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ABSTRACT 

An AH-1G Cobra Helicopter (minus the tailsection) was mounted in 
a vertical position by personnel at the Ware Simulation Center, Rock 
Island Arsenal, and the response of the fuselage to various applied 
loads was then measured.  The response, measured as deflections in the 
direction of applied load, will be used by Bell Helicopter Company for 
the validation of their NASTRAN math model of the Cobra Helicopter. 
Initial results of the test indicate good agreement between the exper- 
imentally measured deflections and the math model predicted deflections. 

iii 



TABLE OF CONTENTS 

Page No. 

REPORT DOCUMENTATION PAGE (DD Form 1473)  i 

ABSTRACT  iii 

TABLE OF CONTENTS  iv 

LIST OF ILLUSTRATIONS  v 

TABULAR DATA  viii 

I. OBJECTIVE  1 

II. CONDUCT OF TEST  1 

General    1 

Preparation of Helicopter    2 

Instrumentation    2 

III. TEST LOAD APPLICATIONS  4 

Vertical Pull  4 

Torsional Loading at Nose    5 

Wing Beamwise Loading    6 

Wing Torsional Loading    7 

Lateral Loading    8 

IV. CONCLUSIONS    9 

iv 



LIST OF ILLUSTRATIONS 

Figure Page No. 

1 Photograph Showing the AH-1G Cobra Helicopter 
Fuselage Being Positioned on the Bedplate      11 

2 The AH-1G Cobra Helicopter Fuselage Bolted to 
the Bedplate with Scaffolding Starting to be 
Erected  .     12 

3 Drawing of Adaptor Plate Used for Bolting the 
AH-1G Cobra Fuselage to the Bedplate     13 

4 Fuselage Repairs   14 

5 Fuselage Repairs   15 

6 Fuselage Repairs   16 

7 Fuselage Repairs   17 

8 Fuselage Repairs   18 

9 Fuselage Repairs   19 

10 Typical LVDT Attached to the Fuselage     20 

11 Sangamo Tape Recorder and Signal Conditioning 
Equipment         21 

12 Photograph Showing the Transducers Mounted to the 
Fuselage for Measuring Vertical Deflections      22 

13 Reduced Size Drawing of the Fixture that Bolts to 
the Turret Interface for Applying the Vertical 
Load and the Nose Torsion     23 

14 Sketch Showing the Modifications Made to the 
Fixture Shown in Figure 13 for Providing a 
Better Distribution of the Loads Over the 
Interface     24 

15 Photograph Showing the Modifications to the Fixture 
for Applying the Vertical Load and Nose Torsion ...    25 

16 Photograph Showing the Test Setup for Applying 
the Vertical Load to the Fuselage     26 



LIST OF ILLUSTRATIONS (Cont'd) 

Figure Page No. 

17 Photograph Showing the Base Rotation Transducer. 
This Transducer Measures Vertical Deflection of 
the Interface Relative to Ground       27 

18 Sketch Showing the Base Rotation Transducer 
Locations with Reference to the Fuselage 
Centerline      28 

19 Photograph Showing the Test Setup for Applying 
the Torsional Loads to the Fixture Attached to 
the Turret Interface       29 

20 Graph of Right Load Divided by Left Load 
Showing a 1:1 Relationship      30 

21 Photograph Showing the Transducer for Measuring 
Base Rotation for Determining the Correction 
Required Because of Base Rotation        31 

22 Photograph of the Fixture Used for Applying the 
Wing Beamwise Load and the Wing Torsion Load to 
the Fuselage      32 

23 Photograph of the Arm Structure Used as the 
Reference Plane for Measuring Wing Deflections. 
The Ground Reference Transducers are Shown 
Attached to Poles From Ground      33 

24 Photograph Showing the Transducers Used for 
Measuring the Wing Deflections During Application 
of the Wing Beamwise Load      34 

25 Photograph Showing a Typical Transducer Used for 
Measuring Fuselage Rotation During Application of 
the Wing Beamwise Load      35 

26 Photograph Showing a Typical Transducer Used for 
Measuring Wing-Root Rotation During Application 
of Wing Beamwise Load      36 

27 Photograph Showing the Transducers Used for 
Measuring Wing Deflections During Application 
of the Wing Torsional Loads      37 

vi 



LIST OF ILLUSTRATIONS (Cont'd) 

Figure Page No. 

28 Photograph Showing the Transducers Used to Measure 
Wing Root Rotation and Fuselage Rotation During 
Application of Wing Torsion Loads       38 

29 Photograph Showing the Transducers Used to Measure 
the Displacement of the Arm Arrangement Relative 
to Ground      39 

30 Photograph Showing the Fixture and Load Application 
Setup for the Torsional Loading on the Stub Wing  ....     40 

31 Detail Sketch of the Wing Root and Fuselage 
Rotation Transducer Locations     41 & 42 

32 Graph of Load Applied - Left Side, Down      43 

33 Graph of Load Applied - Left Side, Upward      44 

34 Photograph Showing Typical Transducers Used to 
Measure Displacement During Lateral Load 
Application      45 

35 Photograph Showing Typical Transducers Used to 
Measure Displacement During Lateral Load 
Application      46 

36 Photograph Showing Typical Transducers Used to 
Measure Displacement During Lateral Load 
Application      47 

37 Photograph Showing Test Setup for Lateral Loading 
of the Fuselage      48 

38 Photograph Showing Transducers Used to Measure 
Base Rotation During Application of the Lateral 
Load to the Fuselage      49 

vii 



TABULAR DATA 

Table Page No. 

1 LIST OF EQUIPMENT USED IN CONDUCT OF TEST      50 

2 TABLE LISTING MAGNETIC TAPE CHANNEL NUMBER, 
PARAMETER MEASURED, AND STATION LOCATION OF 
TRANSDUCERS FOR VERTICAL PULL TEST      51 

3 TABLE LISTING MAGNETIC TAPE CHANNEL NUMBER, 
PARAMETER MEASURED, AND STATION LOCATION OF 
TRANSDUCERS FOR NOSE TORSION TEST      51 

4 TABLE LISTING MAGNETIC TAPE CHANNEL NUMBER, 
PARAMETER MEASURED, AND STATION LOCATION OF 
TRANSDUCERS FOR WING BEAMWISE LOADING TEST      52 

5 TABLE LISTING MAGNETIC TAPE CHANNEL NUMBER, 
PARAMETER MEASURED, AND STATION LOCATION OF 
TRANSDUCERS FOR WING TORSIONAL TEST      53 

6 TABLE LISTING MAGNETIC TAPE CHANNEL NUMBER, 
PARAMETER MEASURED, AND STATION LOCATION OF 
TRANSDUCERS FOR LATERAL LOADING TEST      54 

7 TABLE OF DISPLACEMENTS TAKEN WITH DIAL INDICATORS 
AT STATIONS 93, 98.69, 186.25, 213.94, and 300.68 ...    55 & 56 

viii 



I.  OBJECTIVE 

The joint test conducted by Rock Island Arsenal and Bell Helicopter 

Company, and sponsored by AMRDL, Langley AFB, entailed the measurement 

of the static influence coefficients of the AH-1G airframe to validate 

a NASTRAN math model of the airframe developed by Bell Helicopter Company 

personnel. 

The Ware Simulation Center was responsible for preparation of the 

AH-1G Cobra Helicopter, Serial No. 68-15048, for testing, mounting of the 

helicopter on the test bed, installation of the instrumentation to measure 

the required parameters, application of the loads to deflect the helicop- 

ter, reduction of the data to engineering units, and preparation of a 

technical note on the test setup to present the data. 

The Bell Helicopter Company was responsible for repair of the Cobra 

hull to correct some existing fire damage, writing the test plan, and 

supplying technical guidance pertaining to expected deflections, helicop- 

ter structural requirements, and transducer locations. 

USA-AMRDL, Langley AFB, supplied the required funding and had overall 

test control and responsibility. 

II.  CONDUCT OF THE TEST 

General.  The AH-1G Cobra Helicopter, Serial No. 68-15048, with the 

tailboom removed was mounted on a large steel bedplate, Figures 1 and 2. 

The bedplate on which the airframe rested measured 16 feet by 4 feet by 

8 inches thick, and weighed approximately 16,000 pounds.  T-slots in the 

bedplate were used to fasten an adapter plate between the Cobra fuselage 

at the tailboom bulkhead, Station 300.68, and the bedplate.  Aircraft 

bolts identical to those used to fasten the tailboom to the fuselage 

were used to fasten the fuselage to the adaptor plate. 

By applying forces at appropriate points on the airframe, and by 

measuring the corresponding displacements, the static influence coefficients 

of the structure can be determined.  Bell Helicopter Company provided a 

work statement which defined the application points for forces, and the 

measurement points for displacement so that the static influence coefficients 



used in their NASTRAN model could be checked.  (See Appendix A) 

Preparation of Helicopter.  The Cobra Helicopter, Serial No. 68-15048, 

was obtained by Rock Island Arsenal from the Corpus Christi Helicopter 

Repair Facility in 1972.  The fuselage of the helicopter had been damaged 

by fire prior to acquisition by Rock Island.  Bell Helicopter Company 

representatives visited Rock Island during October 1974 to inspect the 

fuselage and to determine what repairs should be made to ensure that the 

fuselage is structurally sound.  As a result of their evaluation, Bell 

Helicopter Company recommended that several load-bearing panels be replaced 

and that several other portions of the helicopter be stiffened.  Bell 

Helicopter Company designed the repairs and provided a structural engineer 

to supervise the installation of the recommended repairs.  The Rock Island 

Arsenal Prototype Branch provided two machinists to install the panels and 

stiffeners.  The majority of the repairs are shown in the photographs of 

Figures 4 to 9, and are documented in Bell Inter-Office Memo, dated 

17 April 1975, and included in Appendix A. 

Instrumentation.  The deflections at the designated locations were 

measured with Linear Variable Differential Transformers (LVDT's), manufac- 

tured by Trans-Tek Corporation.  The LVDT is an electromechanical transducer 

that produces an electrical output proportional to the displacement of a 

separate, movable core.  The device combines accuracy with reliability in 

the measurement of linear displacement.  The measurement ranges of the 

transducers required were determined from a computer run of the expected 

displacements from the Bell math model.  A typical LVDT is shown in 

Figure 10 as mounted to measure displacement of the AH-1G Cobra fuselage. 

Honeywell Model 119B1 Carrier Amplifiers were used as signal-conditioning 

equipment for most of the LVDT's.  But, amplifiers manufactured by Daytronic 

Corporation were used as signal-conditioning equipment for the most sensitive 

LVDT's, i.e., those measuring 0.050 inch or less. 

Force washers, Model 216A, manufactured by PCB Corporation, were inserted 

between the tailboom interface and the adaptor plate mounting surfaces.  The 

force washers were preloaded to approximately 10,000 pounds; thus, the measure- 

ment of both tension and compression loading was possible. 



The output of the transducers was recorded on analog magnetic tape 

with a 28-channel, SABRE V Sangamo tape recorder.  The tape deck, and 

associated signal conditioning equipment are shown in Figure 11. The 

recorded data were then reduced to engineering units by use of the auto- 

mated data reduction system located in the Ware Simulation Center. The 

complete list of equipment used is shown in Table 1. 

The drawing of the adaptor plate is shown in Figure 3.  The four 

mounting surfaces are machined at 3%  degrees which allows the fuselage 

to stand plumb. 

Figure 2 shows the fuselage mounted toward one end of the long axis 

of the bedplate; thus, stability is provided when the vertical load and 

the wing loads are applied.  The fuselage was rotated 90 degrees for the 

lateral pull test to provide the same stability to the test setup. 

Hydraulic cylinders, pressurized by hand pumps, were used to apply 

the prescribed loads.  Each cylinder and pump combination was equipped 

with a load cell in series; thus, the magnetic tape recording of the 

applied load was possible.  A parallel output from the load cell was 

used to monitor the incremental loading by means of a digital voltmeter 

for each test run.  The combination of the load cell and the hydraulic 

cylinder was calibrated with a dynamometer, and the output voltage of 

the load cell versus load was recorded. 

Mobile cranes were used as anchor points for the vertical loading, 

torsional loading of the nose, beamwise loading on the wings, and lateral 

loading of the structure.  Anchor points for the application of torsional 

loads to the wings consisted of weights on the floor and bars across the 

overhead scaffolding. 

Each test requested in the Bell work statement was run three times to 

check reproducibility of data. After each test run, a preliminary check 

of the data was made before that test setup was disassembled.  The ammuni- 

tion doors of the AH-1G were blocked open during the entire test program 

to eliminate any influence on the structural stiffness due to binding of 

the doors. 



III.  TEST LOAD APPLICATIONS 

Vertical Pull.  The response of the AH-1G Cobra Helicopter fuselage 

to a 1,000 pound vertical load applied at fuselage Station 74.50 was 

obtained by measuring the vertical deflections at selected locations 

along the underside of the helicopter.  The locations monitored were 

identical to the fuselage stations specified in the test plan prepared 

by Bell Helicopter Company which is included in Appendix A of this report. 

Some of the transducers located along the underside of the helicopter 

are shown in the photograph of Figure 12.  This photograph shows the trans- 

ducer, the method of attachment to the fuselage, and the relative location 

of the transducer along the fuselage of the helicopter.  The channel num- 

ber of the transducer as recorded on the analog tape, the parameter measured 

by the transducer, and the station number location of the transducer are 

listed in Table 2. 

The 1,000-pound load was applied with a hydraulic cylinder attached 

to the loading fixture.  A detailed drawing of the vertical and nose- 

torsion loading fixture is «hown in Figure 13.  The Bell Helicopter rep- 

resentative believed that the illustrated "six holes to be located and 

drilled at assembly" would be insufficient to adequately distribute the 

vertical or torsional loads over the turret base.  The fixture was there- 

fore modified as shown by the sketch in Figure 14.  The modified fixture 

can also be seen in the photograph of Figure 15 - note the vertical gussets 

and extended backplate.  A mobile crane was used as the load reaction mass. 

The load was applied in increments of 100 pounds by a hand pump to retract 

the cylinder rod.  This arrangement is shown in the photograph of Figure 16. 

The 100-pound plateaus were then held constant for approximately 30 seconds 

before the next 100-pound increment of load was applied. 

The base rotation was recorded by measurement of the vertical displace- 

ment of the tailboom interface relative to ground.  A typical base-rotation 

transducer is shown in the photograph of Figure 17.' A detailed sketch 

showing the transducer locations for measurement of base rotation is shown 

in Figure 18.  Thus, the effect of base rotation can be subtracted from the 

displacements at the appropriate station locations. 



The data plots, showing displacement versus applied load, are 

included as Appendix B of this report. 

Torsional Loading at Nose.  The response of the AH-1G Cobra Heli- 

copter fuselage to a 20,000 in-lb torque applied about the longitudinal 

axis of the fuselage at the nose section was measured.  The torque appli- 

cation fixture was bolted to the turret interface.  The vertical deflec- 

tions at the locations specified in the test plan prepared by Bell Heli- 

copter Company, and included as part of Appendix A, were monitored. 

The transducers for the nose-torsion test were located in the same 

plane as those used in the vertical pull test.  The same transducers were 

utilized, and eight of the same positions were monitored.  Three trans- 

ducers were relocated to different positions on the underside of the 

fuselage.  The base-rotation tranducers were added to measure torsion at 

the base.  The vertical pull transducers, and the majority of the nose- 

torsion transducers are shown in the photograph of Figure 12.  This 

photograph shows the transducers, the method of attachment to the 

fuselage, and the relative location of the transducer along the fuselage 

of the helicopter.  The list in Table 3 shows the channel number of the 

transducer as recorded on the analog tape, the parameter measured by the 

transducer, and the station number location of the transducer. 

The 20,000 in-lb torque was applied through the loading fixture 

with the test setup shown in Figure 19.  One hydraulic pump, with a mani- 

fold to two hydraulic cylinders, was used to apply the loads.  Mobile 

cranes were used as the load reaction masses.  The load was applied in 

increments of 100 pounds to the torque arms by a hand pump to retract 

the cylinder rod.  The torque levels were held constant for approximately 

30 seconds before the next 100-pound increment was applied to the torque 

arm.  A plot of the left load being applied, versus the right load being 

applied, shows a 1:1 ratio of loads, i.e., identical loads were applied 

to the torque arms.  This relationship is shown in Figure 20. 

The resultant base rotation was measured so that appropriate correc- 

tion factors could be applied to the measured displacements.  The trans- 

ducer setup for measurement of base rotation is shown in Figure 21. 



The data plots showing displacement, versus applied load on the 

torque arm, are included as Appendix C of this report. 

Wing Beamvise Loading.  The response of the AH-1G Cobra Helicopter 

fuselage to a 1,000-pound load applied perpendicular to the stub wings 

was measured.  The load application fixture was bolted to the wing tip 

as shown in the photograph of Figure 22.  The deflections specified in 

the test plan prepared by Bell Helicopter Company, and included as part 

of Appendix A, were monitored. 

The transducers are shown in the photograph of Figure 23.  This 

photograph shows the transducer, the method of attachment to the wing 

section, and the relative location of the transducers along the wing 

section.  Table 4 lists the channel number of the transducer as recorded 

on the analog tape, the parameter measured by the transducer, and the 

station number location of the transducer. 

The transducers were attached to an arm arrangement that was 

fastened to the pylon structure of the fuselage.  Measurements of wing 

deflections were made relative to this arm arrangement, which is shown 

in Figure 23.  No relative motion exists between the helicopter fuselage 

and the pylon structure as the load is applied to the wing tips.  The 

deflection of the arm arrangement was measured relative to ground.  The 

displacement of the wing relative to the fuselage could be calculated 

from these measurements. 

The load was applied through the loading fixture as shown in 

Figure 24. 

One hydraulic pump with a manifold to two hydraulic cylinders was 

used to apply the loads.  Mobile cranes were used as the load-reaction 

mass for application of the loads.  The loads were applied in increments 

of 100 pounds by use of the hand pump to retract the cylinder rod.  The 

load plateaus were held constant for approximately 30 seconds before the 

next 100-pound increment of load was applied. 

Deflections at the stub-wing root, adjacent to the fuselage, were 

measured so that wing slope and fuselage slope could be calculated.  Typi- 

cal transducers for these measurements are shown in the photographs of 



Figures 25 and 26.  Thus, the effects of wing root and fuselage rotation 

could be accommodated in the math model. 

Wing Torsional Loading.  The response of the AH-1G Cobra Helicopter 

fuselage to a 20,000 in-lb torsion load applied to the stub-wing tips was 

measured.  The vertical deflections along selected locations of the wing 

spars were monitored.  The locations monitored were identical to the 

wing stations specified in the test plan prepared by Bell Helicopter 

Company.  The test plan is included as part of Appendix A. 

The transducers are shown in the photographs of Figures 27 and 28. 

These figures show the transducers, the method of attachment to the wing, 

and the relative location of the transducer along the wing of the helicop- 

ter.  The arm arrangement attached to the pylon structure, and the trans- 

ducers that measure displacement of the arm arrangement relative to ground 

are shown in Figure 29.  The channel number of the transducer (as recorded 

on the analog tape), the parameter measured by the transducer, and the 

wing station/fuselage station location of the transducer are listed in 

Table 5. 

