL,X)=0.
0417 54  CONTINUE
c i HODAL LOADS e
c ZERO OUT THE PRESSURES AND IN-PLANE AND oUT OF~PLANE FORCES ON "ALL
0418 DO 61 I3=1,NR
0419 LIM=MAX{I3)
0420 o DOSL S3ELaaM . } )
- 0421 PRESS(I3,J3)=0.
0s22 PIFORCII3;J3)=0,
0423 FRSS(I3,J3)=0.
0424 PRLLIBAABIE0 e e
6525 BVLIT3,J50=0 7 TTTITIITIT e e e et
0426 61  POFORGC(I3,J3)=0.
o CALCULATE THE INITIAL IHPACT FORCE FOR BIRD SECTIONS HITTING THE
— e —r wee G . BLADE DURINGTHISTIME STEP . i
T TogEY T IF(IFSLD.EQ.1.0R TIFLG.ER.1)G0 TO 57 o
0428 CALL PIRIT(LYI,NVA,BETA,JC1,XNERLL,DLTALL,I8,NSTAF,PPIT,E,F,
1G,AL,R1,5,0EN,T,V,I7,0T,RIMP,NSTAT)
0429 57 . IF{IFSED.EQ.1.0R.IIFLG.EQ.1)G0 TO 58
0430 IFCHACITVER. 6 JAND . ITSLD(I 1, EQ. 7)GO TO €0
6431 IF(NACI).EQ.0.AND.XTSLD(I).LT.7)G0 TO 59
0432 IF(ALPLI(I).LT.1.7E~3)G0 TO 59
0433 KFIN=I
GG T T T e G e e e o e -
0435 8%  IFSLD=l
0435 KFIN=I-1
0437 GO TOQ 58 .
ol B Y1ElesT y e e e

00004800
00004810
00004320
00604830
00004840
00004850
00004850

00004380
00004850

. 6000&%00

00004510
00004920
00084930
000046540

00006950

00004960
08004970
00004960

‘00004990

00005000
00005010

00005040
00005050
00005060

ocooso70

00e0s080
00005090
00005100

00005110

00005120
00005130
00005140

go0e5150

00005160
00005170
000051840

" DOOO5L90”

00005200
00005210

60005220
© poeosein U

00005240
00005250
00005260

pogossyo T

PAGE 0011

Te00058Te
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FORTRAN IV G1 RELEASE 2.0 MAIN .~ DATE = 79012  08/33/03 PAGE 0012
0439 KFIN=Y-1 00005280
c CALCULATE THE NODE PRESSURES FOR EACH BIRD SECTION THAT HAS IMPACTO0005290
g = e e G IN A FREVIOUS TIME STER S e oL ... _0OBOB300 -
0440 58 " DG" 64 K=1,KFIN ’ ’ 00005310 '
c THIS BIRD SECTION HAS IMPACTED THE BLADE AND SGUASHED 00005320
c -IF THE BIRD SECTION CAME ON THE BLADE DURING THIS TIME STEP 80005330
. ~FIND THE X'CGURUINATE"QE.IHEHGEHI£R_QE.IHENQLDSEQ.LPQE-!?FE%)mmMDUQQ534QM
[ ~AND SET THE VALUE OF GIST-PRESSURES AHE NoT CALCULATED FOR ~""po0ds5ss0
c ~THE FIRST TIME STEP OF IMPACT 80005360
| 0441 65  IF(K.LT.IJG0 TO 72 00005370
! - .. 0892 e o oo SEPLIRIZSPROK )+ L LAMDILLK )~ LAMDRICK ) )20, fiab2itiys ™ — - - 00088388 o
' 0443 IFCGHALLIK 1~SPP(K)}. LT. 8. JSPPI(K)SSPR(iT+ TAHD 21 FiCT= 00005350
1LAMDIL(K) ) 2. 00005400
0444 DISTIK)=(LAMBILIK)+LAMDRL(K) ) /2., 00005410
RN L - - v e 9008420 :
0446 72 A=RIHP+(MHITKT-RAT(R Y 2] 00005430 ' T
0547 BERIMP-CMMI(K)-RML(K) )/ 2. 00005440
0448 IF{{A-B}.6GT.0.)60 TO 7200 80005550 ©o
monQRD e e LJASRINR T e o s s 00065460
0450 B=RIfiF T T T 700005470 - -
0451 7200 DISTIK)=DIST(KI+VRIL(KI¥DT /2. 00005480
c CALCULATE THE PRESSURE DISTRIBUTION DUE TO THIS BIRD SECTION 00005590 i
0452 CALL PR§§!B$EEzAaRaPI§I?F3a?%PLTfKJﬁSPE‘K31§P91‘K?2V9TL1‘M“"mu .. 00005500
1 1K1.G§Hﬁh1tk1.GAHHAE(KJ,PO(R),Rulik);ALPLItKJ,vnuitxi3bEN; T oob05sTE " R
) 1NSTAT, IIFLG) 06005520 w et
A 0453 64 CONTINUE 00005530 Y
] o o S FALGYATE THE TH-PLANE AND OUT OF PLANE FORCES 0N EACH nODE . .. 00005540 >
T 0484 62 TEp T ) v ‘ ST T ogoosesg T - T e
0455 Fv=o0, 00005560
0456 DO 73 Y3=1,NR 00005570
0457 LIN=MAX(T3) S _ 00005580
0458 D074 J3ETTTER T T 6005580
£ ~FIND WHICH BLADE SEGMENT ANGLE SHOULD BE USED WITH THIS NODE AND00005600
c ~CALCULATE THE IN-PLANE AND OUT OF-PLANE FORCES ON THIS NODE USIN000O5610
R G . ;THE CORRECT ANGLE ~ 00005620
G e e o o T SEETERNIRSTATICNH (1) ™ ™ = = o oo o o e “00D0BESG T — e
0460 CAMLIN=XHODE(I3,1) 000055640
0461 DO 75 JC=1,NSTAF 00005650
0462 MIDTH=(XH[JC+1)~XH(JC]J*(XNODE(IS,LIHJ-XNODE(IS.llJ/SECT 00005660
R— C AR RSB S TR e e 2 E T -XNOBEC T3, 1) 1/8ECT e e QB g e = e
0464 1FtXNGDE(IS,J3).GT.CAHLIH.OH.XHDDE(I3,J3).LT.(CAHLIH-HIDTH))GD 00005680
iT0 75 000056570
0465 ANGLE=THETA(JC) 00065700
TR T e e e 1?(33.NE.IIARD.33.NE:EIHanGLEEIrHETAch)+THETA(JC+I})?2.““ TTOTT oboosyyg T o o B
0457 PIPORC(I3, J3)=PRSS{T3,J3 JXAANODE I3 ,J3 )¥SIN( ANGLE ) 00005720
— 0468 FOFORC(13,J31=-PRSSIIS,J3J*AANDDE(I3,J31ﬁCOS(ANGLEJ 00005738
0469 75 CONTINUE 00005740
7 TR et - s . e O BB e e S .
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- . FORTRAN IV 61 RELEASE 2.0

0471
0472
. 0473

0474

0475
G476

M— -‘-“‘-W‘ ﬂ-"' H i

PP(I5,1)=PIFORC(IZ, %)
PRLI5, 2)=POFCRCI I3,J3)
- IE(I3.EQ.17.AND.J3.EQ.1)118515
FVSFV4PP(I5,1)4PP{15,2)
74 COMTINUE
73 CONTINUE

-USING THE RESULTS OF THE
-INITIAL CONDITICHS
CALL MODAL(NM,NSTAT,HN,I8,FV,DT)

0 0o

19=18
D0 445 JB=1,NSTAT
... XO(JB)=XO(JBI+DEF(1,19}
T0{JB)=YO(JB)+DEF(2,19)
19=19+1
445 CONTINUE

o0

C TCALCULATE THE TOTAL ELAPSED TIME e

TIME=TIHE+DT ~

ITI=0

20 1200 L=1,HvA

IF[II(LI:GT.I:OR.IHITEL}lEQ,p)III?
1806 conTIRNgET T T T h ’

IF(IFY.EQ.11GG TO 202

IFIITI.EQ.6)G0 TQ 2on

CALL PRINTP(I,TIME,NR)

T2027 IF(IJEQ.1I60 TO 200
IFITIME GE.TSTORIGO TO 200
IF(I.EQ.ITPRNTIBG TO 200
60 TO 201 e
2007 CALL PRINTV( I YIHE, TRDEC; ITPRNT, N
IFIIII.LT.6)G0 TO 201
CALL PRINTP({I,TIHE,NR)
€ -CHECK WRETHER THE ENTIRE LENGTH
201 TIF(FV.EQ.0.) GO TO 77 O
IFITIME.LT.TSTOR 3 TO 800
WRITE(G,600)TIN
‘ 600  FORMAT(IHI,pOX- % DURATION OF P
T Y TR ART BLADE C.  _iELY',/1H0,53X,
1)
GO TO 998
77 IF(IFV.EQ.11 GO TO 7&
T o= IF(YUEQ.1Y60 To 7~
IFy=1
TELAPS=TIME-DT
WRITE(6,601)TELAPS

