DO NOT DESTROY
D RETURN TO LIBRARY

DOE/NASA/9235-75/1

100-kW METAL WIND TURBINE BLADE BASIC DATA, LOADS
AND STRESS ANALYSIS

By
A. W. Cherritt
J. A. Gaidelis

June 1975

Lockheed-California Company
Burbank, California

NASA -CR— /34720

T —

U.S. Department of Energy

§ .oH - L
26 MAY 1978 : M72-137
&% - SO B aAS ."5""" ) B
RESEARCH & LivCitEERING LIBRARY 7 #% ) Solar Energy
ST. LOouIs 2 &




NOTICE

This report was prepared as an account of work sponsored by the United States
Government. Neither the United States nor the United States Department of Energy, nor
any of thewr employees, nor any of their contractors, subcontractors, or their employees,
makes any warranty, express or implied, or assumes any legal habihity or responsibility for
the accuracy, completeness or usefulness of any information, apparatus, product or process
disclosed, or represents that its use would not infringe privately owned rights.

This report has been reproduced directly from the best available copy.

Available from the National Technical Information Service, U. S. Department of
Commerce, Springfield, Virginia 22161.

Price: Paper Copy $9.50
Microfiche $3.00




NASA CR-134956 DOE/NASA/9235-75/1
Lockheed LR 27 15 3 Distribution Category UC-60

100-kW METAL WIND TURBINE BLADE BASIC
DATA, LOADS AND STRESS ANALYSIS

A, W, Cherritt and J. A. Gaidelis

Lockheed - California Company
Burbank, California

June 1975

Prepared for the

National Aeronautics and Space Administration
Lewis Research Center

Cleveland, Ohio 44135

Contract NAS 3~19235

and the

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION
Division of Solar Energy

Federal Wind Energy Program



A. W. Cherritt
J. A. Gaidelis

PREPARED BY L4 Ay s %"/ 14/@«%

APPROVED BY

Division Manager
Advanc ed Desi

APPROVED BY
) -— W. A. Sftauffer
/ / Division Engineer

/ K Structures & Materiala %

i



1 Report No 2 Government Accession No

NASA CR-134956

Recipient’s Catalog No

4 Title and Subtitle
100-kW METAL WIND TURBINE BLADE BASIC DATA, LOADS
AND STRESS ANALYSIS

Report Date

June 1975

. Performing Organization Code

7 Author(s)
A. W. Cherritt and J. A. Gaidelis

Performing Organtzation Report No

LR 27153

9 Performing Organization Name and Address
Lockheed - California Company
Burbank, CA

Work Unit No

Contract or Grant No

NAS 3-19235

12. Sponsoring Agency Name and Address
National Aeronautics and Space Administration
Washington, D.C. 20546

Type of Report and Period Covered
Contractor Report

14

Sponsoring Agency Code

15 Supplementary Notes

Final Report. Project Manager, Bradford S. Linscott, Power Systems Division, NASA Lewis

Research Center, Cleveland, Ohio

16 Abstract

This report presents the results of a loads and stress analysis on the 60-ft-long metal blades
for the ERDA-NASA 100-kW wind turbine. For the loading conditions examinea, the metal
blades are structurally adequate for use, within the normal operating range, as part of the

wind turbine system.

17 Key Words (Suggested by Author(s}) 18 Distribution Statement
Unclassified - unlimited

19 Security Classif (of this report) 20 Secunty Classif (of this page)
Unclassified Unclassified

21. No of Pages 22 Price”

" For sale by the National Techntcal Information Service, Springfield Virgimia 22161




TARLE OF CONTENTS

Page
Section 1.0 Bgsic Data
Basic Data 1.1
Geometry ‘ 1.2
Section 2.0 Loads
Analysis Approach . 2.1
Design Conditions 2.3
Tower Shadow Analysis 2.7
Sign Convention 2.15
Frequencies and Mode Shapes 2.16
Shear and Bending Moment Plots 2.20'
Centrifugal Porce Distribution 2.26
Bending Moment vs Aximuth 2.33
Condition Input Data 2,34
Conclusions 2.10
References 2.12
List of Figures 2.13
Section 3 Stress Analysis
Introduction 3.1
Structural Description 3.2
Blade Internal Loads and Stresses 3.3
Mechanized Anglysis Program 3.k
Blade Section Properties 3.6
Blade Stress from Centrifugal Force 3.19
Summary of Internal Load and Stresses 3.20
Section 3.0 Stress Analysis (Cont.) Page
Detail Analysis 3.32
Upper and Lower Surfaces 3.33
Leading Edge Skin Panel 3.50
Spar Web 3.53
Trailing Edge Skin Panels 3.59
Trailing Edge Closure 3.65
Trailing Edge Ribs 3.69
Root Attachment and Extension 3.71
Fatigue Analysis 3.87
Load Monitoring and Inspection
Recommendations 3.98
Appendix A -~ Mechanized Program Output Data 3.A1

iv



INTRODUCTION

Recent shortages in the supply of clean energy, coupled with increasing costs
of fuel, have forced the nation to reassess all forms of energy, including wind
power, to determine their practicality. The national wind energy program,
which originated at the National Science Foundation and is now directed by the
Energy Research and Development Administration (ERDA), includes research and

development on the many applications and concepts of wind-energy systems.

As part of this program, the NASA Lewis Research Center was assigned the project
responsibility of designing and constructing a wind turbine generator large
enough to assess the technological requirements and engineering problems of large
wind turbine generators. The 100-kW wind turbine was assembled, for the purpose
of assessment, at the NASA-Lewis Plum Brook Station in Sandusky, Ohio. While the
design and assembly of the wind turbine was conducted by NASA-Lewis, the detail
design, analyses, fabrication, and test of three identical 60-foot-long metal
blades were performed by the Lockheed Aircraft Corporation under NASA contract
NAS 3-19235.

This report presents Lockheed's results of the blade loads analysis and contains
the detailed stress analysis used to support the structural design. A preliminary
investigation of wind shear and wind blockage due to the tower structure indicates
that blade cyclic loads could be greater than the cyclic loads used in this anal-
ysis. For the blade loads used for this analysis, the metal blade can carry,
without material yield, infrequent peak loads encountered during rapid changes in
blade pitch angle at the rotor operating speed. The metal blade can also with-
stand an infinite number of cyclic loads during normal operation, as shown by this
analysis. Recommendations for monitoring blade loads during operation are also

specified.
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SECTION 1.0

BASTC DATA

The blades built by Lockheed under Contract NAS3-19235 meet the following

requirements:

o Rotor diameter of 125 ft

o Operating speed of 4O RPM

o Collective pitch range of blades, -3.5° to 92.5° at Stgtion 75 radius

o 33.8° non-linear twist on each blade

o N.A.C.A. 23000 series airfoils

o All aluminum basic blade construction with a steel root fitting

for attachment to the N.A.S.A. windmill hub

0 Root attachment to conform to N.A.S.A. bolt size and patterns.

Geometry

The overall external dimensions are shown in Figure 1.1l.

A spanwise plot of blade chord, thickness ratio 2, and blade angle are

shown in Figures 1.2 to 1.5.
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SECTION 2.0

WINDMILL BLADE LOADS

The structural design loads presented herein are the four (4) structural
design conditions specified in Table I of Contract No. NAS3-19235 and is the
basis on which the structural integrity of the blades is established. Addi-
tional loading conditions have been investigated, and are reported on, to
11llustrate the effects of 1) horizontal wind shear gradient and 2) tower

shadow interference on cyclic bending loads.

ANATLYSIS APPROACH

The rotor loads computer program (WINTUR) is utilized to define, in detail,
the steady state and cyclic loads acting on the windmill blades. This com-
puter program reflects a coupled response analytic method that yields span-
wise and azimuthal distributions of airloads, bending moments and torsional

moments depending on the operational mode selected.

In brief this computer program is a fully coupled aeroelastic blade loads
analysis consisting of an aerodynamic performance/trim analysis of a rotor
system that is coupled with the dynamic response of the blades. A relaxation
type of iterative procedure is employed between the aerodynamics and blade
responses to obtain a converged solution that is consistent with the blade
mode shape. The aerodynamic portion of the program consists of expressions
for rotor thrust, torque, shaft moments (pitch and roll), and shaft shear
forces (lateral and longitudinal) utilizing Cg, Cd’ and Cm data vs, local
blade angle of attack, section thickness, and Mach number. An iterative
procedure permits one or all of the net rotor forces tc be trimmed to
describe the operational condition of the rotor in terms of the rotor control
angles and/or attitude that is consistent with the response of the blades.
The dynamic analysis portion of the program considers the blade response, in
harmonic form, to the steady and unsteady airloads, Coriolis forces, gravi-

tational effects and the structural coupling between the flapwise and chord-

2-1



wise bending moments due to collective pitch and local geometric twist angle.
The structural model utilizes a finite element description that permits a
detail definition of the rotor blade system. This description is unique in
that two separate beams are defined to describe one integral rotor blade. The
two beams are represented as 1) the feathering blade and cuff with provisions
for up to 45 stations, and 2) the fixed hub which supports the blade and cuff
with provisions for up to 30 stations. A total of 44 blade stations are used
to represent the 100 kw windmill blades. This arrangement permits the
determination and inclusion, in the net response of the blade, of 1) feather
bearing radial forces, 2) feather bearing support elasticity, and 3) kick shear
forces resulting from the blade retention mechanism. A quasi-coupled elastic
torsion analysis is made where extensive use is made of the output from the
basic coupled analysis. The elastic twist angles, as determined in the torsion
analysis, are reflected in the aerodynamics of the successive aero-structures

cycle in the relaxation process.

Among the many program operating options provided there is one that permits

the application of an arbitrary spanwise airloading distribution to the blade
structure at any discrete exciting frequency that is an integer multiple of the
rotor speed. It is this option that is used to determine the aero-elastic

characteristics of the blades for the specified air loads of this concept.

The sign convention incorporated into the WINTUR computer program and used

in this section of the report is shown in Figure 2.1.

WINDMILL BLADE DESIGN LOADS

Blade loads, natural frequencies and mode shapes presented in this section
reflect the blade mass and stiffness distributions and related data given

in Section 3.0 of this report.

Rotating natural frequencies and mode shapes are computed using a subset of
the "WINTUR" program and utilize the same structural description and inputs as
that employed in the blade loads analysis. This approach insures the com-
putation of blade frequencies that are directly compatible with computed

blade loads.



Natural frequencies for the cantilever blades were computed at various rotor
speeds from zero to 50 RPM and at pitch settings, defined at the 3/i blade
radius, of 10°, 0°, and -10°. The result of these calculations are presented
in Figure 2-2 and shows that for the normal operating speed of 4O RPM there
is adequate separation of the blade frequencies from the aerodynamic excita-
tions at the integer multiples of the rotor speed, nP. Also, the frequency
spectrum shows that there is a negligible variation in the frequencies within
the blade pitch settings investigated. Blade mode shapes associated with the
frequencies at the nominal rotor speed of 40 RPM and zero degree blade pitch
setting are shown in Figures 2-3 through 2-5 for the first three natural
frequencies. The first and lowest mode is 2.76P and it is defined as the
first flapping mode where the primary blade motion is normal to the plane of
rotation. The second mode is 3.62P and is defined as the first inplane mode
with primary blade motions in the rotational plane. The third mode is at
7.57P and shows that the primary motion is again normal to the plane of

rotation and it is called the second flapping mode.

The structural integrity of the windmill blades is based on the four (4)
spanwise aerodynamic loading conditions as stipulated by Contract No. NAS3-
19235 and shown on Figures 6 through Figure 9 of the contract. The four

design conditions are summarized in Table 2.1.

TABLE 2.1

Design Condition as Specified by Contract

Figure # in
Blade Pitch Contract for
Case Setting @ Rotor Speed Wind Velocity { Aerodynamic
No. 3/4 Radius RPM MPH Load Distribution

1 0° 40, 18. 6
2 0° 40. 60. 7
3 -90° 40. 18. 8
L 0° 40. 0. 9




For each of the loading cases in Table 2.1 steady and cyclic, 1P, blade loads
were camputed using the special option capability of the "WINTUR" program as
discussed earlier in the analysis approach section. This computation process

uses the specified airloads as inputs to obtain the steady state blade bending
loads and elastic characteristics. The gravitational effects, due to the spanwise
blade mass distribution, is used to define the cyclic blade bending loads and

elastic characteristics.

The influence of inplane Coriolis accelerations on cyclic bending loads are
obtained independently and superimposed to those due to the gravitational
effects. In terms of prime factors the cyclic, 1P, blade root moments, due

to Coriolis force, can be expressed as follows:

_ 2
q, = 2L a a SINY (1)
where:
A = blade root moment, in.-1b.
I, = mass inertia of one blade, slug - in.2 (571100 slug - in.g)

= rotation speed of windmill, rad/sec. (4.189 rad/sec = 4O RPM)

Y = azimuth position - radians
a, = effective blade cone angle referenced to 3/LR - radians
a, = effective "P" blade flapping angle referenced to

3/4R, - radians

Based on the elastic characteristic obtained from the "WINTUR" program and
carrying through with the required substitutions above the blade root inplane
moments, as well as the effective cone and 1P flapping angles, are presented

in Table 2.2 for the specified loading conditions.

The distribution of the cyclic inplane blade root moment along the span of the
blade is accomplished by using a predetermined 1P bending distribution curve.
The net spanwise distribution of the cyclic chordwise bending moment is the
sum of that due to gravity effects and those due to Coriolis acceleration.

Comparing the relative magnitude of the cyclic chordwise bending moments of

2-L



of Figure 2-10 with the blade root cyclic moments in Table 2.2, for cases 1, 2,
and 4, it can be seen that Coriolis accelerations have a very negligible effect
on the net 1/2 (P-P) cylcic chordwise bending moments. This also holds true
for case 3 where the cyclic beamwise bending moment of Figure 2-11 must be
compared to the cyclic blade root moment due to Coriolis effects. In view of
this, Figure 2-10 presents the net cyclic bending loads for cases 1, 2, and 4

and Figure 2-11 those for case 3.

TABLE 2.2

Coriolis Blade Root Inplane Bending Moment

Case No. ag a1 Kc
(rad.) (rad.) Q¥ = K, SINY ; in.lb.
1 0.112759 -.000608 ~137k4
2 0.139723 -.000608 -1703
3 0.112951 -.000624 +1413
Y 0.103692 -.000608 -1264

The spanwise distribution of the steady state beamwise and chordwise bending
moments and inplane and axial shears for the four loading conditions are
shown on Figures 2.6 through Figure 2.9. The centrifugal force distribution
along the blade span for the nominal rotor speed of 4O RPM is shown on

Figure 2.12.

EXPOSITORY ANALYSIS

Detail consideration must be given to both the static and fatigue strength
level loads anticipated during the 1life of the blade in order to achieve a
windmill blade that is reliable. This entails the investigation of loading
conditions that reflect the operational environment to which the blades will
be exposed. The following tentative list of conditions should be investigated

in addition to the four presented in Table 2.1.
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1. Rotor yaw angle with respect to wind velocity.
2. Rotor yaw rates
3 Combinations of rotor yaw angle, yaw rates and yaw direction
4,  Rotor speed variations

5. Wind speed variations

6. Blade pitch setting variation

T Ground wind velocity shear profile

8. Windmill tower shadow interference

9. Gusts
10. Start-stop cycles
1. Non-rotating blade loads in an extreme wind environment
12. Various combinations of the above operational modes

A cursory investigation was conducted pertaining to some of the above loading
conditions to demonstrate their effect on cyclic blade loads and are reported on

for comparison purposes only. ,The analysis utilized the full capabilities of

the "WINTUR" computer program discussed earlier.

Tower shadow interference effects are included in "WINTUR" by considering the
tower to have a retardation effect on the free stream velocity over a sector
of the windmill disk as deplcted in Figure 2.13. This is accomplished by
assigning an arbitrary value to, ?7, the sector over which the flow through

wind is retarded and, Ky, the percentage of wind velocity retardation.

The effect of tower shadow is to induce a "IP" pulse to each blade as it passes
the tower. The pulse contains higher frequency blade responses whose magnitudes

are a function of sector size and degree of tower interference.

A limited investigation was conducted to determine the influence of sector
size and various tower interference factors on cyclic blade bending moments
and tower loads using the design condition described by Case 1 of Table 2.1 as

the baseline. The combination of parameters examined are given in Table 2.3.
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TABLE 2.3

Tower Shadow Interference Parameters

Percent of
Legend Sector Size Interference
Y Ky
o
Baseline Y 0.0
60° 7.4
60° 25.0
18° 25.0

The cyclic 1/2 (P-P) blade bending moments of this study are shown in Figures

2.1% and 2.15 and the tower loads are given in Table 2.4 in harmonic form.

The data shows that there is a pronounced increase, from the baseline case,

of the beamwise cyclic bending moments and a negligible increase of the

chordwise bending moments for the parameters investigated. It should be

noted that there is a very dramatic increase of the beamwise cyclic bending

moments over the span of the blade. For example the cyclic beamwise bending(ﬁfﬁv%MZ)
moment shows an increase of 1500% over the baseline data for the worst

assumption. This indicates that the tower shadow effect could have a

significant effect on fatigue loading. The actual increase would depend on
its true severity.

The effect of tower shadow interference on tower loads is given in Table 2.4
and shows that the primary influence is on shaft bending moments in both the
yaw and pitch directions. Steady shaft moments show an apprecisble increase
over the baseline case when tower shadow effects are included and that higher

frequency shaft moments, "4P", are probably more dependent on the inter-
ference factor than sector size.



Wind shear gradients, with respect to altitude, can be approximated by the
simple power expression of reference 2.1. In simple terms the expression

given is:
v, oc H (2)

Equation (2) simply states that the horizontal wind velocity, V,, is proportional
to altitude H raised to the power n. The vertical wind velocity profile
suggested by equation (2) reflects the earth's boundary layer effect and is
dependent on the earth's surface roughness characteristics which are included

in the exponent n. It should be noted that reference 2.1 points out that the
vertical change in wind direction is negligible within the lowest 300 feet of

altitude if the overall airflow is strong and the site free of obstructions.

Wind shear is implemented in the "WINTUR" computer program by adjusting
equation (2) to reflect the nominal wind velocity V, at the rotor shaft axis
altitude H, as depicted in Figure 2.16 and then defining the incremental wind
velocity variation (a VvH) over the rotor disk area. The incremental wind

velocity with respect to the nominal wind velocity can be expressed as follows:

av,, = Ty [+ ﬁo st )* -] K, (3)
Where:
ASVVH = Incremental change in wind velocity at altitude,
feet per second
Vi = Nominal wind velocity, feet per second
Hy = Elevation of rotor shaft axis, feet
v = Azimuth position, degrees
r = Local blade radius, feet
n = Exponent describing earth's surface roughness
K, = Factor, normally equal to 1.0 when n is less than 1.0.

If n is equal to 1.0 then K, describes a linear variation

of wind shear gradient

2-8



A linear variation of wind shear was examined having a gradient of K, equal to
0.125 using the design condition described by case 1 of Table 2.1 as the
baseline. The cycle blade bending moment distributions of this investigation,
with and without the effects of tower shadow interference, are shown in

Figures 2.17 and 2.18 and the corresponding tower loads are given in Table 2.k4.
The results again show that there is an appreciable increase in the beamwise
cyclic bending moments from the baseline case and a negligible effect on the
chordwise bending moment distribution. Two blade stations are examined as a
function of rotor azimuthal position and shown in Figure 2.19 to further
illustrate the effects of wind shear and tower interference on cyclic beamwise
bending moments. The results show that the influence of higher frequency loads
on the overall content of 1/2 (P-P) cyclic beamwise moments is more predominant
outboard along the blade span. Tower loads reflecting the influence of linear
wind shear is given in Table 2.4 and shows that only steady and 2P tower loads
are developed. This demonstrates that only 1P blade airloads are generated by
a linear wind shear representation. However, it should be noted that if n

were assigned values other than 1.0 such as 1/5 for values of Vy between -5

and -35 mph, as suggested by some literature, and letting K, = 1.0, then

higher frequency airloads will occur. This will then result in higher frequency

blade bending and tower loads.

In addition to the tower loads due to wind shear and tower shadow, Table 2.k

also includes data for the following conditions:

e TFour design conditions specified by contract
e Limited excursion of blade pitch angle

e Limited combination of yaw rate .ad yawed wind direction with

respect to the drive shaft

It should be noted that the largest steady and 2P shaft moments reported are
for the combined yaw rate and yawed wind velocity condition. In the event of
a failure mode where the yaw mechanism fails, such as may occur when: 1) the
rotor is unable to yaw resulting in large yaw wind direction angles, 2) the

rotor experiences inadvertent large yaw rates, and 3) the combination of



1 and 2, then much larger tower loads can be expected to be developed and must

be considered in the structural design envelope.

CONCLUSIONS

The wind turbine blades were designed to the aeroelastic loads developed for
the four design conditions as specified by contract. Additional loading
conditions were explored to ascertain the influence of various parameters on
design loads that may affect the life and reliability of the blades and/or

tower. The following conclusions were arrived at:

1. Tower shadow interference has a pronounced effect on the magnitude of
cyclic blade bending moments and tower loads depending on sector size
and/or the degree of free stream wind velocity retardation over the

rotor sector.

2. Cyclic beamwise bending moments due to tower shadow were shown to

increase the baseline cyclic moments used for fatigue analysis. The
increase is most significant in the mid span. This loading should

be further investigated relative to its effect on fatigue life.

3. Tower shadow tends to reduce the energy extracted from the wind, for a
given blade pitch setting, resulting in a less efficient wind energy

generator when compared to analysis that ignores the tower.

4.  Horizontal ground wind shear results in primarily 1P blade loads and
steady and 2P tower loads for a linear wind shear gradient. However,
a non-linear wind shear would result in higher frequency blade and tower
loads in addition to those experienced for a linear wind shear gradient.
This results in larger cyclic loads and will adversely effect the wind

energy system.

5. Pailure of the yaw control (unable to adjust to the wind direction and/or
excess yaw rates) will produce relatively large cyclic blade and tower

loads effecting the life of the wind energy system.
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The conclusions presented are based on a limited examination of some of the

design conditions listed in this section of the report. Based on the

cursory analysis presented, the fatigue loading could be significantly
increased by tower shadow effects.

in the baseline data.

These effects have not been included
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M eavens o e s et At Sommomimon “2.3¢
crrexee H TABLE 2.4 SHEET 4 Ok 2 MoPE
ArPROVED ¢ WINDMILL TOWER LOADS Iy
CONDITION DATA
ROTOR SPEED= 40 RPM
chod A e e ea e e [ Leceve,
No. CASEl Wy | Vi |rapysec ves. | U | Ky | T | Kw 5 f; SECTION
sor | 1 [-264] 0 | o o | o] 0] o o |s437][-r78 |[BrsELNE)
513 2 |-880o| O 0 0o (0] (0] o] O (/13994-242,
509 | 3 |-264] o o} -90.1 O o o 0 |-29214614.
519 | 4 o o] o) o O o) o O |-385| 31.
511 264 | O 0 6. O o o O |&69/ |~205.
512 -264| O O |-6. (o) ol 0 O [/458|-36,
515 2614590339 | © O| O 0| O |5324]-173,
516 =261 |4.59(-.0349| O© (o] o 0 O |53251~174,
5013 264 O | O 0 |60.|.0a| O | O |s5285)~170.| —— ———
s013 2641 O 0 (0] 60.| 25| ©O 0 |s5018.1-155 | — - —
5012 264 | O 0 O 18, | 25| O | O |[s5284,\~170.{ — — —
5004 264 O | 0 0 O | O] V0|25 |5397.|-178. |- ——-—
50/57 24| O o} o 60.1.074| V.0 |.125|%5286.|~171. | — ——
WINDMILL TOWER SHAFT MOMENTS
Case Yaw MOMENT, Mu~ IN-1b Pitcw MOoMENT, L~ IN-1b
| NO. [l S, | Swe 1026 Sue :¢4 Ser :¢ep So | Ser :¢zp Sae 'L¢4:= Sep :%p
501 || -549 {26893 jﬂ" I l -/18%00| 2689 | 9%, —— ' |
5135 || 297 |2877 13| — | | — | ||-127¢45|2895 1777 — | | —
509 |[2364 /5592 9| — | | — | |[-memo|/s33/ 1 — ) [ —1
514 |[-8523|17370 12| — 1 | — ! |[[-129200| 17300 J',e;‘; — ] —
51 ||-ro91 |2222 (6] — T | — | |l/#R200| 2218097 — | | —
512 || 698 [2602 \9°| — | | — | ||-wzreo|380/ 1867 — | | —
515 |l-63152|/42800 587 — | | — | 9975 wzsco\ | — | | — |
516 ||#esoo|zor600 18| — | | — | ||273800|zom000 28] — | | —
5013 || so¥2 |499201%° 299‘00“«9‘ J— |L -6 %000 |49400 i/90 250,”17/0 _____;
50/3A || 19080 | 179400 1267 99000 '48”| — | ||[274000 |174600 | 19°| 77290 717 — |
s0/2 || 5798 |8/900 111762600 4F|/530 | 22|[-168700| 81890 | 32°|8399D  7,°| 299001 13°
5014 _||#oco [113800,mP| 3 13F| 3 (159|-232600| /13800 ¢°] 1 18] 3 T4s°
50/5 || 21850 [1619001131°| 29340 48| — | [-278809 /szm]/o{fzzwo V1 — |

LOAD = So + Szp Cos 2(¥-$,p) + Sap Cos4(W-dep) + Sep Cos 6y -dp)

n

T

¥

12.34]

L]

T

1
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CHECKED I T‘ABLE 2 '4 SHEET 2 oF 2 MODEL
KremoveD ¢ WINDMILL TOWER LOADS  [¥8%7
WINDMILL SHAFT NORMAL FORCES
Case Yaw Force, W~ pPouNnoDs Pitcn Force, Y~ pounos
i ! { 1 {
NO: So 519 |¢14 54? Tlcbqp SGP ,asﬁ So Szp |¢zP SAP |¢4P SéP |°6P
T,s0 | Tod —— T
so/ || 4 278 45 | ,_|[5582| 218 % | %
513 || 3 | 283 45 I L |l-s588| 285 8] — ' | —
509 || -n [ 464 ] — 1 | — | |-ssey| 96y 1/ —T | —
514 || -1 |270 |4 ! " ses |20 T — T | 1
517 | | 270 |4s° f L |l-s582] 290 (96 — | | — |
512 | 4 | 289145 | | |l-s582 | 289 (90| — | | —!
515 || -3 | 268 !s1 l ' ||-ssse} 267 ] — | | — |
516 || 95 | 360 '40° [ | [{-5¢¢8[360 185 — | | — |
5013 |24 | 20 3| 48 18| — | ||-s%03 | 259 1a€| 52 58] — |
5013R|-82 | 290 25°| is2 15¥] — | |[-5¢5/ |28 195163 1| —
5012 |[-22 | 283 371140 T5v] ¢ \2#]|-s5605 237 (@127 10/ 32 507
sorg ||-49 |248 (33° 0 | | 0 1 [[-seav | 295 (987 o | o |
sors || -69 12¢2 (277 95 (7| — | |-s659 | 240 (747 49 |76] —

LoAD = S_+ Sy Cos2(¥- 80D +S,, Cosd(p-4,.) + S Cos 6 (9-4,,)

238
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SECTION 3,
STRESS ANALYSIS

INTRODUCTION

THIS SECTION OF THE REPORT SURSTANTIATES

THE OSTRUCTUORAL INTEGRITY ANC THE FATIGUE. LIFE
RESIGN GOAL OF THE 3 METAL WINDM|ILL BLADES
Pore NASA~ LEWIS IN COMPLIANCE WITH SPECIFICATION
NG 3-572243 For CONTRACT NAS 3~1423S5
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STRUCTURAL DESCRIPTION

T-AZHE WHOA

THE TRANSITION TO THE ROOT ATTACHMEWT
TWO HEAVY ALUMINUM RIBS WHICH TRANSFER THE
PLADE LOADS TO A TURULAR STEEL HUR FLANGED

THE CONSTRUCTION OF THE BLADE COMPRIGE=< AN ALL
ALUMINUM HEAVY WALL D SECTION (:250¢€))
REINFORCED WITH A SPAR AND LONGITUDINAL
ETRINGERS . THE SKIN AFT OF THE SPAR 1S LIGUT .040

THICK COVER WITH A TRIANGULAR CLOSURE MEMBRR ».
1S MADE RY

AT TR INRBOARD END FOR ATTACHMENT TO TH= NASA,

ESTABLISKHED RY NASA.

WINDMILL HUB WITH A BOLT PATTERN AND SIZE
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Blade Internal Loads and Stresses

The internal loads and stresses are calculated for the four design
cases listed on Table I of the contract. Ixternel loads for these
cages are ghown in Section 2 and comprise mean and cyclic loads for
case 3, mean loads for cases 1, 2, and 4 and one cyclic loading
common to these latter three cases, The internal loads and stresses
are presented in Appendix A and summariged on pages 3 2éto 3.3/,

The primary internal loads producing significant stresses are the
axial loads from combined besmwise and chordwise bending moments.

The mechanized program used for deriving the internal loads is
described on page > 4. The method provides an accurate representation
of the axial stresses along the blade for the section properties used.

The effect of varylng the section properties to be consistent with
the developed stress for each condition is discussed on page 3.4
The shear flows, however, for both direct shear and torsional shear
are congservative., This is due to the fact that no account is taken
of blade taper and the torsion box areas calculated within the program
use straight lines between the neutral axes of the areas lumped at
the grid points and do not follow the skin contour. Since the shear
stresses generally are relatively low, correction of the shear flows
is not considered warranted, except for the spar web for case 3,
where the correction is made to show the web to be shear resistant
(reference page™.1b).

Axial stresses from centrifugel forece are presented on page 3.19.

The design loads used are from section 2 of this report. The centri-
fugal force is from Fig. 2.12, Blade Bending moments and shears are
from Figs. 2.6 to 2.11. The shears in these figures are given relative
to the shaft axis and have been rotated to each blade section reference
axis for determining internal loads. Blade torsion is obtgined from
runs of the 'winturs" program described on page 2.1 for the design
conditions analyzed.
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MECHANIZED ANALYSIS PROGRAM

The internal loads and section properties are calculated with the
aid of remote terminel computations using the Conversational
Programming System (C.P.S.). Inputs to the program at any station
analyzed are as follows:

A 1

X ins

Z ins

T

™S

XMS
7ZMS

HMS

2
ns

{

ins
ins

ins
ins

ins

E 1b/1n2

G 1b/in

XLA
ZLA

Sx
Sz

2

ins
ins

1b.
1b.

{

%

Mx 1b/ins
Mz lb/ins

My 1b/ins

cross-sectional areas assigned to grid points
chosen for the structural model.

coordinates about the established
reference axes,

thickness of skin between grid points.
spar web thickness.

spar location relative to the reference axis,

spar height.
Modulus of Flasticity for material used.
Shear Modulus of material used.

coordinates about the reference axis of the load
application point.

applied shear loads at the load applicetion point
along the x and 2z reference axes.

applied bending moments,
about the reference axis at the load applicetion
point.

tonsionel moment about the load application point.

The program uses the above material, geometric and applied load data
to compute and print out the following data:

NaXy
P
o}
[

LOAD

1b

STRESS psi

§

coordinates of the neutral axis position of the
crogg-section about the reference axis.

Product of areg moments of inertia times the
modulus of elasticity about the neutral axis
location.

exial load and stress at each grid point.
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MECHANTIZED ANALYSTS PROGRAM ( Cont 'd)

3 1b/in

2A cell 1
2A cell 2
Q@ 1b/in

My in/lbs

shear flows in the spar web in the skins between

grid points.

computed torsion base areas of front and rear

blade cells.

ghear due to torsion alone in each cell.

torsion about shear center.

Lateral location of shear center in inches ahead of spar.

The progream output data for the blade stations and load condition
analyzed is presented in Appendix A.
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BRLADE. SECTION PRUPERTIES.

THE RLADE SECTION PROPERTIES ARE CALCULATED WITH
TUE AID OF THE .CPSI, COMPUTER PROGRAM DRESCRIBED
ON PAGE 3 4 | THE PROPERTIES ARE CALCULATED AT
TWELVE STATIONS ALONG THE BLADE . THE REFERENCE
AXES USED AT EACH STATION ARE .AS FOLLOWS .-

THE X' AXIS 18 A LINE PARALLEL TO THE CHORD LINE WHICH
RISECTS THE AIRFOIL ORDINATE AT THE /4 CHORD TUE
'Z' AX1S 1S NORMAL TO THE x AX1S AT THE % cuoro,
THESE AXES TOGETHER WITH THE SIGN CIONVENTION
USED 1S5 SHOWN 1IN THE SKETCH BELOW,

P
ac .

N M2

M

o

4

UPPER SURFACE

LONN =R, SURFACE

b
|

WITH RESPECT TO THE AIRFOIL SECTIoN

X POSYTI\VE FORWARD,

Z PORITIVE UP

Mxx POSITIVE UPPER SURFACE IN COMPRESSION
MY‘/ POSTTIVE NOSE UP

24 PoS ) TIVE TE, IN COMPRESSION

? SHEAR FLOWS POSITIVE NOSE UP,

NOTE THE SIGN CONVENTION 1S THE SAME AS FOR TUE
LOADS ANALY SIS SELTIUN 2 FIg 2.1 EXCEPT TRAT THE
POSITIVE X DIRECTION |S REVERSED,
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BLADE SECTION PROPERTIES

GQRID POINT NI

AT THRE GSPAR 1O INCH D0F BOTW THE
SKIN & THE .0%0 SPAR WEWR
THE TRAILING EDGE SKING FROM THE SPAR To TUE

COMPRESSIVE STRESS FROM CASE 2

STATIONS ANALYSIED ARE SHOWN

DISCUSSED ON PAGE 3.14,

STAN. 45 - 565

STAN. 40 9.

AT EACH BLADE SECTION ANALYSED THE AREAS ARE

LUMPED AT CONVENIENT GRID POINTS STARTING WITH
AT THE LOWER TRAILING EDQE,
BLADE OSXKIN FORWARD OF THE SPAR 1S FULLY BEFFRECTIWE.

ALL TwE

040 TRAILING EOGE
19 ASSUMEY EFFECTIVE.

REGION OF THE TRAILING EDGE CLOSURE ARE ASSUMED
INEFFECTIVE , AT THE TRAILING BEDGE CLOSURES AN

EFFECTWE WIDTH OF SKIN CONSISTANT WITH THE T E,
1S ADDED TO THE

CULOSURE. AREAS. THE BEFFECT OF THIS ASSUMPTION IS

THE LOCATION OF THE GRID POINTS FOR THE RBLADE
N THE SKETCOCHES BRELOW
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BLADE SECTION PROPERTIES,

10

L0

2

=z

BRLADE QTR 653 g 697,

RLADE STA 187.5 ((FATIavE).

& REVISED oT 81-5 FRoR CASE .

APPENDIX A

BECTION PROPERTY OUTPUT DATHA

AND 1S PLOTTRD ©ON PAGES 3.11% 312

1S PRESENTED

(EN
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mrd--

100 KW. WINDMILL RLADE.

RLADE SECT\ON PROPERTIES.

TORSIONAL STIFFNEDS,

THE TORSIONAL STIFENESS 1S CALCULATED AT
SECTIONS ALONG THE BLADE SPAN AND 13 PLOTTED
ON PAGE 3.3

THE SPAR WER DIVIDES THE RBLADE INTO A THICK

SKINNED LEADING EDGE D SHAPED BOX AND A THIN

SKINNZY TRIANGQULAR TRAILING
TORSIONAL STIFFEFNESS
METHOD DESCRIBRED

1S BEVALUATED
INN BRUKHN REF, | .

EDGE BoX . THE
BY THE
A TYPIC AL

CALCULATION ™MADE AT STATION 30|

1S5 PRESENTED

RELOW,
TATION 30)
E
AREA 0F CELL () LEADING EbgE BoX A= 191 NS
2
AREN OF CELL @) TRAILING EDGE 80X A, =195 1ys
TOTAL ENCLOSED AREA A = 386 INS™

@, " Y. AROUND NOSE FROM UPPER SPAR TO LOWRR $PAR

= 42/25 = '68
TRAILING ROGE BOX.
a,,= .Z/é AROUND LING )
= 3.0 4+ |.9 + 4% .4 = 1244
/125 /(g% /(;4
Q,, * % SPAR WER COMMON TO BOTH TORQUE BOXES
z ) ERFECTIV ' =
z |h}>{6% ( F® \ E) A6

z Z 2
T =[azoAl ra,, A+ QMA,,]4_

Q, xR _+a& a + a4 a
o 12

12 20 20 1o




T-NZTOE NMNOAL

PREPARED BY PATE LOCKHEED-CALIFORNIA COMPANY PAGE
V74 LAy, 4/75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION .10

CHECKED MODEL

=
K i CLI70%
re 1100 KW.WINDMILL BLADE. ~EronT NG,
E 27153
BLADE SECTION PROPERTIES
TORSIONAL STIFFNESSD
STATION 301,
z 2
T= \14—4xm| + 146 x3%6 +168x195% 4
163%X14¢4 + 146 x1244 4+ 1244 x 16%
4
j’: [ 73, sleo :'4 = 708.6 INS
4|Sx!0
A
TORSIONAL STIFFNESS = G 7 G = 4.0X10
6 9
GT = 40X 70%-6 xlo = 2-833%10

SHEAR FLOW 1IN FORWARD ROX Z;

_t[a, A +a A LT 1244%191 +146%386
z,’z[ 2 ) 'z }T =z[ 72,52 %196
73.52x10¢

9 = .00200 T,
, 20400 .

L[ 168x1a5 +146 %386
2Z=é-[q|oA2—+qﬂzA]T =2[ 5 J

73.52x%x {0

g = .000406 T
Z

CHECK THESE SHEAR FLOWS AGAINST THOSE CALCULATED
FROM THE MECUANIZED ANALY SIS PAGE I A.Zo

7, = 5.4%353"5 = .000608T
THE MECHANIZED PROGRAM CHEOKS REASOMNARLY WwWeLL
FoR THE TRAILING EDGE ROX BUT |$S APPROXVMATELY
1776 CONSERVATIVE FOR THE LEADING EDGE BOX .
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ﬂ %7% 6/75 A DIVISION OF

PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY

PAGE
LOCKHEED AIRCRAFT CORPORATION 3 '4'

CHECKED
L

APPROVED

mr---

too KW WINDMILL RLADE

MODEL
eLiI708

REPORTY NO.

27153

EFFECT OF INCLUDING TRAILING EDGE SKIN ON BLADE

PROPERTIES AND STRES3ES

EXTREME TRAILING EDGE

FOR CASE 2 1S INCLUDED

SKIN 1S SHOWN ON PAGE

CONSIDERARLE,

EDPGE SKIN 1S IN TE.NS\ON,
TRAAN CALCULATED RY TUHE

THE SECTION PROPERTIES USED IN THE MECHANIZED PROGRAM
FOR THE. CALCULATION OF INTERNAL LOADS & STRESSES
ASSUME THAT THE .040 INCH THICK TRAILING EDGE SKIN

1S INEFFECTIVE FOR TAKING LOAD EXCEPT AT THE

CONSISTANT WITH THE ANTICIPATED COMPRESSIVE STRESS

EDLE CLOSURES . THe EFFECT oN THE BLADE SECTION
PROPERTIES OF USING FULLY EFFECTIVE TRAILING EOGE

T, 'S SMALL RBUT THR EFFECT ON CHORPWISE T, 1S

FOR DESIGN CASE I,WHERE THE DRVELOPEPL STRESSES
ARE LOW AND FOR CASE 23 WHERE MOST of THE TRAILING

EFFECT 1|9 CONSERVATIVELY NEGLECTED EXEPT FOR THE
FATIGUE ANALYSIS | CASE 1T | AT THE HIGHEST STRESSED
STATION AND ALSO FOR THE INBOARD RBRLADE TRAILING
EPGE STRESS FOR CASE 3 |

FATIGUE LOADS AND STRESSES

.HERE THE AREA OF SKIN

WITH THE AREA OF THE TRAILING

%11, THE EFFECT ON REAMWSE

THE STRERSSES ARE LOWER
MECHANIZED PROGRAM. TS

129.8 . AT THIS STATIDN TH
CALCULATED WITH FutLy

THE STRESS AT GRIND POINT

PAGES = A 70 & 3A.94

THE HIGREST STRESDED AREA OF THE RBLADE FOR THE
FATIGUE CONDITION 1S IN THE REQION ©F RLADE STATION

PRESENTED ON PAGER 3A.92-3034. ., A COMPARIGON OF

TRAILING RDEE STRESS CHANGED FROM ~5327Ps( To ~303S5 psy

E STREDDES FOR CAgGE I ARE
EFECTIVIE ©SKIN AND ARE

1l BHOWS THAT THE Cvydluild




T-G9Z9E WHOS

PREPARED BY PATE LOCKHEED-CALIFORNIA COMPA PAGE
& %{% 4 < A DIVISION OF LOCKHEED AIRCRAFT CORPOEAT:): 3.1
CHECKED T M&DE.,7 o s
1
APPROVED I ‘00 KW W 'NDM‘LL BLAD E 4 REPORT NO.
£ 27!153

EFFECT OoF INCLUDING TRAILINNG ED4GE SKIN ON B&LADE
PROPERTIES AND STRESSES,

CASE 3 TRAILING ZO0H4E STRE.DS.