The torsional load was applied to the fixture shown in the photo- 

graph of Figure 30.  This photograph shows the loading fixture mounted 

to the stub wing.  Four hydraulic cylinder and pump assemblies were used 

for applying the loads to the fixtures.  The cylinder ends were attached 

to the scaffolding for upward loading reaction points and to heavy weights 

as load reaction points for downward loading.  The load was applied to the 

torque arms in increments of 100 pounds until the required 20,000 in-lb 

torque level was reached.  The load was held constant for approximately 

30 seconds at each load plateau. 

Wing rotation, relative to the fuselage at the wing root, was 

measured so that appropriate corrections could be made in the computer 

model.  A detailed sketch of the wing root and fuselage rotation trans- 

ducer is shown as Figure 31. 

The load as applied to the loading fixture on the left side of 

the helicopter was not applied as a true couple. An error in calibrating 

the load readout on the left, upward load, resulted in this load being 



twice the value of the downward load.  Thus, an imbalanced couple was 

applied to the left wing tip.  This effect can be seen from a comparison 

of the data plate in Figures 32 and 33 that show the loads applied to the 

left wing fixture. 

The data graphs showing displacement versus applied load are inclu- 

ded as Appendix E. 

Lateral Loading.  The response of the AH-1G Cobra Helicopter fuselage 

to a 1,000-pound lateral load applied at fuselage Station 74.50 was measured. 

The lateral deflections along the left side of the helicopter were monitored. 

The locations monitored were identical to the locations specified in the 

test plan prepared by Bell Helicopter Company.  The test plan is included as 

part of Appendix A of this report. 

Typical transducers are shown in Figures 34, 35, and 36.  These photo- 

graphs show the transducers, the method of attachment to the fuselage, and 

the relative location of the transducer along the side of the fuselage.  The 

channel number of the transducer as recorded on the analog tape, the param- 

eter measured by the transducer, and the station number location of the 

transducer are listed in Table 6. 

The 1,000-pound load was applied with a hydraulic cylinder attached 

to the loading fixture.  A mobile crane was used as the load reaction mass. 

The load was applied in increments of 100 pounds by use of a hand pump to 

retract the cylinder rod.  This arrangement is shown in the photograph of 

Figure 37.  The reduced size sketch of the modified loading fixture shown 

in Figure 14 illustrates the same fixture that was used to apply the verti- 

cal load.  Each 100-pound plateau was held constant for approximately 30 

seconds before the next 100-pound increment of load was applied.  Base 

rotation was measured by the monitoring of the vertical displacement of 

the tailboom bulkhead relative to ground.  The transducer arrangement for 

measurement of base rotation is shown in the photograph of Figure 38. 

Thus, effects of base rotation can be compensated for in the computer model. 

The data graphs showing displacement versus load applied are included 

as Appendix F. 
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Two problems appeared during the data analysis phase of the lateral- 

loading test. First, the transducer specified as being located at Station 

213.9 was incorrectly located at Station 186.25. Secondly, the lateral 

deflection at the tailboom interface was not measured. These measurements 

would also give an indication of the torsional load applied because of the 

load application being applied off the neutral axis of the helicopter. 

The missing data discussed above was recovered by rerunning the later- 

al loading test with dial indicators to measure the deflections as the load 

was applied.  Dial indicators were installed, and the deflections were 

measured at the following locations:  Station 93, Station 98.96, Station 186.25, 

Station 213.94, and Station 300.68.  These tests were run with the ammunition 

doors closed to determine if binding of the ammunition doors had any effect 

on the results.  The results of these tests are given in Table 7. 

IV.  CONCLUSIONS 

This unique test provided experimental verification of values for the 

structural compliance of the AH-1G Cobra Helicopter that have been only 

estimates to this time.  Also, the results have verified that - by proper 

application, the NASTRAN program may be used for analysis of complex helicop- 

ter structures.  The math model was validated by the assurance that - with 

respect to the test setup and the model, the same boundry conditions and 

load application points were considered.  Initial results have indicated 

excellent agreement between the measured deflections and the model calcula- 

tions. 

Major problems were not encountered during performance of the test. 

However, because of the novel nature of the test, the change from one test 

setup .to another (i.e., the change from the vertical loading to the nose 

torsion loading) required more time than was originally estimated. 





Figure 1.  Photograph Showing the 
AH-1G Cobra Helicopter Fuselage Being 
Positioned on the Bedplate 
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Figure 2.  The AH-1G Cobra Helicopter 
Fuselage Bolted to the Bedplate with 
Scaffolding Starting to be Erected. 
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Figure 7.  Fuselage Repairs 
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Typical LVDT Attached to 
the Fuselage 



to 



K3 



3/4 Dia. Thru 
(2) Holes 

NOTES: 
1. Edges May Be Sawed or Flame Cut 
2. Material:  1020 Steel 

Figure 13.  Reduced Size Drawing of the 
Fixture that Bolts to the Turret Inter- 
face for Applying the Vertical Load 
and the Nose Torsion 

Nose Torque Fixture 
D.E. Frericks X6868 
X.O. 698507 

Dwg No:  None 



Third row of holes 

Brackets (j)  are 1/8" 
Thick.  V*^ 

Figure 14.  Sketch Showing the Modifications 
Made to the Fixture Shown in Figure 13 for 
Providing a Better Distribution of the Loads 
Over the Interface 
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Figure 15.  Photograph Showing the 
Modifications to the Fixture for 
Applying the Vertical Load and Nose 
Torsion 
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Figure 16.  Photograph Showing the 
Test Setup for Applying the Vertical 
Load to the Fuselage 
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Figure 17.  Photograph Showing the Base 
Rotation Transducer.  This Transducer 
Measures Vertical Deflection of the 
Interface Relative to Ground 
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Vertical 
Measurements 

0-4 

+ -1 
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U.3I 
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Figure 18.  Sketch Showing the Base 
Rotation Transducer Locations with 
Reference to the Fuselage Centerline 
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R   H      jit   1 A—1 

RH LOAD • LH LOAD     K 19-1 
TEST   19 <   2JUL75   >  AH1G B£NO  TEST 

Figure 20.     Graph of Right  Load 
Divided by Left Load  Showing a 1:1 
Relationship 
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* 

Figure 21.  Photograph Showing the 
Transducer for Measuring Base Rotation 
for Determining the Correction Required 
Because of Base Rotation 
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Figure 22.  Photograph of the Fixture 
Used for Applying the Wing Beamwise 
Load and tlje Wing Torsion Load to the 
Fuselage 
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Figure 23.  Photograph of the Arm 
Structure Used as the Reference Plane 
For Measuring Wing Deflections.  The 
Ground Reference Transducers are Shown 
Attached to Poles From Ground 



Figure 24.  Photographs Showing the 
Transducers Used for Measuring the Wing 
Deflections During Application of the 
Wing Beamwise Load 
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Figure 25.  Photograph Showing a Typical 
Transducer Used for Measuring Fuselage 
Rotation During Application of the Wing 
Beamwise Load 
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Figure 26.  Photograph Showing a Typical 
Transducer Used for Measuring Wing-Root 
Rotation During Application of Wing 
Beamwise Load 
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Figure 27.  Photograph Showing the 
Transducers Used for Measuring Wing 
Deflections During Application of the 
Wing Torsional Loads 
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Figure 28.  Photograph Showing the 
Transducers Used to Measure Wing Root 
Rotation and Fuselage Rotation During 
Application of Wing Torsion Loads 
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Figure 29.  Photograph Showing the 
Transducers Used to Measure the Displace- 
ment of the Arm Arrangement Relative to 
Ground 
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Figure 31. Detail Sketch of the Wing 
Root and Fuselage Rotation Transducer 
Locations 
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FORWARD   BULKHEAD 

4.50 

Figure 31.  Detail Sketch of the Wing Root and 
Fuselage Rotation Transducer Locations 

(Cont'd) 
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TIME   IN  SECONOS     X   10-1 
CH   18       LOAD APPLIED  - L.H.   DN X   10-1 
TEST 34     <   22AUG75   )    GiilG DENO  TESTS 

Figure 32.     Graph of Load Applied 
Left  Side,  Down 
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L 
B 

TIME  IN SECONDS    X  10-1 
CH  21        LOAD APPLIED - L H.   UP X   10-2 
TEST  34     <   22AUG75   >     AH1G BENO  TESTS 

Figure 33.    Graph of Load Applied - 
Left Side,  Upward 
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Figure 34.  Photograph Showing Typical 
Transducers Used to Measure Displace- 
ment During Lateral Load Application 
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Figure 36.  Photograph Showing Typical 
Transducers Used to Measure Displace- 
ment During Lateral Load Application 
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Figure 37.  Photograph Showing 
Setup for Lateral Loading of the 
Fuselage 
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vO 

Figure 38.  Photograph Showing Trans- 
ducers Used to Measure Base Rotation 
During Application of the Lateral Load 
to the Fuselage 



TABLE 1.  LIST OF EQUIPMENT USED IN CONDUCT OF TEST 

Equipment Mfg. 

LVDT Trans-Tek 

Recorder, Analog »Sangamo 

Rectifier Unit Honeywell 

Regulator Unit Honeywell 

Oscillator Unit Honeywell 

Rectifier Unit Honeywell 

Regulator Unit Honeywell 

O 
Oscillator Unit Honeywell 

Carrier Amplifier Honeywell 

Model Serial 

Carrier Amplifier 

Carrier Amplifier 

D.C. Amplifier 

Charge Amplifier 

Charge Amplifier 

Time Code Generator 

Amplifier 

Load Cell 

Load Cell 

Honeywell 

Honeywell 

Hawkeye 

Kistler 

Kistler 

Systron Donner 

Daytronic 

PCB 

BLH 

280, 281, 
283, 284 

282, 

SABRE V 

121C-1 B9rl 

121D-1 B10U7 

121E-1 B1152 

121C-1 B966 

121D-1 B1048 

121E-1 BII67 

119B1 4564, 4566, 
4567, 4591 

119B1 459**, *596, 
^597, ^638 

119B1 4643, 4645 
4646, 4647 

801 EHO-949 

503 912, 913 

503 91*, 915 

8150 

830A 

216A 

U-l 

808-935 

Parameter Measured 

Displacement 

Signal Conditioning (LVDT) 

Signal Conditioning (LVDT) 

Signal Conditioning (LVDT) 

Signal Conditioning (LVDT) 

Signal Conditioning (LVDT) 

Signal Conditioning (LVDT) 

Signal Conditioning (LVDT) 

Signal Conditioning (LVDT) 

Signal Conditioning (LVDT) 

Signal Conditioning (LVDT) 

Signal Conditioning (LVDT) 

Signal Conditioning (Load Cell) 

Signal Conditioning (Load Cell) 

Time Code on Mag Tape. 

LVDT Conditioner Amplifier 

Tailboom Interface Loads 

Applied Load 



TABLE 2.  TABLE LISTING MAGNETIC TAPE CHANNEL NUMBER, PARAMETER MEASURED, AND 
STATION LOCATION OF TRANSDUCERS FOR VERTICAL PULL TEST 

VERTICAL LOADING AT TURRET 

CHANNEL 

1 
2 

! 
5 
6 

I 
9 
10 
11 
12 
13 
Ik 
15 
16 
17 
18 
19 
20 
21 
22 
23 

TABLE 3. 

FUNCTION 

Vertical Deflection 
Vertical Deflection 
Vertical Deflection 
Vertical Deflection 
Vertical Deflection 
Vertical Deflection 
Vertical Deflection 
Vertical Deflection 
Vertical Deflection 
Vertical Deflection 
Vertical Deflection 
Base Rotation, Deflection 
Base Rotation, Deflection 
Base Rotation, Deflection 
Base Rotation, Deflection 

Load IE,  Top 
Load LH, Bottom 
Load RH, Top 
Load RH, Bottom 
Load Applied 

STATION 

61.25 IE 
93-00 IE 

138.70 IE 
1^8.50 IE 
186.25 IE 
213.90 IE 
250.00 LH 
268.25 IE 
93.00 RH 

1^8.50 RH 
213.90 RH 
Upper LH 
Lover LH 
Upper RH 
Lover RH 

Tailboom Bulkhead 
Tailboom Bulkhead 
Tailboom Bulkhead 
Tailboom Bulkhead 

74.50 

(300.68) 
(300.68) 
(300.68) 
(300.68) 

TABLE LISTING MAGNETIC TAPE CHANNEL NUMBER, PARAMETER MEASURED, AND 
STATION LOCATION OF TRANSDUCERS FOR NOSE TORSION TEST 

TORSION AT NOSE 

CHANNEL 

1 
2 

1 
5 

7 
8 
9 

10 
11 
12 
w 
Ik 
15 
16 
17 
18 
19 
20 
21 
22 
23 

FUNCTION STATION 

Transducer Deflection 93.00 LH 
Transducer Deflection 138.70 LH 
Transducer Deflection 1^8.50 IE 
Transducer Deflection 186.25 IE 
Transducer Deflection 213.90 I£ 
Transducer Deflection 300.1*2 IE 
Transducer Deflection 93.00 RH 
Transducer Deflection 138.70 RH 
Transducer Deflection 148.50 RH 
Transducer Deflection 186.50 RH 
Transducer Deflection 213.90 RH 
Transducer Deflection 300.42 RH 
Base Rotation (Vertical Movement) Upper IE 
Base Rotation (Vertical Movement) Lover IE 
Base Rotation (Vertical Movement) Upper RH 

Base Rotation (Vertical Movement) Lover IE 
Load - Upper LH 300.68 
Load - Lover IE 300.68 
Load - Upper RH 300.68 
Load - Lover RH 300.68 
Load - Applied RH 74.50 
Load - Applied LH 74.50 
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TABLE 4.  TABLE LISTING MAGNETIC TAPE CHANNEL NUMBER, PARAMETER MEASURED, AND 
STATION LOCATION OF TRANSDUCERS FOR WING BEAMWISE LOADING TEST 

WING BEAMWISE LOADING 

CHANNEL FUNCTION LOCATION 

1 Displacement Sta. 195.04 w.s. 59.00 
2 Displacement Sta. 204.04 w.s. 59.00 
3 Displacement Sta. 200.00 w.s. 42.50 
4 Displacement Sta. 197.107 w.s. 21.38 
5 Displacement Sta. 187.30 w.s. 21.38 
6 Displacement Sta. 200.00 BL 12.25 
7 Displacement Sta. 200.00 BL 12.25 
8 Displacement Sta. 204.04 w.s. 59.00 
9 Upper Slope (Wing) Sta. 197.00 W.L. 66.05 + 4.50 
10 Lover Slope (Wing) Sta. 197.00 W.L. 54.45 - 3.12 
11 Lower Slope (Fuselage) Sta. 198.75 W.L. 52.00 
12 Upper Slope (Fuselage) Sta. 199.75 W.L. 65.OO 
13 Instr. Rack Gnd Ref. (Right Top Sta. 192 W.L. 77 BL 19.) 
Ik Instr. Rack Gnd Ref. (Right Bot. Sta. 207 W.L. 77 BL 19.) 
15 Instr. Rack Gnd Ref. (Left Top Sta. 192 1 W.L. 77 BL 19.) 
16 Tape Reference (400 RKx) 
17 Instr. Rack Gnd Ref. (Left Bot. Sta. 207 W.L. 77 BL 19.) 
18 Base Load    Top Left 
19 Base Load    Bottom Left 
20 Base Load    Top Right 
21 Base Load   Bottom Right 
22 Load Applied Right Side 
23 Load Applied Left Side 
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TABLE 5. TABLE LISTING MAGNETIC TAPE CHANNEL NUMBER, PARAMETER MEASURED, AND 
STATION LOCATION OF TRANSDUCERS FOR WING TORSIONAL TEST 

WIHG TORSION TEST 

Channel Function 

1 Wing torque deflection 

2 Wing torque deflection 

3 Wing torque deflection 

U Wing torque deflection 

5 Wing torque deflection 

6 Wing torque deflection 

T Wing torque deflection 

8 Wing torque deflection 

9 Wing torque deflection 

10 Wing torque deflection 

11 Wing torque deflection 

12 Wing torque deflection 

13 Ground Reference 

1* Ground Reference 

15 Ground Reference 

16 Tape Reference 

17 Ground Reference 

18 Load Applied 

19 Load Applied 

20 Load Applied 

21 Load Applied 

Station 

f.s. 175.OUU; ws 59; f.s. 

f.s. 212.63; ws 59; a.s. 

f.s. 191.075; WS U2.5; f.s. 

f.s. 212.63; WS U2.5; a.s. 

f.s. 187.50; WS 21.38; f.s. 

f.s. 212.63; WS 21.38; a.s. 

f.s. 186.25; B.L. 18; 

f.s. 212.63; B.L. 18; 

f.s. 186.25; B.L. 18; 

f.s. 212.63; B.L. 18; 

f.s. 195.OW; WS 59; 

f.s. 212.63U; ws 59; 

R.H. Top 

R.H. Bottom 

L.H. Top 

L.H. Bottom 
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TABLE 6.  TABLE LISTING MAGNETIC TAPE CHANNEL NUMBER, PARAMETER MEASURED, AND 
STATION LOCATION OF TRANSDUCERS FOR LATERAL LOADING TEST 

FUSEIAGE - IATERAL LOADING 

CHANNEL FUNCTION LOCATION 

1 Displacement Sta. 61.25 W.L. k6 
2 Displacement Sta. 93- W.L. U6 
3 Displacement Sta. 138.70 W.L. U6 
k Displacement Sta. 1U8.50 W.L. 35.97 
5 Displacement Sta. 186.25 W.L. 35.97 
6 Displacement Sta. 213.9^ W.L. 35.97 
7 Displacement Sta. 250. W.L. 35.97 
8 Displacement Sta. 270. W.L. 35.97 
9 Displacement Sta. 98.69 W.L. 62.17 
10 Displacement Sta. 11*8.50 W.L. 63 A9 
11 Displacement Sta. 213.9^ W.L. 64.627 
12 Base Rotation Top Left 
13 Base Rotation Bottom Left 
Ik Base Rotation Top Right 
15 Base Rotation Bottom Right 
16 Tape Reference (UOO KHz) 
17 Base Load Top Left 
18 Base Load Bottom Left 
19 Base Load Top Right 
20 Base Load Bottom Right 
21 Load Applied - Turret Loading Fixture 
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TABLE 7.  TABLE OF DISPLACEMENTS TAKEN WITH DIAL INDICATORS AT STATIONS 93, 98.69, 186.25, 213.94, and 300.68 

FORCE  Sta. 93  Sta. 98.69 

LATERAL LOAD TESTS WITH DIAL INDICATORS 

WITH AMMO DOORS CLOSED 

W.L. 35.97 
Sta. I86.25 

W.L. 66.06 
Sta. 186.25 

W.L. 35.97 
Sta. 213.9^ 

W.L. 
Sta. 

65.OO 
213.9*+ 

W.L. 35.97 
Sta. 300.68 

W.L. 
Sta. 