- “CALCULATE THE NEW COORDINATES OF THE
~THE BLADE SHAPE AT THE IMPACTED RADTAL STATION

DATE =W?9012_n_7.h“ 08/33/03

PREVIOUS TIME STEP AS

ITY+1

»IJPRNT, 17}

_NODES DESCRIBING

OF THE BIRD HAS IMPACTED

. -CALCULATE THE HODAL RESPONSE DURING THIS TIME STERP =~

00005760
00005770
00005780
00005790
20005800
00005810
00005820

00005830 T

00005840
20005850
00005850

00005870

00005580
00005890

_ 60005900

T 00005910

00005920
00005930
80065940

PAGE 0013

00605950

00005550
00005970

. 00005980

0d00599G "

00006000
0o0p6010
agoos020

- 00006030

000068040
00006050
00006060

00006070

0000560589
000050590
00006100

00006110

ROBLEM 70O SHORY FOR MISSILE T
'ELAPSED TIME="')1X,Eil.5;1X'SEC’

00006120
00006130
00806140
200606150
00006160
GC006170
000056180

" 00008190

T ”"“TBDI“FORHAT(1H0.3SX,4?HTIHE ELAPSED FOR MISSILE TD FULLY IMPACT BLADE=,

006056200
00006210
00006220
0006230
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FORTRAN IV G1 RELEASE 2.0

CHAIN e DATE = 79012 08733705 PAGE 0014

11X;E11.5;1x;3HSEC) 00006240

0510 78 IF(TIHE.LT.TSTUP]GO TO 800 00006250
"ot = o oS98 CALL PRINTRUIZ,NSTAT.NR, TJPRNT) e e e .. OOOGG260

0512 99%¢ STOP 00006270

0513 END 00006280




A A

FORTRAH IV Gl

DDoD63s0 T T T

PAGE 0001

00008600 ~ T

RELEASE 2.0 , HAIN DATE = 79012 ~ D8/33/03
C LE21 sﬂ‘%fai-#ia%*****ﬁ'&)t‘**************K************ﬁ%****x**********iio 0006 2910
[ ih****ﬂ#*****ﬁ******i* SUBROUTINES *ii-ii-ii%o.’-*****ﬁ*******iﬂ***#******00006300
C LAt 2 b3 5 2 ﬂ*iﬂﬂi****i*iﬁ#ﬁﬁ****ﬁi‘-*i*iﬁi********i*!E************ii**ﬂ**iiieo 4] 0 06 310
SUBRQUTINE P3D(A,ALFHA,PO,GAMDAL,GANDAZ, TLOAD) 00006320
DIMENSION ALQAD(2),»R{Z),YR(2® 00006330
R=(GAMDAL+GANDAZ }/2. 00606340
- DIFF=lGANDAL-GAMDARY/2. 00006350
DELY=R/25. )
DO 10 H=1,2 00006370
ALOADINI=O, 00006380
~ SIGMH=-1. . _ 00000390
IFIN.EQ.2)SIGN=1, 60006400
bo 11 IrR=1,25% 00C06410
YR{1)=IRWDELY 00006420
YRI2)SYRI1)-DELY . 00006430
XRIL)=SIGH#( [ R#*2-YR[ 1 )54#%2 J#%.5) 00006440
HRIZI=SIGH®( (RR2-YR(2 )5%2 }%#.5) 000064580
DELX=ABS{NRI1)/25.) 00006450
) . VTLoAp=o0, ~ B 00606470
00 12 1I¥=1,2 B 00005480
DO 13 IY=1,2 00006490
IFEIXN.EQ,2.AND.IV.EQ.11G0 TO 13 00006500
. LRISUEMREIXISDIF™ J4#2 4 YROLY J#%2 %% 5 00006510
T TIF{RI.LT.1L.E-51G0°TO 20 00006520 T
COSPSI={XR(IIXI+DIFF)/R1 000065350
G0 TO 21 20006540
20 COSPSI=1. , _ 00006550
21T GAHHAE=I4:/3.J*A*A#((SINIALPHAl/(l.-COSPSI*CDS(ALFHA)]**21*(tl.~" 00006560
1(COSPSI*COSLALPHA) )¥%2 ) %% .5 )*SINCALPHA )} 0006570
IF((RI¥R1/GAMHA2}.LE.20. )60 TO 30 00006580
P=0. ) 00006590
oo to 31 T
30 PER0%(2.-EXP(~R1%R1/GAHMAZ ) JHEXP( ~R1%R1,/GAMHAZ ) 00006610
31 VTLDAD=VTLDAD+P 00006620
13 CONTINUE 00006630
12 ceHTINUE 7 T T T e e e e 000065450
YvLDAD=0, 00006650
bO 14 IQ=1,25 00005650
DO 16 II=1,2 00006670
PO 15 IYRLLe U e el 00006680~ ~
Ja=Iq 00006690
IF(I1.EQ.2)JQ=IQ-1 00006700
HMULT=1 00006710
T OIF(IILEQ.EYIHULY =2 N T 0000KT728 T T
X=XR(1)-SIGN*JGHDELX 00006730
RI=({XMDIFF IN%2+ YR(IY )%%2 )%%,5 00006740
IFIRL.LT.1.E-5iGO TD 22 . 00006750
T T COSPSI=IN+DIFFISRL - .

00008760 T
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FORTRAN IV Gl

0045
0046
0047

0048
0069
0051
0052
0053
0054
0055
0056
0057
0058
0659
0060
0061

.eeso

RELEASE 2.0 P3D DATE = 79012 08/33/03
60 TO 23
22 COSPSI=1.

23

GAMHA2=(4 . /3. l*A*A*((SIN(ALPHA)/(l -COSPSI*COS(ALPH&)]**E!*
1i(1.~(COSPSI*#COS{ALPHA ) )#%2 )% S 1%SIN(ALPHA) )
IF((R1¥R1/GAMMAZ2).LE.20. 6D TD 40
P=0.

60015

P=PO%{ 2, -EXP( -R1¥R1L/GAMMAR ) IREXP( -R1%R1/GAMMAZ)
VLOADEVLOAD+HULTES
CONTINUE
ALOADIN)= ALOAD(N!%[VTLOAD+VLOAD]*DELX*DELY/6.

" COMTINUE

CONTINUE
TLOAD=0.
D0 16 N=1,2

T TLOAD=TLOADSALGAD CHY

RETURN
END

00006770
00006780
00006790
0ogos800
00006810
00006820
00006830

“opoosssn T T

060006850
006006850
00006870

PAGE 0002

00006880

000046890
00006900
00006910

000069207 T

00006930
00606940
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. DATE = 790

la . 08/33/03

3o ar

TEORMATOIHO 6 THUARNTNG : CONVERGENCE TEST FOR LAMDA2 NOT SATISFIED--00007260

TypeyY] AN
HEKERNRRRH X

G1,62,F,TsALPHA,BESTL, ISPLT,SP,X1,X2

#00006950
100006560
00006970

00004980
00006990
00007000

..0o007010
00007020

00007030
00007040
00007050
00007060
00007070
06007080

_..00007090
00007200

142 ¥DEL® E221)
i3
DLLXE222 )42, ¥G2RELL 2%

00007110
00007120
00007130

" 00007140

00007150
00007160
00007170

PAGE 0001

00087180

00807190
00007200
gooo7e1o

gooovzze T T T

00007230
poco7240
00007250

1PERCENT ERROR= ,F8.3,/1H0,44%,11HTIHE STEP= ,15,4X,14HIMPACT ANGLENO007270

00007280
00007290

" 00007300

[nd =.='§”z‘,:>::::;=;;<'.:>:k‘::ﬁ::,{;::x;:x:.’:;:;:ﬁ #* HIRIMHER W N R
0001 SUBROUTINE LAMBOA(GAMDAL,DEL,
o ..nogz K=o . ) .
0003 IFCABS(2.%GANDAL/G2).6T.20.)60 TO 10
0004 IF(ABS(2.%DEL/B2).6GT.20.160 TO 10
1005 E121=EXP( -GAMDAL/G1)
.ogos ,ﬁIHEEW(mEUﬁlemHWwW”wmmwwmummw
0007 El22=EXP(-DEL/G2)
003 E211=EXP(-2.%BAMNDAL/GL)
0009 EZ221=EXP[-2.%DEL/GY)
G010 - o e e E2EESEXPI-R2.#DEL/GR)
0011 GAHDAZ=GAHDAL
no1z 1 K=K+1
0oL3 IF(K.EQ.1)G0 TO 2
0ol4 . GAMDAR=BESTL ) )
0015 IF(ABS(Z.¥GAMDAR/G2) . 6GT.20. 160 TO 10
0016 g E112=EXP{ GAMDA2/G2 }
0017 EQ12=EXP( 2. #5AHDAZAGE }
0018 "mA1=[Gl/4.!*Ezll*[[2.§(GAHDA1—E}+61)¥tEael-l.
142 %G1¥E111%( { GANDAL-F+G1 }%(1.~E121 J-DEL#EL2
0ole AZELBR/4. THE (2. %(GAHDAZ+F 1462 )%( E222-1. )42, o
1UCBAHDARHF +62 }%(1 . ~E122 )-DELKEL22 }~ER] 2%AL
0020 . .mHASFE:*5442*!£F$"D&2+Flﬁ!E¥2§71:JfDEL*E122):(fGAﬁDA2+EJ¥‘E???"lz}“
' - 1+DEL®E23E)
f021 BESTL=GAMDAZ-A2/A3
ooz2 TEST=ABS(1.-BESTL/GAMDAZ }
_ o023 - —. IF(K.EQ.200)060 TO 3 =
ooz4 IF(TEST.LE.1.0E<3)G0 70 &
ooes GO TO 1
0ozé 3 TESP=100.%TEST
0027 e BRITE( 6, B STESP, T, ALPHA
0028 5
1= ,F7.4,1X,3KRAD
Doze e W80 TO 6 L
aoso 10 IF{ISPLY.E8.1)BEETL=0.0
0031 IF(ISPLT.EQ.~1)BESTL=0.0
0032 4 RETURYM
0033 . EHD

aoo07310
00007320

. 00007330 .