THE TRAILING BOGE TENSILE STRESIES ARE TWOSE
MOST AFFECTED AY THE CONSERVATISM IN TAE SELTION
PROPERTIES USED. THESE STRESSES ARE RECALLULATED
FOR THE INBOARD RL-ADE STATIONS ULING EFFECTIVE
TRAILING EDGE SKIN AREAS CONSISTANT WiITH THE
STRESSES DEVELOPED. THE REIVLTS ARE SHOWN
RELOW AND ARE ADDED TO TRE SUMMARY TARLE PAQE
3.29 FOR COMPARISON, A CFPS PROGRAM RUN 1§ ALSZO
MADE FOR RIB REACTION AT B1.5 WITR THE REVISED

PROPERTIES FOR CASE 3 MEAN+CYCLIC (REF PAGE 3A.95)

sTaTION| T Iz: Ixz Xon | 2 wn Cs:igsss*

INS NS 4 ins4 | inst PS¢ |
1.5 1660 | 4230 43 -\ A7 Y- 23500
187.5 657 3049 | 47 --%3 [ -02 154060
301 431 {1731 | -18 - 34 1 12100
3869 23¢ | 1365 L5 --80 |--06 7250
GRIO PT, 1l , INCLUOES CF. & MEAN +cvYeL\L OoADS,




T-ETHE NNOJ

PREPARED BY

2 A

i

20

DATE

&/1s

LOCKHEED-CALIFORNIA COMPANY
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION

PAGE

3.1¢4

CHECKED
‘

APPROVED

-

OO KW WINDMILL RLADE

MODEL

Cil 708

REPORT NO.

2715 3.

EFFECT OF RBLADE TAPER ON BEAMWISE SUEBAR FORLES,

THE MECHANIZED METHOD FOR CALCULATING TUHE INTERNAL

FORCES ALONG THE BLADE SPAN DOES NOT INCLUDE TWHE

EFFECT OF BLALDE TAPER . THE ALADE TAPERS

IN BOTH

TUICKNESS AND CHORD, THE CHORDWISE BFFELT 1% sMN_L.,
HOWEN E&'AND WILL BE 1IGNORED., THE BEAMWICE EBEFFECT

OF TAPER. CAWN BE LARGE AND WiLL RE EVALUATED HERE,
CASE 3

FLOWS | PATICULARLY

19 THE ONLY CONDYTION WITH SIGNZWFICANT SUWEAR

IN THE SPAR WER. THE COREECTION

FACTOR. FOR SPAR WEYWR SHEAR FLOWS 195 CALLULATED

OVERLEAFT FOR CASE D AND THE RESULTS ARE

FREATUREZD IN THE SUMMARY TARLE ON PAGE 3.2%




T-WTYvE WHOL

PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
& M’%% 6 75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3.7
CHECKED T MOii:L' 70 8
' - C L.
APPROVED I ‘oo KW WIND MILL BLADE R"o:lTNOSS
E Z \

EFFECT OF BLADE TAPER ON REAMWISE SHEAR FORCES.

| 2 3 4 5 & 7 g 9
BLADE | Stor CASE 3 | SHEAR
STATION 7& cHoeo {/ € A¢ TANQEENT MEAN IN

x < MAX M/, |Surpace [SURAES

INS, INS., INS. INS. 2 A% o0 L8| LB.
.5 109 54 415 12 .4\ 144270 |-\ 4
2.59 | -029%
125 167 5S4 367 19.82 145660 (-3741
3.62 | 0290
187.5 | 250 S4 -300 16,20 154830 |- 5608
1-69 0178 |
235 | - 313 %0.96 | +2%S | 14-SI 154170 |-5273
2.1 0165
301 401 4674 | - 264 12.33 138410 |-4401
265 -1E-4]
389 | - 518 4l-10 | .235 q.6% 118360 |-3338
2.32 -0132
477 | 636 3547 . z07 7 36 92390 (-2273
2.0l -0l14
S65 . 753 29.%4 | .\79 5.35 0540 |~-1302
- %9 - 0101
604 .QV2 | 27202 | - 165 4-46 40970 |. 778
1 - 0091
653 | + @71 2421 | V51 3.64 23420 |- 403
-73 - 0083
697 |.930 | 2139 | 437 2.93 12580 |- 199
.77 -0073
750 | 1,000 | 18.00 | - 120 216 fo) o

@ -

SURFACE LOAD x Z x TAN, SLOPE,




TBTHE WO

PREPARED BY . DATE cED. PAGE
a “4/0# 6/‘75 k-gISIZIENEOEFDLO%:HlELFI;(il??(’:quA‘:'T So?iro‘:/ﬁ'z: 3.18
CHECKED T MODEL
’ ] c L ' 703
APPROVED T 100 KW WIND M) LL BLAOE, REPORT NO.
£ 27153

EFFECT OF RBLADE TAPER ON BEAMWISE SHEAR FIRCES,

LoaiNG O A TWISTED RBLANDE,

OF BEAMWISE BENDING DISTRIRUTION § ALSU CHORODWISE

1 10 0" 12 3 4 1S 16 17
BLADE| S = AS SHEAR CAS 2 SPARWER MEAN 4CvYcCLIC.
STRTION :fsk;:l» 10-19 i‘\sc;r:: ZT"T“' ¢ roesion ?sz Ks ‘Zsz 1 res.

LE. K La/iN | Lefin. '3‘_971.[,* Le/iN 'ief,‘f’
LS | =~ 7010 | ¥1704 }|-.243 | ~309 |~152 - 157 3% |-n4
125 | -7340 [(+1401 |- 191 |=-307 |-1¢1 -14¢ 2¢ |- 133
147.5 | -7506 | -1895 | - 253 |-378 |-1e7 |- 188 |- 47 |= 229
235 |-743% | ~2162 | - 291 |-413 [-~201 |- 212 |- 2 |- 273
301 |~7100 |=2697 | -380 |-482 |-224 |- 258 |- 9% |- 322
389 |~-46250 |-2912 - 466 |~5S32 |-248 |- 364 |- 170 |-43%
477 |~S010 [=2737 | - %46 |=632 |-288% |- 344 |- 168 |- 476

565 |~3495 |-2193 | - 627 |[-696 |-209 |- 387 |- 24% |- 552

609 |~2é50 |~1872 | - 706 [-Th -310 - 401 |- 283 |~ 543

653 [-1810 |~1407 | - 777 [-692 [-279 |-413 |- 32] |- ¢goo

G%7 |- 1160 |- 96! <828 |-600 |-253 [-2347 |- 287 |- 540

750 a9 o) 1.000 o o o o] o

NOTe - TUE “s APPLIES OWNLY To COND 2 AND 1S A FuNCTION
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LOCKHEED-CALIFORNIA COMPANY
A DIVISION OF LOCKHE®D AIRCRAFT CORPORATION

PAGE

3.19

CHECKED

APPROVED

mr---

100 KW, WINDMiLL BLADE

MODEL

€L1708

REPORT NO.

27153

BLADE STRESS FROM CENTRIFUGAL FORCE

BLADE STATION CF. BLADE iy
INS /= Ln A?N&SAZ. Lef.: 2
4% - 064 o — o
nz“éso .109 |- 1oo | z4.v - 40
ot.':lio - 109 23300 | 24.7 940
125 167 22400 23. 4 960
1867.-5 - 250 21100 22.5 940
23s - 313 19900 21 5 925
301 - 4o0li 17700 20.0 86 S
389 - 518 13800 17. 9 770
477 © 636 9500 Is.g éoo
565 + 753 5300 133 400
c09 -1 1 3400 -2 415
653 - 871 2100 4.3 490
697 - 930 1000 4.9 240
750 000 o 3.5 (o)
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FPREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE

2N o ,% &/75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3.20

CHECKED MODEL

cL170%

100 KW WiNnD MiILL BLADE

APPROVED REPORT NO.

27153

-t

SUMMARY O0F INTERNAL LOADS & STRESSES.

THE FOLLOWING PAGES SUMMARIZE TRE INTERNAL
LOADS AND STRESSES FOR THE FOUR DESIGN c_As;Es
ANALYSGEZD. TRE DATA 15 ORTAINED FROM THE
MECHANISED OUTPUT SREETS PRESENTER IN APPENDIYX
A. STRESS FROM CENTRIFUGAL FORCE EROM PAGE
2.19 1S INCLUDED WHERE APPLICABRLE
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PREPARED BY

DATE

2 Lt B 3/55

LOCKHEED-CALIFORNIA COMPANY
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION

PAGE

3.2

CHECKED

APPROVED

mE---

100 KW.WINDMILL BLADE |

MODEL

cLt7Q@%8

REPORT NO.

27153

SUMMARY OF MAXIMUM UPPER SURFACE STRESS

STREGSS — PSL

BLADE DESIGN CASE.

%Tlﬂs‘,ON | 2 3 4
43 o (o] 0 (o]
e o | e b
PP RS TN P P
e |7 19 [ mee LR
N e P P
301 ;'?3: :“:: 22050 4__34'4‘,:
R EAEEE
477 ;”g; ;65‘(3’2 17990 |4 525
s¢s | 72575 25120 | 13420 |4 237
P Ty e e
o | |17 [ o8
697 | +3'%5 2519 | neao | 330
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PREPARED BY

Clorr IS

A v

DATE

3/75

LOCKHEED-CALIFORNIA COMPANY
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION

PAGE

3.22

CHECKED

APPROVED

mr--o

00 K.W. WINDMILL BLADE

MODEL

cLi708

REPORT NO.

‘27153

SUMMARY OF MAXIMUM LOWE R SURFACE STRESS.

STRESS« PSL

BLADE DESIGN CASE.

s T 2 3 4
43 0 o o 0
RS
PP IETETN NI PO
167.5 ;3;‘33 tq?Z:: -~ 19420 ;zg‘;g
B R R
v | 522 | e e 1o
389 |3 "Ce |t 3io | 7240 |3 300
7 | [ e | o
coa |+*239 |4 ¥'32 |- 14450 |, O
cos 500 |28 [ranen s 0
G772 |27 e |2 22
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PREPARED BY

I s/

LOCKHEED-CALIFORNIA COMPANY

PAGE

R Ay A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3.23

CHECKED T MODEL

{100 KW WINDMILL BLADE |Ei2®
M 271 5r3

SUMMARY OF SURFACE SHEAR FLOWS & STRESIES

CASE 1% 2
BLADE CASE CASE 2
TATION g 0
s NS, |2 e/ fopst | guefin [ £¢ PoiL
227 qi0 797 3190
48 * 195 +t 7g0 t 77 t 310
1.5 277 o 769 3075
IN’8D *+ 1498 t v90 |t 93 + 370
1.5 A 270 - 171 - 68%
ouUTBD + 29 + 120 F 6 3 25
q1 3565 - 175 - 700
12 -~ -
S + 16 + 65 F 7 T 30
114 455 - 19 - 765
187.5 + 43 t s0 |3 9 pre 35S
129 520 - 197 - 7g€9
235 * 9 + 35 |¥ 10 7 4o
137 55%0 - 207 - @30
301 T 7 ¥ 30 |3 10 T 4o
163 650 214 &SS
384 > 2 ¥ 1o |3 2 + lo
174 700 208 220
477 £ 2 |+ w0 |z 7 |3 30
143 570 213 $50
S65 I+ + s |t 1 |+ 5
122 9g0 ¥| 0z gig *
Go? |t t 10 |[% I |t 1o
éo 4%0 * 25] 1005
€52 1x |t 1o |+ 4 |+ s
43 345 % 2495 1180
€17 1+ o t o |+ s |t =zo
w€=.125" OTHERWISE +25"
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PREPARED BY DATE - . o PAGE
0 LA s 5/75 o D e A ReRArT CompoRATION .24
CHECKED T MODEL

I 100 KW, WINDMILL RLADE, cLivo8
APPROVED L REPORT NO.

£ 27163

SUMMARY OF SURFACE SHEAR FLOWS & STRESSES
CASE 34

BLADE CAQE 3. CASE 4
TR {2/ [ By el [gusfm | Fo e
43 2159 640 |, ?g; , l;};z
‘i"fo. 2648 | 10590 |, ‘;g‘; . 1332
o?:jf‘:o 343 1370 |, 3Z ‘ ..3,‘5’
125 348 1390 |, 2“3 . gi
1272.-5 385 1540 . ;2% :g
235 403 1610 | "g :;g
30 430 1720 | :: gg
389 465 1860 | 4 32 '25_5;
477 47s 1900 | « 527 ;_?g
565 477 1910 4 7'4 3055
6o0% soo zo00 | 4‘7 372 *
653 255 zoo,o* N 7;4— lzo %
697 300| 200", 2 ;700 %

% t2.125" OTHERWISE .250"
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ATE

LOCKHEED-CALIFORNIA COMPANY
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION

PAGE

3.25

CHECKED

APPROVED

mr--o

100 KW, WINDMILL BLADE

MODEL

cLi70%8

REPORT NO.

27153

SUMMARY OF SPAR CAP STRESS

STRESS f Psi

CASE | g 2.
BLADE CASE | CASE 2
Ti
ST::SON LWR . CAP | UPP. CAP | LWR, CAP |UPP CAP
48 o ) o) e}
81.5 3050 - 1000 2150 -7320
) T 2110 + 210 T 2ilo t z10
(25 3160 - 120 2930 - 7890
¥ 770 * 4o 7 V270 |3 40
1875 3470 - {270 2580 - 9590
’ 3 1760 F 660 |7 1760 T 660
235 3720 - 1580 3¢20 - 9810
¥ 1410 |5 690 |7 l41D T 690
301 3850 - 1740 3slo |~ 90s0
3 1000 |¥ ¢80 |7 1000 |3 680
3389 4080 | - 2280 sz40 |- 8430
* élo |3 500 |3 6il0 |3 So00
4250 - 2780 5900 - 7700
77 + 310 F 310 T 3io * 3o
565 3920 | -2700 Aédo | - 6050
3 190 |3 220 |3 190 |3 220
6o 4320 - 3590 6970 -7520
1 ¥ 50 5 loo 3+ %0 |3 100
¢5 63958 - 5810 11810 |=-t1850
3 |t 80 |3 40 [t s0 |3 4o
4030 - 3660 7990 |- 7880
€17 12 40 |3 25 |t 40 |7 25




Z-AZ9L WHO4

PREPARED BY

DATE

PAGE

& ‘ C , ‘j 3/—75 ];ngt)S(I}OqNEEFDL-O%ﬁHLE“’;oAI’?K’?R‘I)ﬁ'T So?ayo';:rro: 3. z ‘
CHECKED T MODEL
1 CiL\170¢%
APPROVED I 'OO K‘W‘ W‘NDMl LL. BLADE. REPORT NO.
E 27,53

SUMMARY OF SPAR CAP STRESSES

CASE 3 &4 . sTrRess £ pse
BILADE CASE 3 CASE 4
STI:‘:L(.)N LWR. CAP | UPP.CAP | LWR CAP {UPP. CAP
48 e o ° °
al1.5 -a410 | z4%30 | f,f,‘;g 15;,500
1z5 -10730 | 25850 {fg;’: < 554,32
'87.5 [-1no0oo | 28270 | '.7;33 3 S‘nzg
235 -136t0 | 2¥350 i :1.52 F 46‘33
201 - 14330 25180 ; "ggg 1 3::2
3859 -14750 | zz2soo ; Zoo - 2;?,2
477 - 14490 | 13000 |- '35.2 7 “;/3:
Sés - 11690 14330 |- ?qsg prd iig
609 |- 13200 | I5610 |- %52 : |§g
653 |- 20010 | 22350 tM?,g z sig
697 |-12200 | 13680 |4 7ig - 4;3




Z-AZ9¢€ NHOJ

PREPARED BY 4 DATE OCKHEED.- (FO PAGE
Lt I 3)7s LOCKHEED CALIFORNIA GOMPANY 3. 29
CHECKED T MODEL

! CLiT709
APPROVED M o0 K W W‘NDM ILL BLADE. REPORT NO.

E a>l s_g

SPAR WEB,
SUMMARY OF SHEAR FLOW & SHEAR STRESS.

CASE 1 g 2.
BLADE WZG cCASE |. CASE 2,
STA. .
ins. | 2L3/1N Fs PSL 2 L8/IN ‘FPsL
- 199 - 800 -402Z - 1610
. 250
48 25 3129 ¥ Sito v 124 3 Sio
1.5 2501 (81 - 710 -424- l¢q0
iN’8D F 121 7 470 3 121 3 470
' 0
81.5 Az 58 465 131 loso | w
ouT!BD ¥ 2z 7170 | 3 21 |3 170 3
x :
S7 1430 135 3380
2 .08 - -
S °l - 7 270 | 3 11 |3 270 h
w
*x 73 1820 16S 4230 v
1 &7 - -
7.5 7 9 ¥ 328 |3 9 |37 228 | <
X o
235.0 _ 82 ) 2050 - [-74 ’4650 o
y 7 T 175 ~+ 7 + 175
30 X 99 2470 21¢ 8400 5
I s 7 125 |3 58 + 125 3
«
X 1o 2750 230 5750 | 4
F 3 pre 75 | % 3 + 75
w
139 1740 279 3490 >
477 -7, - 2
> _— + 2 -— l{)’
W
545 _'23 1 540 -2%2 3520 v
+ 1 - + | - v
iy
170 2120 327 4090 °
o 3
609 o o o o ?
653 , 184 1300 33% 4230
IN'RD 080 o o 0 o e‘
¢s3 | ,e| 184 1470 338 | 3700 | 3
ouUT 8D o o o N
2
127 1018 293
697 N 2
_ 25 o o 0 340 ¥
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PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAaE
d%'# Bbs A DIVISION OF LOCKHEFD AIRCRAFT CORPORATION 3 2%
D T MODEL
CHECKE : CL‘708
T 100 KW WINDMILL BLADE mtroRT R,

€ 27153
SPAR WEB .
SUMMARY OF SHEAR FLOW & SHEAR STRESS.
CASE 3£ 4.
BLADE |WER CASE 3.KX CAGE 4.
STA. ‘ .
ing | € L8/in £ psc ?8/in Fese
368 480
4 ¢ -250 |+1 %46 53%0 T 129 s 510
gl.S 350 t4o00
. +
WBD 250 1529 6100 7 121 < 470
%'05 - - o - 4 - 30
ovTsp | 125 P4 i T 2 7 170
X . - & - iI50
125 080 | - 133 - 3320 T 17 270
X - 4 - 100
i1%7.5 - 229 |- §730 < g . z2s
* 3 g3 2 -
- - le) - _
235 27 6 3 - = 175
X 200
- 222z |- 805e %
301 22 8 - s - 125
X 20 So0
3892 ~ 439 10950 ey 3 < -s
477 -47¢ |- 5950 |_ 27 465
¥+ 2 -
545 - 852 |- 6700 | 5? 7f°
&7 710
609 & - 593 |- 7420 > o
6S3 - 66 825
N 080 | -600 |- 7500 o °
653 _ - 400 | 66 530
. ouT'ep 125 é 4%oo o o
627 |-.125] -540 |- 4320 506 "'05"’

X ASSUMED so7o EFFECTWE To0o ALLOW FOR ACCESS MOLES
% SHEAR (S CORRECTED FOR BLADE TAPER SEE& PAGE 3.186




T-BZ9€ NHO4A

PAGE

ED BY DATE .
a‘,(,, ,é{ 3/95 N oSN o L ERHEED AIRCRAT CoRPOmATION 329
CHECKED T MODEL
1 CLV70%
APPROVED : ‘oo Kw wlN DM ‘ \"L %L'AD E'. REPORT NO.
E 2771 5;
SUMMARY OF TRAILING EDGCE STRESS
STREDSS IN €S84.
BLADE DESIGN CASE.
TATI
S e ! 2 3 4 3%
4 ] o] o o o
1690 -17620 4620
1.5 35110 T 4870 37020 1slio 23800
1750 - (4720 4020
125 T 4630 |1 4630 32970 _4e30 (uzoo)
2060 - 17180 3570
'87.5 |+ 300 |3 s330 | 33730|; g330 | '¥6°°
1910 - 16420 3390
23S - -
3 4580 |z4580 | 27789 |3 4380 (16000)
210 ~13390 I SO
| - 1
301 1 3950 |7 3750 | *''79 |3 3750 | '%'°°
2150 - 10700 1390
389 12460 |3 zgs0 | 19430 | < 2460 7250
1950 - 7650 §60
477 3 1670 ¥ 1670 o100 3 1670
2070 | - 8900 670
S¢S 7 lléo | T 1160 B3se 7 1éo
194¢ - 5780 730
¢oq 3T 950 F 9so 5200 3 150
2050 -4250 40
o
€53 T 5720 |3 570 452 3 %70
1270 2400 560
é
27 | - 280 |3 2s0 2450 |- Joo

% VALUBS ARE CORRBCTED TO ACCOUNT FOR CRANGE 1wy

SECTION PROPERTIES SEE PAGE 3.15
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DATE

REAr /4'2/3/7-9

LOCKHEED-CALIFORNIA COMPANY
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION

PAGE

3.30

CHECKED

APPROVED

mr--4

100 KW. WINDMILL RLADE,

MODEL

CLI708

REPORT NO.

27153

SUMMARY OF

TRAILING EDGE SKIN SHEAR FLOWJ SHEAR STRESS

CASE 122,

BRLADE SKIN CASE | CASE 2
sTATION | € ] ; ;
INS. s, | 2u8/iw £, esi g Ls/mv £, psc
20 37S 379 4740

. 080

4% 8% 11 104 |3 130 |t 73 |2 45
81.5 . 080 33 410 4049 500
IN'eD $ 'og |3 1350 t g5 |t 1060
]1.5 040 |~ 18 - 450 - 7 - 1780
ouUT BD |3 to |z 2se T 10 |t 2s0
- 19 - 475 - 78 |- 1950
)25 T 7 |3 175 T 7 |z 19s
- 7 - 4zs - 4¢ |- 1550
1%7.5 3 S F 125 3 S |3 125
- 19 - 4975 - 70 |~ {17850
235 T s |3 125 [ 3 5 |% 2s
- 16 - 400 - L4 |- 1600
ot + 5 T I2s5 3 5 |7 125
- 19 - 47s - 72 |- 1800
389 T 6 |3 1s0o |z s |3 128
- 16 - 400 - 60 |- 1500
477 z s |¥ 1z |3 4 |z 100
- 13 - 325 - 43 |- 1075
565 i 2z + So 3 2 |z Bo
- 16 - 495 - St |- 1275
609 + | + 25 = I {3 zs
- 14 - 47s - 64 |- lGoo
683, ! + + 25 |3 2|3 so
a7 - n - 275 - 50 |-1250
€7 ‘040 | 4 i *T =2s pd ([ 2s
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100 KW, WINDM I LL. BLADE .

MODEL

CL1709%

REPORT NO.

291853

SUMMARY OF TRAILING EDGE SKIN SHEAR FLOWY SHEAR STRESS

CASE 384

BLADE SKIN CASE 3. CASE 4.
STATION €

s, | s |28 [ £y egl | 2ietin fs esé
4% 080 | - 824 |-10300 __:'ig N ‘2?;
B o] e o |23 |5 5e
o?_:;»éb 040 125 3izo | ‘; ; &;’2
125 A 130 3250 | S ‘322
1§7.5 119 2980 | 4 3 s zz’g
235 130 3250 | + o |u oo
30| e 2900 | 4 é + zzoi
389 | 46 3¢30 | ‘; . "z‘;
477 19 2980 | g : "?_‘;
565 108 2700 ; Z ; ";2
609 120 3000 | 4,' _; ':_g
653 I 154 3820 | ﬁ P4
697 o:yo 144 3600 | ‘:' - ‘g‘;
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PAGE

A CRERRLTT 6/')5 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 2.2 2
CHECKED T oy -
1 100 KW WINOMILL RLADE CLITOSB
APPROVED v , ——
- 27153
CETAIL ANALY SIS,
THZ FOLLOWING PAGES CONTAIN A DETAILED ANALYSIS
OF EACKH MATOR COMPONENT O0F THE RBLAOE . ALLOWARRBLE

LOANC S, OR STRESSES ARE COMPARED WITH THE RIGREST

DESIGN LOADING ToO

FoR CASE 3

PETERMINE MARGQING oF GAFETY,

THE CONTRACLT REQUIRES THAT STRESSE S PREVELOPED

SHOULD NOT RE GREATER., THAN Y &LD

STRESS FOR TH=E MATERIAL USED AS ORTAIVED FROM

MiIL- HDORBK 5B REF. |, THIS 1S ACRIBUED BY QUOTING

A MRRGIN OIRECTLY ON Y IELT O0R WuUZIRE MIRE

CONVRBNIENT FOR ANALYTICAL PURPUIES A FACTOR

OF 1.2S ON VULTIMATE ALLOWARLE

1S USED,

WHERE CONDITIONS OTHER THAN CASE 3 PRODUCE
THE CRITICAL STRESS A FRACTUR OF 1.5 oNn LIMIT

1S USED,
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A W.Cherritt 6-13-75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3 33
CHECKED T MODEL

! CL 1708
APPROVED L 100 KW WINDMILI BLADE AEPORT NO.

€ LR 27153

UPPER & LOWER SURFACES (CL1708-1-3)

The upper and lower surfaces consist of .250 inch thick skins
extending from the blade root at station U8 to station 653, The
skins are supported longitudinally by two upper and two lower 0.250
inch thick extruded aluminum stringers and laterslly by .080 inch
thick ribs at approximately 22 inch spacing. The forward edge of

the panels are butt spliced to the .250 inch thick nose skin by
means of .250 inch thick aluminum splice plates attached to the upper
and lower forward stringers., The aft edge of the panels are attached
to the upper and lower ,250 inch thick extruded spar cap angles.
Chordwise butt splices of both skin and stringers are provided at
intervals as dictated by manufacturing and geometric considerations.

The panels are approximately 15 to 17 inches wide between stations

48 -~ 187.5; they taper to approximately 9 inches wide at station 585
and again to approximately 3.5 inches at station 653. The central
pahel stringers terminate at station 587 and the forward stringers

at station 609. The stringers are angle extrusions with 1.5 inch
wide skin attaching flanges and the outstanding flanges are 1.75
inches deep between stations 48 to 389 tapering to 1.28 at station 477
and again to .5 at the termination stations. In the region of
gtation 653 the panels are joined to the outer blade section. The
«250 skins are machined out to permit the .125 inch thick nose skin
which started at station 611.5 to extend back to the spar. Therefore
outboard of station 653 one .125 inch thick skin extends from the
upper flange of the spar, around the nose, to the lower flange of the
spar and takes place of the separate upper surface, lower surface and
nose skins.

Internal loads and stresses for the design cases are shown in
Appendix A and the stresses are summarized on pages 3.1 To 3.3,
A detell analysis of panels follows on page 2.34-
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UPPER & LOWEBR SURFACES

TYRPICAL INBOARD ST&!NGER/SKHJ ALLOWABLE STA4%- 389

_L B ‘# 2.3 =| L )

L . — —3 260
v T T i -
Z:.325 1.7s
_—L ozso“
—,‘
—1. 50 —»

MATERIAL : - (M\L- “DaK.5 6 )
SKIN 2024~ Tgs5) PLATE Fiw= §7 ws|

Fe. = 59 Hks|

Fsy, = 3% ksi
STRINGER 2024-T&S(0 EXTRUSION F = 6¢ ksl
(V]
F = 5% K8
“ty ...__.___'i._.',
F =
SECTION PROPERTIES . Su 36 Ksi
TE M AREA |ZFRopt | Az* T,
= ine 2 [nA NS, | Nt | vs 4
STRINGER] ‘750 ~.487¢S 782 -215%
EVF SKIN]| 1.825 - 200 10730 ‘0098
ToTh L Z2.57% '325 2512 .2253
&
T = ‘25124 .2253 = . 476 NS

s / I - . = .4 .
/O 7V \/4%.575 20 e

MAXIMUM RIB SPACING SHTA 187 5~ STA 213
CoLUumMN .ge <ASSUM\NC1 C= t.o> =25.5

g/f’ = 59.3

"

25.5 1us.
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UPPER & LOWER SURFPACES

TYPICAL INBOARD STRINGER /SKIN ALLOWABLE STA.46-389.
V4

é
COLUMN ALLO\WARLE FoR %, = 59.3 E-=10.7x1D

e 2 = TT3ci07x/0 ¢ = 30000 psc
/(1%) x10.7

54.3%

THE MIGHEDST COMPRESSIVE STRESS 0L8LURS OW

THE LOWER SURFACE FOR CASE 3 (Pq322) = 19470ps
AT STA. 235. '

IN ADDITION TO THE LONGITUDINAL LOAD S TUE

PANEL 1S SURTECTED TO TRANSVERSE LOADS

FROM ARRODYNAMIC LOADING TOGETHER WITH

CRUSHING PADS FROM RBLADE RBENDING CURVATURE,
CRUSHING LOADS ARE GQWEN BY THE EXPRESSION

f:cuz/m = JFZA Le/ v,
z E

£ . REAMWISE BENDING STRESS
A = AREA OF LONGITUDINAL 2L gMENT
Z - OEFSET OF AREA FROM SECTION NEUTRAL AXIS.
‘F Bén\mwlsg ALOVWE R 2|ooor5;
Z = 6.92 <c_,fz\x> PT 3,> A= 2.87s

2
pc = 21000 %x2.57S = 15.34- H/L

¢.92% 107 xto &
THE AERODYNAMIC LEOAVLING 1S LESS TARANW ll.s/m.

FOR RBOTH UPPER & LOWRR SURFACEZS AT STA 235

AND OPPOSES THE CRUSHING LOAD & Witk JTRE.\QEFOREJBE
1GNORED. SINCE THE CRUSHING LOADING 1S CoNTINVOUS
THE MAX M wiLL RE OVER THE SUPPORTS

z

M - F" -@z = 15.34x25.5 = 230 INLRS

, / 330 INLES
2 V2
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UPPER § LOWER SURFACES

TYPICAL INBOARD STRINGER /SKiN ALLOWARLE. STA 48 - 389

BEAM COLUMN MAGNIFICATION FACTOR ON THE BENDING
MOMENT (REF AFFDL-TR-69-42)

M= N; z = 330 > = 1040 m.%
<|+ g T <| _ L 19470 x 25955255 ) E—

£ET 32 10.7x10¢x.476
BENDING STRESS IN STRINGER LEG = - 040 XI-675  2-3660 pse

A47¢
THE STRESS 1S SMALL [FOR comPaesstow/BEthe. INTERQACTION

MARGIN oF GAFETY (come) - (30000 _O = 54 M5
19470

THE HIGHEST TENSILE STRESS OCLURS ON THE
UPPER SURFACE FOR CASE 3 AT STA 23S, = 2'3760155"

CRUSHING LOADS ARE OF THE SAME ORDER AS For
THE LowER SURFACE . HERE HOWRVER,
LOADING ADDY TO TRE CRUSHING . CONDERVATIVELY
VSE 15.34+ .0 = 1634 18/in.

a8
MAX M OVER SUPPORTS = [¢.34x25.5 = g8’5LB.

l=z
NEGLECTING TENZION BBENDING DEMAGNIFICATION

EXTREME RIRER SKIN $TRESS FRROM CRUSHING LOADING.

£ - sesx.32% = 400 psi
b 476

THE 23760 PS( TENSILE $TRESS IS AT THE STRINGER

THE AEBRODYNAMIC

SKIN NEUTRAL AXI1S LOCATION AT 6.75Iv8 FROM THE
SECT 0N NEUTRAL AXIS PoSITIoN (GRID POINT 9)
EXTREME FIBER STRESS 13 CONSERVATIVELY

2 23940 x(é,‘75+-32.5) = 2490 0¢s¢c
478
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£ 27153
UPPER & LOWER SURFACES
TYPI\CAL INBROARD swznuq:-,&/smw ALLOWARLE. 8TA 48 - 389,
]
TOTAL EBXTREME FIRER TENSILE STRESS
= 400 + 24900 25500 E52ﬂ
“ _ .
F+7 FOR MATERIAL = 58000 féb
ALLOWING 25% REDUCTION IN TENSION AREA
Forp BATTACHMENT HOLES

28500

MS = <580c>o X. 75‘) -1 (TENS!ON)

STRINGERS AT STATION 477 & 565

Tl MS.

THE STRINGERS AT THESE GSTATIONS ARE LESS CRITICAL

THAN STATION 49 -389 , THEY ARE ANALYSED

PARAMETERS ARE SHOWN BELOWI -

IN THE SAME
MANNER AS ON THE PRECEDING PAGES AND THE PERTINENT

STATION 497 565

AREA INs 6875 - 6250
STRINGER { UPRIGHTLEG HEIGHT. INS l.so .25

T INS T 139 . 0%
SKIN WIDTH SUPPORTED. INS 4.5 4.0
Z FROM OUTSIDE CONTOUR. INZ - 344 2317
RADIUS OF GYRATION f INS - 400l - 338
RIB. SPACING, L INg 2z 22
v/ ' 54.2 65.6
FCC COLUMN ALLOWARLE PSL 359850 24500
COMPRESS(yE STRESS f_ PSS 16090 12330
LOCAL BENDING STRESS ‘FL PSL 2320 3350
MARGIN OF SAFE Y, >1.0

‘99.
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UPPER & LOWER SURFACES

STRANGER spuces,(m_ 1708 — | -23.)

THE STRINGERS ARE SPLICED AT A NUMBER OF
LOZATIONS ALONG THE RBLADE AS SHOWN oN Dwqg.
CLII0E-1=23 . TRHE SPLICE 1S5 THE SAME TYPE

FOR ALL LOCATIONSG | THE OSTRINGERS ARE RUTTED
TOGETHER AND JOINEDY WITH FLAT ALUMIN UMW <STRAPS
ON BO0THL LEGS OF THE STRINGRR ANGLE AND FASTEWRD
WITH A TOTAL OF 9 4 HILOKS EACH SIDE OF THE
TOINT, A TYPICAL SPLICE CROSS-SECTION 1S SHOWN N
SKETCH BELOW.

+250 SkiN-

<

‘ l‘4_o (4L

128 .{ r_ SPLICE PLATE MATRRIAL 2024 -T9% .

—  jF——
12s.

THE DISPOSITION OF THE SPLICE PLATES 1S5 ARRANGED

TO GIVE TRE SAME NEUTRAL AX1S AS THE STRINGER
To ELiIMINATE OFFESET BENDING STRESSES

| . ‘ D)

p— - —— _ —_ S —

ooy

\-O

—_— e - = — = — R SN U P M—

Frvye. !
t
SKETCH ABOVE SHOWS THE DISPOSINTION OF THE I/4 HILO KS,

THIS TYPIEZAL SPLICE (S ANALTIED USING THE MAXIMUMN
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Q-Lhrr e 65 N DS Gr LOCKHELD AIRCRART ConPOmATION 3.39
CHECKED T MODEL
. 1708
APPROVED I IOO K\AI W‘NDM‘LL %LADE REPORT NO.
E 271863
UPPER £ LOWER SURFACESQ
STRINGER. SPLICES .
SURTACE STRESS WHICH |S FOR CASE =
TENSION ON THE UPPER SURFACE (Pg 3.21) = 23760 psd
AREA OF STRINGER. =z - 7SO0 nvsz
LOAD IN SRTRINGER = - 75x 237460 = 17820LB,
NET KREA OF SPLICE PLATES AT ¢ JoiwT
2
- <|,+x-2_s+ 13x.125 +1.21%x.19 -~2.5(-zs+-3125) = (56021098
STRESS OW SPLICE PLATES = \7@27 = 29600p8,
. 602
HIGHAERST LOADED ATTACHMENTS ARE THOSE ON THE
2 X125 SPLICE PLATES N THE OUTSTANDING STRING ER
LEG . LOAD = 27400 [(1.4- -zs}x-zs] = @810 LB
/ "
STRENGTH OF 3 4 HILOKS N .250 &) v .})2s "
2024 - TS| = 3Ix 4440+ 3l2s5x1.27 = 17950 L%,
MARGIN] OF SARETY OF ATTACHMENTS
= 17950 - MS = 69
8510%x1.28%

YIELD STRENGTH OF 20Z4-Tg), SPLICE PLATE = seOooﬁsc

MARGIW OF SAFETY = S9o000 - MS = .99
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A CHERRI\TT 5/75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION
CHECKED T MODEL
J0
} 100 KW WINDMILL BLADE cL 1708
APPROVIED L REPORT NO.,
£ 27153
UPPER & LOWER SURFALES
SURFACE SKiIN §PLICES
SKIN BUTT SPLICES OCQUR ON THE UPPER SURFACE

AT STRTIONS  APPOXIMATELY, 1875 275, 423.5 § 560
AND ON THE LOWEBR SURRACE AT \87.‘5/ 317,450 & s70.
TUE SPLICES ARE DESIGNED TO PROVIDE MINIMUM
ELCENTRICITY WHILE KEEPING WITHIN CONTOUR ., THE
SKINGS ARE AUTTE D TOQETRHRER &£ JOINED WITH ALUMINUM
CHORDWISE RUTT STRAPS ON THE (INNER SugFAcE,
INTER COSTAL BRETWEEN STRINGERS AND wWine
ENOUGH TO PICK UP 5 ROWS OF ATTACHMENTS ON
EACH SIDE OF TRE BUTT. THE OUTSIDE SURFACE S OF
THE SKINS ARE MACHINED o©oUT TO RECEIVE A
CONTINUOUS STEEL CHORDWISE BUTT STRAP WIDE
ENOUGH FOR 2 ROWS OF ATTACRKMENTS EACH SIDE,
THE THICKNESSES O0F THRE BUTT STRAPS ARE
DESIGNED TO &LIVE NEGLIGIBRLE ECCRNTRICITY AT T
¢ OF THE ToINT . A TYPICAL SPLICE 1S SHOWN Ok

ODWG. N® CL 1708 = 1~ 1], THE MWIGUEST LOAOCED SPLICE
IS AT STATION |87.5 FORr CASE 3, A CROSS-SECTIONAL
SKETCH 1S SHOWN BELOW . zt;_ro\m
1250 2024 -Tgs! SKN'S B 690 17-7 Py sTEEL Fry r150Kst. L@
A | l — [ -O TP
! !
) =
e 4 r_ T I S
T P 1A '5 " ©
25 2024 -T5) INNER PLATE . % MILOKS CSK. i
ATTACHMENTS

THE MAXIMUM STRESS 1S IN THE REGION OF THE SPAR
CAP. STRESS AT SPAR CAP NEUTRAL AX1S (40 1M
FROM Couﬁ’ourz,) Pq.3.24. = 28270 PSC
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100 K.W. WINDMILL RLADE | cE!798

APPROVED REPORT NO.

27153
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UPPER & LOWER SURFACES
SURFACE SKIN SPLICES

CONSERVATIVEELY ASSUMING ALL THE STRESS BESAMWISE

BENDING STRRSS AT SKIN ¢ = 2%2700.34-.40-.:1;)
773
= 29800 PS¢
LOADING [CHORDWISE INCH = 29800x-2 5 = 7450 LB/
SURFACE SHEAR FLOW g (c,xzno PY. 9) = 287w/iv

CONSIOERR SECTION BR IN THE SKETLH.
AT THIS POINT ASSUME THE 125 INNER SPLICE
PLATR FULLY EFFECTIVE .

AXIAL LOADING IN THE PLATE = 7450 %X.12S = 31'5‘7Lﬂm
125 +(250-.03)

TUE SMEAR LOADING 1S RELATIVELY SMALL AND 1S
ASSUMED TAKIZN 100/s BY THE OUTER STERL PLATE
WHICH 1S CONTINUOUS CHORBWISE.

STRENGTW[IN OF 2z ROwS oF /4" HiLoks 1N .125

PLATE AT MAX, |.3 SPACING ., = BIZSA2X1.08= s:gousM
1.3
MARGIN OF SAFETY = 5199 -1 MS = -32.
3857 x1.25

CENTROIYD FROM CONTOUR SECTION A A -12S NS
) it o “ 3R -227S \‘\ls

OFFIET BENOING MOMEWY = 3157 (-uvs--lzs) = 324 mussjw.

FIXING MOMENT AT AN L Br = 324/ = 162 1w8s/iv ]

THIS MOMENT CAN BRE TAKEN Y THE OVERALL
STRINGER[SKIN AND SPAR CAP/SKiN COMBINATION .
PRELIMINARY ANALYSIS SHOWS THE RESULTING
BENDING STRESS To BE INTHE OROER OF 1200 psc.
THIS LOAD PATH,HowEVER, 00ZS REQUIRE TRE &Sxiw.
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A CHERRANTT 5/75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION

MODEL

100 KM, WINDMILL RLADE, CL170%

CHECKED

REPORT NO.