63.5* 
300.68 

TEST #5 

250 .118 
500 .2^1 
750 .369 
1000 .502 

0 .008 

1000 
0 

.U98 

.oou 

.115 

.235 

.359 

.487 

.008 

250 .120 .118 
500 .239 .232 
750 .363 .3*9 
1000 .U95 .1*78 

0 .000 -.001 

.1*82 

.005 

.059 

.116 

.176 

.238 

.002 

.0^9 

.106 

.165 

.229 
-.008 

.23^ 

.001 

.052 

.112 
.028 
.080 

.170 

.232 

.002 

.123 

.168 

.002 

TEST ft 

.051 

.105 

.160 

.223 

.008 

.038 

.078 

.118 

.162 
-.002 

TEST tl 
.231 
.003 

.166 

.001 

.036 

.074 

.116 

.159 

.002 

.038 

.073 

.110 

.153 
-.006 

.162 

.003 

.001 

.003 

.005 

.008 

.002 

.003 

.005 

.007 

.007 

.002 

.004 

.007 

.009 

.002 

.004 

.006 

.009 

.009 



TABLE 7.  TABLE OF DISPLACEMENTS TAKEN WITH DIAL INDICATORS AT STATIONS 93, 98.69, 186.25, 213.94, and 300.68 (Cont'd) 

LATERAL LOAD TESTS WITH DIAL INDICATORS 

WITH AMMO DOORS OPEN 

FORCE  Sta. 93  Sta. 98.69 

250 
500 
750 
1000 

0 

.115 

.236 

.333 

.460 
-.013 

.106 

.225 

.347 

.472 
-.004 

W.L. 
Sta. 

35.97 
186.25 

W.L. 
Sta. 

66.05 
186.25 

W.L. 
Sta. 

35.97 
213.94 

TEST #1 

.050 

.103 

.165 

.215 
-.010 

.035 

.080 

.104 

.153 
-.004 

W.L. 
Sta. 

65.OO 
213.94 

.037 

.075 

.109 

.150 
-.005 

W.L. 35.97 
Sta. 300-68 

.001 

.003 

.005 

.007 

W.L. 
Sta. 

63.54 
300.68 

.002 

.005 

.007 

.009 

C7» 

250 
500 
750 

1000 
0 

.112 

.233 

.348 

.482 

.005 

.106 

.223 

.348 

.478 

.005 

.056 

.110 

.173 

.237 

.007 

TEST #2 

.053 

.108 

.169 

.232 

.005 

.039 

.077 

.120 

.165 

.003 

.038 

.075 

.115 

.160 

.005 

.001 

.003 

.005 

.007 

.002 

.004 

.006 

.009 

250 .103 
500 .229 
750 .3^5 
1000 .476 
0 -.018 

.098 

.219 

.3^9 

.475 

.001 

.048 

.106 

.171 

.233 

.001 

TEST #3 

.046 

.106 

.169 

.232 

.001 

.035 

.075 

.121 

.163 

.001 

.032 

.073 

.118 

.157 

.001 

.001 

.003 

.005 

.008 

.002 

.004 

.007 

.009 

1000 
0 

.493 

.008 
.473 
.004 

.233 

.002 

TEST #4 

.228 

.002 
.165 
.002 

.158 

.001 
.008 .008 



APPENDIX A   

1. Work Statement. 
2. Letter detailing loads to be applied. 
3- Letter inclosing static deflection curves. 
k.    Work statement for repairing the fuselage, 
5. Bell Inter-Office Memo detailing repairs 

made to the fuselage. 
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WORK STATEMENT 

^rne e proposed test program involves a static influence coefficient test and a 
shake test of the AH-1G air frame for the purpose of correlating the NASTRAN 
math model of the air frame structure developed under Con tre3f' No. DAAF03-73-C- 
0122.  The program would require bailment of an AH-1G helicopter airframe from 
the Army to use in the tests. 

The program can be separated into three parts:  (1) static influence coefficient 
test, (2) shake test, and (3) documentation. 

I.  Static Influence Coefficient Test - The static test will be used to 
very the structural stiffness representation in the NASTRAN* model. 

A. Tailboom and Vertical Fin 

1. Tailboom - Cantilever support the tailboom and apply the following 
loads at the aft end of the tailboom (sta 435.).  Deflections 
are measured relative to the support fixture. 

a. Lateral - apply a single lateral load in increments and 
measure lateral deflections at 10 stations along the 
tailboom. 

b. Vertical - apply a single verticil load in increments and 
measure lateral deflections at 10 stations along the 
tailboom. 

c. Torsion - apply a single torsion load in increments and 
measure torsional deflections at 5 stations along the 
tailboom. 

2. Vertical Fin - The vertical fin is attached to the tailboom. 
Loads are applied at the tail rotor 90° gearbox attachment. 

a. Lateral (Beamwise) - apply a single lateral load in 
increments and measure lateral deflections at three locations: 
the tip, mid span and root, and measure slope et the root. 

b. Fore-and-Aft (Chordwise) - apply a single load in increments 
in a chordwise direction and measure chordwise deflections 
:at three locations:  tip, mid-span and root, and measure 
slope at the root. 

c. Torsion - apply a single torsion load in increments and 
measure torsional deflections at three locations:  the 
tip, mid-span and root. 
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B. Fuselage - Cantilever support the fuselage at the tailboom junction 
and apply the following loads at the nose of the fuselage (station 
61.25).  Deflections are measure relative to the support fixture. 

1. Lateral - apply a single lateral load in increments and measure 
lateral deflections at 10 stations along the fuselage. 

2. Vertical - apply a single vertical load in increments and measure 
vertical deflections at 10 stations along the fuselage. 

3. Torsion - apply a single torsional load in increments and measure 
torsional deflections at 5 stations along the fuselage. 

C. Wing - Support the fuselage at the landing gear attachment points 
leaving the wings connected to the fuselage structure.  Loads are 
applied at the wing tip and deflections of the wing are measured 
relative to the fuselage structure at the wing root. 

1. Vertical (Beamwise) - apply a single beamwise load in increments 
and measure beamwise deflections at three locations:  wing 
tip (BL 60), inboard store (BL 42.5) and wing root (BL 19), and 
slope at the root. 

2. Torsion - apply a single torsion load in increments and measure 
wing torsional deflections at three stations:  wing tip, 
inboard store, and wing root. 

D. Main Rotor Pylon - With the fuselage supported at the landing gear 
attachment points apply loads at the main rotor hub and measure 
pylon deflections relative to the fuselage mount plane (WL 77.). 

1, Fore-and-Aft (Pitch) - apply a single load in increments and 
measure fore-and-aft deflections at three locations:  hub, top 
of transmission case, and transmission case mount plane, and 
slope at transmission case mount plane. 

2. Lateral (Roll) - apply a single load in increments and measure 
lateral deflections at three locations:  hub, top of transmission 
case and transmission case at mount plane, and slope at trans- 
mission case mount plane. 

II.  Shake Test - The shake test will be used to verify fuselage natural 
vibration modes up through 30 Hertz calculated using the NASTRAN 
model.  The fuselage should be suspended vertically at the hub by a 
soft support and the main rotor should be replaced by a lumped mass of 
equivalent weight. 

A. Lateral Shake Test 

1.  Lateral shake at the tail of the airframe (station 489.) 5 through 
40 Hertz and measure lateral accelerations at 10 or more locations, 
Mode shapes would be taken at natural frequencies and frequency 
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versus response curves generated for each location measured. 
Purpose - to determine airfrarr.e natural frequencies and mode shapes, 

2. Lateral shake at the hub (1 to 5 Hertz) with electromagnetic 
shaker.  Purpose - to identify the lateral pylon rock natural 
frequency and damping. 

B. Vertical Shake Test 

1. Vertical shake at the tail of the airframe 5 to 40 Hertz, measure 
vertical response at 10 or more vertical locations. Purpose - to 
determine airframe natural frequencies and modes. 

2. Fore and aft shake at the hub (1 to 5 Hertz) with electromagnetic 
shaker.  Purpose - to identify the fore and aft pylon rock 
natural frequency and damping. 

111. Documentation 

A. Data 

1. Deflection versus load data measured in the static influence 
coefficient tests. 

2. Response versus frequency and natural mode data measured in 
the shake test. 

B. Correlation 

1. The AH-1G NASTRAN model will be loaded to simulate the static 
loading in the influence coefficient tests of the actual 
structure and the results will be compared. 

2. The airframe natural frequencies and response-versus-frequency 
calculated results will be compared to the shake test 
measurements. 

C. Changes to the NASTRAN Model 

1. Changes and improvements to the NASTRAN model will be incorporated 
or recommended to improve correlation with the static and shake 
test results. 
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BELL 
HELICOPTER COMPANY 

POST OFFICE BOX  482    •   FORT WORTH   TEXAS     7 6101       A   textfOn   COMPANY 

In reply refer to: 
81:JDC:mb-312 

22 November 1974 

Mr. Don Frericks 
Gen. Thomas J. Rodman Laboratory 
SARRI-LR 
Rock Island Arsenal 
Rock Island, Illinois 61201 

Dear Don: 

Enclosed are sketches showing  the  locations for deflection measurements   to be 
used in  the fuselage static  test to be done at ARMCOM.    The measurements are 
for  the following loading conditions. 

(1) Up to 1000 lb vertical  loading at nose   (station 61.25 - 93.0) 
Total  -  13 vertical measurements,   base  rotation 

(2) Up to 1000 lb  lateral  loading at nose   (station 61.25  - 93.0) 
Total  -  13 lateral measurements,  base rotation 

(3) Up  to 20,000  in-lb  torsion  loading at nose   (station 61.25  - 93.0) 
Total -  12 vertical measurements 

(A)    Up  to 1000 lb beamwise  loading at wing  tip  (WS 60.) 
Total - 8 vertical measurements  on wing,   2 slopes 

(5)    Up to 20,000 in-lb  torsion  loading at wing  tip  (WS 60.) 
Total -  12 vertical measurements on wing 

These  are suggested measurements  for  the fuselage and wing static   tests.     If 
there are  problems getting  them all,  give me a call and we will   try  to work 
them out or change   the measurements. 

Yours very  truly, 

BELL  HELICOPTER COMPANY 

^ 
C^TX^cUsfc-- 

J. D.  Cronkhite 
Senior Dynamics Engineer 
(817) 280-2886 

cc: C. Swindlehurst 
AMRDL, Langley 

people tft« world ®KK? (atepc^ ®OD 
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BELL 
HELICOPTER  COMPANY 

POST OFFICE BOX  482    •    FO«T WORTH.  TCXAS     76101        A   teXtfOn   COMPANY 

15 May 1975 

In reply refer to: 
81:JDC:ph-158 

Mr. Carl E. Swindlehurst, Jr. 
U. S. Army Air Mobility R&D Lab 
National Aeronautics and Space Administration 
Langley Research Center 
Hampton, Va       23665 

Dear Carl: 

Enclosed are the computed static deflection curves using 
the NASTRAN model of the AH-1G fuselage and incorporating 
the structure repair changes.  The following curves are 
included: 

1. Fuselage vertical deflections for a 1000 lb vertical 
load - with structure repairs 

2. Fuselage lateral deflections for a 1000 lb lateral 
load - with structure repairs and standard AH-1G 

3. Fuselage LH and RH vertical deflections for a 
1000 in-lb torque - with structure repairs 

4. Fuselage vertical deflections for a 1000 lb vertical 
load - standard AH-1G 

5. Fuselage LH and RH vertical deflections for a 
1000 in-lb torque - standard AH-iG 

Comparing the deflection curves for the standard AH-IG 
structure with the curves incorporating the structure 
repair changes shows only small changes due to the repair 
modifications. 

[p(IKs)ßO@<^ 
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<® BELL HEUCOPTER   COMPANV 

15 May 1975 
81:JDC:ph-158 
Page 2 

I am sending Don Frericks at ARMCOM a copy of these deflection, 
curves, but the results will not effect their instrumentation 
setup since there is so little change, 

I am enclosing a copy of Tom Haas' in-house memo documenting 
the fuselage structure repair done at the Rock Island Arsenal. 

Sincerely yours, 

? 
J. D. Cronkhite 
Sr. Structural Dynamics Engineer 

cc:  Don Frericks - ARMCOM 
Contract Administrator 

(NAS1-13801) - NASA, Langley 
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WORK STATEMENT 

An AK-1C helicopter has been damaged by a fire which originated in 
the "Hell Hole." The helicopter is located at an Army Arsenal in 
Rock Island, Illinois and it is desired to repair the heliconter so  . 
that it can be used in static influence coefficient tests. "Z^^L   ^"t^n 

The following items will be repaired: ^ ^1.0  A to.o  x.'JLtf" 
1. The honeycomb structure on the F.S. 186.25 bulkheads ,. « » loa K juz 

between W.L. 35.97 and V.L. 77.57. U '' 
2. The honeycomb structure on the F.S. 213.94 bulkhead^ i^.r* \3*.s* A./ZV 

between W.L. 35.97 and W.L. 55.00. <^ »*••* * **** X-'*'3 

3. The honeycomb structure on the W.L. 65.00 engine deck J4-.35X 35.3^ A-^25 
between F.S. 213.94 and F.S. 228.29. $) /4-.2>S * *£*© *.ou* 

4. The sheet metal web of the F.S. 213.94 bulkhead above, 3$ o K '<5>d «r.o5» 
W.L. 55.00 and the 209-030-121-27, -28, -29, -30 A5|*.J * ».3 »-**"© 
stiffeners. 

5. The lower floor of the "Hell Hole" at W.L. 35.97. 

The repairs to the honeycomb structure will be accomplished by clamping 
the structure between two sheets of aluminum, .125 thick on the metal 
side and .063 thick on the fiberglass side, with a field pattern of 
.19 diameter fasteners.  The web of the F.S. 213.94 bulkhead will be 
stiffened by attaching an .050 aluminum doubler to the web with .125 cherry- 
lock fasteners.  The lower floor of the "Hell Hole" has been replaced 
with a .25 thick aluminum plate.  Additional fasteners will have to 
be installed tieing the plate more securely to the airframe.  This 
will be done by installing .125 cherry-lock fasteners between the 
existing fasteners. 

The repair task can be divided into three functions: design, fabrication 
and installation.  The design function will be responsible for detailing 
each of the repairs in a full-size sketch which can in turn be used as a 
template for laying out the parts.  Fabrication will assemble all raw 
materials, lay out the detail parts from the templates and acquire all 
the tools required.  Installation of the repair parts will be done at 
the Rock Island Arsenal by Bell and Army personnel with material and 
tools supplied by Bell. 

Prior to installation, the helicopter must be prepared to receive the 
repair, that preparation should include the following items: 

1   The trcr.£rr.ic£ior. zv.d   bS&ilM will be i/ecioved from the aircraft. 
2. The mold line skin and the .25 panel at the bottom of the "Hell 

Hole" will be removed. 
3. All fittings, braces and brackets will be removed from the 

bulkheads and engine deck. 
4. Remove the left forward fuel cell door and the right aft fuel 

cell door and take out fuel bags which are filled with sand. 
5. Remove transmission castings along top of wing carry-through 

beams. 
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BELL HELICOlTER COMPANY 

ItfTER-OIUCE MEMO 

L7  April  1975 
81:TH:nm-126 

Memo To:    Messrs. J. Cronkhite, G. Grimes 

Copies To:  Messrs. G. Alsmiller, 0. Baker, D. Kidd, J. McGuigan, 
D. Poster, E.C.F. 

Subject:    REPAIR OF FIRE DAMAGED AH-1C HELICOPTER TO BE USED AS A STATIC 
TEST ARTICLE 

Reference:   (1) IOM 81 rTFI: j L-63, Inspection of Fire Damaged Alt-IG Helicop- 
ter to Determine its Suitability as a Static Test Article. 

(2) BHC Report 209-099-432, A Nastran Vibration Model of the 
AH-IG Helicopter Airframe. 

A trip was made to the Rock Island Army Arsenal in order to repair a fire- 
damaged AH-IG helicopter fuselage such that it could be used as a static 
test article.  A previous trip, Reference (1), had been made during which 
the extent of the structural damage was ascertained and the mode of repair was 
determined. 

The items which weec repaired or replaced arc listed below: 

1) The forward fuel cell, honeycomb floor from F.S. 156.41 to F.S. 
186.25 between the main beam lower caps. 

2) The F.S. 186.25 bulkhead, honeycomb structure from W.L. 35.97 to 
W.L. 56.00 and from W.L. 65.60 to W.L. 77.57. 

3) The W.L. 35.97, pylon floor. 

4) The splice between the W.L. 35.97, Pylon Floor, the F.S. 213.94 
bulkhead and the aft fuel cell floor. 

5) The aft fuel cell, honeycomb floor from F.S. 213.94 to F.S. 218.97 
and from F.S. 218.97 to F.S.-227.62. 

6) The F.S. 213.94 bulkhead, honeycomb structure from W.L. 35.97 to 
W.L. 54.78 and the sheet metal structure between W.L. 54.78 and 
W.L. 65.00. 

7) The engine deck, honeycomb structure between F.S. 213.94 and 
F.S. 228.29. 

The description of the repairs is as follows: 
1) The forward fuel cell floor was repaired by attaching a plate uf 

.125 inch, 5086-1132, aluminum to the lower skin with NAS 1738B4 
cherrylock rivets along the periphery of the plate at F.S. 156.41, 
F.S. 186.25 and the main beam lower caps. The .125 inch plate of 
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aluminum wiLl be considered as the effective thickness of the 
floor in this region. Therefore shear panels "Y", "CC", "DD", 
and "CG" and rod elements "H", "J", "K'\ "L", "M", "N", and "P" 
on Page 3-139 of Reference (2) will be modified to reflect this 
change. 

2) The F.S. 186.25 bulkhead was repaired in the same manner. There- 
fore the shear panel elements "BB", "CC", "DD", "EE", "XX", "YY", 
"ZZ", "AAA", "BBB", "CCC", "DDD", "EEE", "FFF", "GCC", "HUH" and 
"III" on Page 3-127 of Reference (2) will be changed to reflect 
the effective thickness of .125 inch of aluminum. 

3) The W.L. 35.97, pylon floor was replaced with a stiffened plate of 
.125 inch, 5086-H32, aluminum which was attached to the F.S. 180.25 
bulkhead, the main beam caps and the F.S. 213.94 bulkhead using NAS 
1738B4 cherrylock rivets.  Most of the original attachment holes 
were used by increasing the hole diameter from .125 inch to . 144 inch. 
Therefore the shear panel elements and rod elements shown on Page 
3-149 of Reference (2) will be changed to reflect the effective 
thickness of .125 inch of aluminum. 

4) The "T" extrusion which forms the shear tic between the F.S. 213.94 
bulkhead, the pylon floor, and the fuel cell floor was stiffened 
by the addition or a 1.5 x 1.5 x .19 angle of 6061-T6 aluminum 
joining the bulkhead and pylon floor and a 3.0 x .050 splice plate 
of 0061-TO aluminum joining the pylon floor and fuel cell floor. 
These additional splice components were attached with NAS 1738Ü4 
cherrylock rivets across the width of the pylon bay.  The increase 
in area of .72 square inches will be reflected by rod elements "N", 
"0", "P" AND "QM on Page 3-176 of Reference (2). 