P it

-04¢-

. FORTRAN IV 61 RELEASE 2.0

" ~oppa ™

e 0003

" oogg " T

" Th61a T

0001

c

aon

A
0005
0006
0007

0oo9

0011

0013
0014

NI R

..IFUISPLIT.EQ.-1)G0 TO 512

. JHICK=RM<(1,-COS[ALPHA) ) /2.

'HSﬁ:VDT*(HH*#a:?(a.*((DIST+vuTJ**2-DIST**e11

""CALL'ﬁESIUNiXRﬁDE,NSTAT,JCI}

T00iE
0016
0017
G018

— 661~

JHAIN ... . DATE = 79012 ... 08/33/03

PAGE 0001

BN R R KN AU I NI RN AN N I 06 K236
SUBROUTIHE CANBER(XNODE.YHODE,A,B:IﬁPLIT,RH.ALFHA.SPP,VDT,CUSFEEs

. 1VR,DEN,NSTAT, PRESSC )

IF(YNODE.GT.A.URATHODE.LT.B]GD TO 511
~CALCULATE THE SQUASHED BIRD THICKHESS
“FOR A 2D JET

THICK=RH¥(1,+COSIALPHAT iva.
IF((XNODE-SPPJ.LT.G.)THICK=RH*(1.-COS(ALPHA)1/2.
GO TO 513
:?t(xucue-sppi.LT.o.:THICK=9M*(1.+C05(ALPHATJ/a."" T
B9 TO 513

~CALCULATE THE SQUASHED BIRD THICKNESS

-FOR A4 30 JET o o
THICK=H3D*(1.+CDS[ALFHA]-a.*COS(ALPHAl*fACDS(COSFEE)}/3.141592654)
~FIND WHICH BLADE CURVATURE REGION
-THIS NODE FALLS WITHIN L )

~FIND THE VALUE OF ONE OVER THE RADIUS OF CURVATURE
CALL INCURV(JCI,P1)
VEL=VR
IFf?NbﬁEfEfflfbh.YNODETLT.B}VEL=VR*COSFEE””"""W“”' T
PRESSC=PI#THICK*DEN#{ VE L2 )
FRESSC=0,
RETURN
rp

. 00007440
00007450

00007576

T ogoozele

:ux;:;a:n;:x:x:“xwxu:xwxxk%wﬂouo?340

00007350
00007560
00007370
00607380
00007390
60007400

" 00007410 v s

00007420
00007430

00007450
00007470
000074580

ooco7s500
00007510
60007520

' DBOO7530

00007540
00007550
00007560

000607580
00007539
00607600

Ty O p—
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FORTRAN IV Gl RELEASE 2.0 ‘ L. MAIN DATE = 79012 ~ 08/33/03 PAGE 0001
c iGii*-x*ii**-?&’-***-}i****ﬁ***ﬂ-)i«x-)t—i’-*‘****#*-)(**-HE******%%****&*******ﬁ*iﬂi*ﬂ*D no07620
0001 SUBROUTINE REGION(XNGCDE,NSTAT,JCI) 00087630
0002 COMMON/RNID, KCENL125),XCEN2( 25) N - . 00007640
0003 HST=NSTAT-2 ’ - 00097650
o000% DO 514 KJis1,NST 00807660
0005 IF(XNODE.LT.XCENL(KJ).0R . XNDDE .GE . XCEN2(KJ) IGO TO 514 00007670
006 .. JELERS S P OTURR, L' 1 - 1
" 9007 U B14 T CONTINE T T T a T T T 00007650 T )
ooas RETURN 00007700
o009 END 00007710

EERR R R ot R e




ANAY

Y T

0001
0go02

0004

oens

0008
6009
0019
‘0611
0012
0013
0014

0015

o007

_ FORTRAN IV Gl

Tepo3 T

_RELEASE 2.0

c

50

R Nk i

PAGE 0001

80007870 T

,,,,,,, Ay ... DATE = 79012 ~ 08/33/03
%‘j”‘nu.w.‘n1}’:k::=;¥}.}.k ‘.:}.'ﬁa::.';::x:x:;;(xxx::::::..;x:\ﬂz::;::z:zxnxxx‘;n,00007729
SUBROUTINE INCURVCJCI,P1) 00007730

.. COMMON/BLADE/XG(25),Y0(251, THETAL 24 ), XM( 25 ] 00007740
XMIDl= XO(JCll+COSITHETA(JC1)J*[t!XDEJCl+1) =X0C(JC1) )#%2+( YO(JC1+1 }-00007750
IYO(JCL) )%z %% 5) /0, 00007760
YMID1= YOtJCIl+SIN(THETA(JC1)]*({(XO[JC1+1)~XO{JCI))**2+(Y0(Jc1+l)-0000?7?0
e AYOUICT ) )%52 )%, 5172, 00007780
XHIDZ~X0[JC1+1)+COS(THETAIJCI+1)l*(((XO(JCT+2)—X0[J61+1J)*¥2+ CTTeede7Tee T T
L1EYOUJCI4+2)-YOU JCL+1) %58 Jxx%. 5 )2, 00007500
YMID2= TU(JC1+1)+SIh(THETA(JCl+1]1*(((XU(JC1+EI-XD(JC1+1)]**2+ 00007810

— eI e - YOIC e sy By, T T T 00007820

DELFHInTHETA(JCl+1)-THETA(JCl] ’ 00007836
IF(DELPHI.LT.1.7E-5160 TO 501 0007840
CHORD=SQRT( ( XMIDL-XMID2 ) #%2+{ YHIDI - ~YMID2 ys#xe ) 06007850
_RCURV=CHORD/( 2, ¥SIN(BELPHI/2, I} o e 00007860
P1=1./RCURY ’ ' R
GO TO 500 00007880
P1l=0. 0Np07890
RETURN 00007500

“ENp " T ) B 00007910~
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_ FORTRAN IV 61

RELEASE

c
0601

“pooz

LDy

507

. LIMSHAX(I3)

. IFU(XDOT/BAMMAL) .6T.75, )60 TO 600
FEXP=EXP{ ~XDOT/GAHMAL )

2.0 HAIN DATE = 79012

08/33/03

FNRRHRNRXRAXO0007920

SUBROUTINE PRESUH!NRnAaB,DIST:ISPLIT:SFP;SFPIsVDT:GAHMAlsGAHHA2,P000007930

1,RH, ALPHA,VR,DEN,NSTAT, TIFLG)

COMMON/AR/ NNODE(25,25),YHODE(25)

DO 50% I3=1,NR
DO 502 J3=1,LIM° 7T T e e
IF(YNODE{X3).GE.A.OR.YNODE(I3).LE.BIGD TO 503
IF(ISPLIT.EQ.-1)GD TO 506
8D JET ) ) )

FLOW FROM NODE N TO M#+l--ISPLIT=1
DOT=XNODE(I3,J3)-5PP1
IF(DOT.LT.0, }0OT=-00T

 IFIDOT.GT.(DIST+VDT)IGO TO 502

IF(DOT.LT.DIST.AND.IIFLG.EQ.1)G0 TO 502
XDOT=ANODE(I3,J3)~5PP
IF(XDOT.LT.0.)GO TO 5000

G0 TO 601
IF (ABS(XDOT/GAMMAZ).GT.75. )60 TO 600
FEXP=EXP(XDOT/GAHMAZ )

60° 70 601 T
FEXP=0.
PPLI13,J3)=POXFEXP*( 2, ~FEXP)
IF(PRESS{13,J3),LT.PPLII3,J3) JPRESS(I3,J3)=PPLII3,J3)

" 6D TO 508

FLOW FROM NODE N+l TO H--ISPLIT=-1
DOT=SPPI~XHODE(I3,03)
IF(DOT.LT.0.31DOT=-D0T

TIF(DOT.BT.{DIST+VDT) )60 TO 502

IF(DOT.LT.DIST.AND.XIFLG.EQ.1)GO TO 502
XDOT=SPP-XNGDE(I3,J3)