27153,

mr4--

APPROVED

UPPER. £ LOWER SURFACES

SURFACE 9SKI\N SPLICES,

TO TAKE TORSION . FOR THIS ANALYSIS CONSERVATIVE LY
S50 /0 OF THE MOMENT LOADING WIiLL BRE ASSUMED
TAKEN BY TRE SKIN & SPLICE PLATES

BTRESS 1S MAXIMUM AT SECT I on A A,

TENSION EFFICIENCY OF SKIN WITH MINUMUM ATTACHMENT

SPACING OF 110" (csk) Y z 75
STRESS AT AA (MAX.IN SKIN)
£r = 2450 +1ézx 6 - 29700 +10400 50100 psy
'25%,75 *25 2Tx.75y2
FTV OF SKIN = 59000px
MARGIN OF SAFRTY = S900a — MS = <18
50100

SECTION CC IN SKETCH

CENTROID OF 090 |17-7 PH STREL STRAP & TrE
“12S ALUMINLUM PLATE SEROM COMTOUR

= 109%29x.035 4+ 125% (:250%.0625)x10.5

09X 2G + .25 x28

1€ OFFSET AT BB IS i278-.1256 =-002% (m:_c.l.\qusus)
THE (62 L.Va/m EIXING MOMENT AT RSB wu..u_/uowevegj
CARRY ACROSS SECTION CC
o TOTAL AXOVAL LOAD IN .090 STEEL PLATE

1278 INS

z (1704 045+.0625)
SHEAR FLOW IN SKIN ASBUME TAKEN FULLY BY
THE 090 STELL PLATE = 287 LJSZIMI

z 2,
-.j:—on +287 = 4027.L§m
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A.CRERRITT 4/75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION
CHECKED T MODEL
APPROVED M 10O W VWAND MY Ll %LAD = REPORT NO
£ 291673
UPPER & LOWER SURFALES
SURFACE SKIN SPLICES
SECTION CC .,
TOTAL AXIAL LOAD IN .1ZS (NNER PLATE
= 7450 -292 = 343318 /i

2
THE FIRST TWO ROWS ofF ATTACHMENTS WERE
ABSUMRD To FPUT IN 3187 L.B/HJ (PAQF.‘. %-4'1)
FOR THE PURPOSES IF CONSERVATIVELY ESTIMATING
THE LOADS oN THE INNER THREE ROWS OF ATTI\CHMENTSF
ASSUME THE INNER THREE ROWS TAKE ‘-~

433X 3} = 2060 Lthu

5
S TOTAL LOAD ON 3 ROWS OF 4 HILOKS BEARING IN THE
<170 MACHINED DOWN SKIN) = 202044017 = 6037 WB/IN
STRENGTH OF ATTACHMENTS AT MAX. 1.3 gPACING

= 4250 x!.08 %3 = losqogm

1.3
MARGIN OF SAFETY = 10540 - MS = <40
6037 x1.28
3]
TENSION EFFICIENCY IN (090 STEEL PLATE WITH %
HILOIKS AT MINIMUM SPACING =1.10 = -73.
MAX, STRESS IN STEEL PLATE =z 4027 - 61300 psc
09 x+73
ey OF 17-7PH GSHEET CoOND, TH1075S = |50000éc

Y
MARGIN OF SAFETY MS > .0
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CHECKED T MODEL
i cLi70%
APPROVED I ‘ ele) KW - \WI N DML BLADE REPORT NO.
£ 27153,
UPPER & LOWER SURFACES
NOSE SKIN SPLICE PLATE TOiwTs , (cL1708-1-23 )

THE SPLICE PLATES RETWEGN THE NOSE SKI\M

AND THE UPPER & LOWER SURPBACE 3KINS ARE QUTT
TJOINED AT STATIONS B8, 269,400 g 532. SINCE T
1S NOT POSBIBLE TO GPLICE TRESE PLATE S INTERNALLY
WITHOUT INDUCING AN OFFQSET BENDING MOMENT FELAT
STEEL BUTT STRAPS WERE UGSED TO MINIMIZE THE
ECCENTRICITY . A TYPicAL CROZIS SECOCTION OF TRHE
SPLICES 1S SHOWN BELOW.

rt

SURFACRE SKIN 25¢

- N
__‘_f ® NUSE SeIN.
) . 250"’
¥ &+ vy
~ SPLICE PLATE .
sruce eute 10 lape
125

S B \‘ﬁ
T\“’"'zﬂ_'l 9

BUTT STRAPS\ /

METL, 17-7 RH1075
SO RSI(YIELD)

AS SHOWN IN THE DIAGRAM THE SPLICE PLATE TO RE
TJOINED IS SANDWICHEZD RETWEEN THE FORWARD STRINGER
AND THRE SURFACE $SKINS, TWO STERL BUTT STRAPS
FOSITIONED AS SHOWN ARE EACH ATTACHRED WITH

4 '/4: HILOKS EACH SIDE OF THE GPLICE JTOINT .

THE TOTAL SECTION WITH STRINGER BUTT STRAP

g BEFFECTINE SKEIN WILL TAKE THE LOAD FROM THE
SPLICE PLATE.

PROPERTIES TUST OUTSIDE OF TOINT AREAN, ITEM ()@ B D

Az 303w% Z 2. 49200, T = . 526 me*
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UPPER & LOWER SURFACES
NOSE SKIN SPULICE PLATE JUINTS

PROPERTIES AT JOINT ¢ 1ems Q@ @ ©® 20

EQUIVALENT ALUMINUM Es/ = 29 = 2.76
EA. /0. g
Neg = 32 W2 Z=2.5¢6 T -.040 N4

THE HIGREST LOADED TOowWT 1S AT STA 158  LoADS

ARE OBRTAINED FROM THE NEARZST JCALLULATED STATION
(67-%5 MAXIMUM OSTRESS IS FOR CASE 3 (qa\o PT.%)
STRESS ==-1QI12) — 2243 = =20360 Es"-

TOTAL LOAD OWN ST'RJNC,E.K/SKI\) AREA TusT
OUTSIDE 0% TJOINT s 3.3 x 20350 = =637230 .8,
MOMENT FROW ECCLRNTRICITY

073
= 63730(.5'66-.493) 4650 NLes,

FIXING MOMENT = 2990/ = 23251iINLBS
2

(THIS GiveEs A TENBION IN THE SKIN EACH
SIDE OF TRE TOINT AND COMPRESSION (N THE SKIN

AT TRE ToIinT 4_‘) )
CONBIDER SEeTioN AT JoiwT ¢

COMPRESSWE STRESS = 63730 = 19950 ps
3.2

MAX LOAODED STEEL RUTT STRAP 15 1Tem ) on TaE

SKETen . Z oF (&) = .59,
STRESS FROM AM. oN (&) = 2;536’)((-53-'544 =+50 psC

640 T1gNORE
AREA O0F (& 1.1z x-125 (sTegl) > .140

LOAD N BUTT STRAP (§) = .140x19%50 xz.74  =7670Lb.
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PREPARED BY DATE PAGE
e WYY N DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3.46
CHECKED T MEDE'-‘ -0 6
r 100 KW, WINDMILL RLADE, b
APPROVED L REPORT NO.
£ 27153
UPPER A LOWER SURFACES.
NOSE SKIN SPLICE PLATE TOIWTS .
TRESS IN STEEL BUTT ST A 0 - ¢
X L BU AP () 767A4_ 54.800ps
MARGI\N OF SAFETY ORVIOUSLY MsS > 1.0
STRENGTH OF 4 /3 HILOKS IN .125 STEEL oRr
250 ALUMINYUM = 4460 x4 = 18640 L3
T MARGIN O SAFETY ON ATTACHIMEWNTS ME > (-0
TOTAL STRESS IN ThE GriN AT THE ¢ FoiwT
(:2_. SwIN) =.|25") J6oe
—FC = 19850 4+ 2325x (- 5éé- ,125) = 20450 psi
- 640
MARSGIN OF SAFETY 1N 5K N MS > 1.0
TOTAL STRESS AT BROTTUM OF STRINGER LEG&
OUTSIDE OF TOINT zZ =2.25
<-20360 - 2325 (2.25-.443) = 28130psc
-S2.6
MARGIN OF SATFETY \ STRINGER MS > Lo,
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PREPARED BY DATE . PAGE
Q“—y-v . 6/’75 ‘;gISIPS(I:NEgFDLOCC:(\HLELF;OAIRRZIRIAAFT ngroi:'z: 347
CHECKED T MODEL

1 axt70 ]
APPROVED N 100 KW WIN DM Lu BL kDE REPORT NO.

E 27753

UPPER & LOWER SURFACES

PANEL ATTACHMENTS.

]
) ATTACHMENTS TO SPAR CAP. STA (.5 OUTAD

te
ATTACHMRENT WITHI }/4 Hilokx s CSK, I\N TRE 250
SIKIN AT 2.2 INCH SPACING STRENGTH =244660 = 2”‘3!.3/|N

2.2
MAKIMUM SHEBAR FLOW ? CASE 3

AT STA 609 = SooLe/iN
MARGIN OF SAFETY MS > 1,0.

)
:.) ATTACHKMENTY To LE . SPANWISE SPLICE 81.9 ouUTlRD

ATTACHMENTS ARE THE SAME AS FOR () AROVE
MS Mg » .0

3) ATTACHMENT TO SPAR CAP STA 4@ TO 1.5

+ L-o% TE KN -
g N el 3 C

i
25" M{ iy

ATTACHMENT WITH  Yis HILOXS AT (.0" 3PACING

THRESE ATTACHMENTS ALSO PICIKK UP THE TRAILING ROGE
SKIN

MAXIMUM SHEAR FLOW IS FOR CASE 3 = 2648 Lp/in
OF THIS SHEAR FLOW S6% L&/IN GOES |NTQ THE
TRAILING EDGE SKIN & 1780 L&/in. 1vTo TRE SPAR
CAP ., SINCE THE EFFECTIVE SPAR CAP AREA |wWCLUDE(
THE 25" SKIN MucH OF THE 179790 \_B/m STAYS INy
THE SKIN., HOWRVER 17 Is CONSERVATIYVELY ASISUMED
TO GET TAKEN AN THE SPAR CAP ANGLE.
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PAGE

PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY
a % 4;% &S A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3.49%
CHECKED T MODEL
APPROVED : ‘O o KW W } k‘ D N} ! LL e L AD E ’ REPORT NO.

E 291583

UPPER A LOWER S5URFACES
PANEL ATTACHMENTS

STRENGTH OF 6 HILOKS BEARING IN . 170 ALUMINUM.

SKAN -« |.08 X 3230 = 34881.8(”\3.

MARGIN OF SAFETY IN SKIN =é34sg ),, MS = .05
6486Xy5,28
4) ATTARCHMENT To LE SPANWISE SPLIcE STA4¢-8%81.5

7
250 2270 8fin .
RN LS  sKiM. 1598 s/ 1N
;7 . ‘e
N ,//, ////"/ P 250
7
B i

SPLICE P\-‘\TET —
Ls-rzmqaz )

11
ATTACH MENTS EACH SIDE 0€ SPLICE ARE '/4, HiLok S
2.0 WNCH AVERAGE SPACING 5 STRENGTH = 233°L—5Z'N

SHEAZ FLOWS FOR THE MAXIM UM DESIGN CONDITION

CASE 3
zuppa& SURFACE GQRIDPOINT 8 AT STATION 48 = lS?SLﬂm

? NOSE SKin GRID POIWT T AT STA %i,SlNB,D = 22_.'701.@/:\)
APROXIMATELY 3200 Le/IN OF THIS SHEAR FLOW STAVYS

IN THE NOSE SKIN AS ITS SHARE OR THE ST‘L‘NC'ER/le)N
COMBINATION AXIAL WOAD |, THE 160~ 1%0 IKS1 ALLOY
STERL USEDP FOR THE HIGHLOKS HAS A YIELD YALUE
9090 OF ULTITMATE ., THERFORE THUE MARGN oF
SARETY ON YIELD FOR TWESE ATTACHMENTS IS

Me = +9%x23306 -1 MS = +06,
Q227o-300)
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FREPARED BY DATE LOCKHEED-CALIFORN!IA COMPANY PAGE
2 %,,,,, ﬁ 6/‘7$ A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3.49
CHECKED T MODEL
i CLAToB
APPROVED T 100 IK\W WINDMILL BLADE . REPORT NO.
E 2718 3

UPPER g LOWER SURFACES
PANEL ATTACHMENTS.

ATTACHMENT To STA. 4% RIB.

ATTACHMENT TO RIB FLANGE WITH 2 ROWS OF CSK,
%' OMILer S IN 250 SKIN AT MAX. SPACING |.50

TRE =
STRENGTH zx4éé%s = 6213 Ls/IN,

MRXIMUM SHERR FLOW , CASE 3 = 2159 [N

MS, MS. > {.0

ATTACHMENT TOo STA. %l.s RiIB.

|l
ATTACHMENT T0 RIB FLANGE WITH 3/S HiLoks, Csia
IN +250 SKIN., AT MAX 1,5" spAcive .

STRENGTH - 9985/ = ¢es7uymw

TRESE ATTACHMENTS ALSO TAKE CEWTRIFUGAL
FORCE. THROUGH THE RIZ TO THE ROOT ATTACHMENT
EXTENSION. THIS LOAD  HOWRVER, IS SMALL

1€ 940%X.-2Sx1.5 = 353 LB/K\‘TACNMEUT g1
TREREFORIZ NRGLECTED.

MAXIMUM SHEAR FLOW FRrOM 21.S RIR& REACTION
LOADS FOR CASE 3 = 2332+401 = 2733.8/iv)

MS. MS, => |.0
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PREPARED BY _. batE LOCKHEED-CALIFORNIA COMPANY PAGE
A. CH E?.R. \T ) 6/75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3. S0
CHECKED T M?t 8
) . 170
APPROVED : 100 K‘W'WlNDN“LL‘ BLADE REPORT NO.
£ 27153,
LEADING EPGE sKkiN PANEL. (L1708~ 1-23)
MATL. 2024- - T35 PLATE .2s0 ¢ F, = ¢5 ks

(V)
FSU = 3¢ K5

Fc»/ = 40 wg)

2024 - T &1 SHEET 125t ., = 67 Kks|
(%

Fse = 40 xs)

Fey = 52 ksi

THE LEADING SKIN WRAPS ARIUND THE RLADE
NOSE FROM THE UPPER FIRWARD T¢ THE LOWER
FORWARD STRINGER FRroOoM STA. 4% To STA. £53. OUTROARD
OF STA. 653 1T EXTENDS BACK TO THE DUTBOARD
CHANNEL SECTION SPAR AND RECOMES THE WHOLE O
QECTION CLOSURE OF THE OUTER RBLADE, THE THICKNESS
REMAINGS CONSTANT AT 250" EROM STATION 4% To
STATION (11.50 WHERE MANUFACTURING CONSIDERATIONS
REQUIRED REDUCTION TO 125 THICKNESS WHICH REMAINS
CONSTANT TO STAR 750, THE DEVELOPED STRESSES ARE
GENTRALLY LOWER THAN THE UPFER. L LOWER PANEL
STRESSES &§ THE HIGHW DEQREE OF CURVATURE PROVIDES
A GREATER STABILITY , IN VIEW OF THIS, DETAIL ANALYSIS
WILL ONLY BE MADE FOR THE .12S T OUTROARD BLADE
SECTION WHICH 1€ NOT COVERED BY THE UPPER { LOWER
PANEL AMALYSES . SINCE THRE MASS BALANCE REQUIRE~
MRERNTS NECESSITATE LEBADING FOGE RALANCE WEIGHTS
THE THICIK LEADING EDGE SKIN SERUVESDS As STRUCTURALL
BRLLAST { PROVIDESD A HIgH TORSIONAL STIFRENESS,

AN ANALY SIS O0F THE OUTER RLADE SECTION 1S SUOWN ON THE
FOLLOWING, PAQE.(3.51)




TATHOE WHOA

FREPARED BY ATE LOCKHEED-CALIFORNIA COMPANY FAGE
A.CRERRTTT 6/75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3. 51
CHECKED T MODEL
/ 1 OO KW, WINDMILL BLADE cL170%
APPROYED . REPORT NO.
E 27153
LEADING EDGE SKIN PANEL (CLITOG -1-23)
OUTROARD RBLADE SECTION
ac
TYPICAL SECTION STA6$3 -250
<1258 SKIW. (2)
g T
\\ (i
D —
-125 cHeNNEL
\
: n
® GRID POINTS,
THE MAXIMUM STRESS ON THE OUTER RLADE SEgCTION
1S FOR CASE 3 AT STATION 653,
MAXIMUM TENSILE STRESS UPPER SURFace (12) = 223S0ps.
Z To ELEMENT NEUTRAL AX!S « .62 w8
Z TO OUTSIDE SKIN SURRACE = 1.%l ins

MAx STRESS (AssUMING ALL STRESS IS BEAMISE BENCING)

-~ 22350 % (.€| ‘
—_— = 24970 psc
e <4770 ps
MARGIN OF SAFETY oN YIELD \WiThn A 7500 TENS 100
ERFICIENCY FACTOR < [ §9Q0060 75 ~| Mg = -77
24970

COMPRESSIVE ALLOWARLE OF PANEL,

CHECK (1LOWER 3SURFACE PANEL BETWEEN THE LEADING
E0GE RBACK To THE SPAR CHANNEL ATTACHMENT
NEGLECTING THE STIFFENING EFRFECT OF THE SPAR CAP.
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PREPARED BY DATE LOCKHEED-CALIFORNIA COMPA PAGE
)24 .&/(‘,, vy ﬂ( 6/-) s A DIVISION OF LOCKHEED AIRCRAFT COR;AO:ATI’:: 3.52
CHECKED T MoDEL
v ' cLi708
APPROVED I 100 K'W WINDMI LU \SLA DE. REPORT NO.

£ 27153

LEADING EDGE SKIN PANEL.

OUTROARD BLADE SECTION

1

PANRL WIDTH b = g t=.125 %:40

CURVATURE RADIUS 25 NS, ‘é/(y:. L0085
FROM SM.33 < mLAaT pPANEL = 3.62
K| RO R CURNATVRE. = B3,
{
b/te, = 362 , .33 x.005 = 16
40%
Fea , = 39000¢sL

MAXIMUM COMPRESSIVE STRESS 13 AT qR\D POINTY
2) CASE 32, = ZOOIOESL

R9000
ZO01oX \r25

MARGIN OF SAFRTY

«!. Ms= .535¢

ATTACHMENTS.

THE ATTACHMENT 0F THE LEADING EDGE SKiw PANEL
1
To THUE SPAR CAP 15 WiTy ¢ HILOKS Cok . IN

425 SkKIW AT 2.2 INCH SPACING.
sTRENGTH (LR 20159) YIRAD = 1650/ = 7¢4w) iy
2.2
MAX. SHEAR ELOW IN SPAR 1S FOR CASR 3
S4~0\.8!,w

g (Praw 3.2%)
<‘764/94c> ~ MS., = . 41

ATTACHMENT OF LEADING EPGE SKIN To SPAR

i

MS

CAP 1S WITR 3//4 HiLokrS AT 2.2 SPRCING

STRENGTH (weuo.) C= 7648)in

MAX_ g For CcAsE 2 &3 = zss:.e//wi

MS, ©ON YEILD, = <74%553 -1 MSs > 1.0
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PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY Pack 53
ﬂ%y# 3/')5 A DIVISION OF LOCKHEFD AIRCRAFT CORPORATION 3.

CHECKED MODEL

APPROVED

mrA--

100 KW WINDMILL RLADE CLi703

REPORT NO.

27153

SPAR WEB. (DWG CL 1708-1-19) §TA48-652

MATL, 2024 -T8&1 CLAD MIL DR K 5B

.IOS,—|07,-|09’&_||| tz.OSO FtU: b7 wst

. R = 57 ksl
r‘;u= 39 IesL Y
MATL. 2024 -TgS) BARE
- 101 ¢=.25 Fe = 67 kst .
° ty= 67 Fey= 57kst
F‘°=4o Kst
MATL, 2024 -T¢62 .
-103 (& cL ’70%”"3',7.5) é"|25 Feu = 62Ksec F‘\ 249“‘_

Fso = 37 ksc /
THE SPAR WER 1S 250 £ PLATE BETWEEN STA 48
& 31 AND IS CURVED To CLEAR THE ROOT END
ATTACHMENT PIPE . THE CURVE TAFPERS OUT TO ZERo
STA, Bl=101 WITRHR A -|2s"t PLATE . A FLAT WEB
080" € EXTENDS FrROM STA. 101 To STA. 652 ., THE
OUT ER RBLADE SPAR CHANNEL (qu CL1708-1-3-175 )
1S ATTACHED To THE .080 WER AND EXTENOS FROM
STA 652 TO 750. THE SPAR WER 1S5 STIFFENED
BY THE -080 LEADING EDGE RIBS AT 22 IN SPACING
THE 040 TRAILING EDYE RIBS ARE NOT CONSIDERED AS
PROVIDING SUPPORT FOR SHEAR RUCKLING . FLANGED
LIGHTENING HOLES ARE PROVIDED FOR MANUFACTURING
ACCESS FROM STA, (10 TO 389, THE ANALY SIS ON

THE FOLLOWING PALE SHOWS TRHAT THE WEB 195 SHEAR
RESISTANT,
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PREPARED BY DAYE LOCKHEED-CALIFORNIA COMPANY rAGE
A.CUERRITT S5/78 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3.58%
CHECKED T MOZEL 1703
! | =
APPROVED I ‘ 0o KW WINO M) (. BLADE, REPORT NO.
€ 27153

SPAR WER
© @ & O @
BLADE | B ALL.[ £ PR | @ 1
STA. HOLES (@D QD @) @ -
@25
NS ] Pst LB/
48
21.5 30000 | .0 7500 | 2.2
8.5 2%000 | 1.0 3500 | 4iGH
125 29000 .70 1624~
18€7.5 )
235
30| HIGH
3289 <70 1624 .97
477 1.0 2320 2.90
565 2.26
609 # 2.3
653 | 29000 2320 1.09
INBD
653 25000 ) 3800 HiGH
ouTBp

LM 79,
D) ATTACUMENT TO STA. 4% RIB FLANGE.

%" miLoxa AT 1.0" SPACING. IN.ZSOWESR
UtLimMaTE Z ALLOWARLE
DESIHGN SHEAR FlLow CAgZ 3 (pqa zsa)
M S

2) ATTACHMENT TO STA. 61.% RIB FLANGE,

SPAR WER JO0INTS, & ATTACHMENTS. (ML 1unNoBK

s,) <LI708~1-19

= 4660 I.BZIN
|gi5w[ N

> 1.0,

HERE & 76 BROLTS Picic UP THWE SPAR WRERR THE
21.50 RIB X ThE ROOT EXTEWUSION EXTENSION + 9 4
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PREPARED BY DATE LOCKMEED-CALIFORNIA COMPANY PAGE
A.C}-\EKQI'TT 5/'75 A DIVISION OF LOCKMEEZD AIRCRAFT CORPORATION 2.56
CHECKED T MODEL
) . L1708
APPROVED I 100 KW/ WINDWILL BLADE. REPORT NO.
L . 27153
SPAR WER
ATTACHMENT TO <oTA 31-5 R\B FLANGE
HILOK.S THROUGH THE RIR FLANGE ,, SPARWES,
TOTAL STRENGTIA = IXAL60 + 6%x. 87> 10940 = 99000 L8.
SHUEAR LOATC = 2/.14 x 1846 ’ = 39060LA.
. —_—
TRIS ATTACHMENT 1S ALQO UsRD AS A FAlLL SAFE
CENTRIFUGAL FOFCE PATH, CFE, ToOTAL = 24400 L8,
RESULTANT [OAD = \/24-4ooz+ 390607%* ) = 460506Lp
= 72

MS = (ﬁqooa -1

‘ 46050:&1.25)
3) STA 4%-¢1.5 CENTER TOINT,

THE 250 WER BETWREN STA 4% & ¥1-5 IS SPLIT ALONG
THE CENTER FOR MANUTACTURING CONSIDERATIONS
AND IS SPLICED WITRA A .250 RUTT TRAP WIThH

%" miloks AT MAX. | 2 SPACING ONE ROW EACH

SIDE STRENGTH /In = 4ééo/"2 2550 8/ )y

MS = 38%y - | = 1.0
1554 xt.2%

THE FIRGT @ ATTACHMENTS IN EACH SINDE OF

THE SPLICE ARE /¢ ROLTS wWHICH ALGO ATTACH

TO THE ROOT ATTACHMENT BXTENSION TO TAKE
THE PRAIL SAFE (C(BNTRIFUGAL FRoRCE LOAD.

LOAY ON ONE SI10DE = 244-0%—1- I1SS4-x 3-8 = 25900 Lg

n

STRENMGTH OF € % BOLTS IN 230
S EX. %7 X 9375 43900 8.

4%900 - = .
< 9’0&)(!2.5) I %




FREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAcR
A.CHERRTTT 5/75 A DIVISION OF LOCKHERD AIRCRAFT CORPORATION 3.87

T-NEOE MMOS

MODEL

CLIT0%

CHECKED

100 KW. WINDMILL RLADE

REPORT NO.

27153

APt~

APPROVED

SPAR WEB,

4) ATTACHMENT To SPAR CAPS STA 483 T0 g1

STRENGTH OF %4 HILOKS AT MAX | 2 SPACING IN 250 \Wwe&B
Tawe = 4'460/,'7_ s BM

THESE ATTACHMRENTS ALSO SERVE AS A CENTRIFUGAL
FORCE FAIL SAFE" LOAD PATH FROM THE SPAR CAPS
To THE SPAR WER THrROUGH THE QUTRR CENTER JUivuT
BOLTS TO THE ROOT ATTACHMENT EXTENIION

Loan /1N = 2440V < 370 us/in,
2x33

TOTAL APPLIED LOADING = 370 41546 22|66 LB/:NJ
MS = 329%3 - | s 40
iL:L/C:* 1.2¢ —_—

5) -125 WEB To STA 81.5 RIB.

»”

"
ATTACHMENT WITH % HILoKS AT 1-3 MAX. SPACIN ¢
STRENGTR IN 125 = B3l25 %118 '3 = 28341.3[:&1

7 FOR CAQE 3 = = H4-LBZIN

LONDIN G FROM AXIAL STRESS IN SPAR cAf IN
UPPER RIVETS B 22000%X.0% = 17608/

RESULTANT ATTACHMENT LOARING =/|7eo§+414’= 1764 L5/
MARGIWN OF SAFETY ';(283%764_,""2_5 | MS=.2%8

§) 1080 WER To SPAR CAPS. STA i0i To b5 2.

" "
ATTACHUMENT WiTH & HILOKS AT 1-2 MAX. SPACING

STRENGTRHR = 2000%tl 22 - 10331..8{:\)

I-=

MAX. §  CGASE 3 (P4 2. 28) = 400 LB/

MARGIN OF SAFETY Mms > i . 0
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PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGK
ACUBRR\T T A DIVISION OF LOCKMEED AIRCRAFT CORPORATION 3_5 %
CHECKED T MODEL
! cL-17609
e T 100 KW WNDMILL BLADE  [rirorrme.
X 27V5% 3

SPAR WERG .

WEB TJoOINTS

THE SPAR WED 1S BUTT SPLICED WITH .080 2024-T3
BUTT STRAPS AT  STATIONS 104 245 ,38( £ 530
TYPICAL SPLICE ATTACHMENT wWIiTy 2 ROWS OF

3/,6 HILOK.S AT MAXIMURM SPACING 1.25 NG,

STRENGTH, = 1520% 2.X [,0% = 262¢ LBZ.Nu

2%

MAX, LOADING 1S5 FOR CASE I INTERPOLAT NG
RETwEEN STATIONS 235 & 301,

WER SREAR FLOW Z =z 2 %90 L@ZN
AXIAL LOADING ON UPPESRMOST RIVETS FRum

SPAR  STRESS £ 22000 x- 0% = 1960 La)w
RESULTANT LOADING =/|7401+ 2502 = 17%2w/in

MG -~ [ 262¢ - MsS. = Lk
1782x1.25
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THE TRAILING EDGE SKIN PANELS

PARED BY DAYE . PAGE
e A 3 L A S SN 2.59
CHECKED T MODEL
. CL1708
APPROVED M 100 KW, WINDMILL BLADE REPORT NO.
E 27153
TRAILING EDGE SKIN PANELS (1708-1-24)
MATL., 2024 -Tg| CLAD. Ft = 64KS! F = 57 KSI.
v oNf
Fg, = 38 Ks1.

ARE SHOWN ON

OWEG N® CL1708 -1-23 , AS FOLLOWS
DWG DASH BLADE DESIGN CONDITION
NO. € LOCATION SHEAR FLOW LB/IN
UPPER | LOWER STA - STA.
ws [STRLETS T T = I3
- 161 |-181 l-080|48 - g8.25 -t'qt) L9 1-wes
- 163 |- 183 <040 | §8.25 ~220.25
- 165 |-185 040 1220.25~352.25 9 72 146
s +5
~ 167 |- 187 |-040 |352.25~-484.25
- 169 |- 189 ‘040 | 484.25 - §l6.2S
q
- 171 |-191 |-040]616.25 - 7g0.00 1‘. t"‘:’ 154

14 To 18" sPacINgG.

TUE SKIN PANELS ARE SuPporTen RBY C=.04a RIBS
AT APPROXIMATELY

OUTER PANELS (484-25 - 950.00) INITIAL BUCKLING (SM 33)

PANEL SIZE

a =189 b=157 Z=.040

b/e « 393 l:/q 2485 VK = 34¢

b = 393
/f /3,4(,

<

ZL = 8S5o0x«.

-
-

(13 F

Cr

o4 =34 u3/iv

MAX DESIGN f (czom) 3>
.pé = l54-/_94o

§S0Pps

- 34 18/in

LS4/
3850 f54

"
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[
PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY Aak

ﬂ ‘C ‘ﬁ 3,75 A DIVISION OF LOCKHEFD AIRCRAFT CORPORATION 3 -‘O
CHECKED T MODEL
' CLI70 @
APPROVED I 'oo KW W INDM‘LL BLADE REPORT NO.
€ 291573
TRAILING EDGE SKIN PANELS
OUTER PANELS[ConTD)
- 18 .S -
2/21, = 154L, =4S
DIAGONAL TENSION FACTOR. (NKC,ATN 2661 1 \3) k = .33
ALLOWABLE ULT SHERR STRESS (Fig 19) F = 2%500ps.
ALLOWABLE ULT, SHEAR FLOW = 2%500x.04 = It40 8/iv
MS. For. WER 195 0BVIOUSLY >).0 MS > 1.0

THE .040 TRAILING EDGE RIBS STIFFEN THE PANELS,

EFFECTIVE STIFFENER PROPERTIES (NN.:A‘I'N 2661)
I.‘-Io :ﬂé_L Auz-Oé,o‘rw’
N — — e — Y — -
t-- ogo n T =.0012 m*
/ = 137 A - _.o0¢ - - 2
o”z Ve ., _09‘37_ = (M'_O’:._"’_
<~137
MAX, STIFFENER STRES3sS Fiqi4-4 IS
Aue = 04- = -064— d— = ~68
/d€ anisa ”/.q‘
df, = 1s7, =.8s5 o,
A, ~ ’ - Y MAX, = .16
, .

MAX ETIFFENER STRESS {: z 116X . 63X B850 = 3030 ps!

ALLOWABLE STRESS FOR FORCED CRIPPLING (F)
Fi1g. 20 t"/t- =1.0 Fq = 5500 ES‘:
ANGLE. OF DIAGONAL TENSION Fiq lba
TAN o = - 83 * = 39.7°
MS FOR TE.RIBR FORCED CRIPPLING MS> 1.0
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PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE

a gc '% 3/‘75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3,6 ’

CHECKED T ’ MoDEL 50%
) c L

APPROVED I ‘ 00 KW WIND My L $LAD E REPORT 30.3
[ 271

TRAILING EDGE SKIN PANELS
OUTER PANEL S (conTD)

PANFRL ATTACHMENTS

Q.) ATTACHMENT TO SPAR.

ATTACHMENT TO SPAR 1S WITH 78 LOW HEAD RAVETS

CSK IN 040 SKIN AT 1.10 IN SPACiING, .,
STRENGTI = 310/“ 2S2L§im
140 ve/iyn

W\

"

MAX LOADING =/|54"+(.33x|544mo<>”

MARCGIN OF SAFETY = 282 -1 MS = .41
lgoxi.22 ¢

b) ATTACHMENT TO TRAILING EOVHGE CcLOSUR E

ATTACHMENT To OUTROARD TRAVLWNG EDGE CLOSURE
WrTH %32z AD4 RWETS IN 040 AT 1.0" sPACING
STRENGT K = 217 o/ 1n-

MARGIY OF SAFETY

s

217 - Ms = .09
60X 1.2 9

Q) ATTACHMENT To RIBS.

n
ATTRCH MEMT wWiTH % ADA RAWETS 1N (040 SKINW.
AT 125 INCH SPACING . STREWGTIA [RWET = 386 LE.
THE BNDO RA\WET KT TRAE SPAR AND TQA\L\NC\ F_DC{E

“FCAvt = 3036 xX-04 (PM‘?-3-‘°') = 1218

MARGY OF SATFETY Ms > .o
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PREFPARED BY DATE LOCKHEED-CALIFORNIA COMPANY FAGE
A.CHERRITT 3/75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3.62
CHECKED T "%"f"-l .708
1
APPROVED I ‘OO KW W|NDM‘L‘L BLADE REPORT NO.
x iZIS3
TRAILING CEOGE SKIN PANELS
INNER PANELS ($8.25 ~4%4.25)
WITIAL BUCKLING (SM33)
PANEL S12E 2 =29, b 1467, €:-040 L,/t.z 3¢
b/ = .%o
= K =3z = 347 -
2 v b/ée, 421 - | 14
Fea = 750 c‘cb = 750 x.04- = 30LB[1N

THE PANEL SHEARS ARE LEZIS THAN FOR THE OUTER
PANELS S, MARGIN OF SAFETY MS > 1.0

ROOT BNb PANEL (49- 9% 25 )
\C >

THIS PAVEL IS USED TO SHEAR OUT THE AXIAL LOAD
IN TRE TRAING BRDGE STRUCTURE INTO THE LEADING
RDGE ROXTAND THE &TATION 4% AND 31.5 RIBS . THE
LOADS ARE MAXIMUM FoR CONDITION 3 ON TUR UPPER
SURPACE . LOADS ARE OBTAINED \WITH REASONABRLE.
ACLVRALY FROM THE RIB RBACTION LOADS AT STATION
Q1.5 REVISED A% DESCRIBED ON PAGES 3.14 8 3.1S AND
THE LoADS om"rso OF STRTION 1.5 AS SHONVN INTHE
SKETLH RELOW,

[ © ® ®) RA) SHEAR FLOWS FROM PAGE
v - — 315 (@ 3A.95 9 12 13214
7.90 \.‘gf? Sl h @ SHEAR FLOW FROM pAGE
4 T V-e 4 3.A.4208 Q|
‘ s 546 348/in.
1482 \_5,?3 fiN (© RESULTANT SUBAR Frow
INBOARD O0F STA ﬁ[s.
_i T ¢ 13
- A
I
9.20 19; f;,T 1010
, 4—? L8/in cpa
T l i1z
STA81.§
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PREPARED BY DATE ] PAGE
Qa -&%/% 3/‘7‘ kngl';l:NESFDLOCCQHLE'FFI;OAIR;('?RIAAFT S(groi:'rm: 3.863
CHECKED T MODEL

- ST1708
APPROVED T 100 KW, WINDMIL L BLADE REPORT NO.

E 2719523

TRAILING EDLE SKIN PANELS

’
ROOT END PANEL. CoOonNTD

IN ORDER TO PROVIDE A STIFF PATH FOR THIS LoAD
TRANSFER THE PANEL 1S MADE SHEAR RESISTANT
@Y ADDING STIFFRNERS RBRETWEREN THE STA 59.5¢

& 7116 RiBS, INTITIAL Buckiing (sm 33)

PANEL S128 g = 330 b=5.%0" t =.08

b/t = 72.5 b/" z.17s Jk =292
b
% e

1}

725 = 25 F. . a16500 ps¢
2.9,

CRrR
?b = 16500 X-08 = 1320 dﬁ
MAX I M UM Z Foke COND. 3 = lod4 _&,/\_

TRE PANBLS Do NOT RBUCKLE
ULTIMATE ALLOWARLE SHEAR FLow FOR THE WEG
ALLOWING A ‘7S5 FACTOR 10 AREA REMUVED BY

ATTACHMENT HOLE S =z 38000 X-7S5x.0¢ = 2280 _ﬂ%“
MARGIN OF SAFETY :(zzso )_n MS = -75
ATTACHMENTS. (v unork 5)

a) ATTACHMENT To RIR 5 STA. 48 & S1.5
3¢ HILOKS AT 1.0 SPACING. CSK. IN 2080 SKIN

sTRENGTH (wriMAaTE = 1680 L&/m
= o =
MARGIN OF SAFETY '%30/1644“@5)'4 Ms ZS Mg

A) ATTACHMENT To SPAR CAP

3/l6 MILOKS CSK IN 0.080 SKIN KT 1.0 SPRCINYG

sTRENGTH ( uwm:\‘re) = 1630 L8/iN
MARGIV OF SAFBETY = (IL,‘B%‘“_“ zs)"‘ MS = .25
. R
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PREPARED BY DATE

PAGE
A.CHERRITT 5/-4 K N SION GF LOCKHEED AIRCRAFT CoRpomATION 3.64
CHECKED T MODEL
i CL170%
APPROVED I loo Kw V\t ' ND N! ’ LL %LADE . REPORT NO.
£ 27153,

TRAILING EDGE SKIN PANEBLS,
PANEL TOIWNTS.

THE PNNELS ARE JOINED AT STATIONS w5 2.5 , 220.25
352.25 ,424,25 &éél.zs. THE SKINS ARE RUTTED
TOGETHER AND TOINEY WITH A .040 THICK Z2024-T3 RUTT
STRAP. 4 ROWS OF %" Ls 10082 RIVETS AT 1.0 incH
SPACING ARE FASTENED EACH SIDE OF THE J0INT.
THESE RIWWETS ARE SIMILAR TO FLUSH HEAD AD 4 RIVETS
BUT WITH A LOWER CSK. HEAD HEIGHT TO ANOIO A
FEATHER EDGE CONDITION

THE MAXIMUM JOINT LOADING OCCURS ON THE UPPER
SURFACE FOR CAGE 3 AT STA 2Z2Z0.25_ PRELIMINARY
ANALY S1S SHOWS THAT FOR THIS CONDITION USING
THE UPPER .040 SKIN FULLY EFFECTIVE IN TENSION
(%= -.83 z=:.02" T, =%57,1 3050 I,,=47 ms*)
THE STRESS ALONG THR UVUPPER SKIN IS EISENTIALLY

CONSTANT AT A NIALUVE = 25000 ps¢
Loading /v = 25000%.04 = 1000L/iN
PANEL SHEAR FLOW = B34+ % = 9 ig/in

RESULTANT LOADIVG = / loooz+€lz = | 604 Lb/'\l

STRENGTA OF LS 10052 RWETS AT 1.0 SPACIVG

4 ROWS = 4 X3l (U\-‘T\MATE) = I2404..5[m
= 4x267 (Vi) = 1068 18/
MARSIN OF SAPRTY ON YIELD = I% ~1 = Q6

1004
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PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
A'CHEQ&\‘; T S/?S A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3.65
CHECKED T MODEL
i _ CA—'708
APPROVED I_ ’Oo KW NINDM!LL %LADB REPORT NO.
£ 27153
TRANLING CTOGE CLOSURE STA £565 =750 .
COLUMN ALLOWARLE .
~-%75—°1
. ‘_11:'04 —X
vy ~
2 -
V.2 /jwzs'/ 202474 .
157 0%;
A = éaz‘p‘oq-).%?s + 2X%X1.2 x.04 = -253 NS
2.
2 4
T = -875x .36 (04%+.32") , 2x.04x .27 = -00G5 ING
h E%% 4%
£ = /-0065 s 160
253
SPACING OF SUPPORTING R\BS = 14.47 1wus
L/ = 1467 <916 - .
/r 6o FCC(COLUMN.5M§3 > 1200005,
CMECK EFFECTIVE skin  be (g,m 23)
For f. = 12000 b% = 293 c=2.52
S
be (owm ciom oF RIVET) = 293x2.52x.04 = l.agwvge,
pA
be vegp 1.204.2% = 1.4 % inus
MAXIMUM COMPRESSIVE STRESS CASE. Z. AT
STA 5¢ S = 59004+ 110 = 706 0psC

MS = \zoy -
7060 X1.50

Ms,

- 13
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PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
A-CHEQR“T'— 5/75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 34 6
CHECKED T MODEL
APPROVED I 'Oo KW W‘NDM ‘LL BLADE REPORT NO.
E 27153
TRAILING EDGE CLOSURE STA.187.5
COLUMN ALLOWABLE.
\(-\MO 2024 -TS%I.
S
©
? )
— —
- 080
x o n30 1O esemweSy O X
S -
2024-762 .37
o
A\
ITeMm A z T I I = -229 wg¥
{ e IN INg 4 ° X x
| 080 | -goo | -o51 - f =/.229 = .€iéN
2 ‘104 o - 015 604
3 - 05%0 +320 - 070 L. = 14.67 INS,
-0 (o] ‘3 o » OO
4 8 3 q y . 24
=) + 030 o) o lo
6 -2 +530 ‘068 . 0 ,
3o 3 V9 Fcc_ = 45000 psc
7 030 o 0] -
(sm.%‘s)
604 - 195 034

MARIMUM COMPRESSINE STRESS CASE

-
=

MARGIN OF SAFRTY =

17180 + 5339

450060 - = . MS
< 4g]ox‘so)‘l 3_3—-=__—'

= 22510 Ps




PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
A.C HEQQ\-I'_I 6/978 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3_67
CHECKED T MODEL
r 100 KW WINDMILL RLADE CL.170%
APPROVED 'Y REPORT NO.
« 27153

T-ATHE NUOS

TRAILING EOGE CLOSURE ToinvuTS.

TOINT AT STA IB7.5.

AT STATION 187 5 THE TRAILING EDGE CLOSURVE CHANNEL
4 ANGQLE ARE pBUTT JOINED WITHR FLAT STRAPS AS
SHOWN 1\ TRE SKETCH RELOW

fs
7/ SPLICE STRAPS.
2024 -Tg |

AT ATITHNTAR

THE SPLICE STRAPS REPLACE THE AREA OFf THE
ANGLE & CHANNES AND AR E EACH ATTACUED \WITH

4 NAS 13430 A A4 RIWWETS BEACH S\DE OF TUE TJOIwT,.
MAXIMUM STRRSS IS FOR CASE 2. e ~22%10 ps«'.

LOAD IN EACH 080 STRAP =2-2285)10X75%.08 = ~|350 L8,

STRENGTH OFR 4 RI\WETS IN 080 =z 4x795s = 30Z20LA.

MARGIN OF SAFRTY = 3020 _ | MS = - 46
1I350x1.§

LOARD IN ERCH OUTER 125 STRAP

= —22510 x.63%x .25 :-114,4;_3,

ATTACHMENT STRENGTH = 3020 LB.