5) To repair the honeycomb floor of the aft fuel cell between F.S. 
213.94 and F.S. 218.97, the core and fiberglass upper skin had to 
be removed.  The remaining skin of .016 titanium was clamped 
between two sheets of .050 inch, 6061-T6, aluminum with a field 
pattern of NAS 1398B5 buck rivets.  Panels "DD", "CG", "JJ", 
and "MM" and rod elements "A", "G", "N", "U", "AA", "D", "E", "J", 
"K", "Q", "R", "X", and "Y" on'Page 3-189 of Reference (2) will 
be modified to reflect an equivalent thickness of .079 inch of 
titanium. 

The honeycomb floor between F.S. 218.97 and F.S. 227.62 was 
repaired by clamping the lower skin, core and upper skin between 
two plates of .125 inch, 5086-1132, aluminum using a field pattern 
of AN3 bolts.  Panels "EE", "HH", "KK", and "NN" on Page 3-189 
of Reference (2) will not be affected. 

6) The F.S. 213.94 bulkhead, honeycomb structure was repaired by 
attaching a plate of .125 inch, 5086-H32, aluminum to the forward 
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skin with NAS 1738B4 cherrylock rivets  around the periphery of 
the panel. To hold the panel in place during installation, bolts 
were installed through the honeycomb core to clamp the panel 
against the forward skin.  In order to prevent core crushing. 
.125 inch plate was used on the aft side of the bulkhead to pro- 
vide a larger bearing area under the nuts. The holes for the 
bolts were drilled oversize, therefore the aft plate cannot carry 
any shear load. Therefore the shear panel elements "W", "X", "Y", 
and "Z" on Page 3-176 of Reference (2) will be modified to reflect ' 
an effective thickness of .125. 

The F.S. 213.94 bulkhead sheet metal structure was repaired by 
attaching plates of .125 inch, 5086-H32, aluminum to the existing 
sheets using field patterns of NAS 1398B5 huck rivets.  The 
shear panel elements "R", "S", "T" and "V" on Page 3-176 of 
Reference(2)will reflect an increase in thickness of .125 inch 
and panel element "U" will increase by .040. 

7) The engine deck, honeycomb structure between F.S. 213.94 and F.S. 
228.29 was repaired by attaching a plate of .125 inch, 5086-11-32, aluminum 
to the upper skin of rigidized titanium with NAS 173884 cherry- 
lock rivets along the periphery of the plate.  To facilitate the 
installation, the .125 inch plate was clamped down to the" upper 
skin using bolts through the honeycomb core and a .125 inch plate 
on the lower surface.  Additional fasteners were installed using 
existing inserts in the core.  These additional fasteners will 
stabilize the existing rigidized titanium sheet. Therefore the 
shear panel elements shown on Page 3-200 of Refercnce(2) should be 
remodeled to reflect an effective total thickness of .079 inch 
of titanium in the region between F.S. 213.94 and F.S. 228.29. 

The Nastran model should also reflect the changes in the airframe struc- 
ture due to the removal of the following items: 

1) The belly skins from F.S. 156.41 to F.S. '218.97; Reference (2), 
Pages 3-155 and 3-158. 

2) The F.S. 186.25 bulkhead below W.L. 35.97; Reference (2), Page 
3-127, Panels "JJJ", "KKK", "LLL", "MMM", "NNN", "OOO", and MPPP". 

3) The partial belly bulkhead at F.S. 218.97; Reference (2), Page 
3-179, Panels MCM, "0", and "E", 

\~1 IT- * .».* /-Alr> 
Thomas  Haas 
Structures  Engineer 
Ext.   3157 
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TIME IN SECONDS  V 10-1 
CH 8   UERT DEFLECTION - ST 268.25 L.H. 
TEST 24 L 9JUL75 > AH1G BEND TEST 

X 10*0 

PS 
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S 

-20- 

-40- 

18 2? 
TIME IN SECONDS  X 10-1 

CH 9   UERT DEFLECTION -ST "93.09 R H  X 1Ö-1 
TEST 24 C 9JUL75 > AH1G BEND TEST 

126 



TIME IN SECONDS  X 16-1 
CV 10  UERT DEFLECTION - ST 148 50 R.H 
TEST 24 C 9JUL75 ) AH1G BEND TEST 

36 

X 10-1 

«7 



TIME IN SECONDS  X 16-1 
CH   11  UERT DEFLECTIOH - ST 213 90 R.H. 
TEST 24 C 9JUL75 ) AH1G BENÜ TEST 

X 1Q-1 

tf? 



TJME IN SECONDS  X 16-1 
Ch   12   BASE ROTA VI ON - UPPER L.H. DEFLECTION - BED FIXTURE 
TEST 2A  C   9JUL75 > AH1G BEND TEST 

X 104-1 

129 



( 

TINE IN SECONDS X 10-1 
CH 13   BASE ROTATION - LOWER L.H. DEFLECTION - BED FIXTURE 
TEST 24 C 9JUL75 > AH1G BEND TEST 

130 



( 

TIME IN SECONDS  X 10-1 
CH t4   BASE ROTATION - UPPER R.H. DEFLECTION - FUSELAGE X 10+1 
TEST 24 <   2JUL75 ) AH IG BEND TEST 

131 
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S 

TIME IN SECONDS  X lfr-1 
CH 15   BASE ROTATION - LONER R.H. DEFLECTION - FUSELAGE 
TEST 24 ( 9JUL75 > AH1G BEND TEST 

X 10+0 

13? 



L 
B 
S 

-09 

-18- 

-27h 

-36h 

TlhE IN SECONDS  K 10-1 
CH 1?   LOAD - L H  TOP  X iö-2 
TEST 24 C 9JUL75 > AH1G BEND TEST 

133 
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S     36 

27 
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00 

1 \ 1 •H 
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• 

^r 

I I 
09 18 

± 
2? 36 45 

TIME   IN  SECONDS     X   lO-l 
CM   18       LOAD  -   L.H.   BOTTOM  X   10-2 
TCST   24   C   9JUL75   )  AH1G  BENO   TEST 

i* 

- 



L 
B 
S 

-07 

TIMK   IN  SECONDS     X   10-1 
CH   19       LOAD -  R.H     TOP    X   16-2 
TEST 24   <   9 AIL75   >   AH1G  BEND   TEST 

*35 



L 
6 

• 

TIME IN SECONDS  X 10-1 
CH 20   LOAD - R.H  BOTTOM X 10-2 
TEST 24 < 9JUL75 ) AHlb BEND TEST 

1J< 



L 
B 
S 

TIME IN SECONDS  X 10-1 
CH 21   LOPO APPLIED  C CH 17/20 > X 
TEST 24 C 9JUL75 > AHIG BENO TEST 

18-2 

U7 



L 
ß 
S 

TIME IN SECONDS  X 10-1 
CH   21   LOAD APPLIED  < CH 1/5 > X 10-2 
TEST 24 C   9JUL75 ) ^HIG BEND TEST 

& 



L 
8 
S 

TIME IN SECONOS  X iO-1 
CM  21   LOGO APPLIED  C CM 6/10 ) X 10-2 
TEST 24 C   9JUL75 > SH1G BE NO TEST 

J» 



( 

L 
ß 
S 

TIME IN SECONDS  X I0-1 
CH 21   LOAD APPLIED  < CH 11^15 > X l£-2 
TEST 24 C 9.JULF5 ) AH1G BEND TEST 

iHo 



? 
L 
L 
I 
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C 
H 
E 
S 

-02k 

-04h 

-06h 

Lßs   x io-a 
LOftO   APPLIED  US  UERT   DEFLN   - ST  61.25  L  H 
TEST  24   C   9JUL75   !)   AH1G  8END   TEST 

X   10-2 

1^1 
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S 

-oa- 

-04h 

LBS  X 10-2 
LOAD APPLIED VS VERT OEfLN - ST 93,00 L H 
TEST 24 C 9JUL?5 >  AH1G 6F.N0 TEST 

X 10-2 

1/* 



LBS  X 10-2 
LOGO APPLIED US UERT DEFLN - ST 138.70 L.H, 
TEST 24 < 9JUL75 > AH1G BENO TEST 

X 10-1 

IH3 
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-32H 

-4C4- | 
00 

-L 
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-1 
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1 
06 ■*■ 

J. 
10 

LBS  X 10-?. 
LORD fWLJEO ^S UERT OEFLN - ST 148.50 L,H, 
TEST 24   C 9JUL75 ) AH1& BENÜ TEST 

X 10-1 

l¥f 



I 

LBS     X   10-2 
LOAD  APPLIEO  US UERT  DEFLN  - ST   186.25 L.H. 
TEST  24   C   9JUL75   )  WIG  BEMÜ  TEST 

ne 



• 

LBS X 10-2 
L0*O  APPLIED US UERT DEFLN - ST 213.90 L 
TEST 24 C 9JUL75 ) HH1G BEND TEST 

H 

m 



LBS  X 10-Z 
LOAD APPLIED US VERT DEFLN - 250.60 L.H 
TEST 24 C 9JUL75 > AH1G BEND TEST 

X 10-1 

*7 



• 

LBS     X  10-2 
LOfiD APPLIED US  UERT  DEFLN  - ST  268.25 L.H, 
TEST   24  <   9JUL75   )  AH1G 6EN0 TEST 

63 

X   10-1 

W 



LBS     X   10-2 
LOfiQ  APpLl£D US  VERT  QEFLN - ST  93.00 R H 
TEST   24   (   9JUL75  J  PH1G BEND  TEST 

X   1Ö-2 

1^9 



• 

LOS     X   10-2 
LOAD APPLIED  US  UERT  DEFLN - ST   146.50 R.H, 
TEST   24  (   9JUL75   )  flHIG BEND TEST 

08 

X   16-1 

150 



LBS  X lCV-2 
LOAD APPLIED US VERT DEFLN - ST 213.90 R.H, 
TEST 24 ( 9JUL75 ) AH1G BEND TEST 

X 10-1 

lr;l 



• 

LBS  X 10-2 
LOAD APPLTED US BASE ROTN DEFLN - UPPER L.H 
TEST 24 C   9JUL?5 ) AHJG SEND TEST 

X to+e 

152 
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S 

LBS  X 10-2 
LOAD QP?L TED US BASE ROTH DEFLN - LOWER L.H. 
TEST 24 C 9JUL75 > AH1G BEND TEST 

K  10+0 

153 



LBS x io-a 
LOAD APPLIED US ßASE ROTH DEFLN - UPPER R.H 
TeST 2A   C   9AJL75 > AH1G 3EN0 TEST 

x  ie+o 

1^ 
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N 
c 
H 
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S 

LSS  X 10-2 
LOnO APPLIED US BASE ROTN DEFLN - LOWER R.H X 10+0 
TEST 24 C 3JUL75 ) AH1G eENO TEST 

153 



• 

nr-iE ifj SECONDS   x in-i 
CH   1        U<E9T  DEFLECTION  -  ST  61   25  L.H.   X   10-1 
TEST 25  <   9JUL75   >  WIG BEND   TEST 

f*H 

21111 
a j 
4? 

«* 



rii'ir IM SECONDS X 1©-1 
CM 2        UEPT DEFLECTION - ST 93.00 L.H. X 1Ö-1 
TEST 25 C 9JUL75 > AHIC BEMD TEST 

'57 
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-24 ■* 

-32 - 

-40 ^J 
i             i             i             i             i 

b<j 09 18 27 
rinr IN SECONDS x io-i 

CH  3        UEPT  DPFLECTTON  - ST   138.70  L.H 
TEST 25  (   9JÜL7S   >  HHIG  BEND   TEST 

36 

X  Io-i 

45 

«* 



■ 

1 

00 
M 
I 
L 
L 
I   -07 

I 
N 
C 
H   -14 u 
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-21 h- 

-28 

-■7 er 

TIME IN SECONDS X 10-1 
CM 4   UOn DEFLECTION - ST 148 50 L H 
TEST 25 C 9JUL75 ) AHtG BEND TEST 

159 



TIME   IN SECONDS     X   10-1 
CH 3        iJEPT  OEFLECTION   -   ST   166.29 L H 
TEST  25   C   9JUL75   >  RH1G  BEND  TEST 

36 

X  1Ö-1 

l6> 



o 

TIME IN SECONDS X 10-1 
CH  <3  UEPT DEFLECTION - 3T 213.98 L.H 
TEST 25 C 9JUL7S > HH1G BENO TEST 

X 19-1 

* 

16» 



TIME IM SECONDS X 10-1 
CM 7  UERT DEFLECTIOH - ST 250.00 L 
TEST 25 C 9JUL75 > AH1G BEND TEST 

H 

36 

X 18-1 

g 
it* 



o 
  

dtd 
TIME IN SECONDS X  lö-l 

CH 8  'JERT DEFLECT IOH - ST 263.25 L.H 
TEST 25 t 9JUL75 ) AM1G BEND TEST 

36 

X 10+8 

O 

it? 



o 

rinn rn SECONDS   x 10-1 
CM  9       ÜCRT ÜF.FLECTION  - ST  93.00 R.H    X  10-1 
TEST 2*5  (   9JUL75   ;  ftMlG BEND  TEST 

O 

**i 
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oe 09 13 27 

TIME IN SECONDS X iö-l 
CH 10  ÜEPT DEFLECTION - ST 143.59 R.H, 
TEST 25 C 9JUL75 > AHIG BENO TEST 

36 

X 10-1 

<*5 

e 
10 



© 

TIME IN SECOND'S  X 10-1 
CH II  UERT DEFLECTION - ST 213.93 R.H. 
TEST 25 < 9JUL7S > AH1G BEND TEST 

X 10-1 

§ 
Mb 



c 

♦ I 

riME IM SECONDS X 10-1 
CHI 12   BASE ROTATION - UPPER L.H. DEFLECTION - BED FIXTURE H   18 
TEST 25 C 9JUL75 >  AH1G BENO TEST 

a 
l<7 
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Q 

♦e 

TINE IN SECONDS X 10-1 
CH 13   BASE POTATION - LOWER L H. DEFLECTION - BED FIXTURE 
TEST 25 C 9JÜL75 > AM1G BENÜ TEST 

X 10 

o 

i« 
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TIME IN SECONDS X 10-1 
CM 14   BASE ROTATION - UPPER R.H. DEFLECTION - FUSELAGE X 10+1 
TEST 25 C 9JUL75 > AH1G BEND TEST 

16) 
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TIME IN SECONDS X 1Ö--1 
Chi 15   BASE ROTATION - LOWER R H. DEFLECTION - FUSELAGE 
TEST 25 C 3JUL75 > AH1G BEND TEST 

X 10*0 

i 
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ULI— 

L 
ß 

-öSh 

O 

Tlhz.   IN SECONDS X   lö-l 
CH 17   LÖAO - L.H. TOP * 10-2 
TEST 25 C 9JUL7S > AHlti BEHü TEST 

e 
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L 
B 
S 

% 

T1MK IN SECONDS X  10-1 
IG   LOftO -LH, BOTTOM X 10-2 

TEST 2*5 C 9..JUL7S } AH If. BEND TEST 

m 
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Tin?, rw SECONDS   x 10-1 
CH   {Cf        LOAD  -   k  H     TOP     «   10-2 
TEST   25  •£   0JUL75   >  *HlG  BKNÜ   TEST 

• 

»73 
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4*1- 

32h- 

24h 

09 18 
riHE IN äfcCONDS X 1£-1 

CH 20  LOAD - R.H BOTTOM X 1Q-2 
TEST 25 C S.IIJL?^ ^ ^Hld BENÜ TEST 
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1 i i 1 1 H 

r ij 65 is 2? 36 45 
TtHG   IH   SECONDS     X   10-1 

CH  21        LORD APPLIED     <   CH   17/20   > X 10-2 
TEST 25  < ^JÜL?«5   >  HHIG  BEND  TEST 

i 175 
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L 
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s 

© 

TIME IN SECONDS  X 10-1 
CH 21   LOAD APPLIED  C CM 6/10 > X 10-2 
TEST 23 ( 9JUL73 ) AH1G BEND TEST 

o 
J76 



% 

L 

$ 

% 

nie IN SECONDS x ic-i 
CH 21   LOAD APPLIED  ( CH 1/5 ) X 10-2 
TEST 25  < 9JUL75 ^ AH1G BEND TEST 

• 

nr 



0 

L 
B 
S 

© 

TIME IH SECONDS  X 10-1 
CM 21   LOAD APPLIED <   :H 11^15 > X 19-2 
TEST 25 < 9JUL75 ) AH1G BEND TEST 

© 
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LBS     X   10-2 
LOftP  APPLIED  US UEFT   DEFLN  - ST  61   25 L.H.   X   10-2 
TEST  2o   C   3JUL75   ^  &H1G  etND  TEST 

!" 

10* 

m 



* 

LBS X  IP-* 
LGaP APPLIED US UERT OEFLH - ST 93.00 L.H. 
TEST 25 C SJUL?5 J> HHIG BEND TEST 

X 10-1 

iSb 



LBS     X   10-2 
LOSD   APPLIED  MS  VEPT   OEKLN  -  ST   13S.7Ö L.H 
TEST  25  C   SJUL75  >  AH1C,  BF.NO  TEST 

08 

x ie-1 

• 

1«3 
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H -t4 

©  -2t- 

-29- 

LBS  X 10-2 
LOAP APPLIED VS  UER1 DEFLN - ST 143.50 L H 
TEST 25 < 9JUL?r:"i > AH IG BENÜ TEST 

• 

l£2 



% 

LBS     X   10-2 
LOAO  APPLIED  IJQ  UEkl   OEFLN   -  3T   186.25  L   H 
TEST  25  C SJUL75   )  WIG  BFNÜ  TEST 

OS 

X   10-1 

!*' 



LOS  X 10-2 
LOAD APPLIED US UERT DEFLN - ST 213.90 L.H 
TEST 25 < 9JUL75 > flHIG BEND TEST 

X 10-1 

€r 
i°l' 



LR5 X   10-2 
LORD  APPLIED US  UERT DEFLN -ST 250. 00 L 
THST 25 C 9JUL?5 ) *H1G BEND TEST 

H X 18-1 

lß5 



LBS    X  l*-2 
LOAD  APPLIED  US  VERT  OE.FLN  - ST 268.25  L.H 
TEST  25  C   9JUL?5   >  AH1G  BEND  TEST 

O 
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1 1 

-1 

LBS  X 10-2 
LOAD APPLIED US UERT DEFLN - ST 93.00 R H. 
TEST Z5 ( 9JUL75 > flHiG BEND TEST 

X 19-2 

Q" 1S-; 
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e 
-24 

-32 

X 
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i_ 
ü^ Ü4 

J. 
£t> 

-L 

LÖS     X   10-2 
LOAD  GPPLIEfJ  US  UßfcT  DEFLN  - ST   148.50 R 
TE3f   25  C  3JUL75   )  HHIG  BEND  TEST 

H 

00 

X   10-1 

10 

o 
185 
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LBS    K 10-2 
LOAD APPLIED  US  VERT  ÜEFLM  - ST 213 90 R.H. 
TEST Z5  C   9JUL73   >  AH1G BEND  TEST 

X ie-1 

J I 
10 

189 



e 

LBS X lü-2 
LOpiO APPLIED US BASE ROTH OEFLN - UPPER L H. X  10+Ö 
TEST 25 < 9JUL7"5 > AH1G BEND TEST 

e 
190 
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N 
C 
H 
E 

LBS     X   10-2 
LOAD APPLIED  US  BHSE  RQTN  ÜEFLN  -  LOWER L.H.   X  16*0 
TEST  25  C   9JUL/"*5   >  RH1G  BEND  TEST 

191 



© 

ÜU 
LBS X ltf-2 

LGAP APPLIED  US BttSE ROTN DEFLN - UPPER R H 
TEST 2^ C SJUL7'5 > WIG BEND TEST 

X !&♦£ 

e 
1?? 