-g0. 10507

30 JET
FLOW FRGM NODE M TO N#1--ISPLIT=1
SIGN=1.
IF(ISPLIT.EQ.~1)8IGN=-3,

IF(YNODE(I3).LE.BIGO TO Bo9

DOT=( (XNODE( I3,J3)-SPPL)%%24( YNODE{ X3 )—A ) %2 )%%. 5
IF{DOT.GT.(DIST+VDTI}G0 TO 502
IF(DOT.LT.DIST.AND.IIFLG.EQ.1IGD TO 502
XDOT=XNODE(I3,JI1-5pP ’ ) -
RDOT=( (% 0DE(13,J3)1~-SPP %52+ YNODE( I3 )-A}¥#%2 }%% .5
IF(RDOT.LT.1.E~3)G0Q TO 700
COSFEL={XNODE( X3, J3)~SPP)*#SIGN/ROOT

T 60 TO Fo1

»HAX( 25}, PRESSE 25,257,
1AANDDE(25,25),PPLI25,25),PVL{25,25),FRS5(25,25)

00007940
00007950
00007560
00007970
00007980

g0008000

. 00g0s010

08605020

" 00005030

00008040
00008050

00008050
00008070

00008080
00008090
00008100
00005110
poooalze
00608130
@p0008140

PAGE 0001

~ 00007990

00008150 =

00008160
00005170
00008180

oooog1go

ooocoaz200
(] thlik:hadd
gooos220

00006230 T

00008240
00008250
00005260
00005270
oooog2s0
30003290
00008300

00008310~

00008320
00008330
00008340

00008360
BO0D3370
0005380

000608390 "

" 00005350
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FORTRAN IV 61 RELEASE 2.0 _ PRESUR DATE = 70012 06/33/03
0041 700 COSFEE=L,
0042 701 Y2=((RH4SINIALFHA)/{1.-COSFEE*COS{ALPHA)} )%%2 }%SIN( ALPHA 1%
) 1001, -t COSFEERCOSIALPHA ) 1%#2 %% . 51/3,
0043 IF(ABSI{RCOT##23/Y2).6T.75. )60 TO 6060
0044 FEXF=EXP( -(RDOT*%2)/Y2}
0045 PPLII3,J3)=POXFEXP=(2, ~-FEXP)
ooas IF(PRESS(I3,J3).LT.PPLII3,J3))PRESS(I3,J3)=PPLIT3,J3)
ocay GO TO 506
0048 509 DOT=((XRODE(I3,J33)-5PP1)#%2+(YNODE(TIZ 1-B }#%2 }#% 5
0049 IF(DOT.GT.{DIST+VDT) G0 TO 502
_eeso IF(DOT.LT.DIST.AMD.IEFLG.EQ.11G0 TO 502 ,

pos1 ROOT=( (XBCDE(I3,.'31-5PP ) %%2+( YNODE( I3)-B }##2 )#%.5
0052 XDOT=XNODE(I3,J3)-5PP
0057 GO TG 510

c ADD ON THE PRESSURE EFFECTS DUE TO

C BLADE CAMBER
0054 506 CALL CAMBER(XNODE(I3,J3),YNODE(I3),A,B,ISPLIT,RH,ALPHA,SPP,VDT,

1COSFEE,VRDEN,NSTAT,FRESSC)
0055 IF(PVLII3,J3),LT.PRESSC IPVLI I3, J3 )=PRESSC
0056 - T FRESS(I3.J3)}=FRESS(I3,J3)+PVLLIS,J5}
6057 IF(hOT.LT.DISTIGO TO 502
0058 FRSS(I3,.J3)=PRESS(I5,J3)
0059 502 COMTINUE e U . e
g 02 e e 2 g TS - —_— e . e

0061 RETURN
0062 END

00008400
C000&8410
00008420
00608430
00008440
00008450

00008450

T 00008530

00008480
00008490
00008500
00005510
00008520
000058530
00008540

00008550

00008560
00008570
60008550
00008590
000058600
00008610
00005620

00008640
00008650

PAGE 0002

‘ogonsg7o T
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. FORTRAN IV G1 RELEASE 2.0  ~ MAIN . ... DATE = 79012  08/33/03
[ ‘i**ﬁ***w*****&ﬁﬁ**#******ﬁ*h’-*h’--)t—****-)\’-*v)i')H(r*-K*N-*%m********u********ﬂ 0008660
0001 SUBROUTINE MCODALCNM:NSTAT,NN,I8,FV,T1 00008670
_oop2 COMMNON/NCDE/BET(101, VKI(10),HIC10),6I(10),FX{10),FDI(103,60Y(10), 0CO0S480
1AA(10),BR(1D), thlo),qltln),al10J,Qntlo).QDIrlo),MOtlo) PH2(3,625,00008550
110),PP1625,2),DEF(2,625),VEL( 2,625 ),5TRSS(3,625),8H2(3,625,10) 00008700
c IF Fv=0 THIS IS5 FREE VIBRATION 00008710
) [ CALCULATE THE PARAMETERS = ) 00008720
0003 DO 420 I6Z1, N R - )
0004 C3=EXP{-BET(I6)%T) 0008740
0605 GI{IA)=CI=SIHINI[I6 4T I/HI(T6}) 00008750
0006 _ .. FII6)=C3%COS(MICIA IHT)I+BET(I6IXGI(T6) e 00008760
0007 FDI(I6)=-GI(I6 IxHOl 16 )%%2 ) as0e8770
0008 GDI(I6)=C3%(COS{HICTIAIHT I-(BETII6 /NI TH) IRSINIHI{T6 IHT]) 00008780
0009 AACTAI=(L. -FI(I6))/VKI(IG) 00008790
_______ 0010 _.520 BBIIs)=-FDI(I6)/VKI(I6) . 0000aS00
[ ZERO OUT THE DEFLECTIONS 000083816
c STRESSES AND VELOCITIES 00008520
0011 150 DO 430 JB=1,NN 00008830
G012z DEF(1,JB)=0. 00008840
0013 ”“ TTDEFLE,4B)=0. i TTOTT o omn e 00008550
0614 STR5S(1,J4B)=0. 00008850
0ol5 STRSS(2,JB)=0. 000056870
0o16 STRSS(3,JB)=0, ) N _ 00008880
So1 VELCL 5 820, S s s 00008880
0018 438 VEL(2,JB)=0. 00008900
0019 00 440 I6=1,NM 00008910
0020 PI(I6)=0. 00008920
A T o TCALCULATE THE GEMEPtLIZED FORCE ~7 ogooseso T
c FOR EACH MODE 00008940
0021 DO 450 K6=1,NN 00008950
ooz2 450 PI(I6)=PI(I6}+PHRIL,K6,I6IKPPIKS, 1)+PH2{2,K6+16 #PP(K6,2) 00008960
e " TCALCULATE THE MODAL COEFFICIENTS =~ T T 00008970
c AND THEIR TIME DERIVATIVES 00008580
0023 QI(IGISFI(I6)*R(Y6)+GI0I6)%QD(I6 )+AACTS IHPI(X6) 00008990
0024 GDI(I6)=FOIL16)*QI16)+6DT(T6IGD(Y6)1+BB(L6I¥PI(I6] ¢0009000
7 T opads A TQiIs)=QI(IE) T ‘00009010
0026 GDII6}=GDI(I5) 00009020
0027 DO 4560 JB=1,NN 06009030
0028 DEF(1,JBI=0EF(1,JB)+PH2(1,J8,I6 I%QX(I6) 00069040
G029 DEFUE, JATEDEF (2, 0B)¥PH2( 2,08, T6 )%QI( I6) )
DO30 STRSS(1,JBI=5STRES(1,JB)+5H2( 1, B,I6 I%¥QT(T6) 00009060
0031 STRSS(2,JB)=STRSS(2,JB)+5H2(2,J6,I6 1%QI(I5} 00009070
0032 STRSS(3,JB)~STRSS(3.JB]+SH2(3,JB,IBl*QI(ISI 600095080
Tagxzyt T o T T OVELTA,JBISVELIL, IBI+PH2( L B, 16 )%GDI(I6) i " onpoddees T
0034 VELIZ2,JB)=VEL(2,JB}+PHR(2,J8,16 )%QDI{I6) 00009100
0035 460 CONTINUE 0so09110
0036 440 CONTINUE 00029120
P RETURN = e i e = e e et o