MARGIN OF SAFETY - 3020 - = -15
1744 % ). 5




2-RE9L NUNOS

rnnnonvv DATE LOCKHEED . CALIFORNIA COMPANY —
A-CH EREITT é/‘)S A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3.6%
CHECKED T —
= ¢
r 100 KON WINDMILL RLADE CLt70%
APPROVIED L TromT o
- z7153,

TRAILING EDGE CLOSURE.
TJOINT AT STA. 187.5

TAE FLAT ©TRAPS ARE UNSUPPORTED FoR 1.0 BETWEEN
ATTACHMENTS | COMPRESSIVE STRENGTH OF STRAP

P J.os’ = 023 —5/ 43

e e
. sm$3, = 47000psc
MARGIN OF SAFETY = 47000 . | MS, = .39

22510 xX1.5

TOINTS AT OTHER STATIONS 315 67 % 44767 ARE
TOINED WiITH ANGUES IN PLACE OF ELAYT STRAPS , THEY
HAVE THE SAME NP OF ATTACHMENTS ( LOWRER LOADS,
THEY ARE THERE FORE, COVERED BY THE ANALY SIS AT STA,
187.5.
ATTACHMENT O0F TE, L CLOSURES STA. 4%~ §1.5.
THE LOADIN THE CLOSURES AT STATION 8175 MUST SHEAR OUT

INTO THE SKIN RETWERN STA. Z1.5& 48 . THE MINIMUM MARYIN
ls FOR CASE 2 FOR THE CHANNEL CLOSURE ATTACHMENTS.

MAX. STRESS ( PRGE 3,29) =~ (7620 ~ 4870 =-22490p5L
ARER OF CUANNEL & REINFORCING DOVRLERS IN THE GqRID

k3
POINT AREA. z 44w
LOAD TO B8 SHEARED OUT INTO SKIN. = .44%x224490 = 94900 LB,

L_oAD/nJ - 9‘?00/33 = BOoﬂyu.
STRENGTH OF NAS (398 D5 A 32 R\WETS N 080

.7S | NS, = S = 1006 ]
AT .75 1NCH SPACING 7 5/'75 0 éudr

. = _.|._Q9_6__ - Ms > .
MS I09% 1.5 ! _______'_0_
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PREPARED BY DATE

A.CHERRITT £6/7s

LOCKHEED-CALIFORNIA COMPANY PAGE
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3 .éq -

CHECKED

APPROVED

M-

MODEL

100 KW, WINDMILL RLADE cLi708

REPORT NO.

27153

TRAILINNG EDYE RIBS STA 49 £%!1.S

WHICH SHEMAR

REINFIRCED
EXTRUSIONS
HEAVY MACut
WLOK S . THE
FOR COND (TI
REACTION SH

THE AXIAL LOAD 1N THE TRAILING EOGE STRUCTURE

S OUT RETWREEN STKTIONS g).3 4 48 PROODULE

CRORDWISE AXIAL LOADS N THE TWO RIBS . THESE Two
TRALING EngqE RIRS ARE .080 THICK AND ARE

WITH TWO |.5x1.5%X .025 2024 T4

ON EACH RIR 9 ATTACHED DIRECTLY TO THE
NED LEADING EPDAE RIBRS wWIiTH 2 2/
HIGHESTLOAODED RIR VS AT STATION %I.5
ON 3 . LOAD S ARE OBRTAINED FROM THE R\
EAR FLOWS SHOWN ON PAGE 3 A.95 AND

SUMMED UP TOo THE ATTACHMENT FALE AS SHOWN (N THE

ASSUME TRE

SKETLH BELOWk STN. Q1.8 0% SKIN . 2
A=1.% INS
—
A NA '\ 0 R\
29 NA ——
126600 INLGS
. 47100 16%"
R ‘
) - o
£ 12
A - Y >
P ’..,‘Q = g" A=1.@ws
- - ,\u = : Na NA

e

éﬁl%ﬂs LQ.(NEC\L\Q(BLE) SEcTionw X X

BFFECTIVE AREAS AS SHOW ABOVE

MAXIMUM LOAD ON LOWER SURFACE

1266007,

c[xirnoo +
2

2110016,

16.8 To2,2

COMPRESSI\VE STRESS =31l00/' a = 17300ps5¢




PREPARED BY pavE LOCKHEED-CALIFORNIA COMPANY
2 ey w (/75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3.7¢

PAGE

CHECKED T

MODEL

CL1703

r 100 KW WINDMILL RLADE.

REPORT NO.

APPROVED [ 9
K 27153

Z-0Z9C MNOJ

TRAILING 20GE RIBS STA. 49— 81,5,

FC*/ 0F 2024 -T4 EXTRUSION = 3$000 psL
MS oN ieLD  (CoLumMN NOT cRITICAL)  MS > 1.0

ATTACHUMENTS
THE ATTACHMENTS ARE MADE WITH:_

Zx 7% HILOKS IN REINFORCING ANGLE
6x %16 MILOKS IN 080 TRAILING BDGE SKIN
6 x 3/ Wilexks IN 080 RIB WEB. (2024-T(2)

TOTAL STRENGTR < ZX10490 36X 1520%x1,14 + 46X 1630
= 41150 Lu,
MARGIN OF SAFETY ON ATTACHMENT

- 41180 -1 MS
31100 xX1L25 :

1}

- 0é
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PREPARED BY

LAk

DATE

3/5

LOCKHEED-CALIFORNIA COMPANY
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION

PAGE

3.714

CHECKED

APPROVED

mr---

100 KKW. WINDMILL BLADE,

MODEL

CLi70%

REPORT NO.

27153

ROOT ATTACHMENT EXTENSION.(CLI708-1-15)

MATL.

Fro

=

LOW ALLOY CARRON STEEL

120000 Pst
72000 PsK

F.
J

= 99000 pPs ¢

(lmakpon.hn'E.p FROM ML HOBK 5 )

—_— '
. |
20 1842 15.97
k—7.o"w{
31475 4% 81.5

The root attachment extension fits inside the blade root between Station 48 and

81.5.

The blade centrifugal force is taken by attachments to this fitting

through the 81.5 rib and also along the curved spar web for a length of approx-
imately ten inches.

Blade bending and shear loads are transferred to the

fitting by couple loads at the Station 48 and 81.5 ribs. The maximum bending-

stresses occur at Station 38.75 and the maximum shear stresses occur between
Station 48 and 81.5 where the fitting is subjected to the large couple shears.
Local flange bending stresses are also calculated at the attachment flange
Station 31.75.
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PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
- . .}/75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3 .7‘
CHECKED - T MéliiL' 7 o %
1
APPROVED I 'OOKW‘W'NDMILL BLADE. REPORT NO.
E 271573
ROOT ATTACHMENT EXTENSION.
SECTION PROPERTIES
OD. =16.67. 1p = 1597. T = /4(%335-798S5 = 597.7188
2 2 *
A =T(8338 - 7.985) = 17:.94 ws
CENTRIFPUGAL FORCE AT STA 3t1.7s8 = 24400 B,
F - .
STRESS From CF 24400 = 1360 Ps.
1794 -
SUMMARY OF STRESSES AT STATION 39.75
(as_uomc, HMOMENTS AT STA. 31.7S SONSERVATIVELY USED.)
E | sEAMWISE { cHOROWIG E [RESULTANT [ RENDING | C F. TOTAL
CAS BENDING |8ENDING | BENDING | STRESS STRESS |TENSILE
M x Mz Ma. fo T STRESS
IN.LBS . | IN.LBS (N L3S, PSS PsC PSL
t
ME AN 310000 35000 | 312000 4350 t 360 S7tL0
2
o 2 o
MEAN 6200 1660000 | 1441000 316 1 360 24520
4
- - ]
MEAN 675000 390000 779600 1087 1340 1223 0
) 284 1267000 | T 430000 |t sogz00 |£ 70¢0 e + Joéo
cyceLic
3
TOTAL 2570000 |-3140000 | 4058000 S¢390 (360 £§7950

(sHENR STRESSES ARE LESS THAWN 2500 P5t FOR CASE 3
AND ARE IGNORED. )




PREPARED BY | DATE LOCKHEED-CALIFORNIA COMPANY PAGE
Q _‘ 4 , 4/75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3. 73-

MODEL

CHMECKED T
APPROVED i'oo Kw. WINDMILL BLADE. Ri:;:log
- 27153

ROOT ATTACHMENT EXTENSION

SUMMARY OF STRESSES STA. 4% - 3TA 81.5,

2) SHEAR STRESS,

Z-879€ WHO4

REAMWISE[CHORDWISE [RESULTANT| [ * [ Yorgion £
CASE WS s £y s
sgc,'_“ S'EE:‘R SQ?K SHEAR My TORSI0N | TOTAL
Le Le L@ PsC IN LB. PsSC PSC
\
| -
MEAN 11920 70 1920 1330 6720 50 1330
2
MEAN 25060 |=46100 52470 5850 |- 47500 330 6180
4
-7 60 o1 2
MEAN 17680 995 20100 240 12950 90 2330
|2&¢+ - - +
’ 6520 12780 1T + (o]
vt |F 652031278 4350 | 1600 4100 30 | 1630
3
- | o o) ]
TOTAL 84620 | 69360 0940 {2200 158900 oo 3300
F$ 3 Se/fon.

-&) AXIAL STRESS,
SINCE THERE IS LITTLE BENDING MOMENT CHANGE

BETWEEN STATION 31(.75 & 48 THE STRESSES

TARULATED FOR. STA. 3875 ARE ASSUMED TO APPLY

AT STA. 48 REDUCING LINEARLY TO ZERO AT STA.8L.5.
ATTACHMENT BOLT LOADS g FLANGE STRESS §TA 3175

red
TENSILE LOADS ARE TAKEw RBY 24'5/8 BOLTS ON A
1862 DIA. . SHEAR & TORSION LOADS ARE TAKEN BY
4 /’z BOLTS IN CLOSE TOLESANCE HOLES.,

MAXIMUM TENSILE ROLT LOIAD FROM BRENDING

= M & FROM CENTRIFUSAL FIORCE - L=
12 R 24

CF = 24400173 PcF = 020 L3,




PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
ﬂ -“_"/ 3/75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION % . 74
CHECKED T MODEL

. CLIT70%
APPROVED : '00 KW W ' N D M ' LL B LA D E . REPORT NO.

£ 2772153

ROOT ATTACHMENT EXTENSION.

ATTACHMENT ROLT LOADS & FLANGE STRESDSS STA.

31.75

e 178 -

R4 P oy

LOCAL FLANGE BENDING STRESS SECTION X X.

. - "
v 7P et (GON$EQVK‘I’NE-\:I USING .70 O¢FSET> =
1.75%% 2.25

A PBOL.T .

ROLT LOADS & FLANGE STRESSES ARE TABUYLATED RELOW .

T-HZ9€ WNOJ

_ ) 2 4 | Zz&4 3
CASE ME Ar MEAN | MEAN cycrie | ToThAL.,
RESULTANT 312000 |[1661000 779600 |t 506200 |405% 000
MF N8BS
Peeu‘r +

] i 530 6320

SRND. LB 2790 4780 6980 4 363
PeoT 1620 lozo 1020 o 1020
CF La
Peout 3810 15890 gooo |t 4330 3734:
ToTAL LB,
FLANGEXX $0 + 429
Sm&ss‘& 2329 9690 4% S 227%0

See
PAG E
375
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PREPARED BY DATR

A -£Kry

LOCKHEED-CALIFORNIA COMPANY PAGE
- 5 7 s A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3 . 7 s

CHECKED

MODEL

APPROVED

100 KW WINDMILL BRLADE, Ci170%

Ar-<-4

REPORT NO.

27153

ROOT ATTACHMENT EXTENSION

ATTACHMENT BOLT LOADS & FLANGE STRESS

THE BOLT LOADS CALCULATED ON PAGE 3.74 ARE
BASED UPON A NOKMAL RENDING DISTRIBUTION

= M%[ WHICH APPOXIMATES THE ACTUAL DISTRIBUTION
PROVIDING THE PRELOAD ON THE ATTACHING BOLTS

1S NOT EXCEEOED . THE BROLT PRELOAD SHOULD EXCEED
THE MAXIMUMUM CACLULATED BOLT LOAD FOR THE
MAXIMUM NORMAL OPERATING CONDITION (£ CASEZ
®OLT LOAD = 15890 + 4530 = 20420 LS.

USING MIL-T-S544 LUBRICANT APPLIEPD TO THE
TRAREADS AND T0 THE BEARING SURFACES OF THE NUT
& BOLT HEAD A ToRGQUE OF 1400 1NCRK LBS WILL
PRODUCE A PRELOAD OF 28000 LB IN THE

tr

120 KS1 5/ TENSION ROLTS RECOMMENDED FOR
THIS ATTACHMENT.

CASE 3.

FOR TH1S CONDITION THE ROLT LOAD E£XCEERS THE
PRELOAD AND THE MATING FLANGES WwWiLL SEPARATE
THE BENDING DISTRIBUTION 1S ASSUMED TO BE
A SHOWN IN TRE OIAGRAM BE(LOW.

~— /1

=

N
7




T-88RE NNOCS

PREPARED BY pAYK LOCKHEED-CALIFORNIA COMPANY FAGE
ACHERR\TTYT 5/75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3.78
CHECKED T MODEL
D OO KW WINDMILL BLADE cLi7OB
APPROVED L REPORT NO.
£ 27153

ROOT ATTACHMENT EXTENSION
ATTACHMENT BOLT LOADS Y ELANGE STRESS,

CASE 3

ROLT LOADS FOR THE DISTRIBUTION SHOWN ON PAGE 3.7S

ARE GIVEN BY MA + 1020 (From cF)
LAz

M = 4058000 INLBS £ 2 A% = 11876, \ns

P oLy *

HIGHEST BOLT LOAD ON BOLT N° ) = 30170 18,
TENSILE STRENGTH OF A 28 180ks!i BoLT = 438008
MARGIW OF SAFETY = 436y -1 Ms =16

30170X1.2¢g

THE HIGHEST STRESS IN THE FLANGE AREA Y-Y SHOWN
ON THE SKETCH PAQE 374 , ESTIMATION OF TRIS STRESS
WiLL BE SIMPLIPIED CONSIDERING THE LOAD OWN THE
OQUTERMOST 3 BOLTS PRODUELING AXIAL § RENDING
STRESS ON A CIRCULAR SECTOR AS SRKROWN RELOW




T-ETOE MMNOS

r DATE - . PAGK
sy » /s N o OF LaCRHEED AIRCRART ConmoRATION 377
CHECKED T MODEL

1 CL.*’O%
r I00KW WINDMILL BLADE T
£ 271%3

ROOT ATTACHMENT EXTENGS(ON

ATTACHMENT ROLT LOADS & RLANGE STRESS

REFER TO THE SKETCH ON PAGE 3,7¢

T O0F SQHADED SECTOR. = 2.3 ws+

ARERL OF SECTOR = 764 m"*

TENSILE LOAD FROM BOLTS 1,23 23424

= Z2X27980+ 22X 29610 4 30170 = 453508

RENDING MOMENT FROM ROLT LOADS

= Zx279%B0X 4304 2%x294610%1.23 + 30170%X1.5% = 136400 INLD
¥

MAX. STRESS AT pPOINT @ = 145350, 1364060 %925

7.64 2.3
= 73650E§‘:

MARGIN OF SAFETY ON wiELD

S = - =
M qooo%Béso | MS 22

¥ SECONOARY ‘;2.\NG.” STRESSES HAVE NOT BEEN INCLUDFED
SINCE THEY ARE NOT HIGH FOR A PIPE FLANGE WHITH
1S PRIMARILY 1IN BaENDING & ALSO NORMAL To THE
ABOVE STRESS AT PoinT ® (Pa,n)
THE MAXIMUM FLANGE STRESS AT PoinT (B) 1s
CALCULATED FOR THE OTHER DESIGN CASES AN IS
TARULATED RBRELOW.

CAE ) 2 3 4

STRESS
P AT &%S0O 28280 23450 14300
poinT |t 8060 |t 80cO + Qoéo0
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DATE

4/7s

PREPARED BY

A.CHRERRITT

LOCKHEED-CALIFORNIA COMPANY G
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3.

PAGE

CHECKED

mr-4--

APPROVED

100 KW. WINDMILL BLADE

MODEL

CLiT70%
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ROOT ATTACHMENT EXTENSION

LOADS ON SHEAR ATTACHMENT BOLTS . STA 31L,.7S

| z

¢
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“

<
/ 192 goLr
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X < II o -e? 0 1.465
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7.135 \ ; /e /
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G
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THE LOCATION OF THE FOUR SHEAR BOLTS

THE SKETCH ABOVE

1S5 SHOWN ON

THE MOMENT ABOUT THE BoLT GrOUP cnTroid M = My+1.465 5x

'x'LoaD IN BOLTS @@@4@

4 (4x7.t35‘+zx7.3s“+2>u35; )
. 33¢%
Z LoAD IN ROLTS () 2B
= 57/ + ML’(3,56
4 33¢
'Z LoAD IN BOLTS Q@
= S,,/ * Mo x 7.3%
4 338

THE SHEAR LOADS ARE RELATIVELY

SMALL

"

szi.oz.usz

Sz/q- +.01054 M

g}"/'t 0219 M.r

AND Wi TH

A RECOMMENDED PRELOAD OF APPROXIMATELY 29000 LA
oN THE 24 5/(.," TENGION BOLTS SHEARS FIR OPERATING
CONDITIONS Wikl BE TAKEN THROUGH EFERICTION OF
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ROOT ATTACHMENT EXTENSION.

LOAD S ON SHEBAR ATTACHMENT BOLTS STA,31 75,

THE MATING SURFACES
THE BoLY

EACH DESIGN CONDITION ARE SHOWN RELOW.

IGNORING FR.M-T!ON,HOWEVEQJ
LOADS FOR THE RIGRHE ST LOADEP @OLTS FOR

COND. ' 2 3 4 128 4
ITEM MEAN) MEAN ToTAL MEAN cYc L L
Sz LB | 2&80 640 -480 30 -0
Sx L8 160 |[-2640 |-10090 |- 3020 |[Fi%o0
My mws - 330 |-385%00 | 154900 3240 |T 4330
M+ ins| - 100 -42370 | 140200 2%00 |T 6970

8OLT N©® €y €) @ ) €)
Px 8% - 1554 | - 5483 -134 2597
P &3 7722 252¢ -159¢ 63 55
Pres.g| 723 2966 |--5710 150 T 617
SHEAR STRENGTH OF A 160 Ks( 4, sout = [8650 L8,
(MiunbBKR 58).
MARGIN OF SARPETY Mg > .0,
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ROOT ATTACHMENT EXTENSION & BLADE ROOT RIBS

AT THE STATION 42 & 1.5 RIPS TUE BLADE RENDING
MOMENTS ARE TRANSFERRED TO THE ROOT ATTACHUMENT
EXTENSION BY COUFPLE LOADS v ML, AT EACH RIB. THESE
LOADS RESULYT IN RADIAL STRESSES IN THE RIRS AND
THE ROOT ATTACHMENT EXTENSION, AT STATION 43 WHERE
THERE 1S NO MECHANICAL CONNECTION,THE LOAD IS
TRANSFERRED BY THE RIB BEARING UPON TUE ROOT
EXTENSION, THE PARTS MUTUALLY SUPPORT EACH OTHER
FROM DISTORTION RUT BEND INDIVIDUALLY., AT STATION
1.5 THE RLADE RIB AND THE ROOT ATTACHMENT EXTENSION
ARE ATTACHED TOGETHER WITH 24, 7/16" BOLTS WHICH
ALLOW THE PARTS TOo ACT IN UNISON TO RESIST RADIAL
LOADINIG . AT THIS LOCATION THE COUPLE LOAD CAN Bg
TRANSFERRED BOTH BY BEARING AND RBY THE
ATTACHMENT BOLTS .

STATION 31.5 R18,

MAXIMUM DESIGN CONDITION CASE 3
THE COUPLE LOADS AT STATVION B81LS5S ARE CAWLUVLATED
AS SHOWN (N THE LINE DIAGRAM GBELOW

4% 81.8

' +
e

b ¢

R 43 R 1.5

F]
H
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STATION @1.5, RiB,
S, (MEKN +c.~/c_uc_3 = ~7010 ~1750 = -8760LB

M

Rz R1.S

IN A SIMILAR MANNVER

MIZAN + CYeLic)

1H

-2114706 - 3838700

2 760 + 2503400
33

S . (MEM\\ +cvcuc) = +3995 +780

M, (MEAN +cvyeLic)

Rr( NS

RESULCT

ANALE

-237£600 ~193 %00

= -4775 - 2570400
33

z
AWT REACTIOWN =\/g:féZoz+ s2660

OF RESULTANT FROM X REFEREBENGE

AT STATVON B1.5 = TAN | $4620
€2¢60

STA.

k-]

S1.5 R18, (182490

FOR CHURDWISE (LOADING

T RIB MATERIAL

-2503400iN18

"

i

+ 84620 L8,

= + 4775 L8

= =2570400 Wty

o

— 22466008,

115240 L5,

”"

AX1S
= a4s7°

<

r:fu

E
)

n
»

<y

2024 -

T8
8§68 ks
397 kS (

Ed ks,
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STATION 81.5 RiIB.

ASSUME ALL THE RESULTANT LOAD TAKEN RY REARING
ON THE RING FORMED BY THE &I & ROOT EXTENSION
WiITH A SINU%0OIDAL LOADING AS SHOWN BE_ow

= 2x11§290 - »s-zsow/,u
Tx8.61

TUE MAXIMUM LOADING OCCURS AT THE ¢ ofF

kav.

THE. LOADINIG DISTRIRUTION
.
RENDING MOoMENT = 06632 x8750 x 8.6

u

44200 INLBS,
56440 LB.

RADIAL WOAD ] = 75 x 8750 X% £

1]

TUESE LOADS WiLL BE CONSERVATIVELY RE ApPPLIED
To THE MINIMUM SECTION AT XX IN THE SKETCH. P& 3.81

SELTION Xx —»| fe— 27X s
z-‘-—_%ﬁ%—j Meep = 01 _INS
__.(Jss | L.OEP .08 1e . - 3»6‘ ‘M54’
F e ———————————————
] 4 /7, :
T ]—'_Tt'?o b ¢ = .299 Wi
40 257T EFPECT\WE STEEL AREA
—|_j#eas Re= 29x%10 ¢
6
_aw‘—-35<STE.EL) EaLz 10-5x 10

=z
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ROOT ATTACUMENT EXTENSION & RLADE ROOT RIRS,

STATION 81,5 RIB

THE HIGHEST STRESS 15 ON THE OUTSTANDING LEG OF
THE RI\D.

£ = 5440 . 44200x2.79 = 41630 psc
¢ > 1] 3.66
MARGIN OF SAFETY ON YIELD,

= 58000 - MS.
41630

« 39

ATTACH MENTS,

FOR THE ATTACHMENTS 1T Wil BE ASSUMED TRAT ALL
0F THE RESULTANT LOAD IS TAREN By THE  7/i" 160 s
BOLTS ATTACHING THE RI® TO TRE ROOT ATTACHWMENT
EXTENSION,

ASSUME 12 BOLTS TAKE THE LOAD

Loae /ot  (( SHEAR) = ||%iao = 9860 L%,
Losb /BoLT FROWM CENTRIFU4AL FORCE
23300/2_4 = 970 LR,
RESULTANT SHEAR LOAD = /9gi0°+97e = 9910/ BT
SHEAR STRENGTH OF ROLT (UL.TlMATE) = 14280 LB,
= «I5.

MsS - <‘4zgo > - | MS
40 X125
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M=o

ROOT ATTACUMENT EXTENSION ¢ BLADE ROOT RIGS,

STATION A% RIB.

REACTION AT STATION 42 ARE CALCULATED FROMWM
PRGE .3.9)] AND ROTATED 54—40 To0 RE RELAT\WE
To THE REFERENCE AXIS AT STATION 48

R =-2503400 = ~75860 LB,
=z /33

Rx =+zs7o4oo/ =477 %90 LS.
33 R \
Rz = - 75660 teo S.44 + 77390 ~en 5.44 =2~6%140 LB
4% J
Rogs = T75860 2544+ 77590 cen S.44° 484730 L8
RESULTANT REACTION ’/63!407'4-547302 = 108730LBe
-3
ANGLE OF RESULTANT LOAD = TAN 68140 - 3885
<4730

STh 43 RS, =

IOS?BO.

AT TS STATION THE ROOT EXTENSIONM 1S THE

HIGUEST LOADEY ¢ THE LOAD MUST RE TAKEN 0UT nv
RBEARING SINCE TRERE ARE NO ATTACHMENTS AT THig
STATION . A SINUSOIDAL RBREARING DISTRIBUVTIONV S
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ROOT ATTACHMENT EXTENSION £ BLADE ROUT Q183

STATION 48 RIB /ATTACHMENT EXTENSION

ASSUMED THE RIB

SIDES OF THE PIPE  To
SHOWN 1w THE DIAGRAM RELOW,

ACTION ON THE ROOT ATTACHMENT EXTENSION,

WY
* ’
o3 Rz 81
- 54345 N
S A v
; 3V 54365 &
0t
/

10673 AN
o/rv\u///q # W?\\

15 ASSUMED To SUPPURT TRHE
PREYENT OISTORTION AS
LOAD S ARE SHOWN A%

PRELIMINARY ANALY S'S SHOWS THE SUPPORT LOADS

EQUAL 507., 0F THE APPLIED LOAD

2x108730 =
7T % 81

r MAX =

¢

LOADI\NGS ARE HIGUEST AT

854S LBZHJ

OF APPLIED LORDING

Z.

M = - .00c06 Xx5545%X 31 = =3400 InuB

N = - L1422 x 83545 x8-1 = ~79110 L8

SECTION THROUGH ROOT EXTENSION AT STA 49,

4 | 4 -
4T B P Pe— P
N ! .

e N - ——] T
'—1— 1.3 —ale— (.5 — .3 —> ‘50 |[¢—

T =
~ - 224

F 3
A= 2.273
NA EFROM OUTSIDE

4
o040 1Ns

AYE
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PIPE COMPRESSION onN THE INNER FACE

£ = 2910 4 2400x.246 = 58000psSL
223 - 040
Fe. FOR STEEL EXTENSION = 99000 pst
l1
= .71
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FATIGUE ALLOWABLES

The high stress concentration areas in the blade occur in the Joint areas.

gtress allowables in terms of cycles to failure are developed for the follow-

ing types of structure:

1. Thin aft skin single butt joint.
2, Main box section containing flush attachment holes.
3, Trailing edge section containing flush attachment holes.

L, Steel root end flanged fitting.

To allow for score marks and other realistic stress concentrations which can
exist in a structure, a quality index of no less than five will be assumed
for the general aluminum structure. The effective stress concentration
factor K, for this index, will be assumed equal to 5 A Kp = L will be
assumed for the 120,000 HT steel root fitting. The above will cover all areas
other than the aft skin butt joint.

The fatigue allowables for the single butt joint are shown in Figure 2.2.

In using this curve, it is necessary to consider several factors. The test
specimens were flat without any fixation at the sides. The failure generally
occurred in the center of the joint plate because of the offset bending in-

duced in the plate, as shown below.

FRILv2E 4254
Leoas

—<g— [ o= &

=== - &

A
- OFFESET

In the installed structure there is often the capability to reduce thise
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moment as shown below:

Loao ;% -

s
- | gl iy T .
\ T 5

forfcls W'~
REDVaLE CAFTe]
AP ZAENL T AT

—

The relieving forces can be provided by hoop compression and tension if the
panel is curved or by torsion/differential stiffness of the joint plate.
The latter will depend on the proximity of stiffer local structure, such as
ribs, stringers, spars, trailing edge members, etc. The net effect of
these restraints would be to reduce the fatigue stress in the joint plate.
This reduction would be dependent on the relative stiffness of the load

paths.

The aft skin of the windmill blade does have slight curvature. The butt
joint plate is wide using several rows of rivets and there is a stiffer local
structure within reasonable proximity. It would not be unreasonable to have
atleast a 20% reduction in bending fatigue stress due to these effects. Be-

7

cause of this expected reduction, the 10 cycles gross area stress of Figure

will be used as the endurance limit without applying a reduction factor.

Several design changes could improve the fatigue allowable of the joint.
Among these would be the addition of an external plate which would result in

a symmetrical joint and/or a chordwise stiffener below the joint.

FATIGUE LIFE

The life requirements for the blade are given below:
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OPERATING MODES

Case Blade Setting Rotor Wind Life
No. T =.7 Speed Velocity Requirements
Ry (RPM) (MPH) (Hrs or Cycles)
1 0° Lo 18 50,000 hrs
2 0° Lo 60 10 gusts
25 cycles per
gust
3 -90° 40 18 1 cycle
b 0° 40 0 -

The loads can be divided into categories as follows:

1. Steady loads which come on and off, similar to an aircraft ground,
air ground cycle (stop, start).

2. High transient inputs which raise the steady loads, and induce
nigher cyclic loads which occur at a frequency greater than one per
rev of the windmill (40 cycles per min.).

3. Normel operation cyclic loads greater than one per rev of the
windmill.

4, Chordwise bending due to the weight of the blade which reverses
at one per rev.

For categories 3 and U4, a simple analyses shows that at LO RPM, 107 cycles

would be reached in 4200 hours. The stresses arising from these loads must

therefore be compared with the endurance limit.

For category 1 it is necessary to esteblish the number of times the steady
loads reduce to a low level and when they get to operating levels. For this
category it will be assumed that the loads go from near zero to normal 20
times per day for 10 years. This gives an order of 76,000 cycles. For the
fatigue analysis, it will be assumed 100,000 cycles are achieved over the

1life of the blade.
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For category 2 operating mode 2 would give a minimum of 250 cycles above one
per rev. There will be other intermediate gust occurences. A minimum of
1000 cycles will be assumed at the cyclic levels for this mode in order to

cover these intermediate conditions.

The beamwise and chordwise cyclic loads for the operational modes 1 and 2

are given in the loads section, Figure 2-10.

The steady loads for condition 1 and condition 2 are given in Figure 2-6

and Figure 2-7, respectively.

The cyclic loads for case 1 and 2 are shown to be the same. Under the
ground rules established, these cyclic loads therefore must be below the

endurance limit allowable.

Case 2, beamwise steady, is below that of case 1, hence, the steady loads
due to beamwise to be associated with the cyclic loads will be taken as
those for case 1. The steady and cyclic stresses for the design cases given
are shown in Appendix A, The critical items covered are the blade

upper and lower surface, spar cap, trailing edge, and the steel root fitting.
From this data the stations giving the maximum total stress steady plus cyclic
and the stations giving the maximum cyclic stress for each case are selected

for analysis. These are listed below:

Blade Upper Surface Stresses - psi

Design Case

Station 1 2 3 N
81.5 - 810 =L6ho 19910 45150
+1720 41000 +1000
235 23760
653 -5070 -9490
+r 30 + 30
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Blade Lower Surface Stresses — psi

Design Cases

Station 1 2 3 L
81.5 + 3000 - 2890
F 1300 % 1300
235 - 19470
653 + 5700  |+10730
+ 110 + 110
Lower and Upper Spar Cap Stresses
Design Cases
Station 1 2 3 L
81.5 + 3050 + 5750
+ 2110 + 210
187.5 + 2580 + 28270
+ 1760
81.5 - 2160
+ 2110
653 + 6400 -+ 11810
* 50 * 50
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Trailing Edge Stress

Design Cases

Station 1 2 3 Y
187.5 760 - 17200 18600 3570
+ 30L0 + 5330 + 3040
Steel Root Fitting at Flange Radius
Case 1 2 3 L
6850 2830 14300
+ 8060 + 8060 73650 + 8060

The basic fatigue conditions are case 1, 2, and 4. Case 3 need only satisfy

limit eonditlons,.

The allowable aluminum endurance stress versus stress concentration is
shown in Figure 3.3. Applying a 20% reduction to the endurance limit for
Kr = 5 gives 4400 psi allowable. The cyclic stress in the aluminum struc-
ture for the high cycle conditions are below this value. The maximum com-
pressive stress steady + cyclic is in the itrailing edge structure at station
187.5 for case 2 (17200 ¥ 5330). If this stress is considered as a maximum
for the transient conditions (1000 cycles), the equivalent applies stress
would be-11260 + 11260 psi. The allowable cyclic stress for 1000 cycles
ignoring the favorable effect of a compressive mean and taking zero mean is
19000 psi with a 20% reduction factor applied to the allowable shown in
Figure 3.4.

The maximum tensile stress in the aluminum structure for case 1 is in the lower
cap at station 653 (6400 + 50). This condition for the 100,000 cycle

stop/start is equivalent to a steady stress of 3225 psi with a cyclic stress
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of 3225 psi. The allowable stress at this mean for 100,000 cycles is
6400 psi, with a 20% reduction factor applied to Figure 3.2.

The normal operating stress in the aluminum aft section skin joints to be com-
pared with the endurance limit occurs at station 187.5 for case 1. The cyclic
stress of + 3040 psi for this case is equal to the allowable shown in Figure 3.2.
This would indicate the joints to be one of the most critical faitigue areas.

The 1000 cycle transient and 100,000 stop/start cycles cause relatively low
fatigue damage when compared to the cyclic stress caused essentially by the

basic weight of the blade during rotation.

The maximum cyclic stress of 8060 psi in the steel root fitting flange for
all the fatigue condition is below the 9500 psi allowable shown in Figure 3.1
at the 6850 psi mean for condition 1.

The preceeding analysis indicates that the fatigue stress levels developed
are compatible with the design objective providing that the load severity
experienced in operation lies within the design conditions in Table I

of Specification No. 3-572243.
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LOAD MONITORING AND INSPECTION RECOMMENDATIONS

The blade strength level determination is based on analysis. The contract
did not call for any structural proof or fatigue tests of full scale hardware.
With this fact in mind, it is recommended that the blade and hub structure

be periodically inspected to determine condition of the structure. Specific
attention should be paid to the monolithic structural areas such as the root
tubular flanged attachment extension and the aluminum machined plate root
ribs. Attention should also be paid to the D section and aft skin section

surface joints.

As part of the test program, the flap bending, chord bending and torsion
loads at blade station 40 and 370 will be monitored. This monitoring will
check the validity of the basic loads established for design. To maintain
a watch on structural integrity the level of loads and cycles at that load
need to be monitored to ensure the predicted fatigue allowables are not

‘being exceeded.

The levels of load which should not be exceeded at the monitoring stations

are as follows:

Flapwise Bending Moment In~Lbse

Normal Operation Cyclic Component Max., Total
Stop/start Steady 1/2 Peak to Peak Transient

+ Cyclic > 10° Cycles <1000 Cycles

Sta. 40 700,000 350,000 1.5 x 106
Sta. 370 4 250,000 30,000 600, 000

Chord Bending Moment In-Lbse

Normal Operation Cyeclic Component Max, Total
Stop/sStart Steady 1/2 Pesk to Peak  Transient
+ Cyclic :>lO6 Cycles <1000 Cycles
Sta. 40 600,000 450,000 2.2 x 10°
Sta. 370 250,000 100,000 450,000

3-98



The above monitor loads should be used as a guide for exceedence of strength
levels and fatigue damage appraisal. Inadvertant exceedence does not

necessarily mean the blade is damaged but may be cause for inspection.

3-99
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Z-4Z9€ WHOA

PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY FAax
ACHERRKIT] 3/7s A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3.A2Z
CHECKED T MEDE. 708
! 1
T 100 KW. WINDMILL BLADE | [rrorris.
E 2715>
RLADE SECTION PROPERTIES
’
WENDIILL STA 43.00
I NPUT DATA
SRID PT A in Zin A in2 T in
1 -33.56 -2.50 0.53 0.08
2 -5.43 =-11.81 1.89 0.25
3 0.95 =-11.42 2.90 0.25
4 3.00 -0.63 3.14 0.25
5 12,14 ~4,.93 1,00 0.25
6 13.10 0.85 2.05 0.25
7 11.22 6.55 1.00 0.25
3 6.70 2.87 3.31 0.25
9 -0.93 11.72 2.75 0.25
12 -6.91 11.18 1.89 0.08
11 -38.56 ~-0.56 0.55 0.035
L 204
XLA in ZLA in S In ms In HHMS In TMS in G E
0.00 0.00 ~-6.13 0.00 22.99 0.25 4.N0E+0G 1.00E+07
SX b SZ Ib X fn=-1b HY in-1b 1iZ In=1b
0 10 0 0
CALCULATED DATA
XBAR ZLAR Elxx Elzz £l xz
1.60 0.22 1.38E+10 2.65E+10 2,20E+07
GRID PT X-XBAR Z-ZBAR LOAD STRESS q in-1b
1 -40.16 -2.72 0.00 0.00 -0.02
2 -7.08 -12.03 0.00 0.00 -0.11
3 -0.65 ~11.64 0.00 0.00 0,06
4 6.u40 -5.90 g0.00 0,00 0.22
5 10.54 ~5.1% 0.00 0.00 0.24
6 11.50 0.63 0.00 0.00 0.24
7 9.62 6.33 0.00 0.00 0.20
3 5.10 9.65 0.00 0,00 0.03
g -2.58 11.50 0.00 0.00 -0,13
10 -8.51 10.96 0.00 0.00 -0.03
11 -40.16 -0.73 0.00 0.00 -0,03
SUPPLENENTAL DATA
CELL 1 front CELL 2 rear
2A= 781.138 509.39
correction shear flow -0.23 -0.02
N due to torsion -0.01 -0.00
LATERAL LOCATION OF SHEAR CENTER AHEAD OF 11D SPAR=s 7.03
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PAGE

PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY
A CHERRTT 3/75 A DIVISION OF LOCKHEFD AIRCRAFT CORPORATION 3A. 3
CHECKED T MEDC'L 09
1 A X-
1 100 KW WINDMILL BLADE RtrosT o,
E 27153

RLADE SECTION PROPERTIES .