• 

M 
1 
U 

I 

i 
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H 

LBS  X 10-2 
LORD APPLIED US ßflSE ROTN DEFLH - LOWER R.H. X 1£+G 
TEST 25 C *JUL7D > rtHIC BENtf TEST 

193 
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i 

TIME IN SECONOS  X 10-1 
CH   1   WING IRQ  D2FLN - ST 195.044 - WS 59 X 19+0 
TEST 33  C 22AUG75 >  AH1G BEND TESTS 

• 

196 
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S 

TIME :H SECONDS  X 1Ö-1 
CH 2   WING TRQ CIrLN - ST 212.63  - WS 59 X 18+0 
TEST 33  < 22AUG7^ >  AH1G BEND TESTS 

3 
.197 
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TIME IN SECONDS  X 10-1 
CH 3  WING TPQ OEFLN - ST 191.075 - WS 42.5 X 10+1 
TEST 33 < 22AUG75 ) AH1G BEND TESTS 

198 



© 
• 

TIME IN SECONO?  X 10-1 
CH 4   WING TRQ DEFLN - ST 212.63  - MS 42.5 X 10+e 
TEST 33  ( 22AUG75 )  AH1G BEND TESTS 

3 199 
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E 
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TIME IN SECONDS  X 10-1 
CH 5   NING TRQ DSFLN - ST 187.59  - WS 21.38  X 
TEST 33  < 22AUG75 )  AH1G BEND TESTS 

10+1 

# 200 
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E 

TIME IN SECONDS  X 16-1 
CH 6   WING TRQ DEFLN - ST 212.63  - WS 21 
TEST 33  < 22AUG75 >  AH1G BEND TESTS 

38 X ie+i 

201 
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• 

-06- 

TIME IM SECONDS  X 10-1 
CH 7   WING TRQ DEFLN - ST 186.25  - BL 18 X 19+1 
TEST 33  C 22AUG75 )  AH1G BEND TESTS 

• 
£02 



0 

TIME IN SECONDS  X 10-1 
CH 3   WING TRQ DEFLN - ST 212.63  - BL 18 X 10*1 
TEST 33  C 22AUG75 )  AH1G BEND TESTS 

203 • 
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TIME IN SECONDS  X 10-1 
CH  9   WING TRQ DEFLN - ST 186.25  - BL 18 X 
TEST 33  C 22AUG75 )  AH1G BENO TESTS 

10*1 
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• 

TIME IN SECONDS X 19-1 
CH 18 WING TRQ DEFLN - ST 212.63 - BL 18 X 10+1 
TEST 33  C 22AUG75 >  AH1C BENO TESTS 

205 



a 

TIME IN SECONDS X   10-1 
CH   11  WING TRQ DEFLH - ST 135.Ö44 - US 59 X 10+0 
TEST 33  < 22AUG75 >  AHIG BEND TESTS 

• 206 
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TIME IN SECONDS X 1Ö-1 
CH 12 WING TRQ DEFLN - ST 212.634 - WS 39 X 10+0 
TEST 33  < 22AUG75 )  AH1G BEND TESTS 

207 • 
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• -03 h 

TXME IN SECONDS X 10-1 
CM 13   GROUND REF - R.H  TOP X 10+0 
TEST 33  < 22AUG73 >  AH1G BENO TESTS 

206 



TIME IM SECONDS  X 10-1 
CH 14   GROUND REF - R.H. BOTTOM H 1Ö+9 
TEST 33  ( 22AUG75 >  AHIG BENO TESTS 

209 



% 

TIME: IN SECONDS X IO-I 
CH 15  GROUNG KEF - L.H TOP X 1ü+0 
TEST 33 C   22AUG75 ;  AH1G BENO TESTS 

% 
210 



b 
• 

b 

06 12 18 
TIME IN SECONDS X 19-1 

CH   17   GROUND REF - L.H. BOTTOM X 10+0 
TEST 33  < 22AUG75 )  PiHIG BEND TESTS 

O 
211 
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80h 

• 

TIME IN SECONDS  X 10-1 
CH 16   LOAD A°PLIED - L H. DN X 1Ö-1 
TEST 33  < 22AIJG75 )  AH1G BEND TESTS 

• 212 
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TIME IN SECONDS  X 10-1 
CH 19   LOAD APPLIED - R.H. DN <CHS 1/10) X 10-1 
TEST 33  ( 22AUG75 >  AHIG BEND TESTS 

e 213 
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% 

TIME IN SECONDS  X 19-1 
CH 19  LOAD APPLIED - R.H. DN CCHS 11/21) X 10-1 
TEST 33  < 22AUG75 >  AH1G BEND TESTS 

% 
21U 
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b 

X lü-1 TIME IN SECONDS 
CM 20   LOAD APPLIED - R.H. UP X 19-1 
TEST 33  < 22AUG75 >  AH1G BEND TESTS 

e 215 
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16h 
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% 

TIME IN SECONDS  X 10-1 
CH  21   LOAD APPLIED - L.H. UP X 1Ö-2 
TEST 33  C 22AUG75 >  AH IG ßEHO TESTS 

216 



b 

LBS     X   10-2 
CH   19  US  CH   1      X   19+0 
TEST   33     C   22AUG75   >     AH1C  8EfC»  TESTS 

O 217 
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LBS X 10-2 
CH 19 US CH 2     X 10*Q 
TEST 33 C 22HUC75 > AH1G 6EN0 TESTS 

• 
216 
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LOS X 10-2 
CH 13 US CH 3     X 19♦« 
TEST 33 C 22AUG75 > AH1G BEND TESTS 

b 
219 



o 

LOS  X 10-2 
CH  19 US CH 4 x ie»+9 
TEST 33  < 22AIJC75 > HHIG BENO TESTS 

• 
220 



LB:  X 10-2 
CH 13 US CM 5  X 18+Ü 
TGS1 3-7  < 22AUG73 • *H1G ÜENO TESTS 
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LBS  X 10-2 
CV   19 US CH 6  X 10*1 
TEST 33  < 22WG75 >     AH1G BEND TESTS 

• 
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LBS x i0-a 
CH   13 US CM 7  X l£i*l 
TEST 33  < 2ZAUG75 >  AH IG BEND TESTS 
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LBS  X 10-2 
CM IS  US CH 8  X 10+8 
TEST 32  C 22AUG73 >  rtHIG BENO TESTS 
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00 62 
LBS  X 10-2 

CH IS MS CH 9    X iei+o 
TEST '^3  C 22AUC75 )  AH1G BENO TESTS 
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63 

LBS  X 10-2 
CH 19 US CH 1V=J X 13+1 
TEST 33  < 22AUC75 )  AH1G BENO TESTS 
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LBS X 10-2 
CH 19 US CH 11 X 10+0 
TEST 33  ( 22AUG75 >  AH1G BEND TESTS 
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o 

LBS  X 1Ö-2 
CH 19 US CH 12 X 19+0 
TEST 33  C 22AUG75 >  HHIG 6EN0 TESTS 
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o 

LBS  X 18-2 
CH   1? US CH 13 X   10*0 
TEST 33     C 22AUG75 >  AH1G BEND TESTS 

O 229 



% 

LBz     V.   10-2 
CH   19 US CH 14 X   18+0 
TEST 33 C   22AUG75 >  AHlli BEND TESTS 

% 230 



© 

LBS  X 10-2 
CH 19 US CH 15 X 10+Ö 
TEST 33  C 22AUG75 > HH1G BEUO TESTS 

C 
2n 



o 

LBS  X 10-2 
CM 19  US CH 17 X 10+9 
TEST 33 c   2ZAUG75 >  AH1G BEND TESTS 

& 

2-2 



& 

O 

TIMS IN SECONOS x te-i 
CH 1   WING TRQ DEFLN - ST 195.044 - WS 59 X 18+1 
TEST 34  < 2ZrtUG75 )  HHIG BEND TESTS 

O 233 
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TIME IN SECONDS  X tO-1 
CV  2  WING TRQ DEFLN - ST 212.63 - US 59 X 18+0 
TEST 34  < 22AUG75 >  AH1G BENO TESTS 

^ 
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TIME IM SECONDS K 10-1 
CH 3   WING TRQ OEFLN - ST 191.075 - WS 42.5 X 10*1 
TEST 34 < 22AUG75 ) AH1G BEND TESTS 
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TIME III SECONDS X 10-1 
CH 4   WING TRQ DEFLN - ST 212.63  - WS 42.5 X 18*0 
TEST 34  < 22AUC75 >  AH1G BEUO TESTS 

• 
236 



TIME IN SECONDS X 10-1 
CH 5   WING TRQ DZFLN - ST 187.50  - WS 21.33 
TEST 34  < 22AUG75 )  AH1G BEND TESTS 

X 10+1 
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« . -y^v4*^/^Y~',U-JVWVwJ' 
J JL X JL 

00 06 12 18 24 30 
TIMF. IN SECONDS  X 10-1 

CH 6   WING TRQ DEFLN - ST 212.63  - WS 21.38  X 16+1 
TEST 34  < 2£AUG75 > AH1G BEND TESTS 

2J8 



b 

0( M 
I 
L 
L 
I 

N 
C 
H 
E 
S 

-66h 
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± I J 
66 12 18 

L 
"24 30 

TIME IN SECONDS  X 10-1 
CM 7   WING TRQ Q1FLN - ST 186.25  - BL 13 X 16-2 
TEST 34  < L2AUG75 ) AH1G BENO TESTS 

O ?39 



i 

TIME IN SECONDS  X 10-1 
CM S   WING TRQ DEFLN - ST 212.63  - BL 18 X 10+1 
TEST 34  < 22AUG75 )  AH1G BEND TESTS 

?hO 



TIME IN SECONDS X 10-1 
CH  9       WING TRQ DEFLN - ST 186.25 - BL 18 X 10+1 
TEST 34  < 23AUG75 > AH1G BEND TESTS 

2hl 
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TIME IN SECONDS X 10-1 
CH 10  WING TRQ OEFLN - ST 212 63  - BL 18 X 19+1 
TEST 34  < 22AUG75 >  AH1G BEND TESTS 

§ 212 



M 
I 
L 
L 
I 

I 
N 
C 
H 
E 
S 

20 

TIME IN SECONDS  X 19-1 
CH 11  WING TRQ DEFLN - ST 135.Ö44 - WS 59 X 18+0 
TEST 34  < 22AUG75 ) RH1G BEND TESTS 
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TIME IM SECONDS  X 16-1 
CH 12  WING TRQ DEFLN - ST 212.634 - WS 59 X 10+9 
TEST 34  C 22AUG75 >  AH1G BENO TESTS 
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TIME IN SECONDS  X 1Ö-1 
CH 13   GROUND R£F - R H  TOP  X 10+0 
TEST 34  < 22AUG75 )  AH1G BEND TESTS 
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TIME IN SECONDS X 10-1 
CH 14   GROUND R.EF - R H. BOTTOM X 10+8 
TEST 34  ( 22AUG75 )  AH1G BENO TESTS 
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TIME IN SECONDS  X 10-1 
CH 15   GROUND REF - L H  TOP  X 10+0 
TEST 34  < 22AUC75 )  AH1G BEND TESTS 
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TIME IN SECONDS  X 10-1 
CH 17   GROUND REF - L H. BOTTOM X 19+0 
TEST 34  < 22AUG75 >  AH1G BENO TESTS 
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TIME IM SECGNOS  X 10-1 
CH 18   LOAD APPLIED - L.H. DN X 10-1 
TEST 34  < 22AUG75 )  AH IG BEND TESTS 
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TIME IN SECONDS  X 10-1 
CH 19   LOAD APPLIED - R H. DN <CHS 1^10)  X 10-1 
TEST 34  < 22AUG75 >  AHIG BEND TESTS 
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TIME IN SEC0HD8 X 10-1 
CM 19  LOAD APPLIED - R H. DN (Clß ll''21> X 10-1 
TEST 34  < 22GUG75 >  AH1G BENO T£STS 
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TIME IN SECÜNOS  X 10-1 
CH £0   LOAD APPLIED - R.H. U? X 1Ü-1 
TEST 34  < 22AUG75 )     AH1G BEND TESTS 
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TIME IM SECONDS  X iO-1 
CH  21   LOAD APPLIED - L H. UP X 10-2 
TEST 34 <   22AUG75 >  AH1G BENO TESTS 

o 953 
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LOS     X   10-2 
CH   19  l*S  CH   1     X   10+ü 
TEST   34     C   22AUG75   )     fcHIG  BEND  TESTS 

f SÄ 
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Les X 10-2 
CM 19 US CH 2  X 10+G 
TEST 34  C 22KUG75 )  HHIG BEUD TESTS 
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LBS  X 10-2 
CH 19 US CH 3  X 19+1 
TEST 34  < 22AUG75 )     AH1G BEND TESTS 
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LBS  X 10-2 
CM 19 US CH 4  X \*+* 
TEST 34  C 22.AUG75 )  HH1G BEND TESTS 
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LBS  X 10-2 
CM 1? US CH 5  X 10+0 
TEST 34  < 22AUG73 > AH1G BEND TESTS 
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LDS X 10-2 
CM 19 US CH 6  X 10+1 
TEST 34  < 22AUG73 >  AH1G BEND TESTS 
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LBS  « 10-2 
CH IS US CH ?  X 19+1 
TEST 34  C 22AUG75 >  AH1G BEND TESTS 
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CM 19 US 
TEST 34 

LBS 
CH 8  X 
< 22AUC75 

K 10-2 
10+9 

>  AH1G BEND TESTS 
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LBS  X 10-2 
CH 19 US CH 9  X 18+8 
TEST 34  < 22HUG75 )  AH1G BENO TESTS 
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00 02 84 *6 68 

LBS  X 10-2 
C*   19 US CH 10 X 1Ö+1 
TEST 34  C 22AUG75 >  AM1G BEND TESTS 
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TEST 34  •: 22AUG73 )  AH1G BEND TESTS 
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LBS  X 10-2 
CH 19 US CH 12 X 10+0 
T£ = T 34 K   22AUG75 )  AH1G BENO TESTS 
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LBS  X 10-2 
CK 1? US CH 13 X ie+0 
TEST 34  < 22AUG75 >  AH1G BEND TESTS 
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LBS     )',   l<?-2 
CM   19  US  CH   14   X   1Ö+0 
TEST   34     C   2£AUG75   )     AH1G  BEND   TESTS 
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LBS  >'. 10-2 
CH 19  U3 CH 15 X ie+0 
TEST 34  ( 22AUG75 >  AH1G BEND TESTS 
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LD? x ie-£ 
CH 19 US CH 17 X 10+3 
TEC.T 34  < 22AUG75 >  PH IG BENO TESTS 
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TIMS IN SECONDS X 10-1 
C.H 1   WING TRQ DEFLN - ST 195.044 - US 59 X 10*0 
TEST 35  <. 22AUG75 >  AH1G BEND TESTS 
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TIME IN SECONDS  X 10-1 
CH 2  WING TRQ DEFLN - ST 212.63 - MS 59 X 10+0 
TEST 35  < 22AUG75 > MH1G BEND TESTS 

zi\ 
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TIME IM SECONDS X 1Ö-1 
CH 3  WING TRQ DEFLN - ST 191.075 - WS 42.5 X 10+1 
TEST 35 < 22AUG75 ) AH1G BENO TESTS 

£ 272 
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TIME IN SECONDS X 16-1 
OH  4   WING TRQ DEFLN - ST 212.63 - WS 42.5 X 10+0 
TEST 35 < 22AUG75 > rtHIG BEND TESTS 
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TIME IN SECONDS X 10-1 
CH 3  WING TRQ DEFLN - ST 187.50 - US 21.38 
TEST 33  < 22AUG75 >  AH1G BEND TESTS 

X 18+1 

• 27'» 
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TIME IN SECONDS  X 10-1 
CH 6  WING TRQ DEFLN - ST 212.63  - WS 21.38 
TEST 35  < 22AUG75 >  AH1G BEND TESTS 

X 10*1 

O 275 
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00 04 08 12 16 20 

TIME   IN  SECONDS     X   16-1 
CH   7        WING  TRQ  DEFLN  -  ST   136.25     -  BL   18  X   10+1 
TEST  35     <   22AUG73   )     AH1G BEND  TESTS 

276 
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TIME IN SECONDS  X 10-1 
CH 8   WING TRQ OEFLN - ST 212.63  - BL 18 X 19+1 
TEST 35  C 2£AUG75 )  AH1G BEND TESTS 
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TIME IM SECONDS  X 10-1 
CH 9   WING TRQ DEFLN - ST 186.23  - BL 18 X 10+1 
TEST 35  < 22AUG75 > AH1G BEND TESTS 
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TIME IN SECONDS  X 10-1 
CH   10  WING TRQ DEFLN - ST 212.63 - BL 18 X 19*1 
TEST 35  < 22AUG75 > AH1G BENO TESTS 
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TIME IN SECONDS  X 19-1 
CH 11  WING TRö DEFLN - ST 195.044 - WS 39 X 10+6 
TEST 35 c 22AUG75 ) AH1G BEND TESTS 
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b 

TIME IM C-ECONDS  X 10-1 
CH 12  WING TRQ OEFLN - ST 212.634 - WS 59 X 10*0 
TEST 35  < 22AUG75 )  AH1G BEND TESTS 
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TIME IN SECONDS  X 10-1 
CH 13   GROUND REF - R.H. TOP X 1Ü+Q 
TEST 35  C 22AUG75 >  fsHlG BEND TESTS 
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TIME IN SECONDS  '/. 10-1 
CH 14   GROUND REF - R H. BOTTOM X 10+1 
TEST 35  < 2£AUG75 >  AH1G BEND TESTS 
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TIME IN SECONDS  X 19-1 
CH   15   GROUND REF - L.H. TOP  X 1G+0 
TEST 35 <   22RÜG75 )  AH1G BEND TESTS 
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TIHE IN SECONDS X 10-1 
CH   17   GROUND REF - L.H. BOTTOM X 10+1 
TEST 35  < 22ttUG75 )  rtHIG BEND TESTS 

b 
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TIMK IN SECONDS X IQ-I 
CH 18  LOAD APPLIED - L.H. ON X 10-1 
TEST 35 < 22AUG75 > AH1G BEHCJ TESTS 
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TIME IN SECONDS X 10-1 
CH 19   LOAD APPLIED - R.H. DN <CH3 1/18) 
TEST 35 (   22AUC75 >  AH1G BEND TESTS 