T T R re—
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DATE =
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00009140
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.. FORTRAN 1v 63 _RELEASE 2.0 JHAIN . DATE = 79012 08/33/03 PAGE 00g1
Cc #******i\‘w****h‘- PRESSURE PRINTUUT *if\\(-*-x*************%*********00009150
0oo1 SUBROUTINE PRINTRII, TTME,NR) 00009160
.00z COHHUN/AE/XNODE(ES.251,YNODE(25),MAK{25).PRESS(ZS,P_S). 00009170
IAANCDE(ZB,ESJaPFL(as,ESJ.PVL(BS,BSJ:PRSS(ES,ESJ 000018 T 7 e
0003 DIMENSION HAXL(S) 00009150
c FIND OUT WHICH RADTAL STATIONS conns200
e G ....._,__........._______EORDER.,,TH[:‘..._FF!ESSURE, DISTRIBUTION e+ e -....0000%213 S e
[ -II5 IS THE LOWER RADTAL STATION 00009220
c ~IK3 IS THE UPPER RADIAL STATION 00009235
0004 1I3=0 00009240
_____ - 0005 —. IK3z0 - - - — - . 80009259 — .
0004 DO 10 Ia&=i,nR 00pbe24G
0007 K3=NR+1-Ig 00009270
0008 LIMI=HAX(I4) 00069280
- 0009 o LIMESHAX(KS) S -..00009290 .
0010 00 15 J3=1,LIH] 0009300 ) T
0011 IF{IT3.67.0160 T 15 00069310
0012 Istmesstmus).ea.o.zso TO 15 00009320
e 20013 e TI3714 P L 00009330
0014 T CONTINUE h - T e 00009340 - -
0015 DO 20 L3=1,L1Mp 00009350
0016 IFTIK3.6T.0)60 To 20 00009360
o7 .._I!"“..FRE.?S?@E.’.!-E’-,’-?9.-.,0_:)!3.9 e et S——L ] Ly SV
B 1SR it L AT 50 10 et e e DGR e e ——
0019 20 CONTINUE 0000939g
cozo 16 COMTIMUE 00009500
e — E. N ,...?R.I._HT,._..THE,.T_I!“E_ST?_E AND_THE TIME . 0000941g —
B 175 el T OIRCTIEG 160 T0 5o ’ ' " 0boadg2g Tt o - R
0022 HRITE(6,200 1T, TIME 00009430
2023 100 FORMAT(1H1,47X, 10HTINE STEP=,14.2><,5HTIHE=.Ela.é.lx.:-sﬂssm 00009540
e IF NO NoDAL LOADS FRINT Ng FRESSURES =~ 00009450
¢ AN HETURN o HAIN PROGRAM ~ T T 00009480 T T
0024 IF(IT3.G6T.0)60 To 30 00005470
nozs5 HRITE(6,101) 000094380
0026 ;01__qurmr_l_t_m,sax,amnu. NODE PRESSURES ARE zEro) . 00009490
..... 0G5 e LT 0" 550 0 X2 B7HALL 33 E e ~ 00009500 - o e
C FIND QUT HOW MANY RADIAL STATIONS 00009510 &y
c WILL HAVE TO BE PRINTED 00009520 ] 5
0025 30 341 00009530
- g2 3 DO 38 KKET & e e e e e 00009545 — " e _ g:;a
0030 IFL(ITY-5).LE.0)60 Tp 31. 00009550 5 Q
0031 HAXL(KK)=5 00009550 g
0032 ITOTL=KK 6c009579 £3
e g e e ITYRETYSE™ = o~ e e e e 00009580 — - <= R,
0034 60 TO 35 00009590 &ﬂl
0035 31 MAXLIKK)=ITY 00009600 g
0036 ITOTL=RK 00009510 g’
[r— ....‘0_037..__........‘.._ .....__....._._...._.‘G.o._ToA.qd.,......,.._...._.......‘.,. —— s L L - e e s T TS "‘0000'9620 e o o %, .

PN, 2 e in e
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_.. FORTRAN IV Gl RELEASEZ 2.0 =~ PRONTRP =~ DATE = 79012
0o3a 35  CONTINUE
C ITOTL CONTAINS THE THE TOTAL WUMBER
_c  DF GROUPS OF FIVE RADIAL STATIOH
c THAT WILL BE PRINTED ACROSS A PAGE
c FOR EACH GROUP PRINTED ACROSS A PAGE
I MAXL CONTAINS THE NUMBER OF RADIAL
— . _c < vees e STATIONS THAT WILL BE PRINTED ACROSS
0039 40 | 15113
0040 DO 50 IL=1,ITOTL
0041 IE=IS+#HAXLITIL)~1
e e B FRINT THE HEADINGS |
0042 WRITE(6,102)(YNODE(1Y),IY=IS,IE)
0043 102 FORMATI//1HD,8%,2HY=,EL1.5,4¢ 15X, 2HY=,E11.5)]
00454 HRITEL6.202)
—— 008502 FORMATL/ZY
0048 ICESHAXLIIL)
0047 DO 60 IC=1,1CE
0048 IF(IC.EQ.1}80 70 51
_o04y _ _IFUIC.EQ.2)60 TO 62 i .
0050 "IFtIC.EQ.3)60°T0 &3
go51 IF(IC.ER.4 M50 1D 64
0052 WRITE(6,1035)
0053 1035 FORHAT(1H+,108X,1H¥,11X,IHR)
0054 ’ GO TO &0
0055 61 WRITE(6,1031)
G056 1031 FORHATOLH+,4%,1HX,11%,1HP)
0057 —e . . BOTOEO .
oiisa 62 WRITELH,1032} T
0059 1032 FORMATI 1H+,30X,1HX,11¥%, 4P}
0060 G0 TO 60
0061 £3 HRITE(6,1033) . .
0052 1035 FORMATIIH+,56%, 10X 11X, IkPi ™ 77
6063 GO TO 60
0064 69 WRITE(6,103%)
0085 1034 FORMAT(1H+,82X,1HX,11X,1HP)
Tooéb T g TcoWTINME O Y o 0 o o e
0047 DO 70 J3=1,25
0068 MRITE{6,103)
0069 103  FORMAT(/)
doze T IPFsHAXLIIL) T
0071 Do 80 IP=1,IPE
po7z 13=15+IP-1
0073 LIMSMAX(I3)
T AT T T T TTOIFCURL6T.LINTEOTO Bo =
0075 IFIIP.ER.1)G0 TD 81
0078 IF{IP.ER.2)G0 TO 82
0077 IF{IP.EQ.3)60 TO 83

o778

IF{IP.EQ.4)60 TO 84

PAGE 0602

00009630
00009540
00009650
004805660
00009670
00009680
00002690

000857007

00009710
00009720
60009730
00009740
00009750
00009760
00009770

“oeo0978s

00009790
20009800
600093810

00009820

" 00009900

0000%830
00009840
00009850

L 00009560
00005870
00009580
00005590

00009910
06009920
00009930
06009940
00009550
00009260
00009970

" po009980

T goolp020”

90010050 T T

00009990
00010000
00010010

0oo1p030
00010040
00010050

00010070
00010080
00010090

T Upo0loio0 T
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.. FORTRAN 1V G1

RELEASE 2.0 o __PRINTP

DATE

= 79012

08/33/03

00010110
00010120
00010130
00010140
00010150
00010160
00010170

0a7e WRITE(6,1045)XNODE(X3,J3),PRESS(I3,J3)
0080 1045 FORMAT(1H+,105X,2(2X,E10.4))

_ooer - GgTo80 N
0082 81 KRITE(6,104) )XNODELY3,J3),PRESS(I3,J3)
a0a3 1041 FORMAT(1H+,1X,2(2%,E10.5)}

0064 GO TO &0
0085 82 HRITE(6,1042 )XNODE(T3,J3),PRESS: . J3)
0086 1042 FORHAT(1H+,27X,2(2X,E1G.4))
6087 GO TO 80
0058 83 HRITE(6,1043)XNODE{X3,43),PRESS{I3,J3)
. . 0089 1043 FORMATCIH#,53X,2(2X,E10.4))

009D GO TQ a0
0G%1 84 WRITE(6,1044)XMNODE(L3,J3),PRESS(I3,J3)
no9z 1044 FORMATC1H+,79X.2(2%,E10.G))