24=
correctlon
1 due to to

LATERAL LOC

Miepnatl sTA 81,50
1HPUT DATA
anin PT X in Z In
1 =~38.40 -2.48
2 -L.6G6E  ~10,78
3 -0.14% =1n,7%4
I 7.1t ~8.45
5 11.53 -5.78
6 13.08 0,19
7 11.60 5.59
8 7.12 5.00
] -G.542 10.8¢
10 -6.43o 10.32¢
11 -3&.u -0.28
LA in ZLA In
2.35 0.00
SX 1b SZ 1b X
¢} i
CALCULLATED DATH
AL FAPRIN ]
1.02 -0.05
GRID PT A=-XCAR
1 -39.62
2 -7.038
3 -1.16
iy 6.12
5 17.51
3 12.16
7 10.5¢°
8 G.1¢
a =1.44
10 -7.50
11 -39.42
SUPPLEMENTAL DATA
CE

shear flow
rsion

ATION OF SHEA

A tn2 T In

0.04 0.0y
1,72 .25
2,90 0.25
3.190 0,25
1.01 n,25
1.01 n.25
1.00 0.2°%
3.21 0n.25
2.75 0,25
1.72 0.04
N, 6N 3.08
$20.78
XI5 in Zl'S in 18 In TMS in
-0.57 0.00 21.1C 0.128
in=1k MY In=ibh iZ In-1Y
n N ¢
X4 Tlzz Elxz
1.59E+10 2.93E+10 J.NER+03
Z-LBAR LOAD 3TRESS q
-2.43 ¢.nn 0.00
-10.73 g.co n.cce
-17.09 0.0 8.00
-8.40 0.00 9.60
-5.23 0.nn n.00
0.15 c.nn N.00
5.55 9.fn 1.0
8.43 0.09 9.00
10.85 g.nq q.09
1n.43 n.0n N.00
-0.23% n.rn .00

LL 1 front CELL 2 rear

697.73 743,30
~-0.20 -0.02
-0,03 -N.n1

R CENTER AYEAD OF MID SPARs 11.30

In=-1bh
-0,12
-n,11

n,09
n.26
0,28
0.30
0.2
n,.ne
-0,11
~0.03
-n,n3




Z-BZ9E WHOA

PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
0 %’4% '3/‘,‘75 A DIVISION OF LOCKHEFD AIRCRAFT CORPORATION 3A4’
CHECKED T MZD!L - g
1 1__} 0
APPROVED I .OO “W W‘NDM'L‘L BLADE REPORT NO.
€ 27153
BLADE SECTION PROPERTIES .,
WINDMILL STA 125
INPUT DATA
GRID PT X In ZIn A in2 T In
1 =-38.12 -2.18 0.59 0.04
2 -7.68 ~9.40 1.72 0.25
3. -1.20 ~3.48 2.85 0.25
[ 6.32 ~7.76 3.19 0.25
S 11.13 -4.83 1.25 0.25
6 13.30 -0.36 1.34 0.25
7 12.05 L.40 1.25 0.25
8 7.37 7.70 3.19 0.25
9 -0.08 9.47 2.85 0.25
10 -6.50 9.10 1.72 0.04
11 -38.12 -0,30 0.59 0.08
26 54
XLA In ZLA In XMS in IMS In HMS In TMS In G E
2,22 0.00 -7.09 0.00 18.50 0.08 4.00E+06 1.00E+07
SX 1b SZ 1b MX In=1b MY In~lb MZ in-lb
0 10 0 0 0
CALCULATED DATA
XBAR ZBAR Elxx Elzz Elxz
0.85 -0.16 1,24E+10 2.75E+10 1.28E+09
GRID PT X-XBAR Z~-ZBAR LOAD STRESS q In=1b
1 -38.97 -2.02 0.00 0.00 -0.04
2 -8.53 -9,24 0.00 0.00 -0.12
3 -2.05 -9.32 0.00 0.00 0.09
4 5.47 -7.60 0.00 0.00 0,29
5 10,28 -4.67 0.00 0.00 0.35
6 12,45 =-0.20 0.00 0.00 0.35
7 11.20 4,56 0.00 0,00 0.31
8 6.52 7.86 0.00 0.00 0.12
9 -0.93 9.63 0.00 0.00 -0.10
10 -7.35 9.26 0.00 0.00 -0.04
11 -38.97 -0.14 0.00 0.00 -0,04

SUPPLEMENTAL DATA
CELL 1 front CELL 2 rear

2A= 632.44 630.93
correction shear flow -0.19 -0.03
Q due to torslon -0.05 -0.02

LATERAL LOCATION OF SHEAR CENTER AHEAD OF MID SPAR= 13.58




Z-BZYE WHO4L

PREPARED BY

DATE

LOCKHEED-CALIFORNIA COMPANY

PAGE

ﬂ%,‘éz 3/7 S A DIVISION OF LOCKHESD AIRCRAFT CORPORATION 23.A.5
CHECKED T MODEL
! CLi708
——— T 100 KW. WINDMILL RLADE REPORT MO,
£ 27153
RLADE SECTION PROPERTIES
WINPMYILL 5TA 107.5
1VPUT DATA
SRID PT X in Z in A In2 T in
1 -38.5% -1.C3 n.3?2 T.0h
2 =-3.09 -7.062 1.72 .25
3 ~1.R88 -7.73 2.0 f.725
[ 5.72 -0.24 3.12 0.25
5 16.67 -4.38 1.25 0.25
6 13.02 9,08 1.54 0.25
7 1c.68 L, G5 1.25 n.25
8 5.58 £.4b 2.67 0,25
3 -0.38 7.601 3.7%0 3.25
10 -7.32 7.3¢ 1.72 0.0
11 -386.58 -C.4L2 5.32 0.0¢
$1797¢
XLA in ZLA In Xr's In 2i'S In HIE in THS In o F
1.83 0,00 -7.%% nL.on 15.82 4.08 L. 005400 1.000+937
SX 1b SZ 1b X In=1h% LY In=-1h IMZ In-1b
0 10 b} 0 0
CALCULATED DATA
XBAR ZCAR Elxx clzz Slxz
1.22 -9, 3.21E+99 1,.01E+11 8.505+09
GRID PT X=-XDAR Z-ZZAR LOAD STRrsSS In=1h
1 -39.80 ~1.51 .00 n.0rn -n,rs
2 -9.82 -7.51 0,00 n. 6o -n.16
3 -3.1¢ =7.07 n.0n n.n0 "IN
L .59 -G.12 n.eq .00 .35
< 9,43 -4.20 0.00 n.no ~Lhe
3 11.°¢8 .70 a,.0n 2.0 L3
7 T L6 4,77 0.00 n.n0o 0.36
8 5.36 6.56 6.en 2.%0 6.15
3 -1.69 7.73 n.m" .00 -5.13
10 -8.54 7.42 Q,rn 2.80 =20
11 -39.20 -n, 37 nLrn AL a0 -n,"5
SUPPLEMENTAL DATA
CELL 1 front CELL 2 rear
2A= 530.45 482.59
correctlion shear flou -0.24 =N.03
‘I due to torsion -0.06 =n.n?
LATERAL LOCATION OF SUEAR CENTER AHTAD OF !"ID SPARe 13.23




Z-BZTYE WHOA

PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY Pack
2 %,# 3/_) 5 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3.A. A
CHECKED T MODEL
L CL\708
APPROVED L oo \Q\N . W'NDM‘ Ll— BLADE REPORT NO.
£ 27153
RLADE SECTION PROPERTIES
witont bl STA 235.0
INPUT DATA
GRID PT X in Z in A in2 T In
1 -36.25 -1.48 0.32 0.04
2 -8.22 -6.72 1.72 0.25
3 -2.27 -6.90 2.56 0.25
L 5.14 -4,82 3.19 0.25
5 10.10 -3.82 1.25 0,25
) 12.34 0.07 1.25 0.25
7 10.93 5.57 0.75 0.25
3 7.18 5.b46 2.94 0,25
9 -0.15 6.77 3.00 0.25
10 -7.04 6.43 1.72 0.04
11 -36.25 -0.30 0.32 0.08
19 -02
XLA in ZLA in XS In Zns In HMS in TMS In G E
1,54 0.00 -7.63 0.00 15.26 0.08 §,00E+06 1.00E+07
5S4 1b SZ b I'X in~lb NY in-1b HMZ in-1b
0 10 ] 0 0
CALCULATED DATA
XBAR ZUAR Elxx Elzz El xz
0.95 g.02 5.99E+09 1.63E+10 9.2LE+08
GRID PT X=-XBAR Z-ZBAR LOAD STRESS q in-1bL
1 -37.20 ~1.50 0.00 0.00 -0.06
2 -9.,17 -6.74 0.00 0.00 -9.17
5 -3,22 -6.92 0.00 0.00 0.12
h 4,19 “4.34 0.00 0.0n 0.39
5 3,15 -3.84 0.00 0.00 0.48
6 11.39 0.05% 0.00 0.00 0.49
7 10.03 3.55 0.00 0.00 0.h5%
8 G.23 5.44 0.00 g.00 0.20
9 -1.10 6.75 0.00 0.00 -0.1h
10 -7.99 6H.U06 0.00 0.00 -0.05
11 -37.20 -0.52 0.00 g.co =0.106
SUPPLEMENTAL DATA
CELL 1 front CELL 2 rear
2A= 439,20 410,51
correction shear flow -0.28 -0.03
Q due to torslion -0.07 -0.02

LATERAL LOCATION OF SHEAR CEMTER AHEAD OF INID SPAR= 13.29




T-HZTO9E WHOA

PREPARED BY DATE
LOCKHEED-CALIFORNIA COMPANY PAGt,
Q “f;% 3/7 S A OIVISION OF LOCKHEFD AIRCRAFT CORPORATION 3 . A7
CHECKED T MODEL
: CL170
APPROVED :-_ ‘ o 0 KW' W l N D N‘ ‘ L'L ‘3 LAD E REPORT NO. %
- : 2718 3
BLADE SECTION PROPERTIES
WINDMILL STA 301
INPUT DATA
GRID PT X In Z1ln A In2 T In
1 -33.10 -1.23 0.31 0.0h
2 -6.92 -5.67 1.72 0.25
3 =-1.42 -5.78 2.46 0.25
4 4,88 -4,.86 2.69 0.25
5 8.81 -3.56 1.00 0.25
6 11.32 ~0.40 1,15 0.25
7 9.72 3.16 1.00 0.25
8 6.19 4.62 2.69 0.25
9 -0.ub 5.66 2,75 0.25
10 -6.94 5.40 1.72 0.04
11 -33.10 -0.20 0.31 .08
2 T7-80
XLA In ZLA In XMS in ZIMS In HMS In TMS In G E
1.14 0.00 -6.93 0.00 11.07 0.08 4,00E+06 1.00E+07
$X 1b SZ 1b MX In=1b MY In-1b MZ In-lb
0 10 0 0 0
CALCULATED DATA
XBAR ZBAR .« Elxx Elzz Eixz
0.69 -0.06 4.19E+09 1.32E+10 3.90E+08
GRID PT X~XBAR Z-ZBAR LOAD STRESS q In=1b
1 ~33,79 -1, 0.00 . -0.06
2 -~7.61 -5.€1 0.00 0.00Q -0.21
3 -2.11 -5.72 0.00 0.0Q 0.12
u %.19 -4.80 0.00 0.00 0.44
5 8.12 -3.50 0.00 0.00 0.53
6 10.63 «0.34 0.00 0.00 0.55
7 9.03 3.22 0.00 0.00 0.47
8 5.50 4,568 0.00 0.00 0.18
9 -1.13 5.72 0.00 0.00 -0.19
10 -7.63 5.46 0.00 0.00 -0.05
11 =-33.78 ~0.14 0.00 0.00 -0.06
SUPPLEMENTAL DATA
CELL 1 front CELL 2 rear
2A= 344,97 316.67
correctlion shear flow ~0.35 -0.04
Q due to torsion -0.08 -0.02
LATERAL LOCATION OF SHEAR CENTER AHEAD OF MID SPAR= 11.60




Z-AZ9E WHO4L

PREPARED BY DATE PAGE
LOCKHEED-CALIFORNIA COMPANY
d “‘77% 3/75 A DIVISION OF LOCKHEFD AIRCRAFT CORPORATION 3. A' %
CHECKED T MOC?!L7 3
1 Li70
r 100 KW WINODMILL BLADE oo
E 27/53
BLADE SECTION PROPERTIES
WINDMILL STA 38%8.0
INPUT DATA
GRID PT X In Z in A In2 T In
1 -~-28.80 -1.32 0.30 0.04
2 -5.70 =4, 47 1.72 0.25
3 -1.30 -4.51 1.82 0.25
4 L.43 -3.74 3.19 0.25
5, 8.94 -2.26 0.75 0.25
6 10.07 0.00 0.60 0.25
7 8.72 2.27 0.75 0.25
8 5.40 3.48 2.68 0.25
9 ~0.14 4,33 2.25 0.25
10 -5.50 4.15 1.72 0.04
11 -28.80 -0.18 0.30 0.08
L‘ 16-08
XLA In ZLA In XMS In IMS in HMS In TMS In G £
1,09 0.00 -5.60 0.00 11.20 0.08 L.00E+06 1.00E+07
SX 1b SZ 1h MX In=1b MY in-1b MZ In~1b
10 0 4] 0
CALCULATED DATA
XBAR ZBAR Efxx Elzz Elxz
0.54 -0.13 2.28E+09 9.22E+09 2.52E+08
GRID PT X=X8AR Z-ZBAR LOAD STRESS q In=1b
1 -29.34 ~1.19 0.00 0.00 -0,08
2 -6.24 -4.34 0.00 0.00 -0.24
3 -1.84 -4,38 0.00 0.00 0.10
[ 3.89 -3.61 0.00 0.n0 0.63
5 8.40 -2.13 0.00 0.00 0.70
6 9,53 0.13 0.00 0.00 0.71
7 8.18 2.40 0.00 0.00 0.64
8 4.86 3.62 0.00 0.00 0.23
9 -0.68 L. 46 g.no 0.00 -0.22
10 ~6.04 4,28 0.00 0.00 -0.08
11 -29,34 -0.05 0.00 0.00 ~-0.09
SUPPLEMENTAL DATA
CELL 1 front CELL 2 rear
2A= 227.33. 226.28
correctlon shear flow -0.43 -0.05
i due to torslon «0.13 ~0.04

LATERAL LOCAT!ON OF SHEAR CENTER AHEAD OF MID SPAR=

10.61




PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAG-; A q
d““"’j 3/7 b3 A DIVISION OF LOCKHEFD AIRCRAFT CORPORATION . .
CHECKED T "L
, cLI70%
T T 100 K\W WINDMILL BLADE REPORT NO.
E 27163
RLADE SECTION PROPERTIES
WINDMILL STA 477
IMPUT DATA
CRID PT X in Zin A in2 T In
1 -24.80 -0.90 0.27 0.04
2 -4,27 -3.27 1.72 0.25
3 -0.25 -3.26 1,73 0.25
Iy L.oy2 -2.5L2 2.38 0.25
5 7.12 -1,95 0.60 0.25
G 3.48 -0.03 0.70 0.25
7 7.490 1.73 0.50 0.25
8 h,385 2,54 2,338 0.25
9 0.07 3.24 1.82 0.25
10 -4,19 3.10 1.72 0.0L
11 -24.30 -0.20 0.27 0.03
214-09
XLA in ZLA in S In ms in s in THS In G E
1.04 0.00 -4,23 0.00 6.37 0.03 4,00E+06 1.00E+07
SX 1b SZ I1b MX In=1b 1Y In=1b 1Z in-1b
0 10 0 0 0
CALCULATED DATA
XBAR ZBAR Elxx Elzz Elxz
0.55 -0.05 1.05E+09 6.00E+09 1.27€E+08
GRID PT X=ABAR 2-2ZLAR LOAD STRESS q In=-1b
1 -25,35 -0.387 0.00 0.00 -0.03
2 -4,.82 -3.24 0.00 0.00 -0.30
3 -0.30 -3.23 0.00 0.00 0.23
L 3.87 -2.39 0.00 0.00 0.79
s 6.57 -1.92 0.00 0.00 0.90
6 7.93 ~0.05 0.00 0.00 0.92
7 6.85 1.81 0.00 0.00 0.34
3 4,30 2.57 0.00 0.00 .23
9 -0.48 3.27 0.00 0.00 -0.28
10 -4.,74 3.13 0.00 2.90 -0.08
11 -25.35 -0.17 0.00 0.00 -0,09
SUPPLENMENTAL DATA
CELL 1 front CELL 2 rear
2A= 134,38 145,39
correction shear flowu -0.63 -0.06
0 due to torsion -0.14 -0.03
LATERAL LOCATION OF SHEAR CENTER AHEAD OF '1ID SPAR= 7.65
n
o
2
k4
w
(-]
N
[}
N




Z-8Z9€ WHOd

PAGE

LATERAL LOCATION OF SHEAR CENTER AHEAD OF MID SPAR=

PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY
5 A DIVISION OF LOCKHEFD AIRCRAFT CORPORATION 3’A' |0
o2 . J
CHECKED T MODEL
. cLi708
xFrRovED T 100 KW WINDMILL BLADE REFORT NG,
E 27153
BLADE SECTION PROPERTIES
VUIHDIIILL STA 568
INPUT DATA
GRID PT X in Z In A In2 T in
1 -21.17 -0.67 0.14 0.04
2 -3.03 -2.23 1.59 0.2
3 0.13 -2.22 1.31 0.25
4 4,09 -1.65 2.25 0.25
5 6.50 -1.21 0.37 0.25
G 7.27 -0.26 0.28 0.25
7 6.438 1.00 0.50 0.25
8 3.78 1.381 2,25 0.25
9 -0.05 2.18 1.31 0.25
10 -3.10 2.15 1.59 0.04
11 -21.17 -0.30 0.1y 0.038
.73
XLA in ZLA in XHS in s in NS in THS tn G E
1.00 0.00 -3.09 0.00 4,43 0.08 4,00E+00 1.00E+07
X 1b SZ 1b MX In=1b HY In=-1b NZ in-1b
0 10 0 0 0
CALCULATED DATA
AKCAR ZBAR Elxx Elzz El xz
0. 34 -0,00 4,29€+08 2.03E+09 2.85C+07
GRID PT X=-XBAR Z-ZBAR LOAD STRESS q in-1b
1 -22.01 -0.67 0.00 0.00 -0.09
2 -3.92 -2.23 0.00 0.00 -0.39
3 -0.G6 -2.22 0.00 0.00 0,28
LY 3.25 -1.65 0.00 0.00 1.1¢
5 5.66 -1,21 0.00 0.00 1.27
6 G.U3 -0.206 0.00 0.00 1.29
7 5.64 1.00 0.00 0.00 1.18
3 2.94 1.31 0.00 0.00 0.25
9 -0.39 2.18 0.09 0.00 -0.42
10 ~-3.94 2.15 0.00 0.c0 -0.11
11 -22.01 -0.30 0.00 3.00 -0.11
SUPPLEIENTAL DATA
CELL 1 front CELL 2 rear
2A= 74.49 36.79
correction shear flow ~1.04 -0.06
Q due to torsion -0.20 -0,04
5.91




Z-8Z9€ WHOJL

PREPARED BY DATE LOCKHEED.CALIFORNIA COMPANY PAGE
2 _.46 ’i 3/7 s A DIVISION OF LOCKHEFD AIRCRAFT CORPORATION 3'A,“
CHECKED T MODEL
| cL170%
1100 KW WINDMILL RBLADE  [merorre.
E 27153
BLADE SECTION PROPERTIES
WINDMILL STA 609
THPUT DATA
SRIV PT X in Z in A In2 T in
1 -19.1C -0.78 0.14 0.04L
2 =0.70 -1.84 1.56 0.25
> 2.00 -1.¢5 0.5 0.25
L 3.49 -1.50 0.75 0..,7
5 4.85 -1.20 .47 0.12
6 5.93 -1,02 0.12 0.12
7 b.5b -0.10 0,18 0.12
H 5.35 .97 0.18 0.12
q 4. 54 1.39 o0.47 0.537
10 3.22 1.75 0.75 U.25
1i 2.02 1.99 0.25 0.25
12 -fj. 43 1.8 1.56 0.0%
13 -19.10 -0.h8 0.14 0.12
¥ 640
ALA in 2LA in XHS in NS in HHS in THS in G E
1.00 0.00 -9.59 0.00 3.71 0.08 4.00E+00 1.00E+07
SX b SZ 1b 14X In-1b MY in=1b HZ in-1b
0 10 0 4] 0
CALCULATED DATA
XBAR ZLADR Clxx Flzz Elxz
0.92 -0.00 1.87E+0¢ 1.56E+09 4,13€E+07
GRID PT R=-XBAR Z-ZBAR LOAD STRESS q In=10L
1 -20.08 -0.738 0.0 0.00 -0.13
2 -1.062 -1.8%4 0.00 0.00 -0.20
3 1.17 ~1.85 0.00 0.00 0.09
4 2.57 -1.50 0.00 0.00 0.72
S 5.93 -1.2¢ 0,90 5.00 1.05
6 5.01 -1.02 0.00 0.U0 1.12
7 5.63 -0.106 0.00 0.00 1.10
8 45.93 0.97 0.00 0.00 1.07
9 5.02 1.39 0,00 0.00 0,74
10 2.50 1.73 J.00 0.0Y 0,37
11 1.10 1.99 0,00 0.0V ~0,17
12 -1.40 1.8 9.00 Q.00 -0, 14
13 -20.08 ~0.435 0.00 0.00 -0.15

SUPPLENENTAL DATA

CELL 1 front CELL 2 rear

2A= 43,60 .35
correction shear flow -1.50 -0,08
N due to torsion -0.2¢8 -0.07

LATERAL LOCATION OF SHEAR CENTER AHEAD OF 'HD GSPAP= 3.29




Z-MZ9E NWHOA

PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY FAGK
ﬂ %r% 3/75 A DIVISION OF LOCKHEFD AIRCRAFT CORPORATION 3.A"2
CHECKED T MODEL
! cL1770
e T 100 KW. WINDMILL BRLADE REPORT NO. L
E 27183
BLADE SECTION PROPERTIES
WINDMILL STA 653
INPUT DATA
GRID PT X In ZIn A In2 T In
1 -17.08 -0.50 0.14 0.04
2 0.95 -1.52 0.37 0.37
3 1.86 -1.45 0.26 0.25
i 3.08 -1.33 0,40 0.12
5 h.42 -1.17 0.12 0.12
6 5.34 -0.86 0.12 0.12
7 5.88 -0.08 0.14 0.12
8 5.28 0.70 0.12 0.12
g 4,37 1.19 0.12 0.12
10 3.13 1.43 0.40 0.25
11 1.86 1.56 0.26 0.37
12 0.98 1.61 0.37 0.04
13 -17.08 -0.18 0.14 0.12
§ 296
XLA In ZLA In XMS In IMS In HMS In T™™S In G E
1.00 0.00 1.86 0.00 3.01 0.12 4.00E+06 1.00E+07
SX 1b SZ 1b MX tn=1b MY In=-1b MZ in-lb
0 10 0 0 0
CALCULATED DATA
XBAR ZBAR Elxx Elzz Elxz
0.88 -0.01 S.08E+407 1.06€+409 1.72E+07
GRID PT X=-XBAR Z-ZBAR LOAD STRESS q In=1b
1 -17.96 ~0.49 0.00 0.00 -0.23
2 0.07 -1.51 0.00 0.00 0.89
3 0.98 -1l.44 0.00 0.00 ~0.87
[ 2.20 -1.32 0.00 0.00 0.20
5 3.54 -1.16 0.00 0.00 0.50
6 L4.ub6 -0.85 0.00 0.00 0.73
7 5.00 0.07 0.00 0.00 0.78
8 4,40 0.71 0.00 0.00 0.62
9 3.49 1.20 0.00 0.00 0.34
10 2.25 l.44 0.00 0.00 -0.77
11 0.98 1.57 0.00 0.00 0.94
12 0.10 1.62 0.00 0.00 -0.26
13 -17.96 -0.17 0.00 0.00 -0.29

SUPPLEMENTAL DATA

2A=
correction shear flow

Q due to torslion

CELL 1 front CELL 2 rear

18.25 67.74
-2.26 -0.11
=0.54 -0.18

LATERAL LOCATION OF SHEAR CENTER AHEAD OF MID SPAR= 1.36




Z2-BZ9€ NHOL

PAGKE
PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY
ﬂ ﬁ’( "% 3/7‘ A DIVISION OF LOCKHEFD AIRCRAFT CORPORATION 3.A . l3
MODEL
CHECKED 'lr ’ K CL‘7°8
APPROVED I 0o W W | N DM ‘ LL. BL—-A D E REPORT NO.
E .2‘7!:2;3
BLADE SECTION PR.OPE".KTIF:S_
WINOMILE STA 697
INPUT DATA
GRID PT X In ZIn A In2 T In
1 =14.97 -0,43 0.14 0.04
2 1.02 -1.20 0.37 0.37
3 1.85 -1,08 0.26 0.25
4 2.84 =-1.12 0.25 0.12
S 3.80 -0.95 0.12 0.12
6 4,72 -0.72 0.10 0.12
7 5.20 -0.18 0.10 0.12
8 4,72 0.50 0.12 0.12
9 3.80 0.93 0.12 0.12
10 2,82 1.10 0.25 0.12
11 1.90 1.18 0.26 0.12
12 1.02 1.25 0.37 0.04
13 «14.97 -0.15 0,14 0.12
260
XLA In ZLA In XMS in ZIMS In HMS In T™MS . In G E
1.00 0.00 1.87 0.00 2.26 0.12 4,.00E+06 1.00E+07
SX 1b SZ 1b MX in=ib MY In-1b MZ In-1b
0 10 0 0 0
CALCULATED DATA
XBAR ZBAR Elxx Elzz Elxz
0.57 -0.03 2.74E+07 7.98E+08 1.17E+07
GRID PT X=XBAR Z~ZBAR LOAD STRESS q In=1b
=-15.54 -0.40 0.00 0.00 =0.31
2 0.45 -1.17 0.00 0.00 1.32
3 1.28 -1,05 0.00 0.00 -0.95
4 2.27 -1.09 0.00 0.00 0.08
S 3.23 =0.92 0.00 0,00 0.53
6 4.15 -0.69 0.00 0.00 0.80
7 4.63 -0.15 0.00 0.00 0.88
8 4.15 0.53 0.00 0.00 0.67
9 3.23 0.96 0.00 0.00 0.25
10 2.25 1.13 0.00 0.00 -0.75
11 1.33 1.21 0.00 n.oo 1.61
12 0.45 1.28 0.00 0.00 -0.34
13 -15.54 -0.12 0.00 0.00 =-0.540

SUPPLEMENTAL DATA
CELL 1 front CELL 2 rear

2A= 11,70 47.67
correction shear flow -3,00 -0.15
Q due to torslion -0.69 ~0.24

LATERAL LOCATION OF SHEAR CENTER AHEAD OF MID SPARs 1.09




T-829¢ WHOA

PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
& %7 3/75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION I A4
CHECKED T MODEL
! cL 1709
APPROVED I loo K!w' Wl N D Nl I LL BLAD E, REPORT NO.
3 27/(93
CASE {, MEAN LOADS.
WINDHILL STA 48.00
SX 1b SZ b MX In=1b MY In-1b MZ In-1b
30 3330 0 0 0
CALCULATED DATA
XBAR ZCAR El xx Elzz Elxz
1.60 0.22 1.88E+10 2.65E+10 2,20E+07
GRID PT X=-XBAR Z-ZBAR LOAD STRESS q in-1b
1 -40.16 -2.72 0.00 0.C0 -16.60
2 -7.08 -12,03 0.00 0.00 -102.21
3 -0.65 -11.64 0.00 0.00 64,65
4 G.40 -8.90 0.00 0.00 202,76
5 10,54 -5.15 0.00 0.00 227.12
G 11.50 0.63 0.00 0.00 218.36
7 9.62 6.33 0.00 0.09 186.13
3 5.10 9.65 0.00 0.090 26.73
3 -2.53 11.50 0.00 0.00 -128.63
10 -8,51 10,96 0.00 0.00 -30.068
11 -40.16 -0.73 0.00 0.00 -25.38
SUPPLE!ENTAL DATA
CELL 1 front CELL 2 rear
2A= 741,18 809.39
correction shear flow -217.61 -22.96
Q due to torsion ~-7.49 -2,91
14Y @ shear center= -7910.11
sum 2A*q= 2,45LE+05
Vertical imbalance= -0.00

q @ mid spar= 19

9,23




Z-8Z9€ WHOJ

PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY FAGE
& .L&’fyvé/ 3/75 A DIVISION OF LOCKHESD AIRCRAFT CORPORATION 3A.LS
CHECKED T MODEL
1 CLIT70%
APPROVED I loo KW WlNDM‘LL BLADE REPORT NO.
E 27183
CASE | MEAN LOADS
RIB REACT.QSTA $1.59
SX 1b SZ Wb X In=1L LY in=1b iZ in=1Db
-68 ~11920 V] 6700 7 o]
CALCULATED DATA
XBAR ZLAR Elxx Elzz Elxz
1.02 -0.05 1.590+10 2.95E+10 9.0CE+03
GRID PT X=-XBAR 2-IBAR LOAD STRESS qg in-1b
1 -39,42 -2.43 0.00 0.00 30.6€3
2 -7.68 -10.73 06.00 0.00 134,22
3 -1.16 -10.69% 0.00 0.400 -97.6G5
13 6.12 ~3.40 0.00 0.00 =302.75
5 10.51 -5.23 0.6G9 0.00 =34, 17
6 12.96 0.15 n.ng 0.00 -346.32
7 10.58 5.55 3.00 0.190 -307.39
3 6.10 8.93 .00 0.10 -89.33
9 -1.4Y4 10.85 0.00 0.900 134. 07
10 -7.50 10.43 0.00 0.10 32.92
11 -39.42 -0.23 0.00 0.00 37.03
SUPPLENENTAL DATA
CELL 1 front CELL 2 rear
2A= 697,75 743,30
correctlon shear flow 237.47 26.34
0 due to torsion 38.85 10.74
1Y Q shear center= 35095.47
sum 2Axq=-3_199E+05
vertical inbalances= 3,049
q d nid spnar= -239,24




2-8THE KHOS

1Y @ shear center= ~13136.87
sum 2Axq= 7,22LE+04
imhalance= 0n.n00

58.27

vertlical

q @ mid spars=

PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
ﬂ .éc 'ﬁ 3 /—75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3 A, [[
CHECKED MODEL
H 100 K CLiIT0%
AFPROVED T WoWINDMILL BLADE. REPORT NG,
E 2718 ?
CASE |, MEAN LOADS .
WINDRILL STA 81.50
SX 1b SZ b MX tn-1h MY In-1b MZ In-1}
-1080 2665 305500 -6760 -38200
CALCULATED DATA
XBAR ZBAR Cixx Flzz Fixz
1.02 -0.05 1,59E+10 2,.93E+10 9.N8E+08
GRID PT X=XBAR Z-ZPAR LOAD STRESS q tn=1b
1 -39.42 -2.h3 476.37 7,33 -18.15
2 -7.68 -10.73 3628.85 2109.80 =50.66
3 -1.16 -10.G69 5962 .39 2055,00 n.58
4 €.12 -8.40 4904.23 1565.78 54,37
5 10.51 -5.23 927.42 227.42 67.7n
6 12.06 0.15 -213.15 -114,21 75.°0
7 10,538 5.55% -1138.2% -1138.24 72,01
& 6.10 8.93 -5805.94 -1754.06 30.34
9 -1.4% 10.85 ~5688 .45 -2068.53 -22.02
10 -7.50 10.43 -3345.72 -1345,18 0.32
11 -39.42 -0.23 206,64 322,87 -10.11
SUFTFLELELTAL DATA
crlL 1 front CELL 2 rear
2A= 637.73 743.30
correction shear flow -53.7§ -6.07
(} due to torsion -14,.61 -4.04




T-H8Z9E€ WHO4

PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
2 é £ "ﬁ 3/75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3IANT
CHECKED T M?IE.L|708
I
TrrrovED 1100 KW, WINDMILL BLADE REroRT o,
E z7/ 53
CASE MEAN LOADS .,
WINDMILL STA 125
SX 1b SZ 1bh MX In-tb MY In-1b MZ In-1b
-790 2760 287800 -1750 -52240
CALCULATED DATA
XBAR ZBAR Elxx Elzz Elxz
0.85 -0.16 1.24E+10 2.75E+10 1.28E+09
GRID PT X=-XBAR 2-2BAR LOAD STRESS q in-1b
1 -38.97 -2.02 u64,25 786,86 -19.43
2 -8.53 -9,24 3787.38 2201.97 -46.42
3 -2.05 ~9,32 6176.44 2167.17 11.35
4 S.47 -7.60 5450.69 1708.68 73.03
S 10.28 -4.67 1241,72 993,38 91.28
6 12.45 -0.20 -74.26 -55.42 98. 44
7 11,20 .56 -1428.75 -1143,00 91.06
8 6.52 7.86 ~5951.45 -1865.66 §2.57
9 -0.93 9.63 -6306.14 ~2212.68 =-20.49
10 -7.35 9.26 -3568.29 -2074.59 -4.27
11 -38,97 -0.14 208.42 353.25 -13.10
SUPPLEMENTAL DATA
CELL 1 front CELL 2 rear
2A= 632.44 630.93
correction shear flow -53.96 «7.96
Q due to torslion ~-16.31 «5.14

MY @ shear centeirs= -13561.03

sum 2A»q= 7.565E+0Y

Vertical

q @ mld spars=

Imbalance=

57.18

0.00
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PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
ﬂ. ﬁ‘ ‘{# 3/75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3- A' 's
CHECKED T MODEL
. cL 1708
APPROVED : ‘00 KW‘ W‘NDM { Ll"‘ BLADE‘ . REPORT NO.
E 271 ﬁig.
CASE 1. MEAN LOADRS.
diene L STA 137.5
SXi 1h SZ 1'bh !X in=1b MY In-1k {7 In-1h
~450 2800 261600 -118n =5827n
CALCLLATED DATA
XEAR ZBAR Tixx Elzz fixz
1.22 -0.,12 0.21E+4G2 1.510+10 3.507+00
GRID PT X=XPAR YAYAH LOAD sSTRESS q In=1b
1 39,80 -1.51 358.7% 1121.0) -17,01
2 -3.82 ~7.59 L365,26 ?2532.71 -52.43
3 -3.10 -7.67 637,04 2477.00 18.21
4 .51 -f.12 Sou6, 18 1864, 01 21.08
5 J. 05 =h.26 1h32.F7 1194.93 114,02
6 11.80 n,on -3r3,25 -255,36 120,01
7 7,46 4,77 =2980,74 =15°%.61 1ny, 0k
. 5.346 .56 =57%n,70 -2165.05 49,18
9 -1.00 7.73 -72583.,74 =2h22.61 -22.67
16 -3.54 7.42 =350 .51 -2212.k5 -G,19
11 ~39.30 -0.30 236,10 737.94 -13.72
SUPPLEL ELTAL DATA
CrLL 1 front CFLLL 2 rear
2A= 530.45 422,59
correction shear flow -(7.97 -2.26
(1 due to torsion ~19.07 -5.46
MY Q0 shear center= =12505,83
sum 2A*q= 7,915%54+404
Vertical imhatance= 5,00

a ¢ mid spars=

73.31-
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PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
a %4 3/75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3.A l,
CHECKED T MCEEL ‘70 8
! |
|00 KW WINDMILL RLADE
€ 27153
CASE |, MERNLOAD%.
WINDL L STA 235.0
SX b SZ Wb X in=ML I in-1b MZ in-1b
~235 2750 241200 -780 -543500
CALCULATED DATA
XBAR ZBAR Elxx Elzz El xz
0.495 0.02 5.99E+09 1.68E+10 9,24E+08
GRID PT A=-XBAR Z2-1ZBAR LOAD STRESS q in-1b
1 -37.20 -1.50 314,20 981.87 -18.88
2 -9.17 -6.74 4305.46 2793.87 -54,21
3 ~-3.22 -6.92 7120.60 2804.92 24.64
4 .19 -4,8h 6046,.27 1895.38 102,20
5 9.15 -3.84 1804.70 143,76 129.45
G 11.39 0.05 -172.50 -133.00 135,27
10.03 3.55 -11n4.90 -1526.53 126.12
8 6.23 5.440 -0599.91 -2244,87 59.55
9 -1,19 6.75 -80863.67 -2694,56 -306.13
10 -7.99 6.46 -4313.12 -2507.63 -11.33
i1 -37.20 ~0.32 162,89 509,03 -15.99
SUPPLENENTAL DATA
CELL 1 front CELL 2 rear
2A= 439,20 410.51
correction shear flow =-76,63 ~9.62
1 due to torsion -21.80 ~b.37
1Y & shear center= -12191,22
sum 2Axq= 7.425E+04
vertical inmbalance= -0.00
q 4 nid spar= 32.45




C-HZ9E WHOA

P;PARED BY"% 3/75

DATE

LOCKHEED-CALIFORNIA COMPANY

PAGE

A DIVISION OF LOCKXHEED AIRCRAFT CORPORATION 3. A.20
CHECKED T MODEL
] CL!70%
APPROVED I 10 © K'W' WIN DN\ oL B L'A D E- REPORT NO.
£ 27183
CASE |I. MEAN | OADS.
WINDMILL STA 301
SX b SZ 1b MX tn=1b MY in-1b MZ in-ib
-175 2620 212850 -100 -43300
CALCULATED DATA
XBAR ZBAR Elxx Elzz Elxz
0.69 -0.06 4L.19E+09 1.32E+10 3.90E+08
GRID PT X-XBAR Z~2ZBAR LOAD STRESS q In=-1b
1 -33,79 -1.17 369.14 1190.77 -16.18
2 -7.61 -5,61 $107.07 2969.23 -58,.53
3 -2.11 -5,72 7200.88 2927.19 28,03
4 4.19 -4,80 6323.10 2350.60 112.53
5 8.12 -3,50 1624 .09 1624.09 137.04
6 10,63 -0.34 -19.41 ~-16.88 143,35
7 9.03 3.22 -1786.99 -1786.99 126.02
8 5.50 L.68 «6622.60 -2461,93 51.79
9 -1.13 5.72 -7891.61 ~-2869.68 -47.79
10 ~7.63 S.46 -4511.50 -2622.97 -12.10
11 -33.79 -0,.14 207.83 670.42 -15.14
SUPPLEMENTAL DATA
CELL 1 front CELL 2 rear
2A= 344,97 316.67
correction shear flow -91,91 -9.48
Q due to torsion -21,93 -5.66
MY @ shear center= =-9358,65
sum 2A*q= 6.510E+04
Vertical imbalances= -0.00

q @ mid spars=

98.70
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PREPARED BY . ATE LOCKHEED-CALIFORNIA COMPANY PAGE
a g C v 3/75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3,Ac 2—'
CHECKED T MOCDEt_‘ !708
]
— r 10 O KW.WINMILL BRLADE . e
£ 2715 2
CASE |, MEAN LOADS.

WINDMILL STA 389.0
SZ 1b MX In-1b MY In-1b MZ In-1b

$X b
50

CALCULATED
XBAR
0.54

GRID PT

WOOSNNAWNE WN

10
11

2330 169000
DATA

ZBAR Elxx Elzz
-0.13 2.28E+09 g,

X=XBAR' Z-28BAR
-29.34 -1.19
-6.24 -4,34
-1.84 -4.38
3.89 -3.61
8.40 -2.13
9,53 0.13
8.18 2.40
4,86 3.62
-0.68 .46
-6.04 4,28
-29,34 -0.05

SUPPLEMENTAL DATA

CELL 1 front
2A= 227,33
correction shear fliow -99,59
Q@ due to torsion =-31.94
MY @ shear center= =9314.15
sum 2A+q= 5,007E+0b
vertical Imhalances 0.00

q 4 mid spar=

110.43

-190 -34260
Eixz
22E+09 2.52E+08
LOAD STRESS
413,10 1376.99
5694.63 3310.83
5943,97 3265.92
8296.38 2600.75
1074.19 1432,26
-152.80 -254,67
-1430,27 -1907.03
-7373.19 -2751.19
-7374.08 -3277.317
-5252.64 -3053.86
160.71 535.71
CELL 2 rear
226,28
-12,03
-9.07

q In-1b
-19.43
-55.89

24,93
145,59
163,38
163.89
146.90

s0.73
-52.14
-19.28
-21,10
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PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
A %,‘% 3/75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3.A27
CHECKED T M°°EL705
! Cit
APPROVED I 'oo KW wlNDM | LL BLADE REPORT NO.
E 27153
CASE I.MEAN LOADS.
WINDHMILL STA 477
SX 1L SZ b MX in-1b MY In=-1b MZ In-1b
95 1905 117000 -80 -23140
CALCULATED DATA
XBAR ZBAR Elxx Elzz E!lxz
0.55 -0.03 1.05E+09 6.00E+09 1.27€E+08
GRID PT X=-XBAR Z-ZBAR LOAD STRESS q In-1b
1 ~25.35 -0.87 363.97 1348.05 -14,39
2 -4,.82 -3.24 6283.93 3653.45 -55,00
3 -0.80 -3,23 6195.91 3581.45 45,55
[ 3.87 -2.39 6148.01 2583.20 150. 31
5 6.57 -1.92 1214.00 2023.33 172.00
6 7.93 -0.05 ~43,36 -61.94 173.91
7 6.85 1.81 -1049,59 -2099.18 158,38
8 4.30 2.57 -6901.11 =-2§99.62 50.49
9 -0.48 3.27 -6552.02 ~-3600.01 -56,94
10 -4, 74 3.13 -5815,05 -3380.84 -16.42
11 ~25,35 -0.17 155.30 575.18 -17.11
SUPPLFHENTAL DATA
CELL 1 front CELL 2 rear
2A= 134,82 145,39
correction shear flow -129,15 -10.69
Q due to torsion -27.30 -6.42
1Y Q@ shear center= -4612.93
surr 2A*q= 3,353E+04
Vertical lmbalance= -0.00

g @ nid spars= 139,34
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a 3 nid spar=

123.24

PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
d%, ,é( 3/75 A DIVISION OF LOCKXHEED AIRCRAFT CORPORATION 3. A.23
CHECKED T M(éI:EL‘ 70 g
! L
APPROVED I_ 100 K_W_ WINDM | BLADF— REPORT NO.
E 7153
CASE I.MEAN LOADS,
WiniiLL STA 5RKS
5% SZ b X in=1b NY in=tb NZ In-1b
100 1100 64160 70 =12450
CALCULATED DATA
XBAR ZBAR Elxx Elzz Elxz
0.34 -0.00 4,29€+03 2.63E+09 2.83E+07
GRIL PT X=XBAR Z-1BAR LOAD STRESS q in-1b
1 -22.01 -0.67 233,19 1665.64 -8.89
2 -3.92 -2.28 5589.,79 3515.59 -38.83
3 -0.66 -2.22 4357.57 3326, 39 35.60
4 3.25 -1.65 5301.29 2356.13 129.68
5 5.66 -1.21 601.53 1625.75 140, 89
U 6.43 =-0.26 51.61 184,32 142,54
7 5.04 1.00 -336.05 -1672.10 129,39
b 2.94 1.31 -6296.63 ~2793.50 24,12
9 -0.389 2.18 -4236.09 ~-3233.66 -49.03
10 -3.94 2.15 -4922.07 -3095.064 -12.97
11 -22.01 ~-0.30 155.83 1113,41 -11.59
SUPPLENLCHTAL DATA
CELL 1 front CELL 2 rear
2A= 74.49 36.79
correction shear flow -114.13 ~7.13
N due to torsion -20.70 -4, 46
tiY J shear center= =-19Y29,23
sum 2A*qg= 1,5G61lE+0h
Vertical imbalances=s -0.00




T-WEOE WMANOL

WINOMILL STA. 609

q Q nid spar= 170.37

SX 1b SZ b NX In-1b UY In=1b NZ in-1b
85 1055 40000 75 =7950
CALCULATED DATA
XBAR ZBAR Elxx Elzz Elxz
0,92 -0.00 1.87E+08 1.56E+09 4. 18E+07
GRID PT X=XBAR Z-ZBAR LOAD STRESS
1 -20.08 - 3 213.97 1523.36
2 -1.62 ~1.0h 6056.07 39n1.33
3 1.17 -1.85 1378.93 3939,381
L 2.57 -1.50 2401.31 3202.42
5 3.93 -1.20 1208.53 2571.35
G 5.01 -1.02 265.32 2194 .33
7 5.63 -0.16 65.72 365,09
3 4.933 0.97 -363.60 -2047.77
9 3.62 1.39 -1386G.91 -24951.04
10 2.30 1.73 -2762.90 ~-3683.87
11 1.10 1,99 “976.45 -4245,43
12 -1.40 1,87 ~6247.87 -4005,04
13 «20,08 ~0.43 124,45 883.93
SUPPLEHENTAL DATA
CELL 1 front CELL 2 rear
2A= 43.68 74,33
correction shear flow =-157.96 -3.57
Q due to torsion -27.73 -6.75
NY 0 shear center= -1713,02
sum 2A*q= 1,100E+04
Vertical Imbalance= -0.00

PREPARKED BY DATE -
2 % - ,% 3/7 S }\-ngl's(lg'NEgFDLb%:HLEIEF;c/)u'::R'AAFT Soor«i:zzﬂm: PAG; LA 24
CHECKED T MOD
] CLIT0%
APPROVED r 100 KW WINDNMILL BLADE ‘ REPORT NO
l 27153
CASE |, MEAN LOADS

q In-1bL
-11.91
-25.29

13.52
78.62
112,07
119,52
122,07
115,03
77.70
5.95
=19,66
-1G.35
=-15,32




T-8Z9€ WHOA

PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
ﬂ%"é/ 3/75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3. A.25
CHECKED T M%,i':‘70§
i
APPROVED : loo KW W‘NDM‘LL BL'ADE REPORT NO.
E 2:715j}

CASE . MEAN LOADS.