X 10-1 

b »i 
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TIME IN SECONDS  X 19-1 
CH 19  LOAD APPLIED - R.H. DN <CHS 11/21) X 19-1 
TEST 35 < 22AUG75 ')     AH1G BEND TESTS 
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TIME IN SECONDS X 10-1 
CH 20  LOAD APPLIED - R.H. UP X 10-I 
TEST 35  < 22AUG75 >  AH1G BEND TESTS 
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TIME IM SECONDS  X IG-l 
CH 21   LOAD APPLIED - L.H. UP X 10-2 
TEST 33  < 22AUG75 >  AH1G BEhO TESTS 
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LBS  X 10-2 
CH 19 US CH 1  X 10+0 
TEST 35  < 22AUG75 >  AHlG BEUD TESTS 
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LBS  X 10-2 
CH 19 US CH 2  X 10-K3 
TEST 35  < 22MUG75 )  RH1G BEND TESTS 
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LBS X   10-2 
CH 19 US CM 1     X 10+0 
TEST 35  < 22AUG75 >  AH1G BEND TESTS 
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LBS  X 10-2 
CH 19 US CM 4  X 10+0 
TEST 35  < 22AUG75 >  AH1G BBC TESTS 
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LBS  X 10-2 
CH   19 US CH 5  X 10+0 

k 22ÜUG75 >  HH1G BEND TESTS 
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LBS     X   10-2 
CH   19  US  CH  S     X   104-1 
TEST   35     <   22AUG75   >     rtHIG  BEND  TESTS 
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LBS  X 10-2 
CM 19  US CH 7  X ie+1 
TEST 35  < 22AUG73 >  AH1C BEND TESTS 

O -^7 



ee 
M 
I 
L 
L 
I 

N -02 
C 
H 
E 
S 

• 
-04 

-8£ 

V •» 

X 
00 

1 
02 * * "S3" 

LBS  X 10-2 
CH 13 US CH 8  X 10+0 
TEST 35  < 22AUG75 >  AH1G BEND TESTS 
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LBS  X 10-2 
CYi   \9  US CH S     X 1Ö+Ö 
TEST 35  C 22AUG75 >  RH1G BEHD TESTS 
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UBS  X 10-2 

CH   19 US CH 10 X 10+1 
TEST 35  C 22AUG75 >  AH1G BEND TESTS 

t J } 



o 

n 
I 
L 
L 
I 

I 
N 
C 
H 
E 
S 

o 

LBS X 
CH 19 US CH 11 X 
TEST 35  C 22AUG75 

10-2 
10*0 
>  AH1G 8EHD TESTS 
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LBS X 10-2 
CH 19 US CH 12 X Ut+G 
TEST 35 i   22AUG75 >  AH1G BEND TESTS 
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LBS  X 10-2 
CH 19 US CH13  X 18+0 
TEST 35  C 22AUG75 >  AH1G BEND TESTS 
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LBS  X 10-2 
CH 19 US CH 14 X 10+9 
TEST 35  C 22AUG75 >  AH1G BENO TESTS 
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LBS X 10-2 
CH 19 US CH 15 X 16+0 
TEST 35  C 226UG75 > AH1G BEND TESTS 
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LBS  X 10-2 
C*   19 US CM 17 X 1Ö+Q 
TEST 35  C 22AUG75 )  AHIG BEND TESTS 

306 



APPENDIX D 

Data Sheets for Wing Beamvise Loading 
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TIME IN SECONDS  X 10-1 
CH 1   MING UbPr DISPLACEMENT - WS 57.74 
T£ST 26 C 23JUL75 .> AH1G ÖENO TESTS 

lQ-t 

30ö 



TIME IM SECONDS X iö-1 
CM 2   MING UERT DISPLACEMENT - MS 39.9© X 10+0 
1EST 26 C 23JUL75 > AH1G BEND TESTS 

309 
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TT MT£ Ul SECONDS X 10H 
CM 3  MING UERT DISPLACEMENT - WS 42 ^0 X 18+0 
TEST 26: C  23JUL7S )  fiHXG  BEND TESTS 

© 310 
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TIME: IN SECONDS X ie-1 
CH 4  MING UER7 DISPLACEMENT - MS 21.38 X 1Q*1 
TEST 26 C 23JUL75 >  &H1G DEND TESTS 

o 31 I 



i 

'•1 

1 
1 

L 
I 

30 i 

I 
N 
r 
H 2? 
E 
S 

24 

21 wm m 

•I 

•• 

4* 

«*fcr 
II 

L?V1 
JL er A 

14 
1 
21 23 35 

TIKE   IN   SECONDS     X   10--1 
C\\  3        lilHil   "ERT  DISPLACEMENT  -  MS  21.33  X   10+1 
TEST 26  C   23JUL75   >  flHIG BEND  TESTS 

9 312 
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TIMC LU   SeCONOS  X lO-l 
CM 6       CEHTLR SPHR DISPLACEMENT - L.H 
T£ST 26 C 23JUL75 .> AH1G BEND TESTS 

x ie+i 
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vim.  IN SECONDS x 10-1 
CH "7  CENTER SPAR DISPLACEMENT - R H X   10+2 
TEST 26 C 23JUL75 ^ AH1G BEND TESTS 
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ö tj £7 14 21 28 

1 I ME HI SECONDS :< 10" 1 
CM 8  WING UERT DISPLACEMENT - US 66.00 X 1Q+0 
TEST 26 C 23JUL75 ) WIG BEND TESTS 

o 315 
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# 

T
;I-:E IN SECONDS X 10-1 

CH 9  MING SLOPE" DISPLACEMENT - BOTTOM X 1O+0 
TL'ST 26 C 23JUL75 ) AH1G BEND TESTS 

£ 316 



M 
I 
L 
L 
I 

I 
N 
C 
H 
E 

TIME IN SECONDS X lfl-1 
CH 10 UING SLOPE DISPLACEMEHT - TOP X 10+3 
TEST 26  C 23JÜL7S ) AH id BENO TESTS 
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Til-IE.-   IM  SECONDS    X  10-1 
CH   11        FUSELAGE  SLOPE  DISPLACEMENT  - BOTTOM X   18+1 
TEST  26  C 23JUL75   ) AH1G DEND  TESTS 

9 318 
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riME IN SECONDS X ie-1 
CH 12   FUSELAGE SLOPE DISPLACEMENT - TOP X 10+1 
TEST 26 C  23JUL75 :> AHIG BEND TESTS 
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07 14 21 
riME IM SECONDS X 10-1 

CM 13  FIXTURE / GROUND DISPLACEMENT 
TEST 26 < 23JUL75 >  AH1G BEND TESTS 

28        35 

R.H. TOP X 10-1 
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« 
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1 M; 

irne IM SECONDS X 10-1 
CM 3 4  FIXTURE s  GROUND DISPLACEMENT 
TtST 26 C 23JUL75 .> AHiG BEND TESTS 

- R.H. BOTTOM  X 1Ü-1 
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CH 15 
TEST 26 
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-L _L 
Ö9 18 2? 36 

TIME IN SECONDS X 10-1 
CM 20 BASE LOAD - R H. TOP X 10+0 
TEST 26 C 23JUL75 ) AH1G BEND TESTS 

45 

418 



I 

L 
B 
S 

TlflE IN SECONDS  X 10-1 
CN 21   BASE LOAD - R.H. BOTTOM  X 10-2 
TEST 28 C 23JÜL75 > AH1G BEND TESTS 

4i9 



# 

L 
ö 
S 

f 

TIME TN SECONDS X 18-1 
CH 22 LOAD APPLIED - R.H. X 18-2 
TEST 28 < 23JÜL75 > AH1G BEND TESTS 

« 
420 



L 
ß 
S 

TIME IM SECONDS X 10-1 
CH 23 LOfiD APPLIED - L.H. X 10-2 
TEST 28 C 23JUL75 > RH1G BEND TESTS 

O 421 



L 
B 
S 

TTME IM SECONDS X 10-1 
CM 22 LOAD APPLIED - R.H X 10-2 
TEST 23 C 23JUL75 > AH1G BEND TESTS 

422 



h 

L 
B 
S 

TIKE IM SECONDS X 10-1 
CH 23 LOAO APPLIED - L.H. X 10-2 
TEST 28 ( 23JUL75 > AH1G BEHD  TESTS 

Q 
423 



9 

L 
B 
S 

t 

TJME IN SECONDS X 10-1 
CM 22 LOAO APPLIED - R.H. X 19-2 
TEST 28 ( 23JUL75 > MH1G BEND TESTS 

424 



L 
8 
S 

TTr.E IH SECONDS X 10-1 
CH 23 LOAD APPLIED - L.H. X 10-2 
TEST 28 C 23JUL75 ) *H1G BEND TESTS 

O 425 



f 

L 
B 
S 

t 

TIME IM SECONDS X 10-1 
CH 22 LOAD APPLIED - R.M. X 10-2 
TEST 28 < 23JUL75 )  AHIS BEND TESTS 

426 



L 
B 
s 

TIME IN SECONDS X 10~1 
CH 23 LOAD APPLIED - L H. X 10-2 
TEST 28 C 23JUL75 > AH1G BEND TESTS 

O 
427 



m 

L 
B 
S 

t 

TIME IM SECONDS X 10-1 
CH 22 LOAD APPLIED - R.H. X 10-2 
TEST 28 ( 23JUL75 > AH1G BEND TESTS 

t 428 



L 
B 
S 

TIME IN SECONDS X iG-l 
CH 23 LOAD HPPLIED - L.H. X 10-2 
TEST 28 C 23JUL75 > AH1G BEND TESTS 

Cr 429 



0 

LBS  X 10-2 
LOAD APPLIED - R.M. US CENTER SPAR DISPL 
TEST 28 C 23JUL75 > AH1G BEND TESTS 

03 

L.H.  X 10+1 

* 
430 



© 

M 
1 
L 
L 
I 

I 
M 
c 
H 
E 
S 

LBS  X 10-2 
LOAD APPLIED - R,H  US CENTER SPAR DISPL 
TEST 28 C 23JUL75 ) AH1G BEND TESTS 

X 10+1 

o 431 



<# 

00 02 04 06 
LBS     X   10-2 

LOW  APPLIEO  -   R H.   «JS   WING  UEPJ  DISPL 
TEST 28  C   23JUL75   > flHIG BEND TESTS 

08 10 

WS  60.00    X  10-1 

» 
432 



o 

LBS  X 10-2 
LOAD APPLIED - R.H. US WING SLOPE DISPL 
TEST 28 ( 23JUL75 ) AHIG BEND TESTS 

G8 

BOTTOM X 10+0 

o 433 



# 

LBS  X 10-2 
L0rtD APPLIED -VR.H US HING SLOPE DISPL - TOP X 10*0 
TEST 28 C 23JUL75 ) AMIG BEND TESTS 

t 434 



rt 
i 
L 
L 
I 

I 
N 
C 
H 
E 
S 

LÖS  X 10-2 
LOAD APPLIED - R.H  US FUSLG SLOPE OISPL - BOTTOM  X 10+1 
TEST 28 < 23JUL75 ) ftMG SEND TESTS 

0 435 



9 

LBS X   10-2 
LOAD APPLIED - R.H  US FUSLG SLOPE DISPL - TOP X 10+t 
TEST 28 C 23JUL75 ) AHiG BEND TESTS 

O 436 



M 
1 
L 
L 
I 

I 
N 
C 
H 
E 
S 

LBS X 10-2 
LOAD APPLIED - R.H US FXTR / GROUND DISPL - R.H. TOP X   ltf-1 
TEST 28 C 23JUL7?. ) PH1G BEND TESTS 

437 



9 

M 
I 
L 
L 
I 

I 
N 
C 
H 

f 

LBS X   10-2 
LOW APPLIED -R.H  US FXTR • GROUND OISPL 
TEST  28 C 23JUL75 > AHtG SEND TESTS 

-R.H  BOTTOM   X 10-1 

438 



b 

LBS X 1Ü-2 
LCPO APPLIED - R.H. US FXTE S  GROUND OISPL 
TEST 28 C 23JUL75 ) AH1G BEND TESTS 

03 10" 

L H  TOP X 10-1 

© 439 



0 

04 
LBS  X 10-2 

LOAD APPLIED - R.H  US FXTE /  GROUND OISPL 
TEST 23  ( 23JUL75 > rtHIG BEND TESTS 

- L. H. BOTTOM  X 10-t 

9 440 



M 
I 
L 
L 
I 

I 
N 
C 
H 
E 
S 

L8S     X   10-2 
LOAD  APPLIED   -   R.H.    US  NINC 
TEST   28 C  23J0L75   >  AH IG BEND TESTS 

L L                      _ I   ..    . 
06 öS         10 

ERT DISPL - - WS 57.74  X 10-1 

441 



ee 02 04 
LBS     X   10-2 

LOAD  P.PPLJEO   -   R  M.   US  WIN 
T£ST   28  C   23JUL75   )  ftHlG  Br.ND TESTS 

-     L. i „-,,       - t 
06 08 10 

;ERT DEFLH - -  WS 59.00 X   10-1 

t 442 



i 
L 
L 
I 

I 
N 
C 
H 
E 
S 

b 

LBS  X 10-2 
LOAD APPLIED - R.H  US WING UEPT OEFLN - WS 42.53  X 10-1 
TEST 23  < 23JUL75 ) fiHIG BEND TESTS 

O 
443 



» 

M 
I 
I 
L 
1 

I 
N 
C 
H 
E _ 

-04h 

-G8h 

# 
-16h 

L93  X 10-2 
LOAD QPPLIED   - R H  US NING UERT OISPL 
TEST 23 ( 23JUL75 ) PHIG BEND TESTS 

09        10 

W3 21.38 X 10^1 

? 444 



o 

J 
L 
L 
1 

I 
N 
C 
H 
E 
5 

O 

LBS  X 10-2 
L0*D APPLIED - R.H  US WING VERT DISPL 
THST 28 C Z3JUL75 ) WIG BENO TE*STS 

- WS 21.38 <CH5>  X 16*1 

445 
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APPENDIX E 

Data Sheets for Wing Torsion Test 

kk7 



% 

M 

N      4Q- 

i 

i 

88 \T|        yj^T   ) 
ri i 

/ 

r^fl 

± 
08 

J 
16 2<l 

CM   i rRSN   DEFLECTION   -   ST     33   DO   L   H 
TEST i9 < ZJULrs "• PHIG erjio Trrsr 

"40 "*" 

• %e 



b 

riME IM SECONDS  X lö-l 
CM a       TRSH DEFLECTION - ST. 138.70 L.H. X 10+0 
TEST 13 < ^JUL75 > AH1G BEND TEST 

C Mo 



a. 

M 

L 
L 
I 

C 
H 
E 

6 
-v38 

J 
£4 

TVVE   \U  ScCOjiOS    H  10-1 
CH  3       rRSH DEFLECTION   -    >T     HS 5tf L.H 
TEST   19 C   2JUL.7S   >  0H1G &£*«   fE 

_l  _ .1.   J 
32 4C 

10+y 

• 
itfO 



i 
3*J 

M 
1 • 

L 00 L 
I 

I 
N 
C 
H --713 L* 
E > 
•-. 

-60 

-9€h 

J 
16 *4e 

CH 4       rRGH DEFLECTION  -  r,7     186.23 L H    X  10+1 
TUST   19  <   ,?.'UL75   >  HH 1G  BEND   ftol 

o 
to» 



o 

c 

II 
1 
L 
L 
I 

N 
C 
H 
E 
s 

-03- 

-06- 

-09 

TIME IM SECONDS X 10-1 
CH 5  TRSH DEFLECT If ÖM - ST 213. M L.M. X 10*9 
TEST 19 C ?JUL75 > AH1G BEND TEST 

i >m 



G 

00 M£ 1* 24 i.d. 

CH 6       n^SM CggFLCCTION  -  ST.   300  «Ic  L H    X  10+1 
TEST   12 •::   2AH.7S   > WUG BENO  TE&T 

O 
*53 



% 

v 1 IM    U\  SECONDS     V   iü-! 
CH   7 N INFLECTION  -  ST.   97 00 R.H. 
TEST ;:•■> •   aJULrt > mir* BGMD rest 

X   10-1 

• <*v 



rWE IM 3EC0NDS v- 10-t 
CM 8  TP.SN DEFLECTION - ST. 138.73 R.H X 10+0 
TFST 13 C 2JUL75 > MUG BENO TEST 

O 
V» 



D 

nnr IM        ms   x \o~\ 
CH 9     T*SN c 13 LL:TIBN - -:T    i H   :: ie«-o 
TEST 13 < 2JUL7S > AH1G 6ENG TEST 

I *5* 



b 

b 

rue IN SECONDS   << io-i 
CH   3 0     TRSM DEFLECTION  - ST     136.25 R H    X   10+Ö 
TEST   19  <   2JUL*3   :■■  AHIG  B£t«D  TEST 

O *57 
• 



r i ME ;M SECONDS ;<■ 10-1 
CH li TRSN DEFLECTION - ST. 213. S6 R H X lö+Q 
TEST 19 < 2JUL73 > MHIG BEND TEST 

6 V5S 



• 

: l>Ko  »-  28ÖO1E 

?   ea 
L 
I 

I 
N     06 
C 
H 
E 
c 

3 04 

82 

01 
f 
q 

k 

rik v V w> r# v,:..-.    /- 

_L l 1  
03 16 24 

TIME TM SECONDS X 10-1 
CH \Z    TOSN DEFLECTION - ST. 309.42 R.H. X 10+1 
TEST 19 C 2sWL73 ) WIG BUNG TEST 

40 

o 
*» • 



I 

M 
X 
L 
L 
I 

I 
N 
C 
H 
E 

• 

TIME hi  SECONDS X .10-* 
Ch 13  BASE ROTATION - UPPER L.H X 1Ü+2 
TEST 19 < 2JUL75 * AM1G BEND TEST 

• ^ 



Tine in SECONDS y.  io~t 
CH   14  BASE ROTATION - LOWER L.H. X 10M 
TEST 19 C 2JULT5 ) fcHIG BEND TEST 

i^7 



% 

N 
I 

L 

I 
N 
C 
H 
E 

% 

x~ ..- _/" "«- V . *« 

60» 

54 

4* 

42h 

36 

<fJ 

I   I 

H^.... 

OS 16 
,._L 

>'M 24 

p-i n 

^ •» 

32 
Tint IM SECONDSI ! 10-1 

CH IS  BASE ROTATION - UPP| T-H. X 10+4 
.TOST 1.9 •: 2JUL7S ) HHIG BENOuVk TT 

. 

-  1—3 

• »»fe 



YO —.1120 t 01 
4:4 

TINE III SECONDS :'  10-1 
CH 17  BASE ROTATION - LÖWER F:.H. X 10+2 
TEST 19 C 2JUL75 ) ÜH1G BEHO TEST 

O 
«*? 



% 

ÖG 

L 

1 ** 

-lö 

% 

-15 

-20 

-25- 

A 

r / 
. 

I lf.l 
X 
03 

J, 
16 

I   JL-... J 
• . 

TIME IN SECONDS "' 19-1 
CH IG   LOAD ~ UPPER L.H   X lM-1 
TEST 19 ' 2JUL75 > MHIG BENO TEST 

W 



riME Hl &ECOHOS X  10-1 
CH 19   LOAD - LOWER L.H.  *< 10-1 
TEST 13 < 2JUL75 ) ftHUl BUND TEST 

O «5 



% 

L. 