e 0093 80 CONVINUE
0094% 70 CONTINUE
06895 IS=TE+1
0095 50 CONTINUE
0097 . .. .. BOO_RETWRW . .
0097 _RET e e e

H

PAGE 0003

ooololsd T

00010190
00010200

00010210

00610220
00010230
00010240
00010250

T poolozen T

00010270
ooolozan
00010250

" 00010300
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- TORTRAN IV G1 RELEASE 2.0 MAIN SRR 1 A0 e S 08/33/03 PAGE 0001
c lm&i&‘*“i‘im“llII&‘!!“.“"“&&"'&*&&WWOO10310
0001 SUBROUTINE PRINTV(I,TIME,IPDEL,ITPRNT,NR,IJPRNT,I7) 00010320
e 9002 . .. . COMMON/MODE/DUMMY( 20150),DEF(2,625),VEL(2,625),5TRSS(3,625), 00010330
1SH2(3,625,10) 00010340
0003 CCMMON/PRNT/NJ3(25),DEFBI(1000-25),DEFBO(1000,25),C0DI(1000,25), 00010350
1C0D0(1000,25),SIGMB1(1000,25,3),SIGHB2(1000,25,3),SIGHAL(1000,3, 00010360
125),SI6MA2(1000,3,25),TIMEP(1000) e, 45 o SRR TR
0004 COMMON/AR/XNODE( 25,25), YNODE( 25 ) ,MAX( 25 ) , PRESS( 25,25, 00010380
1AANODE(25,25),PPL(25,25),PVL(25,25),PRSS(25,25) 00010390
0005 ITPRNT=ITFRNT+IPDEL 00010400
............. B e RIPTRIITOME AL i St .. 00010410 i
0007 TIMEP( IJPRNT )=TIME 00010420
0008 J5=0 00010430
0009 DO 10 I3=1,NR 00010440
.oo010 L ASHERRI Ry o EnE e i RIS
0011 NXPRNT=NJ3(13) 00010460
0012 DO 20 J3=1,LIM 00010470
0013 J5=J54+1 00010480
G NEe o o e BECJS.NE.NXPRNT)GO TO 21 S e 00010450
0015 DEFBI(IJPRNT,I3)=DEF(1,J5) 00010500
0016 DEFBO( IJPRNT,I3)=DEF(2,J5) 00010510
0017 21 IF(I3.NE.I7)G0 TG 20 00010520
0018 CODI(IJPRNT,J3)=DEF(1,J5) & ~ I SEBRREGEIIG, . SRR
0019 CODO( IJPRNT, J3)=DEF(2,J5) 00010540 i 4
0020 20  CONTINUE 00010550
0021 10 CONTINUE 00010560
e R e il A L e R e
0023 14=0 00010575
0024 DO 30 I3=1,NR 00010580
0025 LIM=MAX(I3) 00010550
0026 NSPRNT=NJ3(I3) Sl al e e e o . ikl
0027 IC=0 SRR e
0028 IFLG=0 00010630
0029 DO 40 J3=1,LIM 00010640
L, RO L L AR e g AT h
0031 IF((J3.NE.1).AND.(J3.NE.LIM).AND.(J3.NE.NSPRNT))GO TO &1 00010660
0032 IC=IC+1 00010670
0033 IF(IC.EQ.1) SIGMBL(IJPRNT,I3,1)=STRSS(2,15) 00010680
0034 IF(IC.EQ.2) SIGMBI(IJPRNT,I3,2)=STRSS(2,I5) e 00010690
0035 JF(IC.EQ.3) SIGMBL(IJPRNT,I3,3)=STRSS(2,I5) T T R T T
0036 41  IF((I3.NE.I7-1).AND.(I3.NE.I7).AND.(I3.NE.I7+1))GO TO 40 00010710
0037 IF(IFLG.EQ.1)G0 TO 42 00010720
0038 1451441 00010730
R e < A VR T g PR T ¢ 3 T el el e s 00010740 ~
0040 SIGMA2( IJPRNT,14,J3)=STRSS(2,1I5) 00010750
0041 SIGMB2(IJPRNT,J3,14)=STRSS(3,I5) 00010760
0042 IFLG=1 00010770
b R, ... .44 S
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0644 30
0045

..004s

RELEASE 2.0

CONTINUE
RETURN

JENB

DATE = 79012  08/33/03 PAGE 0002

00010750
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... FORTRAN IV G1 RELEASE 2.0

_MAIN . DATE = 79012 88/33/03

E*****ﬁ***h‘-ﬁ**********-&‘*******3{*%‘-*#**#**N***’K***ﬂ*ﬁ#ﬂ******%**ﬂ**DOO 10820

SU3ROUTINE PRINTR(I7,NSTAT,NR,IJPRNT) 00016830
_____ ) CGHHON/AH/XNDDE(ES;ZS):YNDDE(ES);HAX(25]7FRESS(25:25); 0001084¢
1AANODE(25,25),PPL(25,25),PVLI 25,85),PRSS(25,25) 0001086850

COHHON/PRNT/NJ3(25)705FBI(1000:25]»DEFBU[1000,25]:5051[1090125]: 000108560
ICGDOIIODD:25);SIGHBI(1000,25|3I|SIGHBZI1000:25;3];SIGﬁA1(1000:3. 00010870

125),SIGMNAZ(1000,3,25), TIMEP{ 1000} _ 00020350
DIHENSION R(31,STRS1(3,25),5TRS2(3,25),X(25),5TR53(3,25) ~  ~"00010850
DO 10 IT=1,IJPRNT 00010900
HRITE(6,100 ITIHEPLIT) 00010910

..100 FORHATI//1H0,56X,BHTIMES,E12.6,1¥%,3HSEC,//1H 139X, 53HDISPLACEMENTS00010920
1 AND BENDING STRESSES VS. RADIAL STATIOM,//1H 226X, 13HDISPLACEHENTO0020930

1
N
co
'}a

15,18X,21HRADIAL BENDING STRESS,/1H ,9X,1HR,9X,8HIN-PLANE,7X, 00010940
112HOUT-OF ~PLAHE » s+ %, 7HLED-EDG , 8X 5 FHCHD~FNT , 8X, THTRL~EDG ) 00010950
DO 11 I321,NR 00010960
WRITE(6,101)YNODE(I3),DEFBI(IT,X3),DEFBO(IT,I3), (SIGHBL(IT,I3,IV),00010970
1Iv=1,3) 00010980
101 FORMATCIH 43(4X,E11.5),1X,2H#%,1X,E11.5,2(6X%,E11.5)) 00010590
11 _ CONTINUE 00011000
SRl C e e b0011ong
IF(K.EQ.2)60 TO 32 00011020
18=17+1 00011030
IF(K.EQ.1)18=17-1 00011040
TFTI8. CF 1080 0 S == == = ot e e T s s
IF(IB.6T.KRIGO TO 31 000110560
RIK)=YNODE(I8) 00011070
LIML=NAX(I8) 00011080
 UIMBELEMIZE = o e e e oL o © - ooeirese
DO 40 J3=1,NSTAT 00011100
IF(XNODE(T7,J3). LT . XNODE(18,1).0R. XNODECX7,J3) . 6T.XNODE( I8, LIML)) 00011110
160 TO 41 o 06011120

DO B0 "Jas1, LIMAZ ) '
iF(XNDDE(I7,J3).LT.XNODE(IB,J4].0R.XNDDE[I7’J3).GT.XNDDE(I&:JQiIJ100011140

Ry T

160 To 50 00011150
STRS1L(K, J3)=(SIGHMAILET,K, J4+1 )-SIGHAL(IT,K, J6 ) )% (XNODE( X7, J3)- 00011160
"1xnonE(Is;J&5J/tXNaDE(IB.J4+1:—XNDDEtIB.J41|+SIGHA1(IT,K,J41 00011170
STRSR(K,J3)={ SIGMAZ(IT K, J4+11-SIGMAZI IT,K,J4 ) 1% XNODECT7 4 J3 )~ 00011180
1XNODE(I8+J4) )/ (XNODE( I8, 4+ )-XNORE( I8, J6 ) J+SIGHAZ(IT K. % ) 00011190
STRS3IK,J3)={SIGHB2ITITJ4+1,K)-SIGHBRIIT,J0,K} )% ( XHODE(IT7,J3)- 00011200
*”iXHaSEiIE;Jﬁ))/rXNanIIa.Jq+11-xNonEtIs.J41)+516n32(1T.J4.KJ Toapo1121o
50 CONTINUE 00011220
GO TO 4b 00011230