WINDMILL STA 653

sX 1b SZ 'b MX In=1b MY In-1b MZ In-lb
60 740 19800 120 -4570
CALCULATED DATA
XBAR ZBAR Elxx Elzz Etxz
0.88 =0.01 5.08E+07 1.06E+09 1.72E+07
GRID PT X=XBAR Z-ZBAR LOAD
1 -17.96 =-0.49 217.8%
2 0.07 -1.51 2213.34
3 0.98 =-1.44 1468.42
[ 2.20 -1.32 2081.84
5 3.54 -1.16 §75.98
6 4.48 -0.85 427,19
7 5.00 -0.07 52.91
8 4,40 0.71 =-333.54
9 3.49 1.20 -574.76
10 2,25 1.44 -2223.79
11 0.98 1,57 -1584.03
12 0.10 1.62 ~2364.53
13 -17.96 -0.17 43,12
SUPPLEMENTAL DATA
CELL 1 front CELL 2 rear
2“. 180 25 67. 7“
correctlon shear flow ~166.95 -7.91
Q due to torston ~36,.96 ~12.43

MY @ shear center= <=1516.45
sum 2A*q= 4.583E+03

Vertical Imbalances 0.00
q @ mld spar= 183,58

STRESS

1556.10
$902.24
S647.77
5204,61
4607.87
3417.51
386,21
~2668, 34
-4598.10
~5559,48
-6092. 44
-6305.'.1
307.97

q In-1b
-14.80
68.15
-60.15
13.77
40,81
57.40
60.10
48.18
27.11
-55.27
69.23
~19,32
~20.33




T-HZ9E WHO4

PREPARED BY DATE
LOCKHEED-CALIFORNI E
42' &;,‘%3/75 A DIVISION OF LOCKHEED AI??(TR::T (c:oonro';:n%: PA; LA 2_‘
CHECKED T MODEL
t
—— v 100 XwW. WINDMILL BLADE. Riox;u‘los.
T NO.
= 21183
CASE |, MEAN LOADS.
WiNoMiLL STA 697
sX b SZ 1b MX in=1b MY In=-1b MZ in-1b
-40 400 8470 200 -2270
CALCULATED DATA
XBAR ZBAR Elxx Elzz Elxz
0.57 -0.03 2.74E+07 7.98E+08 1.17€+07
GRID PT X-XBAR Z-1BAR LOAD STRESS q in-1b
1 -15.54 -0.40 137.64k 983.18 -10.90
2 0.45 -1.17 1364.74 3639.30 54,21
3 1.28 -1.05 853,27 3281.82 -31.97
(1 2.27 -1.09 855.63 3422.50 9,70
5 3.23 -0.92 364.05 2912.39 27.74
6 4.15 -0.69 221.58 2215.81 39.03
7 4.63 -0.15 55.18 551.79 42,50
8 4,15 0.53 -195.26 -1562.06 34,19
9 3.23 0.96 -363.66 -2909.24 17.67
10 2.25 1.13 -863,08 ~3452.32 -22.217
11 1.33 1.21 -966,08 -3715.69 59.82
12 0.45 1.28 -1480.28 -3947.40 «10.15
13 «15.54 -0.12 16,26 116.13 -13.41
SUPPLEMENTAL DATA
CELL 1 front CELL 2 rear
2A= 11;70 47.687
correction shear flow -120.13 6,20
Q due to torslon -20.60 -7.21
MY @ shear center= -584.79
sum 2A*q= 2.138E+03
Vertical imbalance= 0.00
q @ mid spar= 127.32




Z2-829€ WYOA

PREPARED BY DATE o EED. PAGE
4 %,,ﬂ 3/75 'A-DISI}S(I:N OEFDLO%:HLEIEEOAI’???RIAAFT go?z:;':;ﬁréz 3.A. .27
CHECKED T MODEL 3
' CLi70
APPROVED N 100 KW, W'NDN) ILL BLADE. REPom!No.
E 27153

CASE 2. MEAN LOADS.

WINDMILL STA 43.00

SX 1b SZ Wb X in=1b 1Y in-1bL NZ in-1b
-4L2690 16500 0 0 0
CALCULATED DATA
XBANR ZBAR Elxx Elzz El xz
1.60 0.22 1.88E+10 2.65E+10 2.20E+07
GRID PT X~XBAR Z-ZBAR LOAD STRESS qQ
1 -40.16 '=-2.72 0.00 0.00
2 -7.08 ~12.03 0.00 0.00
3 -0.65 -11.064 0.00 0.00
4 6.40 -3.90 0.00 0.00
5 10.54 =5.15 0.00 0.00
6 11.5¢0 0.65 0.00 0.90
7 9.62 6.33 0.00 0.00
g 5.10 3.65 0.00 0.00
9 -2.58 11.50 0.00 0.00
190 -8.51 10.96 0.00 0.00
11 -40,16 -0.78 0.00 0.00
SUPPLENENTAL DATA
CELL 1 front CELL 2 rear
2A= 741,18 309.39
correction shear flow -433.30 -42,50
Q due to torsion -17.49 -6.79

MY O shear center= -18464,90
sum 2A=q= 4, 759E+05
-0,00

Vertical imbalance=

q @ nid spar= 401.49

in-1b
=379. 44
-797.47
-532.438
44,69
259.47
627.73
727.30
719.62
328.62
239.34
=49, 30




T-8Z9E& WYHO4

PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
d ,ﬂ,', 3/7 5 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3.A.28
CHECKED T MODEL

' C L1708
— T 100 KW. WINDMILL BLADE. e

E 27153

CASE 2, MEAN LOADS,

RIB REACT.JSTA 81.59

S 1b SZ 1YL A in=1b 1YY fn-1b  UZ Tp-T0
406100 -25060 [¢ 47500 9

CALCULATED DATA

XBAR ZEAR Elxx Elzz Slxz
1.02 -0.05 1.59L0+10 2.95E+10 9,08E+08

SR1D °T R=4XBAR Z-2BAR LOAD STPESS q
1 ~39.42 -2.45 n.0on 0.00
2 -7.68 -10.73 0.0¢ 0.00
3 -1.16 -10.69 n.00 0.00
h 6,12 -2.4n 0.00 0.0n
5 10.51 -5.23 0.90 0.00
5 12,06 0.15 0.00 0,00
7 10.58 5.5%5 3.00 0.¢0
g G.10 8.93 0.00 0.04
a -1.44 10,80 0.00 0,00
10 ~-7.590 10,43 A 0.51
11 ~39.42 -0.25 0.0¢ 0.00

SUPPLLIENTAL DATA

CELL 1 front CELL 2 rear

2A= 697.75 743, 350

correction shear flowv 527.94 63.07

N Jdue to torsion 123,26 3,608

7Y J shwear center= 111350.37

surn 2A*q=-7,020C+05
0.00

Vertical imbalance=

q 3 nid spar= =554 .04

in-1b
479.34
940,08
577.03
=285.4h3
-542.49
-911, 26
=t90,13
~824, 4t
=202.95
=500.00
97.15
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PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
Q ‘ £ ”ﬁ‘ 3/75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3. A 2_9
CHECKED T ME'DE: ' 70 8
1 . - SAS
APPROVED : 100 KW*W'NDM‘L’L BLAD‘: . REPORT NO.
E 2779 52

CASE 2 .MEAN LOADS.

WINPMILL STA 81.50

1Y o shear center= =-530£09,29
sum 2A%g= 1.20S5F+45
3.00

Vertlical Imbhalance=

q & nid spars 139,83

X 1L SE W LA Tn=1th 1Y in-1F 17 in-1h
-51u% L5590 75400 ~475¢ 1380007
CALCLL O Lo wATA
ADAR LBAR lxx Flzz Tixz
1.02 -h.05 1.690+410 Z.030+17 9.081.+08
Cnl s P1 A-aland L=LBAR LOAD STRFCS
1 =397.52 ~2.4h3 -1124%2.°81 ~-17568,90
2 -7,68 -10.73 2MI5.73 1208.57
3 -1.186 -11.69 12L05.15 5277.04
IN H.12 -3.40 21343%,08 5690.381
5 10,01 -5.23 7335.33 7335.33
0" 12.°0¢ 0.15 16778, 0° 5643 .45
7 10,50 5.55 2514 .7 2604,87
3 6.0 8.93% -37080,70 -1142,23
1 -1l.kh 10,85 -183,° .52 =5579,1"
16 -7.59 10,43 =14295.17 -0258.87
11 =3%.h2 -0.23 =11872.4%5 =1%500.08
SUPPLELCIITAL DATA
CrilL 1 front CriL 2 rear
2A= 607,73 h3.30
correction shear flou =74.0C -11.n
n due to torsion -£5.20 =15.03

q In=-1h
-71.04
~171.11
-84.63
31.60
66,68
1n3.43
111.40
cn.37
-30.15%
17.18
-29.N03




Z-829E WHOA

PREPARED BY | DATE LOCKHEED-CALIFORNIA COMPANY PAGE
ﬂ 44,_',‘# 3/‘75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3.A.30
CHECKED T MODEL
} 100 KW, WINDMILL BLADE cLi70%
APPROVED L REPORT NO.
£ 2718 3
CASE 2. MEAN LOADS.
WINDMILL STA 125
Sx b SZ 'b MX In-lb MY In=-1b MZ In~ib
~4640 4910 698700 -43040 1129000
CALCULATED DATA
XBAR ZBAR Elxx Elzz Etxz
0.85 -0.16 1,24E+10 2.75E+10 1.28€E+09
GRID PT X=-XBAR Z-ZBAR LOAD STRESS q {n-1b
1 -38.97 -2.02 -9358.49 -15861.85 -77.62
2 -8.53 -9.24 3221.17 1872.77 -174,.64
3 ~-2,05 -9.32 13575.25 4763,25 ~-75.52
4 5.47 -7.60 22383.20 7016.68 57.78
3 10.28 -4.67 9183.45 7346.76 106.13
6 12.45 -0.20 7482.27 5583.78 138.61
7 11.20 4.56 2681, 00 2144, 80 141,33
8 6.52 7.86 ~-6098.59 -1911.78 76.57
] -0.93 9.63 -17823.94 -6254.01 -42,09
10 -7.35 9.26 -15213,20 -8844,89 3.51
11 ~-38.97 -0.14 -10032.11 -17003.58 ~39,35
SUPPLEMENTAL DATA
CELL 1 front CELL 2 rear
2Am 632.44 630.93
correction shear flow =-97.50 -15.02
Q due to torsion -77.18 -24.33

MY @ shear center= ~64160,.88
sum 2A+*q= 1,379E+05
Vertical Imbalances= 0.00

q @ mid spar= 135.32




2-82Z9¢& WHOd

PREPAREC BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
Q w,j 3/75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION B,A,Bl
CHECKED T MOCDEL 7og
1 (]
APPROVED I l 00 K Wc \N ‘ N D N\ ‘ LL BLA D E . REPORT NO.
E 27153
CASE 2. MEAN LOADS,
LINGMILL. STA 187.5
S% 1bh SZ th X in=1b MY In<'h I'Z In-1b
-3510 499N 66231n =371000 8R2200
CALCULLATFED DATA
ABAR ZEAR Flxx Elzz Fixz
1.22 -0.12 8.21E+09 1.010+10 3.50%+08
GRID PT A=-XPAR 7-ZCAR Loap STRFSS q In-1h
1 -39.80 -1.51 -5797.86 -18118.31 -65.82
2 -3.82 ~7.59 2822.53 1641.01 -190,95
3 -3.1: -7.07 14190,25 5064.33 -7%.17
" 4.59 -6.12 23739.59 741,58 80,53
5 a.45 -4.26 1€326,28 §261.03 140.9%
G 12.30 0.20 8596.75 5£82.30 150.15
7 1.40 4,77 652.21 £21.77 167,33
H 5.30 §.53 S R AT -%613.n5 91,24
3 -1.30 7.73 -~22233.23 -7411.08 -66.01
10 -85.54 7.42 -183111.77 -1053n,19 -11.69
11 -39.39 -0,30 -(122.92 -17154.01 -33,92
SUPPLIIENTAL DATA
crLL 1 front CCLL 2 rear

2A=

-
30,45

corrcctlion shear flow -122,.02

0 due to torslon
1Y & shear centers
sun Zhax=q= 1.,4190+05
vertical imbalance=

q 4 rild spars= 1¢8

-8C.15

-57850.23

a.00

.13

LIZ.RD
-15.31

=24 .67




Z-8T9€ WHOA

PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
o ﬁ < 1% 3/75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3 A. 32
CHECKED T MODEL

| CL1T70%®
APPROVED I I OO KW’ WIN &) N‘ Y BL—AD = REPORT NO.

E NS 3

CASE 2.MEAN LOADS .

WINDMILL STA 235.0

$X b SZ
=3344 48

CALCULATED DATA
XBAR ZLBAR
0,935 0.0

GRID PT X-XBb

€2 NN IO

Y
10
11

SUPPLIIENTAL DATA

2A=
correction shear f

Q due to torsion

sumn 2A*g= 1,322E+0
Vertical

q @ nid spar= 18

Imbalance=

L X in=-1b 1Y in-1b NZ in-1b
40 592500 -32230 700800
Elxx Eizz El xz
2 5.99E+09 1.63E+10 9.24E+08
AR Z-Z0AR LOAD STRESS
-37.20 -1.50 -5145.30 -15607¢,06
-9.17 -6.74 4937.05 2870, 38
-3.22 -6.92 15084.2¢8 5892,30
4,19 -4.84 22915.69 7132.93
9.15 -3.84 10584.87 8467.89
11.39 0.05 6697.77 5358.21
10.03 3.55 716.67 455,55
6.23 S.uh -8465,23 -2879.33
-1.10 6.75 -23310.03 -7770.01
-7.499 6.46 -184635,23 =10734 .44
-37.20 -0.32 -5550.53 -17345,.39
CELL 1 front CELL 2 rear
439,20 410,51
low =136.43 -17.59
-94,78 -27.68

13Y 3 shear center= =-52989.36

5
0.00
5.93

q In-1b
-70.38
-197.02
-67.58
95,55
164.09
198.40
194.30
103.94
~75.32
-16.98
-45,27




Z-8Z9€ WYOJ

PREPARED BY DATE LOCKHEED-CALIFORNIA COMPA PAGE
)74 .“4 ./% 3/7 s A DIVISION OF LOCKHEED AIRCRAFT CORFO’:ATF(J)I 3.A.33
CHECKED T MODEL
R CL1708.
TFRROVED T 100 Kw., WINDMILL BLADE REPORT O
E 127/53
CASE 2.MEBAN LOADS.
WINDMILL STA 301
SX 1b SZ '1b MX In=1b MY itn=-1b MZ in-1b
-2875 4500 496980 -25800 518210
CALCULATED DATA
XBAR ZBAR Elxx Elzz Elxz
0.69 -0.06 4.19E+09 1.32E+10 3.90E+08
GRID PT X-XBAR Z-ZBAR LOAD STRESS q In=-1b
1 -33.79 -1.17 «4020.07 ~12967.97 -63.93
2 -7.61 -5.61 6224.59 3618.95 -206.70
3 -2.11 -5.72 14999,.33 6097.29 ~65.57
4 4.19 -4.80 20596.78 7656, 80 103.82
5 8.12 -3.50 741,57 7741.,57 162,32
6 10.63 -0.34 5688.27 4946.32 197.01
7 9.03 3.22 -89.61 -89.61 184,22
8 5.50 4,68 -9091.07 -3379.58 83.20
9 -1.13 5.72 -20561.53 -7476.92 -96.71
10 -7.63 5.46 -17077.67 -9928.88 -16.28
11 -33.79 0.14 -4410.60 -14227.73 -41.85
SUPPLEMENTAL DATA
CELL 1 front CELL 2 rear
2A= 344,97 316.67
correctlon shear flow -159.65 -16.54
Q due to torslon -98.06 -25.32
MY @ shear center= =-41844,33
sum 2A*q= 1.126E+05
Vertical Imbalance= -0.00
q @ mid spar= 215.86




2-829€ WHOJ

PREPARED BY ;75 LOCKHEED-CALIFORNIA COMPANY
‘Jig 75

PAGE

a % s A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3.A. 34_
CHECKED T MODEL
U CLV70
APPROVED I ‘OO KW w l N O™ L L BL—AD E . REPORT NO. 5
: 27153
CASE 2. MEAN.LOADS.
WINDMILL STA 389.0
SX 1b SZ t1b MX fp=-1h MY In-1b MZ In-1b
-2125 3830 354150 -19300 323000
CALCULATED DATA
XBAR ZBAR Elxx Etzz Elxz
0.54 -0.13 2.28E+09 9,22E+09 2,.52E+08
GRID PT X=XBAR Z2-ZBAR LOAD STRESS q In=1b
1 -29,.34 -1.19 -2895.17 -9650.56 -71.88
2 -6.24 -4,34 7682.34 4466.48 ~-203.62
3 -1.84 -4,38 11398.33 6262,.82 ~-76.69
4 3.89 -3.61 23260.75 7291.77 154,51
5 8.40 -2.13 5031.46 6708.61 199,29
6 9,53 0.13 2130.74% 3551.23 213,84
7 8.18 2,40 -448,98 -598.64 200.15
8 4.86 3.62 -10319.57 -3850.59 70.76
9 -0.68 4, 46 -16584.73 ~-7370.99 -104.67
10 -6.0k4 4,28 -15814, 86 -9194.68 ~29.48
11 -29.34 ~-0.05 -3440,30 -11467.67 -53.60

SUPPLEMENTAL DATA
CELL 1 front CELL 2 rear

2A= 227.33 226.28
correction shear flow -165.34 -20.14
N due to torslion -117.82 -33.46

MY @ shear center= -34353,83
sum 2Asq= 8.282E+04
Vertlical Imbalances 0.00

q ? mlid spar= 229,56
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PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
Vi w A / 3/75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3.A.38
CHECKED T MODEL
1 CLI7O08
APPROVED I ’ oo Kw' W, ND M \LL B LA D E . REPORT N’O.
E 2715}
CASE 2. MEAN LOADS.
WINDLILL STA 477
s{ b SZ 1b X In=1b MY in-1b NZ In-1b
-1510 2990 222000 =13040 176930
CALCULATED DATA
XBAR ZCAR Elxx Elzz El xz
0.5% ~0.03 1.05E+09 6G.00E+09 1.27€E+08
GRID T A=%BAR Z-ZBAR LOAD STRESS q In-1b
1 -25.35 ~0.87 -1823.28 -6752.89 -59,37
2 -4.82 -3.24 9114.00 5298.3h 205,48
3 -0.80 -3.23 11495.93 G64k.53 -49.63
4 3.0 -2.39 15316, 87 635,606 142,24
5 G.57 -1.92 3309.03 631h8.359 187.59
G 7.93 -0.05 1967.30 2310.44 205,99
7 6.35 1.31 -767.95 -1535.90 190, 812
v .30 2,57 -9583.35% -4028.93 47.81
9 -0.48 3.27 -13016.56 ~-7151.96 ~-125.19
10 -4.74 3.13 -14277.99 -5301.16 -25.21
11 -25.35 -0.17 -2227.61 -3250.39 -45.24,
SUPPLEIIENTAL DATA
CELL 1 front CELL 2 rear
2A= 134.82 145.39
correction shear flou -204,73 =17.04
n due to torsion -119.93 -23.20
Y J shear center= =20275,18
sun 2A*q= 5,307E+0h
Vertical imbalances= 0.00

q ¢ nid spar= 279 .47




T-8Z9E WYOJ

SUPPLENFUTAL DATA
CELL 1 front CELL 2 rear

2A= 74,49 86,729
corrcection shear flou -216,.93 -13.58
0 due to torsion -100. 383 -21.72

MY 3 shear center= =-9395,83
sun 2A*q= 2.9G56+04
vVertical imbalance= -0.090

g Jd nid spars= 282. 45

PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
Y, Zhns % 3/—75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3.A.36
CHECKED T MODEL
CL170%
“D 1 100 KW, WINDMILL BLADE e
AP v .
o £ 27!153
CASE Z. MEAN LOADS.
WINDNILL STA 5G%
SX 1b SZ b MX in-tb MY In-1b 112 In-1b
~-970 2075 102550 -5570 78850
CALCLLATED DATA
XCAR ZBAR Elxx Elzz El xz
U.dh -0.40 L,29E+03 2,63E+09 2.33E+07
GRID PT R=XCAR Z-ZBAR LOAD STRESS q In-1b
i -22.01 =J. L7 -757.15 =-5408.09 -43,47
2 -3.92 -2,238 G754, 24 §235.37 =175,73
5 -0.606 -2.22 719,58 5129.45 -38.21
[ 3.25 =1.65 1i253.065 5001.62 171,89
J 5.66 -1.21 172,39 k709,15 202,20
G G.u45 -0.20 746,24 2665,15 213,09
7 5.04 1.00 -311.46 -622.92 200,30
3 2.94 1.3 -7729,01 -3435,12 29.12
9 -0.439 2,18 -7266,60 -5547,03 ~114,77
19 =3.94 2,15 -10249,92 -64hG6.49 -24.62
11 -22,01 =0.30 -3861,96 =6299,73 -35.31




T-829& WNO4

PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
Y, 24, 1% 3/7¢ A DIVISION OF LOCXHEED AIRCRAFT CORPORATION 3.A.37
CHECKED T MOCDE:‘ 708
i
APPROVED M 160 KW, WIND M| LL BLAD =, REPORT NO.
£ 27/'8 EA

CASE 2, MEAN LOADS

WINPMILL STA 60Y

SA 1L SZ b HX In=1b NY In-1L NZ In=-1b
-515 16490 72100 -5270 46259
CALCULATED DATA
XBAR ZBAR Elxx Elzz El xz
u,92 -0.00 1,87€E+08 1.5GE+09 4,18E+07
GRIL PT A=/ABAR Z-ZBAR LLOAD STRESS q In-1b
1 -20.08 -0.78 -701.05 -5012.10 ~-51.29
2 -1.62 ~1.84 10230.17 6557.80 -145,09
5 1.17 -1l.s% 2700.71 77106.352 -86.97
I 2.57 -1.50 5177.14 6902.65 20.76
5 3.5 -1.2 2946.50 6269.79 79.006
L 5.01 -1.02 719,50 5494%,.85 93.56
7 5.L3 -0.16 5i5.84 2365.80 101.66
3 h.93 0.97 -333.862 <1654.50 91. 46
Y 53.62 1.59 -1694.,18 -4J30.18 4y, 51
MH 2,350 1.75 -4421,62 =5095.50 -58.53
11 1.10 1.99 -1701.63 -7298. .58 -96.78
12 -1.40 1.87 -12370.51 -7929.C1 -34,87
13 -20.08 -0.43 -366.70 -6190.74 -4y, 90

SUPPLILIEHNTAL DATA
CELLL 1 front CELL 2 rear

2A= 43.68 74,33
correctlon shear flou -241,32 -13.22
N due to torsion ~130.14 -31.638

MY 1 shear center= -38039.,13
surt JAxq= 1.635E+04
Vertical imbalances= -0.00

q Jd ntd gpars= 327.07




Z-H29€ WNOA

PREPARED BY DATE LOCKHEED-CALIFORNI o PAGE
2 %,I/ 3/75 A DIVISION OF LOCKHEED Amanl:;T gom:g:::r:\c')rr 3,.A-3%
CHECKED T MODEL
[}
. 7
TS T 100 KW, WINDM ) BLADE cL-1708
l 27183
CASE 2. MEAN LOADS .
WINDMILL STA 653
SX 1b SZ 1b MX In=1b MY [(n-1b MZ In-1b
-485 1130 37400 ~3190 22800
CALCULATED DATA
XBAR ZBAR Elxx Elzz Eixz
0.88 -0.01 5.08E+07 1.06E+09 1.72£+07
GRID PT X=-XBAR Z-ZBAR LOAD STRESS q In=-1b
1 ~17.96 -0.49 -329.77 -2355,47 -64,37
2 0.07 -1.51 4246, 06 11322,83 63.50
3 0.98 -1.44 2887.54 11105.92 -187.62
4 2,20 -1.32 4247.91 10619.78 -61,32
5 3.54 -1.16 1234. 40 9875,.23 -24,97
6 L.46 -0.85 983,65 7869.24 3.60
7 5.00 ~0.G7 304.87 2225.32 11,49
8 4,40 0.71 -475.22 -3801.78 -3.88
9 3.49 1,20 -970.90 -7767.22 ~-33.96
10 2.25 1.44 -3990,59 ~9976.46 -155,.89
11 0.98 1.57 -2957,31 -11374,25 92.15
12 0.10 1,62 -4516.30 =12043.47 -43,98
13 -17.96 -0.17 ~-664,35 -4745.39 «59,22
SUPPLEMENTAL DATA
CELL 1 front CELL 2 rear
2A= 18.25 67.74
correction shear flow ~257.03 -12.20
Q due to torsion -139.80 -47.01

MY @ shear center= =5736.67
sum 2A*q= 7.093E+03
vertical imbalance= 0.00

q @ mid spar= 337.62




Z-HZ98 WHOA

PREPARED BY DATE LOCKHEED-CALIFORNIA COMPA PAGE
a %47 /ﬂ 3/7{ A DIVISION OF LOCKHEED AIRCRAFT CORPORAT:\éz 3A39
CHECKED T MODEL ‘7 o 8
! c i
APPROVED : ‘ oo l< w W ‘ N D M l LL BLA D E REPORT NO.
E 27153
CASE‘Z.MEANLQADS;
WINDMILLSTA 697
SX 1b SZ 1b MX In-1b MY Ip-1b MZ in-1b
-220 770 17500 -1680 10300
CALCULATED DATA
XBAR ZBAR Elxx Elzz Elxz
0.57 -0.03 2,74E+07  7,98E+08 1.17E+07
GRID PT X -XBAR 2-2ZBAR LOAD STRESS q In-1b
1 -15.54 -0.40 -122.12 -872.27 -50.45
2 0.45 -1.17 2887.11 7698.97 75.54
3 1.28 -1.05 1847.95 7107.49 -137.65
4 2.27 =-1.09 1897.11 7588.46 -56.19
5 3.23 -0.92 837.77 6702.18 -20.66
6 4,15 -0.69 S41.82 $418.21 1.87
7 4,63 -0.15 202,73 2027.27 9.41
8 4,15 0.53 -310.72 -2485.78 -5.70
9 3.23 0.96 -684.72 -5477.74 -36.86
10 2,25 1.13 -1698.67 ~6798.69 -112,95
11 1.33 1.21 -1956.01 -7523,12 93.54
12 0.45 1.28 -3065.17 -8173.80 -41.22
13 -15.54 -0.12 -376.08 ~-2686.30 -51.40
SUPPLEMENTAL DATA
CELL 1 front CELL 2 rear
2A= 11.70 47.67
correction shear flow -232,02 -11,99
Q due to torslion -112.55 ~39.41

MY @ shear centers =3195,83
sum 2Asq= 4,133E+03

Vertical imbalance=s 0.00

q @ mid spar= 293.17




8298 WYOA

PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
24 -%4 7 1/% 3/75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3 A.40
CHECKED T MODEL

1 100 KW, WINDMILL BLADE, ciLiTo%
APPROVED L REPORT NO.

- 27153

CAGE 3. MEAN LOADS,

WINDITLL STA 48,00

SX 1b SZ 1L MX fn-1b MY in-1b NZ in-1b
77760 -56930 0 0 0

CALCULATED DATA

XBAR ZBAR Elxx Elzz El xz
1.60 0.22 1.88E+10 2.65E+10 2.20E+07
GRID PT X-XBAR Z2-ZBAR LOAD STRESS q in-1b
1 -40.16 -2.72 0.00 ¢.00 745.60
2 ~7.08 -12.03 0.00 0.00 1759.10
3 ~0.65 -11.64 0.00 0.00 705. 44
4 6.40 ~3.90 0.00 0.00 -660.66
5 10.54 -5.15 0.00 0.00 -1125.40
6 11.50 0.63 0.00 0.00 -1778.18
7 9.62 6.33 0.00 0.00 -1369.38
8 5.10 9.65 0.00 0.00 -1400.51
9 ~2.58 11.50 0.00 0.00 -237.6h
10 ~8.51 16.96 0.00 0.00 -447.56
11 -40.16 -0.78 0.00 0.00 164,54

SUPPLEHNENTAL DATA
CELL 1 front CELL 2 rear

2A= 741,18 309.39
correction shear flow 1418.16 145,73
Q due to torsion 53.57 20,60

1Y @ shear center= 56545,21
sur 2A*q=-1,576E+06
Vertical imbalance= -0.00

q ( nid spar= -1307.19




Z-8TSE WNOS

FREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
2 %4% 3/75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3, N .41
CHECKED T MODE‘I-_- 70
! CLt 3
APPROVED : oo l<W WINOM l LL BLADE. REPORT NO.
E 27153
CASE 3. MEAN LOADS.
TIB REACT.QSTA. 81,50
SX 1b 5Z 1b BX In=1b 1Y in-1b HNZ in-ib
-76010 71090 0 ~157900 ]
CALCULATED DATA
XEAR ZBADR Elxx Elzz Clxz
1.02 -0.05 1.59E+10 2,93E+10 9.08E+08
GRID PT X-XBAR Z-ZBAR LOAD STRESS q In-1b
1 -39.42 -2.43 0.00 0.00 -888.47
2 ~-7.68 -10.73 0.00 0.00 -1956.93
3 -1.16 ~10.69 3.03 0.00 -615.41
i3 G.12 -3.40 0.00 0.60 115GC. 1§
5 10.51 -5.23 0.00 0.00 1684.77
6 12.06 0.15 0.09 0.00 2500.10
7 10.58 5.55 0.00 0.00 2532.23
3 6.10 c.95 0.00 0.00 1516.78
9 -1.44 10.85 0.00 0.00 29. 44
10 -7.50 10.45 0.00 0.60 409,50
11 -39,.42 -0.23 0.00 0.00 -272.03

SUPPLEMENTAL DASA

CELL 1 front

CELL 2 rear

2A= 697.75 743,30
correction sheat flow seswens -169, 81
f due to torsion -~369.70 -102,22

1Y (@ shear center=-333929.08

sum 2A*q= 1,957E+00
Vertical imbalance=

qQ 0 nid spar= 1561

0.00

.32




T'QZT9€ WY¥OJ

PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
o “’,:é 3/75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 2.A.42
CHECKED T MODEL 0%
! cLt7
xFrRoveD r 100 Kw. WINDMILL BLADE, |
£ 27153
CASE 3, MEAN LOADS
WIrorrL e STA 81,50
SN b SZ 1b A In=1h I tn=-1b I'Z in-1b
3495 =-7010 =2114700 157900 =237R600
CALCUEATED DATA
ARAR ZEAR Flxx Flzz Chxz
1.02 -0.05 1,595+10 2.03E+1n 9.0RF+08
aGRID PT A=XRAFR Z-ZRKAR 1080 STRFSS q in-1h
1 -39.42 =2.43 11326.°0 30198.27 100,51
2 -7.63 -16.73 -14182,50 -8245.64 303,54
3 -1.16 -10.09 -30843 .46 -137349,12 169,36
b G.12 -g.40 -53528,51 -15734.10 19,79
5 10,51 -5.23 =161K9,109 =1C1h9.49 -19.44
6 12,96 0.15 -152119,. 49 -1rn57,85 ~52.56
7 1,58 5.55 ~-1260.09 -1360.09 ~43.58
8 (.12 8.93 23528.24 7108,23 58,91
a -1.44 10.85 L450€6,27 1€169.55 198.83
10 -7.50 17,43 35686.20 20748, 14 32.59
11 -33.42 -0.23 21268.55 33226.08 65.71

SUPPLEI CHTAL DATA

CEILL 1 front CELLL 2 rear

2A= 697.73 743%.30
correction shear flow 142,15 16.1¢
1 due to torslon 133,67 §3.55

MY G shear center= 174335,38
sum 2h*q=-1,907E+05
vertical imbalances= 0,0

q & mid spar=  -266.12




C-8T9E WHOA

PREPARED BY

DATE

LOCKHEED-CALIFORNIA COMPANY

PAGE

Vertical

qQ @ mid spar=

Imbalance=

sum 2A«q=-2,044E+0S

-269.20

MY @ shear center= 178018.62

-0.00

d/ : : 4% 3/75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3, A,43
CHECKED T . MODEL
! 100 kKw. WINDMILL RLADE. L1709
APPROVED L REPORT NO.
£ 27158 3
CASE 3. MEAN LOADS
WINDMILL STA 125
SX 1b SZ 'b MX In=lb MY In=1b MZ iIn-1b
-7340 <2077700 146570 -1891200
CALCULATED DATa
XBAR ZBAR Etxx Elzz Elxz
0.85 -0.16 1.24E+10 2,75E+10 1.28€+09
GRID PT X=-XBAR Z-2BAR LOAD STRESS q In-1b
1 ~38.97 -2.02 15588.03 26420.39 115.23
2 -8.53 -9.24 -16552.30 ~9623.43 309.53
3 2,05 ~9.32 -42025.35 -14745.74 157,17
b4 5.47 -7.60 -55877.80 -17516.55 -15.09
5 10.28 -4.67 -20106.85 -16085.48 -69,17
6 12.45 -0.20 -13304.39 -9928,.65 =95,.11
7 11.20 4,56 ~793,25 -634.60 -81,02
8 6.52 7.86 27882.99 8740.75 40.43
9 -0.93 9.63 $0067.12 17567.41 210.40
10 -7.35 9,26 37591.99 21855.81 56.01
11 -38.97 -0.14 17529.82 29711.56 88,98
SUPPLEMENTAL DATA
CELL 1 front CELL 2 rear
2A= 632.44 630.93
correction shear flow 144,084 21.47
Q due to torsion 214.13 67.51




Z"8Z9€E€ WYHO4

PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
ﬂ -“41# BAS A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3 A 4_4,
CHECKED T MODEL
F100 KW, Wi C
T MW, NDMILL RLADE L170%
APPROVED L REPORT NO.
: 37/53
CASE 3, MEAN LOADRS
WIIDIILL STA 187.5
oA 1b SZ th X in=1b 1Y in=-1b {7 Tn-1b
2300 -7500  -1652509 130395 =~1323109
CALCULATED DATA
ADAR ZBAR Flxx Clzz Cixz
1,22 -0.12 £.21FE+09 1.91€E+10 3.59E+03
GRID N1 X=XEAR Z-Z0AR LOAD STRFSS q In=1b
1 -33.86 -1.51 130,053 22220,24 107,29
2 =107 =7.%1 =178, ~-9956.43 346,32
3 -3.10 -7.67 ~54042,15 -15729.34 160.78
h 4,50 -6.12 ~57807.16 -18121.37 -43,81
5 .45 -4,26 ~22074 .78 -17551.98 -112.35
G 11,80 0.20 ~13779.50 ~8947.73 -138.79
7 .46 4,77 715,26 3773.01 -102.43
8 5.36 6.56 30168.69 112939.10 37.34
3 -1.6n 7.7% 52914 55 19638.18 260,74
10 -5H.54 7.42 42049,10 447,15 71,52
11 -30.80 -0.39 399,85 31003 .23 91,20

SUPPLLI EATAL DATA
CELL 1 front CELL 2 rear

2A= 530.45 492.59
correction shear flouv 182.38 22,34
q due to torsion 249,45 8,86

HY Q shear center= 161468,190
sum 23*q=-2.123£+15
vertical imhalance= -0,00

q 3@ mid spars  ~331.063




ZT-8T9E WNOI

PREPARED BY DATE

LOCKHEED-CALIFORNIA COMPANY PAGE
a %,,4 3/75 A DIVISION OF LOCKHEED AIRCRAFT CORPORAT‘:)N 3.A.45
CHECKED T WMODEL
H
1
v } 100 KW. WINDMILL BLADE, SL1703
E 29153
CASE 3. MEAN LOADS,
VINDLTLL STA 235.0
S5X 1b SZ 1b MX In=1b Y in=1b HNZ in-1b
1770 -7435 <1660700 116100 ~1009700
CALCUILLATED DATA
XBAR ZLAR Elxx Elz2z El xz
0.9% 0.02 5.99E+09 1.68E+10 9.24E+08
GRIU PT X-XBAR Z~IBAR LOAD STRESS q in-ib
1 -37.20 -1.50 7647, 30 23397.80 117.85
2 -9,17 -6.74 -21486.80 -12492.32 366. 44
3 -3,22 -6.92 ~44865,52 -17525,59 156. 48
W 4.19 -4.84 -54684.00 «17142,.32 =-62.59
5 9,15 -3.8h -22522.74 -13018.19 -143,15
6 11.39 0.05 -10609.91 -5487.,92 -167.20
7 10.03 3.55 1985.59 2647.45 -146,58
8 6.23 5.44 32299.16 10986.11 24,15
9 -1.10 6.75 60934, 86 20328,29 286.59
10 -7.99 6.46 42514.71 24717.86 83.60
11 -37.20 -0.32 8737.34 27304.18 103,12

SUPPLEHENTAL DATA
CELL 1 front CELL 2 rear

2A= 439.20 410,51
correction shear flow 207,71 26.23
 due to torsion 263.25 76.89

1Y d shear center= 147184.70
sum 2A*q=-2.012€+05
Vertical Imhalance= 0.00

g 3 nid spar= -367.84




2-829¢€ W04

PREPARED BY

DATE

LOCKHEED-CALIFORNIA COMPANY

PAGE

MY @ shear center= 120730.27

sum 2A*q=-1,766E+05

Vertlical

q @ mid spar=

Imbalances=

~433.71

0.00

ﬂ %7% 3/7; A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3. A. 4.4
CHECKED T MOGDEL _7 %
L 100 =170
APPROVED : o K W Wi NO M L BLAD E REPORT NO.
E 27153
CASE 3. MEAN LIOADS,
WINDMILL STA 301
SX 1b SZ 'b MX In=lb MY in-1b MZ In-1b
1200 -7100 -1328070 §5600 -669950
CALCULATED DATA
XBAR ZBAR Elxx Elzz Elxz
0.69 -0.06 4.19E+09 1.32€E+10 3.90E+08
GRID PT X=XBAR Z-~ZBAR LOAD STRESS q in-1b
1 ~33.79 -1.17 5107.64 16476.26 107.33
2 -7.61 -5.61 -23212.99 ~-13495.93 395,02
3 -2.11 -5.72 -42176.15 -17144,77 162,56
4 .19 -4.80 -48307.44 -17958.16 -73.26
s 8.12 -3.50 -16128.85 -16128,85 -144,30
6 10.63 -0.34 -8582,53 -7463.07 -168.13
7 9,03 3,22 4952,14 4952,14 -125,96
8 5.50 4.68 31648, 84 11765.37 67.74
9 -1.13 5.72 52481.17 19084, 06 350.10
10 -7.63 S.46 38082.95 22141,25 84,82
11 -33.79 -0.14 6135.20 19790.98 98,79
SUPPLEMENTAL DATA
CELL 1 front CELL 2 rear
2A= 344,97 316.67
correction shear flow 249.58 25.75
Q due to torslon 282.93 73.04




2-9Z9€ WNOd

PREPARED BY

DATE

LOCKHEED-CALIFORNI PAGE
Q %4% 3/75 A DIVISION OF LOCKHEED AIR?RAAI:'T So(:(:'o';»ﬂr:\é: 3. A 47
CHECKED T OOEL
1
re r 100 Kw. WINDMILL BLADE, Rﬁ:;\;o%
£ 27153
CASE 3. MEAN LOADS
wWINDMILLSTA 389.0
SX 1b SZ 1b MX tn-tb MY in-1h MZ In-1b
710 -6250 -893200 78700 -372500
CALCULATED DATA
XBAR ZBAR Etxx Elzz Eixz
0.54 -0.13 2.28E+09 9.22E+09 2.52E+08
GRID PT X-XBAR Z-1BAR LOAD STRESS qQ in-1b
1 -29.34 -1.19 3090.06 10300.19 136.47
2 -6.24 -4.34 ~24136.48 -14032.84 435,92
3 -1.84 -4.38 ~29932,13 -16446.22 221,39
4 3.89 -3.61 ~52086,12 -16327.94 -114.85
S 8.40 -2.13 -9575.98 -12767.97 -168.50
6 9.53 0.13 -2629.06 -4381.77 -175.12
7 8.18 2.40 3986.20 5314,93 -134.99
8 4.86 3.62 31773.69 11855.85 111.99
9 -0.68 .46 40560.65 18026.95 390.37
10 -6.04 4.28 34502.43 20059.55 119.94
11 -29.34 -0.05 uu46,75 14822.49 132.91
SUPPLEMENTAL DATA
CELL 1 front CELL 2 rear
2A= 227.33 226.28
correction shear flow 267.76 32.42
Q due to torsion 353.91 100.50