B 
S 

% 

00- 

-Ö6 

-12 

-l: 

-24 

_V »^ 

LJ* 
^r 

J.. J L 
03 16        24 

riME Iii SECONDS X 1 ö-1 
CM 20  LOAD - UPPER R.H  X 10-1 
TEST t9 <• 2JUL75 ) AH IG BEND It ST 

^r.^x 

55 -t- 

• 4M 



L 
B 
5 

-14h 

-21 

-2S 

-351 

-42 

i. ■ ■: 

-L 

I *-~'   w 

^3 
X 
16 

TlMh". TM SECOMOS A   IQ-l 
CH 21   LOAD - LOWER R.H.  X 19-1 
TEST 19 C   2JUL75 ' WIG BF.NQ TUST 

■"V^i 

32 40 

M<H 



% 

L 
B 
S 

% 

-1 

l'U1E IM SEC0HD8  X 10-1 
CH   2Z        LOAD APPLIED - P H  < CHS 1,3-4,6.7,10,13,15,13-£0 > « 10 
TEST 19 < 2JUL73 >  «Hlu BEND TEST 

• kto 



0 
s 

03        16       ?.4       32" 
TIME IN SECONDS « 10-1 

CH 22  LOHD MPPLIEO - R.H. <CH 2,«5,9/9/11/12/14.17/ i9*2D X 18-1 
TSSl   \S  < 2JUL79 > AHIG BEND TEST 

4* 



% 

e 
s 

riME TH SECONDS '/.  10-1 
CH 23   LÜttü WPPLIEÜ - L.H  CCM 2,5,6,9, 11. \Z> 14, 1?# 19/21 > X   10-1 
TEST 19 •: 2JUL7S > AH IG BEND TEST 

kio 



L 
B 
S 

-1 

TIME IM SECONDS 
CH   21        LOHD MPPLJFD - L.H 
TiZST 19 C 2JUL?b ) HHIG BEND TEST 

10- 1 
1,3,4,6,7, 10,13, 13,10,28 >K 10 

O V71 



# 

§ 

1 

1-1 
I 06 — 
L 
L 
I 

I 
N 
C 

04 k « 
H 
E 

LBS  X 10-1 
LCWD -PH. US ÜEFLN - 3T 93.00 L H. X 10-1 
TEST 19 C 2JUL73 J «Hlf, BENO TEST 

f 



to 

© 

X 10-1 
LOAD - P H  US DEFLN - ST 138 ?Q L H 
THST 19  C 2JUL73 ) AHIC, BEND TEST 

X 10+0 

o 



(1 
1 
L 
L 
I 

I 
N 
c 
H 
E 

-oeh 

LB3  X l*-l 
LOAD - R H. ^S OEFLN - ST 148.50 L.H.  X l*+0 
TEST 19 C 2JUL75 ) KH1C SEND TEST 

* 
hfk 



N 
X 
L 
L 
I 

I 
N 
C 
H 
E 
3 

-03|- 

-0*h 

LB3 K IG-l 
LÖAD - R.H. Vo OEFLM - ST 186.29 L.H. 'A   18+0 
TEST *9 C 2JUL75 - AH1G BEND TEST 

O «♦75 



LBS X l*-l 
LOrtO - R.H. U3 ÜEFLN - 
fEST 19 < 2JUL75 ) HHIC BEHD TEST 

1               1 
"40" 

• 
20                       30 w 
r  213  96  L.H.      X   10+9 

476 



b 

LOflü -   R  M     "S   CiEF'LM    -   '5T   300.42  L  H <   10*1 
rßST   13 ^   2JUL7S   v-  MHIG BEND  TEST 

o 1*77 



% 

% 

I 
L 
L 
I 

C 
H 
E 
S 

-12 

-15 

-L 
ee 

J_ 
10 

-L 
>3 ^r ■-*■ Ä-J 

LBS x  ie-i 
LOAD - R H. V* DEFUN - ST 93.00 R H. X 18-1 
TEST 19 ( 2JUL75 J  0MIG BEND TEST 

* ! -7fl 78 



b 

LBS  X 10-I 
L0A0 - R H. MS DEFLN - ST 133 78 R H   X 1Ü+9 
TEST 19 < 2JULrS > RMG BEMD TEST 

o U79 



% 

LB3     X   10--1 
LOAD   -  R.H.   US  GEKLN   -   ST   t4£.5G  R.H. 
TEST   19 <,   2JUL73   ) RHICi BEMO  TEST 

:<   H3+Ö 



LBS  X 10-1 
LGAO - R H. US DEFLM - ST 186.25 R.H. 
TEST 19 C 2JUL75 ) ftHIG BEND TEST 

X 1Ü+Ö 



LBS     ><   10-1 
LCWO   -  R.H     US  DEfLN   -  3T  213.90 R.H 
TEST   19 (   2JUL73   >  *H1G  BEND   TEST 

X   10*0 

• 



1: ho JTs eoo E 01 r T—3 

n 
i 
L 
L 
I 

I 
N 
C 
H 
E 
S 

92 

'      UBS     K   lfi-t 
LOAD -   R   H     lie.   DEFLN   -   ST   380.42  R.M. 
TEST   19  <   2JUL7T.   >  HHIG  BEND  TEST 

X   10-»-1 

M* 



I 
L 
L 
I 

I 
N 
C 
H 
E 

I.BS  H t<3 1 
LOAD - R.H. MS BASE ROTATION - UPPER L.H   X 10+2 
TEST \3  C 2JUL73 > HH1G BEND TEST 

• 

hen 



13 F—r 

M 
I 
L 
L 
I 

I 

H 
E 
e 

12 

09 

j 

LBS X IfHl 
LOAD - R H  "'.•; BMSE ROTATION - LONER L H 
TUST 19 C 2JUL7f; > «H1G BEND TEST 

40 

X 10+1 

-l I 
50 

>4Ö5 



vo ^ -.1120 E 01 
40 

M 
I 
L 
I 
I 32 ' 

• 
A 

N 
c 
H 24 

n \r^ 
E 
8 

\€ 

es 

0£iL- 

X 
00 

± 
10 

JL 
38 

JL 

LB?     >!   ifl-l 
LQ*D   -   R   H.   US   BASE   ROTATION   -  LOWER  R  H 
Test   19  C   2JUL75   )  ftHIG  BEND  TEST 

40 

X   10+2 

50 

• 
486 



b 

—   r 

M 
I 
L £Q — 
L 
1 

I 
s. 
c 
H 4? u 
E » 

T 

© 

TIMS IN SECONDS X 1Ü-1 
CM 1   Ttf$N DEFLECTION - ST. 93.« L.H. 
TEST ^0 C 2JÜL?3 ; KHiG 86N0 TEST 

X 10+C 

*27 



* 

TIME rn SECONDS x 1O-1 
CH Z       TRSN DEFLECTION - ST. 138.70 L.H X 18+0 
TE?T 20 < aJULTT. ) AHIG Bf-IND TEST 

* 

483 



TIME Ml SECONDS 
CH 3 TP3>M DEFLECTION - ST 
TEST   20  <>   2JUL75   )  AHIG BSND 

:< 10-1 
148.50 
TEST 

L.H.   X   10+0 



% 

n 
i 
L 
L 
I 

I 
N 
C 
H 
E 

-3Ö 

-60- 

T'ME JM SECONDS  X Ifl-t 
CM 4   TRSN DEFLECTION - ST  18£.2S L.H  X 10+1 
TEST 20 < 2JÜL75 > GH1G BEND TEST 

• 



b 

M 
L 
L 
r 

N 
C 
H 
E 
S 

b 

23 3? 
TIME IN SECONDS X 10-1 

CH 14   BrtSE ROTATION - LONER L.H X 16+2 
TEST 2.0  C 2JUL75 > AH IG BEND TEST 

O 



9 

TTMG TU SECOND:;. X   10-1 
CH 17   BASS POTATION - LOWER R H X 10+1 
TEST 20 < 2JUL75 )  AH1G BENO TEST 

%CJr 

^92 



o 

00 

L 

-14 

-21 

-23 

. /^V^;^^^:~-< 

CZi 

-- V 
JL 
07 14 

 L_ 
21 23 

nnr rn SECONDS   X ie-i 
CH 18  LOnD - UPPER L.H.  X 10-1 
TEST 24 C 2JUL75 > AH IG BEN0 TEST 

SSn 

Q 



<ß 

B 
S 

9 

HUE IN SECONDS x lö-l 
CH 13   LOHD - LOWER L.H.  X iö-1 
TEST 23 < 2JUL75 ')   AH IG BEND TEST 

« 

49U 



TINE IN SECONDS ><  10-1 
Ch 20   LOAD - UPPER R H   X tG-1 
TEST 20 C 2JUL75 ) AH1G SEND TEST 

B 



L 
B 
S 

• 

TIME IN SECONDS X 10-1 
CM 21   LOAD - LOWER R.H.  X 10-1 
TEST ?& < 2JUL75 > AH1G BEND TEST 

§ 496 



L 
B 
S 

TIME IM SECONDS X 1Q-1 
CH 22   LOAD APPLIED - R.H. CCH 2,"3,8,9,11,12,14,17,19, 21 > X 1Ö-1 
TEST 20 < 2JUL75 ) AHl^ BEND TEST 

e 
497 



% 

uK 

L 
B 
S 

TIME   IN  SECONDS    X  10-1 
CM  22.       LOAD APPLIED  -  R.H.   (   CHS  1,3,4,6,7,10,13,15,13,20  )X   16 

■1 TEST   20 t   2JUL75   )  AH1G 8EN0  TEST 

• 498 



L 
6 

TIME IN SECONDS X U3--1 
CM ?'?   LOAD APPLIED - L H. CCH 2,5, 8/ 9, 11, 12, 14, 17, IS», 21 > .X 10-1 
TEST 20 C 2JUL75 > AH1G BEND TEST 

O 
499 



% 

L 
B 
3 

% 

-I 

TIME IM SECONDS X 10-1 
CM 23   LOrtD APPLIED - L.H. < CHS 1,3,4,6,7,18,13.15,18,26 > X 10 
TEST 20 C 2JUL75 > piHIG BENO TEST 

• 500 



LBS    X   ltf-1 
LORD   -   R.H.   US   UEFLN  -   ST  93.03  L  H.   X   1*-1 
TEST   20  C    2JUL?"5   >   AH IG   BEND   TEST 

501 



«52 E—r 1 
w 
I 
L 
L 
J 

I 
N 
C 
H 
E 
6 

Oö 

-02 

-04 

LBS  X 10-1 
LOAD - P.M. US DEFLM - ST 133 7»3 L.H. 
TEST 2Q  < 2JUL7*3 )  AH If. BEND TEST 

X 10-1 

502 



LBS x ie-1 
LOAD - R.H. US DEFLN - ST 148 50 L.H. 
TEST 20 < 2JUL75 >  AH1G BEND TEST 

X 19+8 

503 



I 
L 
L 
J 

I 
N 
C 
H 
E 
C; 

—V 

-©€- 

LOAD - R  H 
TEST 20 c 

LBS  X 1Ü-1 
<;<; DEFLN - i ;T 186 2.5 L 

BEND TEST 
H. X   10+0 

504 



LBS     X   10-t 
LOGO   -  P  H     US  OEKLH  -  ST  213.99 L.H 
TfcST   20  C   2JUL73   )  AH1G  BEND  TEST 

X   19+0 

505 



LBS    X   1*-1 
LOAD  -  R H     US  DEFLH  - ST  3O0.42 L.H 
TEST 20  C   ZJUL?'5   )  AH1G  BEND  TEST 

tf  10+1 

506 



LBS     X   10-1 
LOOD  -    H     US  DEFLN  -  3T  93 9© R  H 
TEST  20  (   2JUL75   )  NHIG  BEND  TEST 

X   10-1 

507 



M 
I 
L 
L 
I 

I 
N 
c 
H 
E 

-02- 

-04- 

LBS    X  10-1 
LOAD   - R.H.   VS  OEFLH   - ST   138.70  R.H 
TEST 20  C   2JUL75   >  AH1G  BEN|U  TEST 

*   10-1 

508 



1 1 1 1 

M   -14 
I 
L 
L 
I 

-^1 

- 

I 
N 
C 
H 

|   -28 

-35- - 

LES     X   10-1 
LOGO  - R.H.   V3  DEFLM   -ST   148 5Q  R.H.      X   10+0 
TEST  20  <.   2.JUL75   >  AH1G  BEND  TEST 

509 



LBS    X  iO-1 
LORD  -  R.H.   US  DEFLN  -  ST   \26 .23  R.H 
TEST  2*  (   2JUL73   >  AH1G BEND   TEST 

X   1Ö+0 

510 



LBS     X   10-1 
LORD   -   R.H.   VS   DEFLN   -  ST  213.90  R.H 
TEST  20   C   2JUL/5   )  AHIG  BEHD  TEST 

X   10+0 

511 



M 
[ 
L 
L 
I 

I 
N 
C 
H 
E 
S 

LBS     X   10-1 
LOAD  - R.H.   US  DEFLN  -  ST  300.42 R.H 
f^TST  20 C  2JÜL75   ) ttHIG UENO TEST 

X  10+1 

512 



M 
I 
L 
L 
1 

I 
N 
C 
H 
e 

LBS  X 10-1 
LOAD - R H. V$  BASE ROTATION 
TEST 20 C 2JUL75 ) AH1G BEING TLST 

1 1   i..— 
30 4S 50 

JPPER  L.H X   10+2 

513 



M 
i 
I 
L 
I 

I 
N 
C 
H 
E 

LBS  X ltf-l 
LOAD - R.H.   US BftSF ROTrtTIOM - LOWER L.H 
Test 20 < 2JUL7S ; AH1G BEND TEST 

514 



-12 

-14 

#0 
I 

10 L 20 ~?ö 
LBS     X   10-1 

LOAD   - fl.H     US   FASE   ROTATION -  LOU!£R  R.H. 
TEST  20  C   2JUL7S   )  flHIG  BEND   TEST 

—&. 

X lö+l 

...J.   j 



m 

TIME IN SECONDS  X 10-1 
CH  5        TRSN DEFLECTION - ST. 213.90 L H  X 10+0 
TEST 20 < 2JUL75 > AH1G BEND TEST 

t 516 



rine   IM  SECONDS    X   10-1 
CH 6       TR3N DEFLECTION  - ST.   300.42 L.H 
TEST   20  C   2JUL?5   >  PH1G  BEND  TEST 

X   19+2 

5*7 



• 

T(M£   fN   SECONDS     X   l^-l 
CK  7       TRSN  DEFLECTION   - ST.   5*3.60 R H. 
TEST   20  C   2JUU"5   >  AH1G  BEND   TEST 

X 10-1 

518 



/ 

TIME IM SECONDS  X 16-t 
Crt  8   TRSN DEFLECTION - ST. 13S.70 R.H. X 1O+0 
TEST 2* ( 2JUL73 > AH1G BEND TEST 

b 519 



<* 

TIME IN SECONDS X 19-1 
CH 9   TRSN DEFLECTION -ST. 143.50 R.H. X 10+0 
TEST 20 C 2JUL75 ) AH1G BEND TEST 

# 
f>20 



0 

I 

TltfS IN SECONDS  X 10-1 
CM 19 TR^H DEFLECTION - ST  186.25 R.H. X 104-0 
TEST 20 C 2JUL75 > AH1G BEND TEST 

5 



TINE TM SECONDS X 10-1 
CH 11  TRSN DEFLECTION - ST  213.9ö R.H. X 10*0 
TEST 20 C 2JUL75 > AH1G BEND TEST 

Ü 
522 



9 

YO =-.2400 t 01 

to 

e<>- 

J- J- ± -L 
00 97 14 21 28 

TINE IN SECONDS  X 10-1 
CH 12  TRSH DEFLECTION - ST. 329.42 R.H. X 10+2 
TEST 20 C 2JUL75 > AH1G BEND TEST 

35 

o 523 



* 

T1MFE   IN  SECOND*:      X   10-1 
CH   13        BASE  ROTATION   -  UPPER  L.H.   X  10+2 
TEST   20  C   2JÜL P5   >  AH1G BEHO  TEST 

% 524 



D 

TIME IN SECONDS  X 10-1 
CH 1   TRSN DEFLECTION - 5T  93 83 L H 
TEST 21 ( 2JUL75 ) AHIG BEND TEST 

X 10+0 

D 



% 

M 
I 
L 
L 
I 

I 
N 
C 
H 
E 
o 

-20H 

00 ee 16 
TIHE  IN SECONDS   x 10-1 

CH  2       TRSN DEFLECTION  -  ST.   138.70 L H    X   10+0 
TCST   21   (   2JUL73   )  fiHUl  BGNO  TEST 



es       16 
TIME JU SECONDS x te-i 

CH 3   TRSH DEFLECTION - ST  148.50 L.H  X 10+0 
TEST 21 C 2JUL75 > *H1G BEND TEST 

b 



% 

TIME" IM SECONDS  X 10-1 
CH 4   TRSH DEFLECTION -ST. 186.25 L.H. 
TEST 21 C 2JUL75 > AH1G BENQ TEST 

X 10*8 

m 528 



> 

TIKE IN SECONDS X 10-1 
CH 5   TRSN DEFLECTION - ST. 21.7.30 L.H. X 10+0 
TEST Z\   C 2JUL?5 >  AHIG BEND TEST 

£> y/9 



% 

Tir.r: IN SECONDS   x 10-1 
Ch   6        TRSN  (DEFLECTION   -  ST     300.42  L  H     X   10+1 
TEST   21   <   2JUL75   >  AH1G  BENO   TEST 

530 



TIME IN SECONDS X 13-1 
CM 7   TRSN DEFLECTION - ST. 93.GO R.H, 
TEST 21 C 2JUL75 ) AM1G BEND TEST 

X 10-1 

511 



% 

TIME IM SECONDS  X 10-1 
CW 8   TRSH DEFLECT I UN - ST  136.70 R.H. X 10+0 
TES-T^/ C 2JUL75 > ftHIC BEND TEST 

532 



D 

TiriE IN SECONDS  X 10-1 
CH  9        TRSN DEFLECTION - ST. 148.50 R.H. X 10+0 
TEST 21 ( 2JUL75 ) PH1G BEND TEST 

- 533 



% 

TIME JN SECONDS  X 10-1 
CM JO  TRSN DEFLECTION - ST  lBo.25 R.H  X 10+Ü 
TEST 21 C   2JUL75 > AH1G BEND TEST 

• 534 



TIITS IN SECONDS  X 10-1 
CH 11  TRSN DEFLECTION - ST  213 90 R.H 
TEST 21 C 2JUL75 ) AH1G BEND TEST 

X 1O+0 

O 5?5 



% 

M 
I 
L 
L 
I 

6ÖH 

I 
N 
C     40h 
H 
E 
S 

% 2«- 

Yo =- 26ee ß 01 I 

Bta 
©e»- \: 

JL X 
09 03 16 24 

TlttE IN SECONDS X 10-I 
CH 1?  TRSH INFLECTION - ST. 309.42 R.H. X 10+2 
TEST 2i C 2JUL75 ) AH1G BEND TEST. 