41  S5TRS1IK,J3)=0. 00011240
T OSTRS2(K JBI=G, o o o e ) Q0011250
STRS3(K,J3)=0. 00011250

40  COHTIMUE 0oolleve
GO TO 30 00011280

JITTRRI=QS o . oo - e o ' 00011290

000113130
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0036 DD 45 J3=1,HSTAT 00611300
0037 STRSL{K,J3)=0. 00011310
w0038 e . .. STRS2(K,J3)=0, - .. . } 00011320
0039 T 45 7 STRS3(K,J3)=0, o ’ ‘ T ‘ 00011330
6040 G0 TO 30 00011340
0041 32 RIKI=YNODE(IT) 00011350
0042 DO 33 JI3LNSYAY e e et v+ e+ .. 00011360
0043 STRE1(2,43)1=8IGMATITIT, 2,03 - - o o T T eo0013T0 T T
0044 STRS2(2,J5)=5IGHAZ(IT,2,J3) 00011380
0045 STRS3(2,J3)=5IGHB2( IT,J3,2) 00011390
o Q046 e . 33 XUJ3)=XNODE(I7,J3)-¥NODE(I7,1) e e 60011400 .
0047 30 CONTIMUE 00011410 ) -
8048 HRITEL6,104) 00011420
0049 104 FORMAT(//1H0,47X,36HDISPLACEMENTS V5. CHORDMISE LOCATION, 00011430
e et emmreenmnsosne 3/ 3H 1E7Xs 16HAT IHPACT RADIUS,//1H 350X, 1HX, 9X, BHIN-PLANE, _.00011440 n
16X, 12HOUT-0F -PLANE ) "7 00011450 T )
050 DO 60 J3=1,N5TAT 00011460
0051 WRITE(6,103)X1J3),CODI(IT,J3),C00D(IT,J3) 60012470
J to52 . 103 FORMAT(IH ,41X,3(4X,E11.5)) - 00011480
& TROB3 T T TR0 TUCOMTINUE T T T T e e e e e ' 00011420
) 0054 WRITE(6,102)(RIJK)FIKS1,31,(R0ILYIL=1,5), CREIHT, JH=1,3) 00011560
t 0055 102 FORMAT(//1HD,50%,3IHSTRESSES V5. CHDHOMISE LOCATION, 00011510
1714 ,57X,16HAT IMPACT RADIUS,//IH ,27X,8HSTRESS-X,32X,8HSTRESS-Y, 00011520 o
L32R, BHSHEAR=RY 710" , 4%, 1HX, 6 X, 51 3H#R=,E10.47, 20 1¥, 30 3H*R=,E10.4)) 100012530 T T e o e LT g
0056 DO 61 J3=1,NSTAT 00011540 o
0057 WRITEL&,1051X(J3), (STRSLIKL,J3),KL=1,3), (STRS2(KL,J3},KL=1,3), 00011550 o)
1{STRS3TKL,J3),KL=1,3) 00611560 5
TTOO5E T T T T Ti0RT FORMATYIAHSELG.4 3 1 500H%, 1%, E10.6,1) ) T T YT ppelasye U T A - g.
0059 6]  CONTINUE 00011580 o
0060 10  CONTINUE 00011590 S
0061 RETURN ) S 00011600 E*: N
G623 BN B R I ofoy ) PR
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Cc *IHH&-)HE-IH:’********iﬁﬁ**#)&********hﬁ&*#******%****ﬂ****************&ﬁi&0 0G114620
gool SUBROUTIME PINET(L1,MVA,BETA,JC1,XNERLL,DLTALL,I8,HSTAF,PPIT.E,F, 00011638
o _1GsAL,RL.S,0EN,I:V,I7,0T,RIMP,NSTAT) 00011640
0od? COMHMON/VARBLI/ZNAI1000),RH1(1000),RH2(1000),ITSLD( 1000 ),GMALLL1000)00011650
1,VRL1I1000),ALPLL{10600),ISPLTI10007,VDTLL(1000),HH1(1000) 00011660
0003 COMMON/L/ZII06 ) sRHIG ), XIL6 ), YTU6 ), THIT(6 1,RLIG ) XI61,YL6 ), WHIE ) 00011670
0004 mmm£CHﬁON/LK(VDT{§,1QOD).ISLIDEIéylGDUl.GAMHA(6J.VRtb,1000), . 00011680
1ALPHALG),ISPLIT(6 ), BAMMAL(1000),GAMNAZ{ 1060 ),5PP(1000),PO(1000), 00011690
1LAHD11(16¢3),LAHD21(1000),FINP2D(1000),FIMPID(1000),BIST(10003, 00011700
15PP1(1000) 004811710
0005 wvs ams ... COMMON/BLADE/ZXO(25),Y0(25), THETAL 26} JXH( 25) ) N 00011720
0006 COMHAON/AR/XNODE( 25,251, YNODE( 25 ) ,HAX( 25 ), PRESS[ 25,25), 00011730
1AANGDE( 25,25),PPL( 25,251, PVLL 25,251, PRSS! 25,25) 00011740
o007 COMHON/ZHODE/DUMHY{ 21400),VEL( 2,625),5TRSS(3,625),5H2(3,5625,10) 00011750
. boos _ REAL LAMD11,LAHD21 00011760
2009 MALI}=D ' 00011770
0010 Li=o 00011780
0011 RML{I}=0. 00011790
go12 RH2(I)=0, ) _ 00011500
o013 - TTITSLOCTI=F T T T O T e e e e e e 00011810
0014 00 10 L=1,HVA 00011820
0015 IF(L.G7.ITSLD(T) GO TD 20 00011830
0014 IF(IXI(L).NE.1)GO TO 10 00011840
0617 IFLISLIDE(L, ). QI 1607TD 26~ - -
oms RML(E)=RMICI I+RMIL) 00011860
£019 HA(T)=HALI)+1 0usl1870
gop IF(NACI).GT.1)GD TO 11 009011880
0621 T B & £ A B "7 00011890 T
nez2 WHICE)I=HNIL) 00011900
0023 GO TO 10 00011910
0024 11 TF{RMIL).GT.WML(I Y IMNIETI=HMIL) 00021523
SHi5e et L g g e LM P T 00011930
0026 20 IF(ITSLDUI).EQ.7)ITSLD(II=L 00011550
0027 RHE(I}=RM2(I)+RM(L) 00011950
o028 10  COMTINUE 00011960
0029 7T T T T T T IF(HNALYTLEQI 060 TO 100 00011970
030 A=RIHP+(HHA(I)-RML{I} )/ 2. 00011930
063l BsRIHP-{RMLII)-RHILT) ) 2. 00011590
0032 IF((A-B).GT.0.)GD TO 7200 00012000
3553 e Hp s e L T3
0034 B=RIMP 00012020
6035 7200 DL=A-B 00012030
0036 RLIZ(RML(I)-RM(LY)I/2. 00012040
e G T T T e e P UERLY T e e e . obol2050
0038 XITL=XI(L1) 00012060
0039 YITI=YI(L1) 000312070
0040 JC1=IHITILL) 00012080
TG YT T T 3y T ZERLL/S TN THETALICL )-BETA) ¢oglzoso



-C8C~

_ FORTRAM IV 61 WELEASE 2.0 = = | PINIT . .. DATE ' N1 08/33/03 PAGE 0002
0042 D=((X0(JC1+1)-XITL)**2+(Y0(JC1+1)-YITL)*%2 )% 5 00012100
0043 IF(Z.LE.D)GO TO 31 00012110
CARAR JCIRICINL. i . 00012120
0045 XIT1=X0(JC1) : j ' ik 00012130
0046 YIT1=Y0(JCL) 00012140
0047 RL1=RL1-D*SIN(THETA(JC1-1)-BETA) 00012150
oonees e RO TSR PR R A S S D G __...00012160
0049 31 XI1=XIT1+Z*COS(THETA(JC1)) ' v i it 00012170
0050 YI1=YIT1+Z*SIN(THETA(JC1)) 00012180
0051 XNERL1=XM(JC1) 00012190
omse 0 DULTALI®(OX00JCY )-XI) M2+ YOLIC )=YIL NN RS 00012200
0053 GMAL1(I)=XNERL1+DLTALL 00012210
0056 DO 33 KL=1,NVA 00012220
0055 RK1=RL(L1)-RLIKL)-RM(KL)/2. 00012230
.. %056 ..  RK2=RL(L1)-RLIKLI)+RM(KL)/2. S RSV . 0o012240
0057 IF((RK1.LE.RLL).AND.(RK2.GT.RLL))IKIM=KL i 00012250
0058 33  CONTINUE 00012260
0059 PV=RLIL1)-RL(KIM)-RLL 00012270
0060 SE 3 XKM=X(KIM)+RV¥SIN(BETA) _ 00012280
Teeel T T T e -RURCOSERESAY T T Fi nd e . ; 00012250
0062 DFBLISC((XKM-XI1)%**2+( YKM-YI1)*%2)%%. 5 00012300
0063 IF(I.EQ.1)G0 TO 35 00012310
0064 Jo=18-1 00012320
0068 50" 36 JESLLNETAE R L A et e s gy o
0066 J9=J9+1 00012340
0067 IF(JB.EQ.JC1)JT=J9 00012350
0068 36  CONTINUE 00012360
TTe069 T T T 7T T 7T IF(ABS(PPIT/Z2.-ABS(THETA(JC1))).GE.PPII/12.)G0 TO 37 : e AESE T T
0070 OMEGA=(VEL(1,JT+1)-VEL(1,JT))/Z(Y0(JC1+1)-YO(JCL)) 00012380
0071 G0 TO 38 00012390
0072 37 OMEGAS(VEL(2,JT+1)-VEL(2,JT))/(X0(JC1+1)-XV(JC1)) 00012400
0073 38 T UXIDEVEL(1,JT)-(YI1-YO(JC1))*OMEGA 3 : : SR it
0074 YID=VEL(2,JT)+(XI1-X0(JC1) )*CMEGA 00012420
0075 GO TO 39 00012430
0076 35  XID=0. 000126440
........ 0G5 — T T e g e e e e ) e ol R - P
0078 39 VI=XID*COS(BETA)+YID*SIN(BETA) 00012460
0079 VB=XID*COS( THETA(JCL ) )+YID*SIN(THETA(JCL1)) 00012470
0080 VX1=(V-VI)*COS(BETA)-VB*COS(THETA(JC1)) 00012480
0081 VY1E(V-VI)*SIN(BETA)-VB*SIN(THETA(JC1)) i T T R T T N
0082 VRLI(I)=(VX1%¥24VY1%%2 %% 5 00012500
0083 ALPLYI(X)=ACOS( (VX1*COS{THETA(JC1) )+VY1*SIN(THETA(JC1)) )/ 00012510
1VRLI(I)) 00012520
e OB T T T = TSPLMIIELT - . s e e e oo OYSERE e
0085 IF(ALPL1(I).LE.PPII/2.)G0 TO 40 00012540
0086 ALPLI(I)=PPII-ALPLLI(I) 0012550
0087 ISPLT(I)=-1 00012560