MY @ shear center= 103195,98

sum 2A#*q=~1,345E+05

Vertical

q @ mid spar=

fmbatance=

~4B8.76

0.00




2 8Z9€ WHOA

PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
ﬂ ‘ { ’% 3/75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3. A‘4S
CHECKED T MODEL.
]
T 100 KW, WINDMILL BLADE €L1703
APPROVED L ’ . REPORT NO.
£ 27153
CASE 3. MEAN LOADS.
JINDLOLL STA 477
S5X 1b SZ b X in=)b MY in-1b !Z In-1b
Ho5 ~5010 -515000 49010 =175000
CALCULATLCD DATA
XBAR ZBAR £l xx Elzz Elxz
0.55 -0.03 1.05€+09 6,.00£+409 1.27€+08
GRID PT X=XBAR 2=-ZBAR LOAD STRESS q in-1b
1 ~25.35 -0.87 15384.07 5866 92 113.35
2 -4,32 -3.24 -24099,38 -14011.27 450,28
3 -0.30 -3.23 -26941.40 -15573,06 186.62
4 3.37 -2.39 -31689.065 -13314.98 -99,73
5 6.57 -1.92 -7251, 84 -12086.40 -161,23
] 7.93 ~0.05 «-2406,33 ~3438.32 -172,33
7 6.35 1.31 3069.19 6138.39 -135,12
3 4.30 2.57 25933.63 10896. 49 138.23
] ~0,48 3.27 29530.92 16253.25 422,48
10 -4.74 3.15 29703.06 17272.13 103,75
11 -25.35 -0.17 2513,21 9308.18 113,04
SUPPLECNENTAL DATA
CELL 1 front CELL 2 rear
2A= 134,82 145,39
correction shear flow 340,406 23.22
Q due to torsion 360,85 84,82
1Y 4 shear center= 0(0973.91
sur 2A*q=~=8,837E+0h
Vertical imbalance= 0.00

q 3 nid spar=

~538.25




Z-4ZT9€ WHOA

PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
ﬂ%’,% 3/7§ A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3.A M
CHECKED T MEDtiL 7 o $
1 \
APPROVED I oo K\A/' Wi NDO M LL B LADE REPORT NO. i
E 27153
CASE 3. MEAN LOADS.
UIHOHILL STA 568
SKx b SZ b X tn=-1b NY in=-1b {1Z in=-1b
200 -3495 -236200 28900 -64900
CALCULATEL DATA
XLAR ZBAR Elxx Elzz Elxz
U, b -0.00 4,29E+08 2.63E+09 2.83E+07
GRID PT X=-XBAR Z-ZBAR LOAD STRESS q In=1b
1 -22.01 -0.67 408.50 2917.37 101.62
2 -3.92 -2.28 -18111.17 -11390.67 B54,33
3 -0.66 -2.22 -15766.94 -12035.83 219.15
4 3.25 -1.65 =22634.04 -15n59,57 -94.36
5 5.66 -1.21 -3090.19 -3351.85 -134,.07
0 G.43 -0.26 -9334.30 -3336.80 -142.79
7 S.064 1.00 1925.64 3857.28 -106. 36
H 2.494 1.31 20561.96 9153.65 215.87
9 -0.39 2.18 16150.87 125323.91 451.04
10 -3.94 2.15 20792.14 15076.81 102.71
11 -22.01 -0.30 694.53 4960.93 104,23
SUPPLENENTAL DATA
CELL 1 front CELL 2 rear
2A= 74,49 36.79
corrcction shear flow 363.35 22.72
Q duce to torsion 378.56 31.55
MY ) shear center= 35276.060
sum 2A*xq=~4 ,970E+04
Vertical imbalance= 0.00

q d nid spar=

-G37.06h




2-829€ WHO4

PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
4 Z{ 4% 3/7S A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3 . A . 50
CHECKED T MEDEL n0%
! Kw. Wi I =1
APPROVED T_ oo : WIND MILL B LAD E . REPORT NO.
E 27153
CASE 3 MEAN LOADS,
WINDOMILLETA 609
SHX b SZ b X tn=1b hKY in=-1b N1Z in-1b
120 -2650 -137600 20299 -33400
CALCULATED DATA
XBAR ZUAK Elxx Elzz Clxz
v.492 -0.00 1.87€+08 1.56E+09 4,16E+97
GRlu PT rA=ABAR Z=-ZBAR LOAD STRESS q In-1b
i -20.08 -0.78 354,33 2530.90 116.383
2 -1.02 ~-1.84 =-202194.05 -12944,90 401,73
3 1.17 -1.85 -4959,31 -141069,.406 303,08
b 2.57 -1.50 =4112, 46 ~1214L9.95 139,90
5 3.95 -1.20 -44927.91 -10434 .91 51.64
L 5.01 -1.02 -1151.37 -43594,73 31.58
7 5.63 -0.16 -624.56 =346G9.76 22.98
3 4,93 0,97 936.43 5202.6% 43,87
) 3.62 1.39 W165.70 $856.94 129,29
10 2.30 1.75 3944, 52 11625.76 306.37
11 1.10 1.99 3500.40 14549.57 370.44
12 ~1.40 1.37 22604,.47 16490, 04 116.00
15 -20.08 -0.46 665.95 4756.76 119.40

SUPPLITELTAL DATA
CELL 1 front CELL 2 rear

2A= 3,68 74,353
corrcction shear flou 397,94 21,64
N due to torsion L01.66 97.76
1Y 4 shear center= 24319,98

sumt JAxq==2_ 772E+04
Vertical inbalance= 9.00

q U nid spar= =580, 20




2-829E WYOA

PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
2 z /.‘%’ -S/X A DIVISION OF LOCKHEED AIRCRAFT CORPORATION EYY W C_,‘]
CHECKED T "%’EL‘ -0%
1 [ 3
APPROVED 1 loo KW' W\NDM'LL BL—ADE REPORT NO.
E 27153
CASE 3. MEAN LOADS
WINDMILL STA 653
SX b SZ I1b MX In=ib MY In=-1b MZ in-1b
50 -1810 -65140 12840 ~14260
CALCULATED DATA
XBAR ZBAR Elxx Elzz Elxz
0.88 -0.01 S.08E+07 1.06E+09 1.72E+07
GRID PT X=XBAR Z-2BAR LOAD STRESS qQ In-1b
1 ~17.96 -0.49 -25.86 -184.68 148.66
2 0.07 -1,51 7342.53 -19580.09 -54.64
3 0.98 =-1.44 -4937.07 ~-18988.73 471,81
4 2.20 -1.32 -7143.14 -17857.85 276.80
5 3.54 -1.16 -2031.41 -16251.25 221.97
6 L.4k6 -0.85 -1570.13 -12561.06 180,29
7 5.00 -0.07 -365.06 -2664.70 172.40
8 b.40 0.71 953,05 7624.36 200,59
9 3.49 1,20 1783.95 14271.63 251,42
10 2.25 1.44 7120,42 17801.04 451,59
11 0.98 1.57 5178.92 19918.91 -66,.51
12 0.10 1.62 7825.63 20868.35 150, 38
13 -17.96 -0.17 553.24 3951.68 157.54

SUPPLEMENTAL DATA
CELL 1 front CELL 2 rear

2As= 18,25 67.74
correction shear flow 409.07 19,38
Q due to torsion 410.85 138.16

MY @ shear center= 16858.96
sum 2A*q=~-1,124E+04

Vertlcal Imbalance= -0.00

q @ mid spar= -662,38




T-HZ9E WHOJ

PREPARED BY DATE LOCKHEED-CALIFORNIA COM PAGE
2 ﬁ( 7% 3/75 A DIVISION OF LOCKHEED AIRCRAFT conpoiﬂ'z: 3I AN.S2
CHECKED T MODEL %
1 L1770
1 100 KW. WINDMILL BLADE. frechs
E 271973
CASE 3, MEAN LOADS.
WINOMILL STA 697
SX 1b SZ 1b MX In=1b MY In=1b MZ In-1b
n ~1160 -27400 8650 -5650
CALCULATED DATA
XBAR ZBAR Elxx Elzz Etxz
0.57 -0.03 2.74E+07 7.98E+08 1,17€+07
GRID PT X=XBAR Z-ZBAR LOAD STRESS q In-1b
1 -15.54 -0.40 -92.92 -663.68 142,18
2 0.45 -1.17 -4473,28 -11928.76 -46,13
3 1.28 -1.05 -2833.96 -10899.84 415.05
N 2.27 -1.09 -2879.97 -11519,.90 295.18
5 3.23 -0.92 -1251.88 -10015,05 243.55%
6 4.15 ~0.69 -789.62 -7896,21 211,46
7 4,63 -0.15 -255.40 -2554.04 202,06
8 4.15 0.53 551.29 4410.36 226.88
9 3.23 0.96 1118.65 8949.17 275.31
10 2.25 1.13 2719.60 10878.39 391,77
11 1.33 1.21 3090.52 11886.63 -56.54
12 0.45 1.28 WI94.47 12785.25 146.33
13 -15.54 -0.12 302.51 2160.78 152.60
SUPPLEMENTAL DATA
CELL 1 front CELL 2 rear
2A= 11.70 47.67
correction shear flow 3u47.75 17.92
Q due to torsian 384,604 134,68
MY @ shear center= 10921,73
sum 2A*»q=~6.186E+03
Vertical Imbalance= -0.00

a @ mid spar=

-579.79
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PREPARED BY DATE - B PAGE
&2 1f5{:y,‘¢52; 5/L75' ifgfﬂ?£ﬁ%§f1$if§§2iciﬁgtkir ggi;;ﬁ::ﬁ;: 23 A 53
CHECKED - T MODEL ' g
1 100 kow. WINDMILL BLADE cLiio
APPROVED L . REPORT NO.
: 27153

CASE 4. MEAN

WINDHILL STA 43.00

SX 1b SZ 1b
11420 ~165890
CALCULATED DATA
XBAR ZBAR
1.60 0.22
GRID PT X-XBAR
1 =40,
2 -7.
3 -0.
iy 6.
5 10.
6 11.
7 9.
S 5.
9 -2.
10 -3.
11 =40.

SUPPLENENTAL DATA

2A=

correction shear flow
Q due to torsion
MY Q shear center= 15
sum 2Axq=~4,477E+05

imbalances=

-367.61

Vertical

q Q@ nid spar=

LOADS .
X fn=1b 1Y In-1b MZ In-1b

0 0 0
Elxx Elzz El xz

1.08E+10 2.65E+10 2.20E+07
Z-Z0AR LOAD STRESS q

16 -2.72 0.00 0.00
03 -12.03 0.00 0.00
65 -11.64 0.00 0.00
L] ~3.9¢C 0.00 0.00
Sh -5.15 0.00 0.60
50 0.63 0.00 0.00
G2 6.33 0.00 0.00
10 9.65 0.00 0.006
53 11.50 0.00 0.03
51 10.96 0.00 0.00
16 ~0.78 0.00 0.00

CELL 1 front
741.18

400.08
14,49

291.98

0.00

CELL 2 rear
809.39
41.33

5.63

in-1b

126.10
351.82
63.61
-273.61
-3G4.37
-h54,71
-449.64
-233.05
75.18
-41,21
46.96




T-829¢ WHOA

. PAGE
P;PA‘{REDé = é 3;;: l[\-ngl?lgNhoEFDL.OCCQHLEIEE?\IRRleAAFY So(;)w:do;ﬁr:): 3.A.54
CHECKED T MEDLE-li -0 %
1
APPROVED I ‘ OO K.“/ W ‘ N D M l L' L BLA DE . REPORT NO.
£ 27153

CASE 4, MEAN LOADS .

RIL REACT.2S5TA $1.50

SX b SZ 1b NX in=-1b 1Y in=-1b NZ in-1b
=9560 17680 0 =2950 g
CALCULATED DATA
ADAR 28AR El xx Elzz C1xz
1.02 -0.05 1.59E+10 2.93E+10 9,.08E+02
GRID PT X=-ABAR Z-ZBAR LOAD STRESS q in=1b
1 -39.42 -2.43 0.00 0,00 -127.98¢
2 -7.63 =-10.73 0.90 .00 -320.99
3 -1.16 -10.09 : 0.00 0.09 17.70
4 6.12 =8.u40 0.00 N.00 391,24
5 10.51 -5.23 0.09 0.00 438.27
6 12.06 0.15 0.00 0.00 565.00
7 10.58 5.55 0.00 0.00 543,30
3 6.10 $.95 0.00 0.950 281.55
3 -1.44 10.85 0.00 0.00 -70.34
10 -7.50 10.43 0.00 g.u0 3h.48
11 -39.,42 -0.23 0,00 0.0u0 -54.72

SUPPLENENTAL DATA
CELL 1 front CELL 2 rear

2A= 697.73 743,30
correction shear flou -358,21 -40.03
0 due to torsion -50.78 =-14,04

1Y 3 shear center= -45867,61
surt 2A*q= 4, ,307E+05
Vertical inmbatance= 0.00

q ¢ nid spars= 354.27
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PREPARED BY DATE OCKHEED-CALIFORNIA COMPANY PAGE
ﬂ %,% 3/7,’ kolws‘o~ OF LOCKHEED AIRCRAFT CORPOI:AT:\;N 3I.A.58
CHECKED T MOEELL:J’)O s
1
APPROVED I 100 KW W'NDM ) B LADE . REPORT NO.
£ 7153

CASE 4. MEAN LOADS.

WHE DL STA 61,50
Sa 1b SZ th BX In=1h RY In=1h 17 In-1h
=240 =40 -5a0460 2151 -323501
CALCLLATED DATA
XOAR ZDAR Elxx Flzz Fixz
1.62 -0.05 1.59E+10 2,93C+156 9.08F+0D2
GRID P7 X=-XFEAR Z~ZEAR 1.0AD STRESS
1 ~39.42 =2.43 2587.95 3837.41
p -7.03 -16.73 =525n.04 -3N54.67
3 -1.16 -10,07 -11113.23 -2832.17
+ 0,12 -8.40 -173%1, 0" ~30505.7)
5 1n.51 -5.23% -3221.12 -3221.12
o 12.04 0,15 -25663.n1 -1493.85
7 10.58 5.55 77¢.89 776.89
3 6.10 .93 86531.68 2577.55
i =1l.44 10,85 11570.51 4207.4G
in -7.50 19.43 3235.05 4787.82
11 =35.42 -0,23 3011.25 4795.07
SUPPI CIIEHTAL DATA
CELL 1 front CELL 2 rear
2A= n7.73 743.30
correction shear flow 1.64 N.16
1 due to torsion 3.48 n.9¢
tiy ¢ shear centers 3141.88
sum 2Axq=-2_,260F+03
Vertical imbalances -0.,n0
q ¢ nld spar= -4.00

q In-1h
-0,98
1.0n1

n
-6.3

_ul_. 7(
-0.13
1.72
2.86
6.m
7.25
3.15
1.12
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g @ mid spars=

-5.94

PREPARED BY DATE OCKHEED-CALIFORNIA COMPA PAGE
Q %,% 3/75 k‘DISISI;{N OF LOC‘(HLEED AIRCRAFT CORPORATINO:: 3. k 56
CHECKED T Mz:oil.l7og
]
APPROVED I t00 K-W W | N DN‘ | L-L BLA DE . REPORT NO.
E 27193
CASE 4, MEAN LOADS.
WINDMILL STA 125
SX 1b SZ b MX In=1b MY In-1b MZ in-1b
-215 -20 -502300 6780 -222400
CALCULATED DATA
XBAR ZBAR El xx Elzz Elxz
0.85 -0.16 1.24E+10 2.75E+10 1.28E+09
GRID PT X=-XBAR Z=-ZBAR LOAD STRESS q In-1b
1 -38,97 -2.02 1807.95 3064.33 0.80
2 -8.53 «9,24 ~5118.57 -2975.91 5.42
3 -2.05 -9.32 -10425.36 -3658.02 .80
4 5.47 -7.60 ~11797.96 -3698.42 5.97
5 10.28 -4.67 -3707.54 -2966.03 6.92
6 12.45 -0.20 -1783.71 -1331.12 8.21
7 11.20 4.56 958,07 766,46 9.35
8 6.52 7.86 8302,18 2602.57 11.17
9 -0.93 9.63 11633.98 4082.10 11,18
1n -7.35 9.26 7863.38 4571.73 4.39
11 -38.97 -0.14% 2267.57 3843.34 2.60
SUPPLEMENTAL DATA
CELL 1 front CELL 2 rear
2As= 632.44 630,93
correction shear flow 0.29 -0.00
Q due to torslion 8.25 2,60
MY @ shear center= 6858.13
sum 2Asq=-4,461E+02
Vertlcal imbalances= 0.00




8298 WHO4

PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
ﬂ £< 3/'75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3.A.57
CHECKED T Mé,DE__\‘7O$
T ;
. . {
APPROVED I ‘oo K \IJ ad NDMI L'L BLAD E" REPORT NO.
E 27153

CASE 4. MEAN LOADS

2A=

q Q@ mid spar=

WINDMLLL STA 147.5

SUPPLEMERTAL DATA

Q due to torsion
W O shear center=
sum 2Avq= 3,1647+03

Vertical imbalance=

correction shear flow

sX 1b SZ th IX In=lb Y In=-1h NZ in-1h
=200 110 =380120 h6nn =1223280

CALCULATED DATA

XBAR ZDAR Elxx flzz Fixz
1.22 -0.12 %.21E+09 1.91E+1n .51 +00

GRID PT a=ni A2 FAFATRIN LL.OAD STFSS q
1 -33.810 ~1.51 340,55 2626.72
2 -9.82 -7.50 ~4LR1, 50 -2710.3¢8
3 -3.10 -7.67 -9311.11 -3353.97
4 4,50 “0h.12 =18301,.40 -32RN7.63%
5 9.45 -4.26 -3h08,72 -279%.97
6 11.¢83 p.2n -1376. 4" -523.82
7 3.4¢C 4,77 1829.53% 156,42
3 5.36 6.56 7050,22 2043.,9°7
9 ~1.60 7.73 11336.86 3773.75
10 -8.54 7.42 7249,35 5214, 74
11 =31.39 -1.3" 1n23,08 3197.04

crLL 1 fropt CELL 2 rear

530.45 492.59
~2.72 -0.36
.24 2.36
5534.62
c.00
=3.52

in=1h
n.6f
h,10
6.35
1,77
12.86
.82
15.27
14,39
.40
3.50
2.0n
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PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
ﬂ %’ij;/?j A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3.A.6%
CHECKED T MODEL
! c1L170%3
APPROVED I ’ Oo KW' Wi ND MLl QLAD E REPORT NO.
l 271563
CASE 4 MEAN LOADS.
ViMbiILL STA 235.0
5.0 1b 52 b NX itn-1b Y In-1b 1iZ In-1b
-18 210 -290400 3490 -72800
CALCULATED DATA
XBAR ZLAR El xx Elzz El xz
0.95 0.02 5.99E+09 1.68E+10 9,24E+08
GRID PT X-XBAR Z-2ZBAR LOAD STRESS q in=-1b
1 -37.20 ~1.50 601.49 1879.67 -0.76
2 -9,17 ~6.74 -4627.23 -2690.25 -0.38
3 -3.22 ~6.92 -8188.49 -3193.63 5.12
& 4.19 ~4,84 -8585.33 ~2690.70 12,53
% 9.15 ~3.34 -31381.21 -2544,97 15,76
G 11.39 0.05 -370.53 -776.43 17. 54
7 10,03 3.55 789.48 1052.64 17.52
H) 6.23 S.hh 6633.65 2256, 34 13.93
49 -1.10 6.75 10264.04 3421.55 6.02
10 -7.99 6.46 6475.006 3763.41 2,05
11 -37.20 -0.32 786.49 2464.02 0.58
SUPPLLIENTAL DATA
CELL 1 front CELL 2 rear
2A= 439,20 410,51
correction shear flow ~5,.94 -0.77
N due to torsion 4.62 1.35
Y J shear centers 2580.88
sur 2Axa= 5,75901+03
Vertical imbalances= -0.00
q 3 nitd spars 1.90
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DATE

PZPAREb BY 4j

LOCKHEED-CALIFORNIA COMPANY

PAGE

3/7s A DIVISION OF LOCKHEED AIRCRAFT CORPORATION I A.59
CHECKED T ) M‘c:u.‘):l_‘_l D g
I
T OO KW. WINDMILL RLADE . [rcre
E 27153
CASE 4 MEAN LOADS.
WINDMILL STA 301
SX 1b SZ 'b MX In=1b MY In<lb MZ tn-ib
~145 325 -180880 2640 -30250
CALCULATED DATA
XBAR ZBAR Elxx Elzz Elxz
0.69 -«0.06 4,19E+09 1.32E+10 3.90E+08
GRID PT X-XBAR 7-1BAR LOAD STRESS Q In=1b
1 -33.79 -1.17 214,83 692.99 -1.39
2 «7.61 -5.61 -3722.93 ~2164.49 -3.25
3 -2,11 -5.72 -5822.94 -2407.70 7.12
b 4.19 -4.80 -6004.86 -2232.29 18.77
S 8.12 -3.50 -1807.73 -1807.73 22,59
6 10.63 -0.34 -604,22 ~525.41 24,52
7 9,03 3.22 1076.58 1076.58 23.18
8 5.50 4.68 4938.07 1835.71 15,24
.9 -1.13 5.72 6937.48 2522.72 2.46
10 -7.63 5.46 542,31 2640.88 1.06
11 -33.79 -0.14 353.41 1140.03 -0.28
SUPPLEMENTAL DATA ’
CELL 1 front CELL 2 rear
2A= 344,97 316.67
correction shear flow =-11,49 -1.19
Q due to torsion 3.48 0.90
MY 9 shear center= 1484.70
sum 2A*aq= 8,116E+03
Vertlical Imbalance= =-0.00

q @ mid spar=

1.72
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\

q @ mld spar: 20,22

PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
2 %'% 3/75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3.MA .60
CHECKED T MODEL
i CLI170%
TrrRovED T 100 KW WINDMILL BLADE. REFORT NO.
E .2‘7!§ES
CAGE 4. MEAN LOADS.
WiINOMILL. STA 389.0
SX 1b SZ 1b MX in=Ib MY In=-1b MZ in-1b
-115 510 -75300 1600 -11550
CALCULATED DATA
XBAR ZBAR Elxx Elzz Elxz
0.54 ~0.13 2.28E+09 9,22E+09 2.52€E+08
GRID PT X-XBAR 2-2ZBAR LOAD STRESS q In-1ib
1 ~-29,34 -1.19 71,38 237.94 -3.88
2 -6.24 -4,34 -2248.57 -1307.31 -9,.26
3 -1.84 -4.38 ~2576.57 -1415.79 8.09
4 3.89 -3.61 -4095,.60 -1283,89 36.37
5 8.40 -2.13 ~667.47 -889.96 41.15
6 9,53 0.13 -98,39 -163.98 42,05
7 8.18 2.40 464,19 618,93 39.14
8 4.86 3.62 2936.68 1095.78 19,73
9 -0.68 h.46 3362.49 1494, 44 -3.15
10 -6.04 4,28 2666.92 1550.53 -1.44
11 -29,34 ~0.05 184,94 616,46 -3.04
SUPPLEMENTAL DATA
CELL 1 front CELL 2 rear
2A= 227,33 226.28
correction shear flow -21,89 -2.65
N due to torsion -1.37 -0.39
MY @ shear centers -400.31
sum 2A+q= 1,098E+04
Vertical Imbalance= -0.00
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PREPARED BY DATE LOCKHEED-CALIFORNIA COMPAN PAGE
W/ %,’# 3/75 A DIVISION OF LOCKHEED AIRCRAFT coRPoRAno: 3.A. 61
CHECKED T MODEL g
1 1770
APPROVED L 100 KW WlNDM‘LL— BL—ADE REPORT NO.
E 27153
CASE 4. MEBAN LOADS.
JINDIILL STA 477
SX $Z b X In~1b MY in-1bL MZ in-1b
-75 560 -16460 935 =5220
CALCULATLD DATA
XBAR ZBAR Elxx Elzz Elxz
0.55 -0.03 1.05€E+09 6.00E+09 1.27E+08
GRID PT X-XBAR Z-ZBAR LOAD STRESS q in-1b
1 -25.35 -0.87 45,29 167.73 -4,10
2 ~4.82 -3.24 -776.21 -451.29 -13.15
3 -0.30 -3.23 -861.63 -498.05 16.29
i 3.87 -2.39 -1005.08 ~422.30 48,79
5 6.57 «1.92 -228.58 ~-380,96 55.86
G 7.93 -0.05 -72,57 -103.67 57.38
7 6.35 1.31 100.69 201.39 $3.39
3 4,30 2.57 836,32 351.39 23,30
9 -0.43 3.27 ahh, 20 513.79 -8.55
10 -4.74 3.13 942.61 548,03 -2.3%4
11 -25.35 -0.17 74,97 217.65 -3.172
SUPPLEIENTAL DATA
CELL 1 front CELL 2 recar
2A= 134.82 145.39
correction shear flow -38.09 -3.16
Q due to torsion =2.40 -0.56
MY 4 shear center= -405,00
sum 2A*q= 9, 335E+03
Vertical {mbalance= -0.00

q 0 nld spar=

36.77
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q O nid spar=

58.52

PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
ﬂw/‘f 3/—75 A DIVISION OF LOCKXHEED AIRCRAFT CORPORATION 3 ’ A 6 2
CHECKED T MOC:’E",-?o?
! l
APPROVED T_ loo K\I\/.W NDMI LL BLADE - REPORT NO.
£ 27153
CASE 4.MEAN LOADS.
HIRDISELL STA 568
$X 1b SZ b X in=tb LY in~-1b NZ in=1b
-35 550 4150 420 -2735
CALCULATED DATA
ABAR ZBAR Elxx Elzz El xz
V.34 -0.00 h,29E+08 2.68E+09 2.33E+07
GRID PT X=XBAR Z-ZBAR LOAD STRESS q In-1b
1 -22.01 -0.67 37.16 265. 44 -4.55
2 ~3.92 -2,28 4Ou.55 254, 44 -18.31
3 -0.66 -2.22 286.65 213.82 18.6G9
[ 3.25 -1.65 288.57 128,25 68.13
5 5.60 -1.21 23,65 63.91 Th. 40
6 6.43 ~-0.26 -9,63 -34.40 75. 80
7 5.64 1.00 -74.10 -143.21 70.10
8 2,94 1.381 -452.91 -201.29 19,48
9 -0.39 2.18 -264,31 -201.76 -17.55
13 -3.94 2.15 =271, 81 ~170,95 ~4.64
11 -22.01 -0.30 32.19 229,90 -4,93
SUPPLTIHECNTAL DATA
CELL 1 front CELL 2 rear
2A= 74,49 36.79
correction shear flouw -57.18 -3.58
n Jdue to torsion -6.26 -1.35
Ny Jd shear center= -583.64
surnt 2\%g= 7 823FE+03
Vertical imbalance= -0.00
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PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
d %y‘j 3/75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3. A. L3
CHECKED T MODEL
! CcL170%
APPROVED 4 100 KW'W'NDM ILL BLAD E ’ REPORT NO,
E 271573
CASE 4 MEAN LOADS
WINDMILLSTA 609
S 1b SZ b NX in=-1b 1Y tn=Ip NMZ in-1b
=20 370 5080 240 -1912
CALCULATED DATA
XCAR ZBAR Et xx Elzz Elxz
0.92 -0.00 1.87E+08 1.56E+09 L.18E+07
GRID PT X-XBAR Z-1BAR LOAD STRESS q In=-1b
1 -20.08 -0.78 43.37 509.79 -4,26
2 -1.62 -1.84 783.95 502,53 -6.46
3 1.17 ~-1.85 171.92 h91.,20 6.63
4 2.57 -1.50 292.40 359.37 30.16
5 3.93 -1.20 142,04 302,21 42,52
6 5.01 -1.02 29.79 2483.29 45.34
7 5.63 -0.16 2.43 13.48 46.56
3 4.93 0.97 -51.74 -287.42 43,066
9 3.62 1.39 -185.17 -393.98 31.76
10 2.30 1.73 -359.21 -478.494 7.07
11 1.10 1.99 -124.88 -542,95 -1.87
2 -1.490 1.87 -776.96 -498.05 -4,03
13 -20.08 -0.48 32.06 2235.97 -4,57
SUPPLEHEHTAL DATA
CELL 1 front CELL 2 recar
2A= 43,68 74.33
correction shear flow -55.57 -3.02
Q due to torslion -6.3h -1.54
MY 4 shear center= -391.52
sum 2A*g= 3,8371E+03
Vertical imbalance= -0.00
q 3 nid spar= 57.35
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PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
ﬂ s : r‘f 3/_75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3.A. 64
CHECKED T MOCD'EL1—70 %
! -C
APPROVED I IOO KW-w‘NDM, LL BLADE. REPORY NO.
: 27153
CASE 4. MEAW LOADS.
WINDMILL STA 653
$X 1b SZ 1b MX In-1b MY In-1b MZ In-1b
=10 270 3240 135 -1330
CALCULATED DATA
XBAR ZBAR Elxx Elzz Elxz
0.88 -0.01 5S.08E+07 1.06E+09 1.72E+07
GRID PT X-XBAR Z-ZBAR LOAD STRESS q In-1b
1 -17.96 -0, . 352,70 -5.43
2 0.07 -1.51 360.97 962.60 24,90
3 0.98 =1.44 238,18 916.07 -20.47
4 2.20 -1.32 334.82 837.05 8.64
5 3.54 -1.16 91.54 732.32 16.83
6 4,46 ~-0.85 66.63 533.04 23.07
7 5.00 -0.07 4.86 35.49 24,26
8 4.40 0.71 -57.45 -459,57 20,07
9 3.49 1.20 -96.18 -769.42 12.49
10 2.25 1.44 -367.78 =919,45 -17.35
11 0.98 1.57 -259.85 -999,42 26,79
12 0.10 1.62 -386.00 -1029,33 ~5.57
13 -17.96 -0.17 20,87 149,06 -6.70
SUPPLEMENTAL DATA
CELL 1 front CELL 2 rear
2A= 18.25 67.74
correction shear flow =61,03 -2.89
Q due to torslon -11.33 -3.81
MY @ shear center= -464.72
sum 2A*q= 1.677E+03
Vertical Imbalances 0.00
qQ @ mid spars 65.66
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PREPARED BY DATE KHEED.-CALIFORNIA COMPANY PAGE
ﬂ “44% 3/7r AL(SISI:ISION OF Locc:HEED AIRCRAFT CORPORATIr\éN 3.A.65
CHECKED T MEDEL’WO 8
I
APPROVED I ‘OO KW‘ W!NDM’LL’ %LADE' ‘REPORTNO. ]
E 27153
CASE 4. MEAN LOADS.
winOMiLL STA 697
SX 1b SZ 1b MX In=1b MY In=-1b MZ In-}b
0 180 1500 150 -910
CALCULATED DATA
XBAR ZBAR Elxx Elzz Elxz
0.57 -0.03 2,74E+0Q7 7.98E£+08 1.17€E+07
GRID PT X=-XBAR Z-ZBAR LOAD STRESS q In-1b
1 ~-15.54 -0.40 38.15 272,52 -3.66
2 0.45 -1.17 239,41 638.41 25.56
3 1.28 -1,05 148,23 $70.12 -11.85
b 2,27 ~1,09 147.15 $88.58 6.75
5 3.23 -0.92 61.57 492,56 14,76
6 4,15 -0.69 36.39 363.94 19,74
7 4.63 -0.15 6.77 67.65 21,20
8 4.15 0.53 -37.72 -301.77 17.35
9 3.23 0.96 ~66.66 -533,28 9.83
10 2.25 1.13 -155,.68 -622.72 -8.24
11 1.33 1,21 =172.44 ~-663.25 27.17
12 0.45 1.28 -261.92 -698,46 -4,.31
13 ~15.54 -0.12 16.76 119,73 ~5.28
SUPPLEMENTAL DATA
CELL 1 front CELL 2 rear
2A= 11.70 47.67
correction shear flow =-53.96 -2,78
Q due to torsion -7.13 -2.50
MY @ shear centers=s -202,51
sum 2A+q= 9,600E+02
Vertical imbalances= 0.00

q @ mid spar=

55.82
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SUPPLEMENTAL DATA
CELL 1 front

g & nid spar= 129,05

CELL 2 rear

2A= 741,13 3090.39
correction shear flow -142.22 -15.79

Q due to torsion -4.27 -1.66

1Y 3 shear center= -4510,.87

sum 2A*y= 1,635E+05

Vertical imbalance= 0,00

PRCPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
ﬂ _g < {V% 3/75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3. A- 6 ‘
CHECKED T MODEL
1 CLi70
1 100 KW, WINDMILL BLADE 70%
APPROVED L ' REPORT NO.
E 271S8%
CASE 1,284 CYCLIC LOADS,
WINDHILL STA 48.00
SX b SZ 1b MX Ip-1b MY In-1b NZ in-1bh
10630 6602 0 0 a
CALCULATED DATA
XBAR ZBAR Elxx Elzz El xz
1.60 0.22 1.88E+10 2.65E+10  2,20€+07
GRID PT X=XBAR Z=-2BAR LOAD STRES q in~1b
1 -40.16 -2,72 0,00 0.00 73.23
2 -7.08 -12.03 0.00 0.00 77.37
3 -0.65 -11.64 0.00 0.009 202,74
i 6.40 -5.90 0.00 0.00 214,66
5 10,54 -5.15 9,00 0.00 195,22
6 11.50 0.63 0.00 0,09 95,36
7 9.62 6.33 0.00 0.10 35.08
3 5.10 9.65 0.99 0.ud ~144,27
9 -2.53 11.50 0.00 0.00 -226.05
19 -8.51 10.96 0.00 0.00 -104.54
11 40,16 -0.78 0.00 0.00 -17.45%




R TE - i PAGE
il & 1)>3 X DIVISION OF LOCKHEED AIRCRAF I CORPORATION 3.A. 67
CHECKED T MODEL

1 CL1703

APPROVED I 'OO KWW‘NDM‘LL BLADE REPORT NO.

E 27153

2-829€¢ WYOd

CASE |1 244 C¥cuL

1C LOADS.,

1 shear center= -18425,22
sum 2Axq= 1.6675+0%S
irntbalance= 0.00

124,45

Vertical

q d Nnid spar=

RIE REACT.USTA 81.50
SX b SZ b 'Y in=1b MY in-1L 1Z in-10
12750 6520 0 -4300 0
CALCULATED DATA
ROAR ZBAR Elxx Flzz Elxz
1.02 -0.05 1.59E+10 2.93E+10 9.007+9%8
GRID PT X-XBAR 2=LCAR LOAD STRLSS "
1 -39.42 ~2.45 0.00 0.0
2 -7.64 -10.73 0.0¢ 0.00
5 -1.10 -10.69 0.00 9.00
4 6.12 ~8.h0 0.00 0.00
5 10,51 =5,25 0.00 0.00
6 12,006 0.15 0.00 0,00
7 10.58 5.55 0.0V 0.00
3 56.10 8.93 0.00 v.00
9 -1.44 10.85 0.00 0.00
10 -7.50 10.43 0.00 0.00
11 -39.42 =0.25 0.00 0.00
SUPPLTHENTAL DATA
CELL 1 front CELL 2 rear
2A= 697.7> 743,30
correction shear flow -121,98 -12.29
Q due to torsion -20.40 -5.064

in-1b

.75
37.23
231.00
251,75
227.45
123,92
62,77
~1.6.62
-254.96
-125,16
~17.95




T-8Z9E WHOJ

PAGE

q 3 mid spar= -21.31

PREPARED BY PATE LOCKHEED-CALIFORNIA COMPANY
a.&&,’, / 3 /75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3.A.C%
CHECKED T "215570 3
1
APPROVED : |OO K.\/\/. W | N D M ‘ LL BLADE REPORT NO.
E 277183
CAGSE 1,284 CYCLIC LOADS.
WELDIELL STA 81.50
SX 1b SZ th HMX In-1b MY In=-1b NZ In-1b
-1525 -960 ~183500 4100 371410
CALCLULATED DATA
ALAR ZBAR Fixx Ftzz Elxz
1.02 -0.08 1.59C+10 2.93FE+1n 9.08E+08
GRID PT X=-XBAR Z-7ZBAR LOAD STRESS q in=-1b
1 -33.42 -2.43 -3271.18 -5111.22 -9,75%
2 -7.G8 -10.73 =3522.77 -2136,20 -5.66
3 -1.16 -10,69 -3769., 84 -1299,95 -25.16
Y 6.12 -83.40 ~h9. 41 -15G.55 =-30,77
5 10,51 -5.23 726,628 726,68 -28.51
N 12.06 0.15 2864,89 1499,94 -16,.80
7 10,58 5.55 1an2.61 1902,69 -8.31
& G.1n 8.93 SGRS5.C1 1717.71 18,80
9 -1.44 1n.85 2745,18 998,25 33.97
i0 -7.50 16.43 356.7¢ 207,42 16.50
11 ~39.42 -0.23 -3113.71 -h272,98 :.78
SUPPLENENTAL DATA
CELL 1 front CELL 2 rear
2h= 697.73 743,30
correction shear flou 18.13 1.87
7 due to torslion 6.91 1.91
LY ¢ shear centers 6242.09
sum 2A*q==-2,478E+04
Vertical imbalances= 0.00




T-HTI9E WHOA

"“”“DB"% DATE LOCKHEED-CALIFORNIA COMPANY PAGE
/‘_M,,, 3/7 S A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3.A.69
CHECKED T
MODEL
! Cl170%
APPROVED I oo W, WINDMILL RBLADE R;onrrz
£ 27153

CASE 1,284, CYCLIC LOADS.

WINDMILL STA 125

SX 1b SZ 1b MX In=lb MY In~1b MZ In-1b
-1140 -473 ~121740 2430 325900
CALCULATED DATA
XBAR 2BAR Elxx Elzz Elxz
0.85 -0.16 1.24E+10 2,75E+10 1.28E+09
GRI1D PT X-XBAR Z-ZBAR LOAD STRESS q In-1b
1 -38.97 -2.02 -2732.99 -4632.18 -6.87
2 -8.53 -9,24 -3047.16 -1771.61 -6.84
3 -2.05 -9,32 ~-2956.04 -1037.21 -18.18
b 547 -7.60 -92.03 -28.85 -18.46
5 10.28 -4.67 967.09 773.67 -16,32
6 12.45 -0.20 1885.10 1406.79 -9.77
7 11.20 4.56 2092.05 1673.64 -2.26
8 6.52 7.86 4537.45 1422.40 14,53
9 -0.93 9.63 2059.25 722.54 22.79
10 ~7.35 9.26 -75,23 -43.74 11,88
11 -38,97 -0.14 -2637.48 -4470.31 2.70

SUPPLEMENTAL DATA
CELL 1 front CELL 2 rear

2As= 632.44 630.93
correction shear flow 8.66 1.02
Q due to torsion 5.31 1.67

MY @ shear centers k411,07
sum 2Awq=-1,250E+04
Vertical Imbalances= 0.00

q @ mid spare= -11,27
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PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
2 ks 4 3/75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3.A.70
CHECKED T MODEL 2
'100 <170
AFPROVED T KMW.WINDODMILL RLADE, =
E

27153

CASE 12 44 CYCLIC LOADS,

YORAMIY L STA 147.5

S0 1b SZ b LA de=1h LY

n=1h 12 in-1hk
=11%) =279 -G2350 1766

207775

CALCLLATED OMTA

ABAR AR Fixx Cirz Lixz
1.22 -0.12 f.21FE+403 1.91FE+10 3.h9E+N8
GRIND T A-ANAR Z-ZBAR LDAD STRESS
1 -39.8n -1.51 =1774,72 -6227.26
% -3.22 ~7.50 -%029.,.06 -1701.08
3 ~3.10 -7.67 =2456.35 -8389.1¢0
i .50 -hH,12 AL 05 20836
> 948 -4.20 1210, 78 N75.88
o 1.0 n.2" 2409, 55 1764 .05
7 N h6 4,77 197295.5% 1553, 0%
5 .30 6.50 981,10 121G6.30h
' ~1.61 7.73 125.7"1 275.10
19 ~%.5h 7.2 =112","1 ~C50, 0
11 -35.°" -9,3n ~1680. 1.3 -5251.3%

SUPPLELENTAL DATA

CFILL 1 front CRLL 2 rear

2= 530,45 132,50
correction shear flow G006 0.0n
Q due to torsion b 1.24

1Y @ shear centers= 3064, 80
sum 2h*q=-7,501E+403
Vertical inbalances 1.00

qa @ rlAd spar= -9.05

qQ In~-1h

-5.39
=945
-20.36
-17.22
-12.09
~2.41
5.0N
18.87
22,73
7.05
.09
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PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
o7 Loy v V% 3/-) S A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3 .A. 74
CHECKED T MOCDEL‘7O 8
1 . d
APPROVED "r_ 100 K W WINDMILL LAD E ) REPORT NO.
3 27153
CASE 1,284 cYCLIC LOADS.
WIEDIILL STA 235.0
5% b SZ Wb it in=1b 1Y in=-1b HZ in-1b
=985 ~-190 -37400 1550 208300
CALCULATED DATA
ABAR ZLAR Elxx Elzz El xz
34,95 0.02 5.99E+09 1.6GE+10 9,.24E+08
GRI: PT X~XBAR Z-ZBAR LOAD STRESS q in-1b
1 -37.20 ~-1.50 -1466.03 -4581.35 -5.42
2 -9.17 -6.74 -2420.88 -1407.49 -10.16
3 -3.22 -6.92 -1774.21 -693.05 -18.93
[ 4,19 -4.84 yh8.43 297.31 ~14,81
5 9,15 -3.84 117¢.88 943,10 -9,35
6 11,39 0.05 1731.12 1334.90 -1,18
7 10.03 3.55 1029.48 1372.64 3.74
3 6,23 5.44 2922.00 993.88 17.89
9 -1.10 6.75 483,79 161.26 20.63
19 -7.99 6.40 -1183.03 -637.81 8.36
1 -37.20 -0.32 -1449,54 -4529.82 1.51

SUPPLENENTAL DATA

2A=

corruction shear flow
Q due to torsion

LY 4 shear centers
sum 2Awg=~4 ,S545E+03
Vertical imbalance=

q U nid spars -6.9

CELL 1 front CELL 2 rear

439,20 410,51
b.74 0.43
5.72 1.09

2077.61
0.00
4
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LOCKHEED-CALIFORNIA COMPANY

PAGE

PREPARED BY DATE
7 é/(r: 4‘% 3'/75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3 .A.T72
CHECKED T MODEL
1100 KW, WINDPMILL BLADE., €L170%
APPROVED IS REPORT NO.
£ 27153
CASE (,22 4 <CY(LIC LOADS
WINDMILL STA 301
SX b SZ 1b MX In=-'b MY In=1b MZ in-1b
-830 -110 -16430 1050 147150
CALCULATED DATA
XBAR ZBAR Elxx Etzz Elxz
0.69 -0.06 4.19E+09 1.32E+10 3.90E+08
GRID PT X=-XBAR Z-ZBAR LOAD STRESS q In=-1b
1 -33.79 -1.17 -1162.12 -3748.76 -5.40
2 -7.61 =-5.61 -1717.75 ~998.69 -10.09
3 -2.11 -5.72 -877.04 -397.17 -16.18
[ 4.19 -4.80 866.39 322.08 -11.84
S 8.12 -3.50 791.74 791.74 -7.53
6 10.63 -0.34 1332.88 1159.02 -0.04
7 9.03 3.22 1085.99 1085.99 6.21
8 5.50 4.68 1990.80 740.08 17.94
9 -1.13 5.72 113,27 41,19 19.23
10 -7.63 S.46 -1171.27 -680.97 7.65
11 ~-33.79 -0.14 -1152.89 -3719.00 1.16
SUPPLEMENTAL DATA
CELL 1 front CELL 2 rear
2A= 344,97 316.67
correction shear flow 3.28 0.31
Q due to torslon 3.26 0.84
MY @ shear centers 1392.51
sum 2A*q=-2,459£+03
Vertlcal imbalance= 0.00
q @ mid spar= -5,38
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PREPARED BY DATE
A-Lkms K,

LOCKHEED-CALIFORNIA COMPANY

PAGE

A DIVISION OF LOCKHEED AIRCRAFT CORPORATION ES , AT73
CHECKED T M&DEL‘_IO$
1
— r 100 KW, WINDMILL BLADE. =217
£ 27153
CASE 1284 CcYCL\C LOADS.
WINDMIZL STA 389.0
SX 1b SZ b MX In-1b MY In-1b MZ In-1b
-570 -40 -4700 83500
CALCULATED DATA
XBAR Z8AR Elxx Elzz El xz
0.54 -0.13 2,.28E+09 9,22E+09 2,52E+08
GRID PT X=-XBAR Z-71BAR LOAD STRESS q In=1b
1 =29, 34 -1.19 -797.84 -2659.47 ~4.64
2 -6.24 -4.,34 -1047.23 -608.86 -9.10
3 -1.84 -4,38 -386.44 ~212.33 -12,02
4 3.89 -3.61 997,71 312.76 -5.62
5 8.40 -2.13 551.48 735.31 -1.91
6 9,53 0.13 516.72 861.19 1.61
7 8.18 2.40 572.59 763.45 5.58
8 4,86 3.62 1277.97 476,86 14,62
9 -0,68 b, 46 -31.59 -14,04 14.76
10 -6,04 h,28 -859.14 -499,50 6.22
11 -29.34 -0,05 -794.22 ~2647, 39 0.81
SUPPLEMENTAL DATA
CELL 1 front CELL 2 rear
2A= 227.33 226.28
correctlon shear flow 1.29 0.11
Q due to torsion 2.46 0.70
MY @ shear centers 717.26

sum 2Aeq®=-7,274E+02

Vertlcal

q @ mid spar=

Imbalances -0

-2.93

.00




DATE "ED-CALIFORNIA COMPANY PAGE
P_;EP;;;,E(D = 'Zg 3/7§ :\_gISl’S(I;‘NEOF LOCKHEED AIRCRAFT CORPORATION 3.A.74
¥ & B
CHECKED T LADE MéDLE:]')Og
OVED r 10O KW. WINDMILL B ) REPORT NO.
APPROV ; 1‘715

T-8Z9& WHO4

CASE 1,2 & 4,

CryCu\C LOADS.