......... BOBS g0~ VOTLL(I)=VRLI(I)*OT ~ =~ s IO L A O it e 00012570
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IF(ALPLI!I].LT.1.7E~3]GO T0 100

0089
c CALCULATE THE PARAMETERS ASS0CIATED WITH THE ELUID JET MODEL
... _bOSO v e ELJ=RMLC I )R COTANCALRLI(T) ) /2, L ,
0091 F=14.*Rhl{1i*(l.-Z.*ALPLl(Il/PFII)*SIN(ALPLl(I))/9.
0n%2 GlJ=QH1(Il*(COTAN(ALPLI(IJJ+28.*i1.-2.*ALPL1(I)/PPII)*SIN(ALPLI
1I3)1/9. 302,
0993 IF{&E?‘FPII(%;:AE?L&ERLALE?JI:GE-J;E“3JQQMT0 200
5565 SRR 2ALTELIIN Y, METRIRRLIN R0
(1117 F=0,
0095 G1lJ=0,
MMWLWWWJ%ﬂWHWWﬂmmu“mm_mmhmmmw
0098 IF(FACTOR.GE.1.76-3)60 70 58
0099 RATIO=1.
0100 G0 TO 60
0101 §?W~QB&T§QEFﬁCT0R(SEH!FACTORJ. . ) ) L -
0162 &0 AL={28.*RH1(IJ*RATID/(9.*FPII))*SIN[ALPL1(I))*(1.+SIN(ALFL1(I)) )
1)
0103 A2F=DL*RH1(I}*f1.+CDS(ALPL1tIJ))/2.
0104 _ _MA§F=FfII*(Qﬂ1(I!§fa)ft}.—QLFth;)/FPII+SIN(2.*ALFL1(I)1/
- v 102 %PBIT) T S R R WMEPITHSINGE , ALPLL !
c105 E3J=4.*COTAHIALPL1{IJ2/(3.*PPII*(1.+SQRT(SIN(ALPL1IIl)Jl)*RHl(Il
0106 F3J=[2.3*t1.-2.*ALPL1(Il/PPII)*(l.-(1.-2.¥ALPL1(I)/PPIIJ**27)
1+.2%SINfg % gng(Il})*RHltIl(a. . B _ . ]
5157 GYIRESjiFsy e JRRHM T2, i
o108 E=(E}J*A3F+EIJ*A2F)/(A3F+a2F>
0109 G=(GSJ*A3F+61J*A2F)/(A3F+A2Fl
0llo Rl:ALx;pTAN(gLP;;(I)/z.) .
T T e e %Eﬂtithhlfi)/é.)*(iCDranriLPLlfiJ)1*#2)“"“‘
o112 PHI=S/R1
0113 GAHHAIII)=4.*RH1(I)¥(1.-ALPL1II)/PPII)*SIN(ALPLI(IJl/3.
0114 GAHﬂgg(Ilﬁﬁ.*RH;(I[*ALPLI!I)*SIN(ALPLl[I))/(3.*PPIII
0115 LAHE1I Y '-ZA'Elié'lﬁ?,"I'Nf'ALPIIi(I)-—PHI)‘&-‘F' o T e
0116 IF(PHI.ET.ALPLI!I]lLAHDIl[Il=AL+S-R1*ALPL1(I)+F
0117 IF(THETA(JCl).LE.FPII/a..AND.ALPLl(IJ.LE.FPII/2.)SPP(I)=
1GHALIC(T )~
T Torie T o e e e ““IﬁiTHETiTJEi)?tztbpxz/é..AHD.ALFL1(I);GT.pPII/2;JSPP:I)ﬁ'
1GHALYLIX)+G
011y IF(THETA(JCI).GT.PPII/E..AHD.ALPLI(I).LE.PPII/z.)SPP(I)=
1GHALY(T}-G
(b D) i??TﬁeTﬂf&ﬁiﬁiﬁftppizxatrnnn.ALPLifIl.sf.pPII/a;)5#?:11:‘“”"‘“”“'
1GHALI(T 146G
0121 IF(ISPLT(I).EQ.I.AND.GHALI(I)-E.LT.XH(I)) GO TO 58
0122 IF(ISFLT(Il.EQ.wl.AND.GHALl(I)+E.GT.XH(NSTAT}JGD TO 58
T T IR T T e e — tluI“LKHanatLAHUllrIJ;vuTthzz.GAHMAltIJ.sAunAa(IJ.F.I;iLPLl“'
llIl:BESTL,ISPLT(IJ.SFP(IJ,XH(IJuXH(NSTAT)l
t124 LAMD21(X )=BESTL
c CALCULATE THE VALUE OF THE IMPACT FORCE FOR THE 2D AND 30 JET

uiZs

T e GBS mrme e g o

IFTABS[[}HDIIII]?G&HHKI(I)i;LE.EO.)GU TO 581

00012660

" nooizsdg T

0002281 T

00012930

PAGE 0003

00412580
60012590
00012600
00012610
8aplas20
00012630

0g0l2659 T
00012660
00012670
00012680

00012700
00012710
00012720
ooGlrezze
00012740
00012750

00012760

00012770
go012730
00012790
00012800

04012820
00012830
890128450
0oolassp "
80012860
00012870
00012830
gool2a90 -
00012900
06012910
00012920

80012940
00012950
00a1z950

GOOLI2GPH ™ " e e o

60012930
00012990
00013000

T B0BYB0LE T v ¢ e e oee o o

co0l3020
00013030
00013050

TOQGIZORO - e e e o,
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012s EX1=0. 00013060
0127 GO TO 582 00013070
.eles - s8] EXI=EXP(-LAMDLLI I)/GAMMAL(T)) ) _ 60013080
L 582 IF(ABS(LAMDZL(I)/GANMA2(I}).LE.20.)60 To 583 ’ 00015090
0130 EX2s0. 00013100
0131 GO TO 584 00013110
hmplﬁahmh_"_m“,,_mm583m,EX2=5XPlrLAH921fI)/GﬁﬁﬁéztIi1. e ) . .. .. boolsize
0133 58% FOUI)=.5-DENSVRLI(Y j#x2 - R - ' 00013130
0134 FIHP:D(IJ=(FO[II/2.i*IGAHNAl(Il*(3.+Ex1¥(EX1—4.})+GAMHA2(I 00013140
1303, +EX2%(EX2~4, 1) 1%{ A~B) £0013150

_____ 0135 e EALL P3D[RH1(I];ALPL1(I)1FDII),LhHDll(I),LAHDEI[IJ.TLOAD) . - 00013150
0134 FIMP3D{I)=TLOAD 00013170
0137 GO TO 167 00013180
0138 58  FIMP2D(I)=q. 00015150
e 013% o FIMP3D(I)=0. _ ) 000135200
[ SUH UP THE TOTAL IMPACT FORCE 100013210

8140 167 FIMP=FINP2D(I)+FINP3DII) 00013220

c FIND OUT BETWEEN WHICH 2 NODES THE IMPACT OCCURS-IF THE IMPACT FOR0OO01323G

o e e e e ©. IS ZERO-USE THE VALUE OF GAMMA IF IT({L) IS NOT GREATER THAN 1 60013290
N ) g T ~USE THE NMID-POINT OF THE BLADE IF IT(L) Is 'z 00013250

0141 IF(FIMP.ER,0.1G0 TO 1.3 00013260
0142 IFITSPPI)-GMALL(T)), LE. 0. ISFIMP=GHALILT 1~ 00013270
0143 — IFE}SPPQI)—GuAng;)}.sy,u.)SFINP=GHAL1ﬁ11+E N 006135280
0146 el To 184 7 S - T " oooi3z90
0145 163 SFIMPsSGMALL(I) 00013300

o DISTRIBUTE THE FORCE BETWEEN THE TWO CLOSEST NODES AS PRESSURE 00013310

0146 e 164 HAXMISMAX(I7)-1 ) _ _ 00013320
Toley T T T T B 1ag J3=i,maxfi O ' ' S 7 poo13330
0148 XHASSFINP-XNODELI7,J3) 00013340
0249 XHB=XNODE(X7,J3+1 )-SFIHP 00013350
0150 e IFCAMALLT 0. .OR.XHB.LT.0. 160 TO 166 00013360
6is1 " 'PRSS(I7}J31=PasstI?.JsJ#XMB*FIHP/(AAN005117,J3:*(Xha+xn51)‘ T 00013370
0152 FRSS[I?:J3+1J=PRSSII?.J3il)+XHA*FIHP/(AANODE(I?,J3+1)*(XHA+XHBI) 00013380
0153 GO TG 100 000134310
0154 166 CONTINUE B ) , o 00013420
- 0155 77 T 7T T 3o TRETURN 0 T T o B T 00013430

0156 END 00013440
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