WINBRLL STA 477

SA b RV
-364 -1
CALCULATED DATA
XCAR LULAR
0.55 -0.03
GRID PT X-XBA
1 -
2
3
4
5
O
7
9
14
11 -

SUPPLEIECHTAL DATA

2A=

correction shear f1
Q due to torsion

1Y Jd shear center=
sum 2A*q=-1,708E+02
Vertical imbalance=

q @ nid spar=a -1

in-1b MY in=1b N2 in-1b

h X
5 -735
Flxx Elzz
1.05€+09 6.
R Z-ZLAR
25.35 -0.87
-4.32 -3.24
-0.80 -3.23
3.87 -2.39
6.57 -1.92
7.93 -0.05
6.35 1,81
4.30 2.57
-0.438 3.27
-4.74 3.13
25.35 -0.17
CELL 1 front
154,82
ov 0.58
1.65
279.62
~0.00
.82

270 39400

Clxz
00E+09Y 1.27E+0¢

LOAD
-449,20
-538,92

-35.38
610.52
260.03
364,64
224,12
666,50
-62.76
=540.24
~449.38

CELL 2 rear

145,39

0.03
0.39

STRESS
-1663.71
-313.32
-49,35
256,52
433,38
520,92
bu3. 24
250,07

~-1664,38

q in-1b
-3.69
-7.23
-8.44
-3.33
-1.05

2,27
h,33
10.94
10.33
4,52
Q.02
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PREPARED BY PATE LOCKHEED.-CALIFORNIA COMPANY "%‘A -
ﬂ‘“f/ 3/75 A DIVISION OF LOCKHEFD AIRCRAFT CORPORATION -A.78
CHECKED T MODEL
CLI170%
r 100 KW. WINDMILL BLADE | ————
APPROVED L
E 27153
CASE 1,224. CroLic LOMDS
WINDIILL STA 568
$X 1b SZ 1b MX In-1h MY in-1b MZ in-lb
-185 -5 120 105 14130 LoAD cASE TA
CALCULATED DATA
XBAR ZBAR Elxx Elzz Elxz
0.84 -0.00 4.29E+08 2.68E+09 2.83E+07
GRID PT X-XBAR Z-1BAR LOAD STRESS q In-1b
1 -22.01 -0.67 -161,50 -1153,57 -1.87
2 -3.92 -2,28 ~304.89 -191.75 -5,27
3 -0.66 -2,22 -27.01 =20,62 -6.07
4 3.25 ~1.65 4L08.41 181.52 -1.30
5 5.66 -1.21 113,05 305.55 0.11
6 6.43 -0.26 95,23 340,10 1.34
7 5.64 1.00 145,32 290,64 3.32
8 2.94 1.81 322.92 143,52 8.16
9 ~0.89 2,18 -78.99 -60.30 7.57
10 -3.94 2,15 -350.71 -220.57 2.38
11 -22,01 -0.30 -161.82 -1155,89 0.26

SUPPLEMENTAL DATA

2As

correction shear flow
Q1 due to torsion

MY @ shear center=
sum 2Axq=-4,108E+01
imbalances

Vertical

q Q@ mid spar=

~-1.13

CELL 1 front

CELL 2 rear

74.49 86.79
0.26 0,01
1.13 0.24
105.41
0.00
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PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
& ES ,“A Y A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3.A 76
CHECKED T MODEL 708
! CL170
1 100 KW WINDMILL BLADE. (aomws
£ 2715%
CASE |)2 & 4 CYCLIC LOADS,
wine™Mive STA 609
54 1b SZ 1L IR ip=-1b Y in=1b 1Y in-1hL
-70 0 i40 60 7410
CALCULATLCD DATA
XLAP ZBAR Elxx Elzz Elxz
VR Vi -0.00 1.87E+03 1.56C+YY 4,15E+07
aRIL PT A=-ABAR Z-7ZBAR LOAD STRESS q In=1b
1 -20.08 -0.7¢ =152.76 -948, 26 =1.07
2 -1.62 -1.84 -(9.55 =44, 58 -1.49
J 1,17 -1.85 31.25 39,27 -1.24
L 2.57 -1.50 112,51 150.01 -0.26
) 3.95 -1.2 v8.57 209,73 0.63
(¥ 5.01 -1.02 30.99 255,22 0.91
/ 5.63 -0.16 49.02 272,34 1.37
v .95 0.97 39. 30 218,32 1.75
Il 3.62 1.39 69.55 17,94 2.45
1n 2,30 1.75 58.90 76.53 3.10
11 1.1¢0 1.99 3.76 16.335 3.17
12 -1.4¢ 1.8 =157.499 -101, 28 1.4%
id -20.03 -0.43 ~135.52 -953.70 0.19

SUPPLENTHTAL DATA
CELL 1 front CELL 2 rcar

2A= 43,60 74,35
correction shear flow -0,25 -0.02
n due to torsion 0.87 0.21
17 @ shear centers 53.76

suft 2Axq= 1.8410L+01

Yertical inbalances -0.00

@ nid spar= -0.u4
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PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
%%/ _'% j,fj < A DIVISION OF LOCKHEED AJRCRAFT CORPORATION 3I.A.79
CHECKED T D MODEL '.7 o s
: t LADE cL
APPROVED M 100 KW. WIN OMicL B : REPORT NO.
E 27153
CASE 2214;‘$n CYCLIC LOADS,
WINDMILL STA 653
SX 1b SZ b MX In=lb MY In=1b MZ in-1b
-6S 0 90 0 3380
CALCULATED DATA
XBAR ZBAR El xx Elzz Elxz
0.88 -0.01 5.08E+07 1.06E+09 1.72€E+07
GRID PT X=-XBAR Z2-ZBAR LOAD STRESS q In=1b
1 «17.96 ~0.49 -78.50 -560.73 -1.59
2 0.07 ~1.51 17.06 45.50 -1.46
3 0.98 ~1.44 18.88 72.63 -1,53
N 2,20 ~1.32 43.30 108.25 -0.88
5 3.54 ~-1.16 18.32 146.57 -0.57
6 4L.46 ~0.85 20.90 167.16 -0.21
7 5.00 -0.07 22.22 162.17 0.22
8 4.40 0.71 15.08 120.68 0.54
9 3.49 1.20 9.69 77.55 0.77
10 2,25 1.44 12.40 31.01 1.21
11 0.98 1.57 =3.47 -13.36 1.59
12 0.10 1.62 -16.11 -42,95 1.48
13 ~-17.96 ~0.17 -79.78 -569.88 -0,06
SUPPLEMENTAL DATA
CELL 1 front CELL 2 rear
2A= 18.25 67.74
correction shear flow -0.24 -0.01
Q due to torslon -0.13 -0,04
MY @ shear center= -5.39
sum 2A=q= 1,067E+01
Vertlcal Imbalance= 0.00
q @ mid spar= 0.31
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PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
2 %4‘% 3/‘)5 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION B AN.7%
CHECKED T MODEL '7 s
i cL o
APPROVED ;r_ | oo ‘Lw * W ! N D M ! L—L BL'A D E— REPORT NO.
£ 271573
CASE 1+ 284 CcYCLIC LOADS.
WINDMILL STA 697
SX 1b SZ 1b MX In-1b MY in-ib MZ In-1ib
~40 0 50 (] 1430
CALCULATED DATA
XBAR ZBAR Elxx Etzz Elxz
0.57 -0.03 2.74E+07 7.98E+08 1.17E+07
GRID PT X-XBAR Z-ZBAR LOAD STRESS q in-1b
1 -15.54 -0.40 ~38.33 -273.79 -1.12
2 0.45 -1,17 14.55 38.79 -0.94
3 1.28 -1.05 13.22 50.85 -0.94
4 2,27 -1.09 17.50 70.00 -0.60
S 3.23 -0.92 10.39 83.14 -0,37
6 4,15 -0.69 9.40 93.97 -0.15
7 4.63 -0.15 8,87 88.69 0.09
8 4.15 0.53 7.77 62.19 0.34
9 3,23 0,96 4,27 34,16 0.52
10 2,25 1.13 2.95 11,80 0.74
11 1.33 1.21 ~1.85 -7.11 1.08
12 0.45 1.28 -9,.39 25,04 1,06
13 -15.54 0,12 ~39,35 ~-281,08 -0.03

SUPPLEMENTAL DATA
CELL 1 front CELL 2 rear

2A= 11.70 47.67
correction shear flow -0.22 -0.02
Q due to torsion -0.05 ~0.02
MY @ shear center= -1.43

sum 2A«q= 4,778E+00
Vertical imbalance= 0.00

q @ mid spar= 0.23
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PREPARED BY . DATE L OCKHEED-CALIFORNIA COMPANY ——
ﬂ%, 3/75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3 A 7q
CHECKED T —
1
APPROVED T 100 KW. WINDMILL BLADE cL1708.
: REPORT NO.

CASE 3. CYCLIC LOADS.

WIENSHILL STA 48.00

SX b SZ b X tn-1b 1Y In=1b liZ in-1b
-6962 11170 0 0 0
CALCULATED DATA
XBAR ZBAR El xx Elzz El xz
1.60 0.22 1.80R+10 2,65E+10 2.20E4Q7
GRID PT X=XBAR Z-1ZBAR LOAD STRESS q In-1b
1 -40.16 -2.72 0.00 0.00 -79.03
2 -7.08 -12.03 0.00 0.90 -226.58
3 -0.G5 -11.64 0.00 0.00 -31.90
4 G.40 -3.90 .00 0.10 152.71
5 10,54 -5.15 0.00 0.00 247,88
6 11.50 0.63 0.00 0.00 302.25
7 9.62 6.35 0.00 0.00 250,11
3 5.10 9.65 0.00 0.C0 145,61
9 -2.58 11.50 0.00 0.00 -60.07
10 -3.51 10.96 0.00 0.00 21.95
11 -40.16 -0.78 0.00 .00 -31.58

SUPPLEMENTAL DATA
CELL 1 front CELL 2 rear

2A= 741,13 809.39
correction shear flow -263.71 -27.81
Q due to torsion -9,69 -3.76

1%Y @ shear center= -10226.42
sum 2A*q= 3,009E+05
Vertical Imbalance= -0.00

q G nid spar= 2u6.83‘_
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PREPARED BY DATE o EED-CALIFORNIA COMPANY PAGE
d ec 'j 3/75 L—DISI’S(I:N OF LOCKHEED A!RCRAFT CORPORATION 3. A.5°
CHECKED T . MODEL 708
1 100 <. W. WINDMILL BLADE, L1705
APPROVED L REPORT NO.
E 27183

CASE 3 CYCLIC LOADS.

RIB REACT.ZESTA 31.50

5X 1b SZ 1b X in=1L MY in=-1b NZ in-1b
-6650 13550 0 -10250 8}
CALCULATED DATA
ACAD ZBAR Elxx Elzz Clxz
1.02 -0.05 1.549£+10 2.93E+10 9.08E+08
CRID PT ~A=ABAR Z-2BAR LOAD STRESS qa i
1 -39.42 -2.43 U.00 3,00
2 -7.68 -10.73 0.00 0.00
3 -1.16 -10.069 0.00 0.00
4 6.12 -8.40 0.00 0.00
5 10.51 -5.25 0.00 0.00
M 12.06 0.15% .00 0.00
7 10.58 5.55 9.00 0,072
3 6.10 $.93 0.00 2.00
9 -1.44 19.¢ 0.00 0.20
10 -7.50 10.43 0.00 0.0¢C
11 -39.42 -0.25 0.0U 3.0

SUPPLENENTAL DATA
CELL 1 front CELL 2 rcar

ZA= 697.75 745,30
correction shear flow -273.72 -31.02
0 due to torsion -47.04 -13.17

1Y 4 shear center= -435032.28
sur 2A*q= 3,0675E+05
Vertical inbalance= -0.00

q J nid spar= 277.17

n=-1h
~54,55
-245.55
14.00
255.03
366,38
422,67
401,46
176.95
-71.08
18.35
-4k, 13




T-929€ WHOA

PREPARED BY DATE -
LOCKHEED-CALIFORNIA COMPANY PAGE
2 —64{4,/%3/25 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 2.A.%)
CHECKED T MODEL
! cL1?
APPROVED I 100 KW W‘NDM‘L_L 6LA\DE_ REPORTNoo.s
= 27153
CASE 3, CycwLiC.
WINDMILL STA 81,50
SX 1b SZ 1b MX In=lb MY la-1b MZ in-ib
780 -1750 -388700 10250 «193800
CALCULATED DATA
XBAR ZBAR Elxx Elzz Elxz
1.02 ~0.05 1.59E+10 2.93E+10 9.08E+08
GRID PT X=-XBAR Z-18BAR LOAD STRESS q fn-1b
1 -39.42 -2.43 1470.45 2297.57 14,26
2 -7.68 -10,73 -3613.32 -2100.76 40.56
3 ~1.16 -10.69 «7455.05 -2570.71 6.95
4 6.12 -8, 40 -8094,.78 -2537.55 -28.83
5 10.51 -5.23 -2073.03 -2073.03 -37.82
6 12.06 0.15 -1624.25 -850.39 -44.41
7 10.58 5.55 600.23 600.23 41,38
8 6.10 8.93 5857.92 1769.76 ~14,43
9 ~1.44 10,85 7704 .85 2801.76 20,08
10 ~7.50 10.43 5406.71 143,43 1.03
11 -39,42 -0,23 1820.28 2844.19 8.43

SUPPLEMENTAL DATA

CELL 1 front CELL 2 rear

2A= 697.73 743.30
correction shear flow 35.35 4.00
Q due to torslon 16.03 4.43

MY @ shear center= 14482,75

sum 2A=q=-~4,74L8E+04

vertlica) imbalance= 0.00

q @ mid spar=

-42,96




PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE N
2 .4,6.,, ‘% 3/ IS A DIVISION OF LOCKHEED AIRCRAFT CORPORATION IA.62
CHECKED T MZDEL' o
'
APPROVED I loo KW WlNDM\ LL BLAOE REPORT NO.
- 27153

T-HZ9E WO

CASE 2. CycLtiC LOADS

WINDMILL STA 125

$X 1b SZ b MX In-1b MY In-1b MZI In-1b
540 -1450 -339700 11100 -129400
CALCULATED DATA
XBAR ZBAR Elxx Elzz Elxz
0.85 -0.16 1.24E+10 2.75E+10 1.28E+09
GRID PT X=XBAR Z-IBAR LOAD STRESS q In-1b
1 -38.97 -2.02 1047.30 1775.09 15.15
2 -8,53 -9.24 ~3561.56 -2070.67 38.34
3 -2.05 -9.32 -7074,30 ~2482,21 8.13
b 5.47 ~7.60 ~7825.77 ~2453,22 -25.19
5 10.28 ~4.67 -2404.18 -1923,34 -35.39
6 12,45 -0.20 -1078,13 -804,57 -39.92
? 11.20 4.56 750.80 600,64 -36.65
8 6.52 7.86 5754.35 1803,.87 -12.01
9 -0.93 9.63 7825.88 2745,92 21.37
10 -7.35 9.26 5208,35 3028.11 5.09
i1 ~38.97 =0.14 1357.26 2300.44 10.78

SUPPLEMENTAL DATA
CELL 1 front CELL 2 rear

2A= 632.44 630.93
correctlon shear flow 28.41 4.21
Q due to torslion 20.82 6.56

MY @ shear center= 17309.29
sum 2Arq=-4,033E+04
vertical imbalance= 0.00

q Q@ mid spar= -38.45
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PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
a%y 5/’75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3. A, %3
CHECKED T MODEL ‘70 8
! <L
APPROVED : 100 KW WINDM L BL-ADE REPORT NO.
E 27153
CASE 3. CrcLil LDADS .
tnenk el STA 137.5
S 1hH SZ 1b 1 tn=1b LY In=tb {7 in=1h
325 -1340 -26662N B YAy -f759n0
CALCLLATED DATA
XBAR 7RAR Flxx Elzz cixez
1.22 -0.12 3.21E+09 1.21Ek+10 §.59E+08
GRID FT X-ALCAR Z=-ZBAD 1.OAD STRNESS q In-1b
1 =-39.80 -1.51 79,68 1499,00 12.26
Z -9.0 -7.51 <3404, 47 -1073.34 38.50
3 -3.19 -7.C07 -60h2.69 -2372.39 5.06
4 4,59 -6.12 -7153.53 =2242 016 -30.75
5 3.h5 -4,26 =234€,55 -1877.48 =42, 44
G 11,39 n.20 -8Nn5.3N -524,87 -hE,35
7 5.L0 4.77 1374.00 1729.2n -39,35
8 5.36 5.56 559,57 1894.97 -13.81
5 -1.60 7.73 FONTL T .78 25,78
1n -3.584 7.42 5945,99 2875.58 7.01
11 -33.020 -0,3n 6n7.34 1637.9%4 3.96
SUPFLTLENTAL DATA
crLL 1 front 2 rear
2A= 530,45 4n2,50
correction shear flow 32,56 3.n°
1 due to torsion 20,88 14
1% 0 siear center= 14,024 L4
sum 2A*q==3,701E+04
Vertical irbalances n.on

q @ rnid spar=s ~b%, 49




2-829€ WHO4

PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
ﬂ %YL%S/‘?S A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3 A : %4
CHECKED T MODEL
<170
APPROVED i f00 K.w. WINDM'LL BLADE. REPO‘R-TNO &
E 2718%
CASE 3.CYCLIC LOADS.
WIEHDNILL STA 235.0
3x1b SZ b HX in=1L MY in-1h NZ in-1bH
229 -1230 -214100 6600 -41950
CALCULATED DATA
XBAR ZBAR Flxx Elzz El xz
J,.95 0.02 5.99E+09 1.68E+10 9.24E+08
GRID PT X=-XBAR Z~-ZBAR LLOAD STRESS q In-1b
1 ~-37.20 -1.50 360.34 1126.05 12,37
2 -9.17 -6.74 -3509.75 -2040.55 36.87
3 -3.22 -6.92 -6075.79 -2373.36 1.90
4 h.19 -4,8h -6217.53 -1949.07 -33.62
5 9.15 ~3.84 -2259.83 -1507.86 -46.45
6 11.39 0.05 -615.58 -432.46 -49,31
7 10.03 3.55 L32.02 842,069 -46.09
M 6.23 S. Y 5002.07 1701.33 -17.15
8| -1.10 6.75 7522.56 2507.52 25.493
1u -7.99 6.46 B663.72 2711.46 7.74
11 -37.20 -0.32 497.79 1555.59 10.45
SUPPLENENTAL DATA
CELL 1 front CELL 2 rear
2A= 439,20 410,51
corriction shear flow Sh.32 4,32
Q due to torsion 20.97 6.13
1Y ) shear center= 11725.02
sum 2A*q=-=3,325C+9y4
Vertical inbalance= 0.00
q )} nid spars= -4 .85




T-829€ WYO4d

PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
a ‘“4')%3/71 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3.A.%S
CHECKED T MODEL
' CL 1708
TeerovED T 100 KW WINDMILL BLADE SErorT RO,
E 27183
CASE 3. CYCLLIC LOADS.,
WINDMILL STA 301
SX 1b SZ 1b MX In=lb MY In-1b MZ In-1b
105 -1060 -149590 Luh4o -19070
CALCULATED DATA
XBAR ZBAR Elxx Elzz Elxz
0.69 -0.06 4.19E+09 1.32E+10 3.90E+08
GRID PT X=-XBAR Z-ZBAR LOAD STRESS q In=1b
1 -33.79 -1.17 130.78 421.88 9.48
2 -7.61 -5.61 -3133.64 -1821,88 34.60
3 -2.11 -5.72 -4915.76 -1998.28 -0.32
4 4.19 -4.80 -4910.08 -1825.31 -34.83
5 8.12 «3.50 -1457.09 -1457.09 -44,.96
6 10.63 -0.34 -444.64 -386.64 -47.83
7 9.03 3.22 929,55 929,55 -41,05
8 5.50 4.68 Wi45.03 1540.90 -11,36
9 -1.13 5.72 5716.88 2078.86 29,04
10 -7.63 S.46 3693.71 2147.50 7.29
11 -33.79 -0.14 245,26 791,16 8.79
SUPPLEMENTAL DATA
CELL 1 front CELL 2 rear
2A= 344.97 316.67
correctlon shear flow 37.21 3.84
Q due to torslion 19.19 4.95
MY @ shear centers 8187.75
sum 2Asq=-2,635E+04
vertical Iimbalance= 0.00

q @ mid spars= -47.61




Z2-929€ WHOJ

q @ mid spar= -42,91

PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
j% )"#3/7 S A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3.A. % 6
CHECKED T MCE)EL '70%
! L
r 100 KM WINDMILL BLADE . e
£ 27153
CASE 3.CxCLic LOADS,
WINDMLLSTA 389.0
SX tb SZ 1b MX In-)b MY in-1b MZ in-1b
40 -750 -83500 3044 -6220
CALCULATED DATA
XBAR ZBAR Elxx Elzz Elxz
0.54 ~0.13 2,28E+09 9.22E+09 2.52E+08
GRID PT X=XBAR Z-ZBAR LOAD STRESS q In-1b
1 -29,34 -1.19 16.40 54.66 9.70
2 -6.24 ~4.34 ~2564.37 -1490,91 29.41
3 -1.84 -4,38 -2874.80 -1579.56 3.54
4 3.89 -3.61 -4443,57 -1392,97 ~36.13
S 8.40 ~2.13 -693.76 -925,01 -42,25
6 9.53 0.13 -68.20 -113.67 -42,77
7 8.18 2.40 557.27 743.02 -37.66
8 4.86 3.62 3342,11 1247,.05 ~7.44
] -0.68 h.46 3709.77 1648.79 25,84
10 -6.04 4.28 2877.12 1672.74 8.58
11 -29.34 -0.N5 142,05 473.50 9.71
SUPPLEMENTAL DATA
CELL 1 front CELL 2 rear
2A= 227.33 226.28
correction shear flow 32.10 3.88
Q due to torslon 20.52 5.83
MY @ shear center= 5982, 38
sum 2A*q=-1.613E+04
Vertical imbalance= 0.00




2-8929¢€ WYOJ

SUPPLEINENTAL DATA
CELL 1 front CELL 2 rear

2A= 134.82 145,39
corrcction shear flow 34.96 2.90

1 due to torsion 15.02 3.53

1Y Jd shear center= 2558.04

sury 2A*xq==-9,070E+03
Vertical imbalance= 0.00

q J nid spar= ~-43.55

PREPARED BY PATE LOCKHEED-CALIFORNIA COMPANY PAGE
ﬂ "{ /b.# 3/75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 2 AS7
CHECKED T MODEL
) cLI70%
APPROVED : l o O \<'W' W | N D Nl | LL BLADE' REPORT NO.
E 27183
CASE 2 CYCLLIC LOADS.
UIHDHELL STA 477
SX b SZ b I'X in=1b 1Y in=-1b 11Z In-1b
10 -515 -36600 1310 -1460
CALCULATED DATA
YBAR ZBAR flxx Elzz El xz
U, 55 -0.05 1.05E+09 6.00E+09 1,27€+08
GRID PT A-XBAR Z-ZBAR LOAD STRESS q in-1b
1 -25.35 -0.87 -14,82 -54.,90 6.10
2 -4,32 ~3.24 -1855.07 -1078.53 23,41
3 -0.30 -3.23 -1927.91 -1114 .40 -3.73
b 3.87 -2.39 -2067.07 -368.52 -32.64
5 6.57 -1.92 -439,03 -731.79 -38.75
6 7.93 -0.05 -07.138 -95.97 ~-39.59
7 6.85 1.31 280,13 560,26 -35.59
3 4,350 2.57 2020.71 849, 04 -6.99
9 ~-0.4¢ 3.27 2072.65 1138.31 22,14
10 -4.74 3.13 194G.,83 1131.90 5.83
11 -25.35 -0.17 50,78 183.09 6.43




2-8ZT9E WYHOA

PREPARED BY | DATE LOCKHEED-CALIFORNIA COMPANY PAGE
2 %,«# 3 S A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3I.A. %%
CHECKED T MODEL
| £LI170%
eV r |00 KW.MINDMILL BLADE oo
€ 277163
CASE 3.CYCLIC LOADS .
WinpntL STA 568
5K 1h SZ b X in-1b MY in=-tb NZ iIn-1b
5 =475 ~13450 560 -140
CALCULLATED DATA
XBAR 2BAR Elxx Elzz Ftxz
0,04 -0,00 4.29E+08 2.63E+09 2.33E+07
CRID PT X=-ABAR Z-ZBAR LOAD STRESS in-1b
1 -22.01 -0.67 -17.42 -124. 43 5.77
2 -3.92 -2.28 -1110.53 -693.45 24,82
5 -0.66 -2.22 -906.65 -692.10 -7.20
Iy 3.25 -1.65 -1183.70 ~528.335 -49,19
5.66 -1.21 -147.85 =-3499.59 -54.41
U O. 43 -0.206 -29.30 -104.65 ~55.44
7 5.04 1.00 146,72 295,45 -50.26
H 2.94 1.81 1254.95 557.75 =-5.94
H ~0.89 2.138 901.85 683,42 25.91
1u -3.94 2.15 1093.138 690.6% 6.h2
11 -22.01 -0.3 -1.13 -8.42 6.33

SUPPLENEHTAL DATA

CELL 1 front CELL 2 rear

2A= 74,49 36.79
correction shear flow 49,35 3.09
0 due to torsion 15,30 3.30
Y @ shear center= 1425.59

sun 2Aeq=~6,7520+403

Vertical inmbalance= 0.00

q @ !1id spar= -53.27
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PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
ﬂ%-{ 3/75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3.A. 8‘)
CHECKED T MODEL
! 100 KW. WINDMILL BLADE, cL1708
APPROVED L REPORT NO.
E 271573
CASE 3. CYCLIL LOADS,
winomitt STA G0Y
54 b SZ b MX in=1b 1Y in=1b {IZ in-1b
0 -17% -6940 130 0
CAl CULATED DATA
XBAR ZBAR Elxx ‘Elz: Cixz
.92 ~0.00 1.37€+408 1.5CE+0) L, 18E+07
Gilih T X=NBAR o~LLAR LOAD STRESS q In-1b
1 o=2n,038 ~-0.78 -12.32 -58.45 3.7
2 -1.62 -1.34 -1040,58 -G67.04 7.064
b 1.17 -1.85 =244 .50 -678.56 1.48
& 2.57 -1.50 -436.65 -552.20 -3,52
5 “5.93 ~1.20 ~227.50 -h34 .05 -15.24
v 5.01 ~1.42 ~51.34 -427.79 -16.54
7 5.63 -0.1cC -20.43 -115.77 -17.05
v 4.93 0.97 56.51 313.92 =15.65
3 3.02 1.59 227.17 h35.35 -9.91
10 "2.350 1.75 867,52 623.99 1.8
o Ir 1.10 1.99 166. 35 751.85 6.10
12 -1.40 1.8 1110,05 712,08 5.27
i3 -20,08 =0.45 3.25% 23,2 35.35
SUPPLYLLITHTAL OATA
CELL. 1 front CELL 2 rear
2= 3,68 74.35
correction shear flow 26.25 1.45
0 Jdue to torsion 7.90 1.92
1Y ) shear center= We7.85
sun 2Arq=-1,028F+93
Vertical inbalance= .00

q t nid spar= =50

.08
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PREPARED BY

DATE

LOCKHEED-CALIFORNIA COMPANY

PAGE

q @ mid spar=

=29.56

2 _“,,, . 5/—75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3 A 90
CHECKED T MODEL
1 cLiTog
APPROVED 1 ' OO K'W‘ W l N D M l Ll— 6LA D E M REPORT NO.
E 27153
CASE 3. CyCcLIC LOADS.
WINDMILL STA 653
SX 1b SZ b MX in=1b MY In=-1b MZ In=-1b
0 -110 ~3080 120 -30
]
CALCULATED DATA
XBAR ZBAR Elxx Elzz Clxz
0.88 -0.01 5.08E+07 1.06E+09 1.72E407 il
GRID PT X~-XBAR Z-2ZBAR LOAD STRESS .q In=1b
1 -17.96 -0.49 -16.42 -117 26 3.55
2 0.07 -1.51 -345,84 -922,23 -8.80 l
3 0.98 -1l.44 -231.10 -888.86 12,51
4 2.20 -1.32 -331,28 -828.20 0.69
5 3.54 -1.16 -93,.05 -744,39 -2,.63
6 h.ub ~-0.85 -70.62 -564,.94 -5.15
7 5.00 -0.07 -13.06 -95.34 -5.60
8 4,40 0.71 48.24 385.88 -3.88
9 3.49 1.20 86.70 693.62 -0.78
10 2.25 1.44 340.98 852.44 11.41
11 0.98 1.57 245,59 344,56 -9,.38
12 0.10 1.62 368.99 983,98 3.80
13 -17.96 -0.17 10,87 77.66 4.16
SUPPLEMENTAL DATA
CELL 1 front CELL 2 rear
2A= 18.25 67.74
correctlion shear flow 24,85 1,18
Q due to torsion 8.87 2.98
MY (Q shear centers= 363.99
sum 2A*q=-6.827E+02
Vertical imbalances= -0.00




2-929€ WHOJ

FPREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
d%‘/ﬁ 3/7§ A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3.A. q,
CHECKED T MODEL
i CL1709%
APPROVED I_ ‘ OO K‘w' w | N D M‘ L'L BL‘ADE . REPORT NO.
E 271%7%3
CASE 3 CcvwcuLic LOADS
WINDMILLLSTA 697
$X 1b SZ \b MX In-lb MY In-1b MZ In-1b
0 -60 -1290 10 0
CALCULATED DATA
XBAR ZBAR Elxx Elzz Elxz
0.57 -0.03 2.74E+Q7 7.98E+08 1.17€+07
GRID PT X-XBAR Z-ZBAR LOAD STRESS q In=-1b
1 -15.54 -0.40 -11.59 -82.77 1.96
2 0.45 -1.17 -209.41 -558.42 -7.78
3 1.28 -1.05 -131.92 -507.37 6.06
b 2.27 -1.09 ~133.30 -533.18 -0.14
5 3.23 -0.92 -57.42 -459.36 -2.81
6 4,15 -0.69 -35.68 -356.85 -4, 47
7 4.63 -0.15 -10.45 -104.50 -4,95
8 4.15 0.53 27.60 220.80 -3.67
g 3.23 0.96 53.85 430,79 ~1.16
10 2.25 1.13 129.52 518.09 4.86
11 1.33 1.21 146.21 562,36 -8.32
12 0.45 1.28 225,61 601.61 2.17
13 -15.54 -0.12 6.97 49,80 2.50
SUPPLEMENTAL DATA
CELL 1 front CELL 2 rear
2A= 11,70 47.67
correction shear flow 17.99 0.93
Q due to torsion .49 1.57
MY @ shear center= 127.50
sum 2A*q=-3,200E+02
Vertical Imbalance= -0.00

q @ mid spars= -19.98
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PREPARED BY :# DATE LOCKHEED-CALIFORNIA COMPANY PAGE
Q Bk 6/75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3 A.92
CHECKED T MODEL 708
1 CLi70
E 27153

RLAGE SECTION PROPERTIES (FATIGQUE PROPERTIES)

FATIGUE Q STA 187.5

iNPUT DATA
GRID PT X In Z in A in2 TIn
1 -38.58 -1.63 0.32 0.04
2 -29.80 4,25 0.53 0.04
3 -16.80 -6.95 0.53 0.04
[ -8.60 -7.62 1.72 0.25
5 ~-1,.88 -7.79 2,80 0.25
6 5.72 ~6.24 3.19 0.25
7 10.67 -4.38 1,25 0.25
8 13.02 0.08 1.54 0.25
9 10.638 4.65 1.25 0.25
10 6.506 6.u44 2.67 0.25
11 -0.38 7.61 3.00 0.25
12 -7.32 7.30 1.72 0.0
13 -15.90 6.30 0.57 0.04
14 =29.90 2.70 0.57 0,04
15 -38.58 ~0.42 a- 0.32 0.08
., 2l-98
XLA in ZLA in XHS in Ins In HMS In T™S in G
1,83 0.00 -7.96 0.00 15,92 0.08 4,00E+06
SX b SZ b MX In-1b MY In-1b HNZ In-1b
0 10 0 0 0
CALCULATED DATA
XBAR ZBAR Elxx Eltzz El xz
-1,22 8.83E+09 3.18E+10 1,04E+09
GRID PT X=-XBAR Z-ZBAR LOAD STRESS q In-1b
1 -37.36 -1.48 0.00 0.00 -0.07
2 -28.58 ~4.10 0.00 0.00 -0.05
3 -15.58 -6.80 0.00 0.00 -0.01
[ -7.38 =7.47 0.00 0.00 -0,12
5 -0.66 -7.64 0.00 0.00 0.12
6 6.94 ~6.09 .0.00 0.00 0.35
7 11.89 4,23 0.00 0.00 0.42
8 14, 24 0.23 0.00 0.00 0.42
9 11.90 4,80 0.00 0.00 0.36
10 7.78 6.59 0.00 0.00 0.17
11 0.34 7.76 0.00 0.00 -0.10
12 -6.10 7.45 0.00 0.00 0.00
13 -14 .68 6.45 0.00 0,00 0. 04
14 -28.68 2,85 0,00 0.00 -0.07
15 -37.36 -0,27 0.00 0.00 -0.07
SUPPLENENTAL DATA
CELL 1 front CELL 2 rear
2A= 530,39 579.38
correctlion shear flow -0,27 -0.06
0 due to torsion -0.05 -0.02
v

LATERAL LOCATION OF SHEAR CENTER AMEAD OF t11D SPAR=

13.33

E
1.00€+07




PREPARED BY DATE HEED-CALIFORNIA COMPANY FAGE
o Lharv 6/‘7 5 kg|$|':uo~ oF Loc:HEED AIRCRAFT CORPORATION 3.A.93
CHECKED T MODEL
L1708,
1 100 KW, WINDMILL. BLADE <
APPROVED L . REPORT NO.
E 27 | 55%

T-RTOE WHOA

CASE 1. MEAN (OADS (FAT\G.UE. PROPE.R.T\es>

FATIGUE Q STA 187.5

SX 1b SZ b NHX in-1b NY in-1b MZ In~1b
~450 2800 261600 ~1190 -58270
CALCULATED DATA
XBAR IBAR Elxx Elzz Elxz
~1.22 -0.15 8.83E+09 3.18E+10 1.04E+09
GRID PT X-XBAR Z-ZBAR LOAD STRESS q in-1b
1 -37.36 ~1.48 242,74 758.55 -22.07
2 -28.58 -4.10 771,77 1456.16 -18.85
3 -15.58 -6.80 1134.79 2141.11 =-9.35
4 -7.38 -7.47 3901.51 2268.32 ~42.46
5 -0.66 -7.64 6330.02 2260.72 25,52
6 6.94 -6.09 5544, 34 1738.04 93.12
7 11.39 ~4.23 1433, 32 1146. 66 113.70
8 14,24 0.23 -291.90 -189.55 117.97
9 11,90 4,80 ~1897.38 ~1517.90 102,45
10 7.78 6.59 =-5368.46 -2010.66 51.31
11 0.84 7.76 -6888.72 -2296.2h -22.51
12 -6.10 7. U5 -3689.60 =2145.11 5.0
13 -14.68 6.45 -1012.49 -1776.30 -8.127
14 -23.68 2,35 -338.41 -593,71 -17.99
15 -37.36 -0.27 128.49 401,52 -20.65

SUPPLEHENTAL DATA
CELL 1 front CELL 2 rear

2A= 530,39 §79.38
correctlon shear flow -76,15 -15.77
Q due to torslon -15.60 -4,88

Y Q@ shear center= -11100.75
sum 2Avq= 8,68LE+04
Vertical imbalances= 0.00

q B mid spar= 71.10
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PREFARED BY DATE LOCKHEED-CALIFORNIA COMPANY PAGE
2 AL ,ﬁ 5/‘75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 3.A.94
CHECKED T MODEL
1 - cL176%
r 100 Kw. WINDMILL BLADE L
APPROVED s . REPORT NO.
£ 271573
CASE T. CYCLIC LOADS (FATIGUE PROPERTIES)
FATIGUE Q@ STA 187.5
SX 1b SZ b HX In-1b MY in-ib MZ In-1b
~1100 -280 -62850 1900 257700
CALCULATED DATA
XBAR ZBAR Elxx Elzz Elxz
-1,22 -0.15 3.83E+09 3.18E+10 1.04E+09
GRID PT X-~XBAR Z-2ZBAR LOAD STRESS q In-1b
1 -37.36 -1.48 -971.27 -3035.21 ~1,87
2 -28.58 ~4,10 -1327.87 -2505.41 ~-7.56
3 -15.538 -6.80 -873.48 -1648.07 ~-11.33
4 -7.38 -7.47 -1794.70 -1043,43 -10.53
5 -0.66 -7.64 -1468.58 =524 .49 -17.08
6 6.94 -6.,09 542.59 170.09 -15.03
7 11. 89 ~4,23 843,81 675.05% -11.51
3 14,24 0,23 1749.23 1135,.87 -4.05
9 11.90 h,80 1542.47 1233,97 2,61
10 7.78 6.59 2723.43 1020.01 14,46
11 0.84 7.76 1636.65 545,55 21.76
12 -6.10 7.45 ~35.07 -20.39 13,15
13 -14,68 6.45 -432,17 -758.19 11,36
14 ~28.68 2,85 -1187.72 -2083.71 6.32
15 -37.36 -0.27 -947.34 =-2960.42 2.28
SUPPLENMENTAL DATA
CELL 1 front CELL 2 rcar
2A= 530.39 579,38
correctlion shear flow 6.88 1.02
Q due to torsion 4,02 1.26
HY @ shear center= 2864.,71
sum 2A%q=~7,947E£+03
Vertical Imbalances= 0.00

q @ mid spar= -8.63
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PREPARED BY DATE LOCKHEED-CALIFORNIA COMPANY
ﬂd/ﬂ’lj 6/75 A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 2 A 95
CHECKED T M°°5'-, 0%
1100 KW WINDMILL RBLADE cL!
APPROVED L REPORT NO.
£ 2715 3
CASE 3 MPEAN 4 CYLLIC LOADS
STA 81.5 RIB REAC
SX 1b SZ 1b HMX in-1b MY in=-1b MZ In-1b
-82660 84620 f -168150 0
CALCULATED DATA
ABAR ZBAR Elxx Elzz Elxz
-1.17 0.15 1.66E+10 4,.23E+10 L.33E+08
GRID PT X-XBAR Z-72BAR LOAD qg in-1b
1l -37.23 -2.63 0.00 0.00 -787.83
2 -29.33 -5.81 0.00 0.00 ~9G6h.54
3 -14.51 -10.03 0.00 0.00 -964.32
4 -5.49 -10.93% 0.00 9.00 -2149.71
5 1.03 -10.89 n.00 .00 -471.56
6 8.31 -6.60 0.00 0.00 14G65.02
7 12.7n -5.43 n.00 0.00 1997.51
8 14,25 -0.05 0.00 0.00 2547.14
9 12.77 5.35 0.n0 0.00 2528.46
10 8.29 3.73 0.n9 n.00 1596.21
11 0.75 10.65 H.N0 0.0n 135.81
12 -5.31 10.23 0.00 0.00 1010.35
13 -14.51 8.69 n.90 0.00 S46.56
14 -29.33% 3.41 0.00n n.00 66.31
15 -37.23 -0.43 0.00 0.00 .=-396.85
SUPPLEMENTAL DATA
CELL 1 front CELL 2 rear
2A= 697.73 867.50
correction shear flow #*#*%xx#awx -408.40
1 due to torsion 27.67 11.56
MY @ shear center= 29334.69
sum 2A*q= 2.575E+06G
Vertical imbalance= 0.00

g @ mid spar= 1959,66

) S, GOVERNMENT PRINTING OFFICE: 1978-740-094/1387