L 
32 

J. J 
4Ü 

% 
536 



M 
1 
L 
L 
I 

I 
N 
C 
H 
E 
3 

12* 

Q3 

06 

03 

i 
GO 08 * -V 

TINE IM SECONDS  X 10-1 
CH   13   BASE ROTATION - UPPER L.H. X 10+2 
TEST 21 C 2JUL75 > AH1C BEND TEST 

  I 
4tt 

537 



» 

M 
I 
L 
L 
I 

I 
N 
C 
H 
E 
S 

TIME IN SECONDS  X 10-1 
CM 14  ease ROTATION - LOWER L H X 10+2 
TEST 2t ( 2JUL73 >  AH1G BEND TEST 



35h-V0 =-.1400 E 01 

li 

I-   2ßL 

N 

8 21 

D    i 

TIME IN SECONDS  X 10-1 
CH   17   BASE ROTATION - LONER R.H. X 18+2 
TEST 21 C 2JUL75 > AH1G BEND TEST 

C 



% 

L 
ß 
S 

-07h 

-14h 

-21h 

TIME TM SECONDS X 10-1 
CH 18   LOAD - UPPER L.H.  X 10-1 
TEST 21 C 2JUL75 ) AHIG 8EN0 TEST 

340 



b 

TIME IN SECONDS  X 10-1 
CH   19   LOAD - LOWER L.H.  X 10-1 
TEST 21 C   2JUL75 > AH1G BEND TEST 

b 5*1 



% 

TIME IN SECONDS  X 10-1 
CH 20   LOAD - UPPER R H   X 10-1 
TEST 21 < 2JUL75 > AHtC BEND TEST 

* t?*2 



9 

TIME TH SECONDS  X 1*-1 
CH 21   LOAD - LOWER R.H.  X 16-1 
TEST 21 C 2JUL75 > AH1G BENO TEST 

543 



% 

L 
B 
S 

% 

TIME /M SECONDS  X 10-1 
CH 32   LOAD APPLIED - R H  < CH 2*5*8*9* U* 12* 14, 17. 13.-21 ) X 10-1 
TEST 21 C 2JUL75 ) AH1G BEND TEST 

544 



L 
ß 
S 

50 

4eh 

30 

20f- 

I ■ 

!  : 

TIME IN SECONDS  X 10-1 
CH  22       LOAD APPLIED - R.H. C CHS 1,3,4,6,7,10.13,15,18,20 > X 10-/ 
TF.ST 21 C 2JUL75 ) AH1G BEND TEST 



<• 

L 
e 
s 

m 

TINE IN SECONDS  X 10-1 
CH 2Z       LOGO PPPLIED - L H  (CH 2,5,8/9,11.12,14.17,19,20 X 10-1 
TEST 21 C 2JUL75 > AH1G BEND TEST 

# 546 



u 
B 
S 

50 
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i 

- 

\ 

rJ 

30 

i           r                i 

1     1 
1   ' 

• 
i 

i 

— 
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• 

f 
• 

: 

20 

10 

.  1 / 

i 

I 

!    i ' 

; 
! 

• 

1 

V • 

1 

I       : 
1 ! 

00 08 16 24 
TIME IH   SECONDS  X I0-1 

CH  23   LOAD APPLIED - L.H. < CHS 1/3.4.6/7. 
TEST 21 C 2JUL75 > AH1G BENO TEST 

32 40 

19/13.15>18/20 > X 10 

54 7 
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08R 

06 

M 
I 
L 
L 
I 

N  04 
H 

02 

00 

-02i- 
JL 
00 10 

JL 
20 30 -,V 50 

LBS     X   10-1 
LOAD   - R.H.   US  OEFLN   -  ST 93.00  L  H. 
TEST   2i   (   2JU1.75   )  AH IG  8EN0  TEST 

X   10-1 

O 
548 



0 

N 
I 
L 
L 
I 

I 
hi 
C 
H 
E 
S 

00 

-02 

3 

-04 

-L 
00 10 

X J 
20 30 40 

 !. 
50 

LBS  X tO-l 
LCPO - R.HL YS OEFLN - ST 136 ?Q L.H 
TEST Z\   < 2JUL75 ^ AH1G BEND TEST 

X 1^3-1 

549 



LBS  X 10-t 
LOGO - R.H     US DEFLN - ST 148 50 L.H.  X id+Q 
TEST 21 <   2JUL73 ) AHIG BEND TEST 

« 

550 



b 

7   o© 
L 
L 
I 

I 
N -04 
C 
H 
E 
S 

-08 

-12 

-16fe- L 
00 10 

_L. 
20 30 

J  
40 

J d 
50 

LBS  X 10-1 
L0A0 - R.H  US DEFLH - ST 196.25 L H   X 1O+0 
TEST 21 (, 2JUL75 > KHlG BEND TEST 

© 
55l 



# 

00 
M 
I 
L 
L 
I 

I 
N -04 
C 
H 

S 

9 -08 

-12 

-16 
I 
00 

JL 
10 

J. 
20 ■*■ 49 

LDS x 10-1 
LOAD - R H     US OEFLN - ST 213.90 L.H.  X 10*0 
TEST 2) C 2JUL7S > AH1C BEND TEST 

5* 

9 552 



LBS  X ltt-1 
LOW - R H. US DEFLN - ST 300.42 L .H 
TEST 21 < 2JUL75 ) rtHlG BENQ TEST 

X 10+1 

G 
553 



# 

06} 
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L 
L 
I 

I 
N 
C 
H 

-«ash 

• 

€  -12 

-15f 

-1Ö- 

X 
00 

1 
10 

± 
20 

± 
30 40 50 

LBS     X   10-I 
LCAD   - R.H     US   DEFLN   -  ST  93  03  R.H.   X   10-t 
TEST   21   C   2JUL?C^   )  ftHIG  BEND  TEST 

O 554 



T 

I 
L 
L 
I 

I 
N 
C 
H 
E 
S 

-2G4 

-30 

-40 
• 

-50 

-60 

| 1 1 « « 
00 10 ae 3G 40 50 

LBS  X 10-t 
LOAD - R.H  US OEFLN - ST 139.70 R.H. 
TEST 21 <. 2JUL75 )  AHIG BEND TEST 

X 10+0 

0 5^5 



LBS  X 10-1 
LOAD - R.H  US OEFLN - ST 14& 50 R.H.  X 10+0 
TEST 21 C 2JUL75 > £H1G BEND TEST 

« 
556 



9 

5 -id 
L 
L 
I 

I ~24 
N 
C 
H 

| "30 

-3€ 

-42 

-48b L X 
ÜÜ 1Ü 

_L ! 
20 38 40 

I J 

LBS  X 10-1 
LGAD - R.M  US OEFLN - ST 186.25 R H. 
TEST 21 C 2JUL75 > AH1G BEND TEST 

X 10+9 

o ^; 



% 

1 1 "1 

"■ 

_ 

"* 

Lßs x ie-t 
LOAD - R.H  VS DEFLH - ST 213,90 fc.H 
TEST 21 C 2JUL75 > PHIG 8EN0 TEST 

X 10+0 

553 



88 

M 
I 
L     06 

I 
N 
C     04 
H 
E 
S 

92 

Y0 J- 2608 E 911 

00 

L 
ÜU 10 

SK.^JVKKKJ pNrw 
20 

_J  
30 40 

 L 
50 

LBS     X   10-1 
LGfiD   -   R.H.    MS   DEFLN   -   ST   300.42  R.H        X   10+1 
TEST   2\   <    2JUL75   ->  fiHlG  BEND  TEST 

b 559 



• 

tt 
J 
L 
L 
I 

I 
N 
C 
H 
E 
S 

LBS X   10-1 
LCdO   - R.H. US BASE ROTATION - UPPER L 
TEST 21 C 3JUL75 > «MIC BENO TEST 

# 
t>60 



D9r- 

LBS  X t0~l 
LOAD - R.H.   US BASE ROTATION - LOMER L.H 
TFST 21 (.   2JU1.75 > AH1G 6END TEST 

40 

561 



35 

n 
r 
L     28 
I 

-vo J-.i 

1 
N 
C 
H 
E 
S 

4M  E  01 

21 

14- 

07 

0C- L 
K)G 

J- 
10 20 

_.JL 
30 

_L 

LBS     X   10-1 
LCAD   -  R.H.   VJtS  BASE   TOT^TIOH  - LONER  R H 
TF5T   2!   <   2JUL7S   >  AH1G  SEND  TEST 

4*5 

X   10+2 

.1 
50 

?u: 



APPENDIX P 

Data Sheets for Lateral Loading Tests 

563 



n 
i 
L 

1 
N 

H 

-20 k- 

0 -40 h 

-60 N- 

TIME IN SECONDS  X 10-1 
CM 1 LATERAL DEFLECTION ST 61.25 - WL 44.30  X 10-1 
TCST 36 C2 SEPT 75 )  AH1G BENO TESTS 

9 564 



TIME IN SECONDS  X 10-1 
CH 2. LATERAL DEFLECTION ST 93.00 - WL 44.50  X 
TEST 36 <2 SEPT 75 )  AH1G BENO TESTS 

10-1 

• 565 



• 

Title IM SECONDS  X lü-i 
CV   3   LATERAL DEFLECTION ST 133.7Ö - WL 44.50 X 1G-1 
TESr 36 <Z  SEPT 75 )  WHIG BEND TESTS 

566 



TIME   IH  SECONDS     X   19-1 
C"  4  LATERAL  DEFLECTION  ST   143 50  -  WL  35.9?  X   13-1 
TEST   36  <2  SEPT   75   >     MH1G  BOO  TESTS 

G 567 



» 

TIME IN SECONDS 10-1 
CH 5 LATERAL DEFLECTION ST 186.25 - WL 35.9? X 10-1 
TECT 36 C2 SEPT 75 >  AH1G BEND TESTS 

568 



TIME IM SECONDS  X 10-1 
CH € LATERAL DEFLECTION ST 213 94 - WL 35.9? X 10-1 
TEST 36 C2 SEPT 73 )  «H1G BEND TESTS 

O 
569 



• 

TIME IN SECONDS  X 10-1 
CH 7 LATERAL DEFLECTION ST 250.00 - WL 35.97 X 1Q-1 
TEST 36 <2 SEPT 75 >  GH1G BEND TESTS 

570 



TIME IN SECONDS  X 10-1 
CH g LATERAL DEFLECTION ST 270.00 - WL 35.9? X 10+0 
TEST 26  <Z  SEPT 75 >     AH1G BENÜ TESTS 

0 
571 



TIME IM SECONDS X 10-1 
CH 9 LATERAL DEFLECTION ST  36. ÖÖ - WL 62.17 X 10-1 
TEST 36 <2 SEPT 75 >  AH1G BEND TESTS 

• 572 



TIME IN SECONDS X 19-1 
CH IP LATERAL DEFLECTION ST 143.50 - WL 63 49 

)  AH1G BEND TESTS 
X 10-1 

0 
573 



TIME IN SECONDS  X 1Ö-1 
CU 11 LATERAL DEFLECTION ST 213.94 - WL 65.00 X 10-1 
TEST 36 <2 SEPT 75 > GH1G BEND TESTS 

« 

574 



m 
• 

TIME IN SECONDS X 13-1 
CM 12 BASE ROTATION TOP LEFT HAND  X 10+1 
TEST 26  C 2 SEPT 75 >  AH1G BEND TESTS 

a 575 



ft 

TIME IN SECONDS X 10-1 
CM 13 BR2E ROTATION BOTTOM LEFT HAND X 10+0 
TEST 36  C2 SEPT 75 )  ftHIG .BENO TESTS 

% 576 



0 

TIME IM SECONDS  X 10-1 
CH 14 BASE POTATION TOP RIGHT HAND X 18+1 
TEST 36 C2 SEPT 75 )  AH1G BENO TESTS 

O 577 



35 10 15 
TIME IM SECONDS X 10-1 

CH 15 BASE ROTATION BOTTOM RIGHT HAND  X 10*1 
TEST 36 <2 SEPT 75 >  AH1G BEND TESTS 

# 
578 



o 

TIME 
CH   \?   BMSE LOAD TOP LEFT HAND  X 10-2 
TEST 36  C2  SEPT 75 > . AH1G BEND TESTS 

© 579 • 



0 

L 
& 
s 

% 

TIME 
CH 18 eP»SE LOUD BOTTOM LEFT HAND X 10-Z 
TEST 36 C 2 SEPT 75 >    AH1G BEND TESTS 

% 
580 



9 

TIME IM 9ECCNDS X 10-1 
CH   19 BASE LOAD TOP RIGHT HHNO X 10-2 
TEST 36  (2 SEPT 75 ) 

e 581 • 



ft 

L 
e 
s 

% 

TIME IH SECCN03  X 10-1 
CH 53 BP3E LOAD BOTTOM RIGHT H*ND X 10-2 
TEG1 36 C2 SEPT  75 > rtHIG BOO TESTS 

582 



1G- 

L 
B 
s 

J    04- 

T1ME IN SECONDS  X 10-1 
CH 2:1 LOAD APPLIEO X 10-2 
TEST 36  C 2 SEPT 75 )  AH1G BE»« TESTS 

583 • 



• 

L 
B 
6 

• 

TIME IN SECONDS X 10-1 
CW 21 LOAD APPLIED X 10-2 
TEST 36 C2 SEPT 75 ) AH1G BENO TESTS 

584 



e 

5 
L 
L 
I 

I 
N c 
H 
E 
S 

1 1 1 1 1 

00 -      fs,. 

-02 - 
■ 

-04 -v 
^^ 

-06 - 

-0c 
1 1 1 1 l 

ea 02 04 
JL 

Oo Uä 10 
LDS  X 10-2 

CH  21 US CH 1  X 10-2 
TEST 36 (2 SEPT 75 )  AH1G BE» JO TESTS 

0 585 

J 



LBS     X   10-2 
CH  ?\   \>S CH  2     X   10-1 
TECT  36  C2  SEPT  75   >     AH1G BEND  TESTS 

t 586 



0 

LBS  X 10-2 
CH  21 V3 CH  3     X 16-1 
TEST 3b (Z  SEPT 75 )  AH1G BEND TESTS 

Q 587 



• 

LEC X 10-2 
CH PA US CH 4  X 10-1 
TEST 36 C 2 SEPT 75 )  AH1G BEND TESTS 

588 



D 

LBS     H   10-2 
CH  21   US CH  5     X   10-1 
TC3T 36 <2  SEPT  75   )    AH1G 6EN0 TESTS 

589 



1 1 1 1 1 1 

CO m -A 
M 
I 
L 
L 
I   -04 -J 
I 
N 
C 
H 
E  -08 
S 

I 

- 
» 

^^^^ 

• 

A 

-12 ^B 

■ 
A 

-16 (•» 

1 1 1 i 1 1 
00 02 04 06 63 10 

LBS  X 10-2 
CM 21 US CH  S     X 10-1 
TEST 36 C2 SEPT 75 >  AH1G ßEND TESTS 

« 590 



© 

LBS     X   10-2 
CH  PA   US  CH  ?     X   10-1 
TEST 36  C2 SEPT  73   )     AH1G  EENO  TESTS 

© 591 • 



% 

LBS     X   10-2 
CH  21   US  CH 8     X   10-H3 
TEST  36  C2  SEPT  75   >     AH1G  BEND TESTS 

592 



W   ~3ör 

LBS  X 10-2 
CH 21 US CH 9  X 10-1 
Tf:CT 36 <2 SEPT 75 >  AH1G BEND TESTS 

O 593 



• 

X   10-2 
CH  21   US  CH   10  X   10-1 
TEST  36  <2 SEPT 75   )     AH1G BEND TESTS 

t 594 



LBS  X 10-2 
CH 21 US CH 11 X 10-1 
TEST 36 <Z  SEPT ?Z   >  AH1G BEND TESTS 

b 595 



<0 

M 
I 
L 
L 
I 

I 
N 
C 
H 
E 
S 

* 

LBS     X   18-2 
CM  21   US CH   12 X  10+0 
TEST  3G  C2 SEPT  75   >     AH1G BEND TESTS 

f 596 



m 

♦ 

LBS  X ld-2 
CH 21 US CH 13 X 10+9 
TSSI 36 C2 SEPT 75 ) AHIG 6EH0 TESTS 

597 



LBS  X 1Ö-2 
CH 21 U3 CH 14 X 10+8 
TEST 36 C 2 SEPT 75 )  AH1G BEND TESTS 

598 



LBS     X  10-2 
CH 21  US CH  15 x le+e 
TLr.3T  36  <:a  SEPT  75   )     AH1G BEND  TESTS 

599 



M 
I 
L 
L 
I 

I 
N 
C 
H 
E 
S 

-02h 

-04h- 

-06k 

LBS X 10-2 
CH 21 LOAD APPLIED X 19-2 
TEST 36 C2 SEPT ?5 )     AH1G BEND TESTS 

■% 

600 



M 
I 
L 
L 
I 

I 
N 
C 
H 
E 
S 

-2öh 

b -40H 

-60f- 

TIME IN SECONDS  X 10-1 
CH 1 LATERAL DEFLECTION ST 61.25 - NL 44 50  X 10-1 
TEST Z7  C2 SEPT 75 )  AH1G BEND TESTS 

O 601 



% 

Tille IM CECQN03  X 1?-1 
CH 2 LATERAL DEFLECTION ST 31.0ö - I4L 44.58  X 10-1 
TEST 37 C2 SEPT 75 ) AH IG BENO TESTS 

60? 



TIME IN SECONDS  X 10~1 
CH Z  LATERAL DEFLECTION ST 133.70 - ML 44.50 X 10-1 
TEST 37  C2 SEPT 75 >  AH1G ßENO TESTS 

603 



o 

TIME   IM SECONDS    X 10~1 
CH  4   LATERAL  DEFLECTION  ST   143.5*  -  WL  35.97  X   10-1 
TEST  37 C2  CEPT  75   )     AH1G BENO  TESTS 

6 6C4 



TIME IM SECGMDS  X 16-1 
CH 3 LATERAL DEFLECTION 3T 186.25 - UL 35.97 X 10-1 
TEST 3? C2 SEPT ?5 )  AH1G BEND TESTS 

to 
60b 

• 



% 

CH  *  LATEPAL  DEFLECTION  ST  213.54   -  WL  35.9?  X   18-1 
TECf   37  <2  3EPT   75   >     AH1G  EEHO  TESTS 

606 



b 

TIME   IM SECONDS    X  10-1 
Cd   ?  LATERAL  DEFLECTION  ST  250.63   -  WL  35.9? X 
TEST   37  <2 SEPT   75   >     AH1G  BEND  TESTS 
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su
re

d
. 

   
 T

he
  

re
sp

o
n

se
, 

»
ea

a
u

re
d
 

a
s 

d
e
fl

e
c
ti

o
n

s 
In
 

th
e 

d
ir

e
c
ti

o
n
 

o
f 

a
p

p
li

ed
  

lo
a

d
, 

w
il

l 
b

e 
u

se
d
 

b
y
 
B

e
ll
 

H
e
li

c
o
p

te
r
 

C
oa

p
en

y 
fo

r 
th

e 
v

a
li

d
a

ti
o

n
 

o
f 
 t

h
e
ir
 

N
A

ST
R

A
K
 
a

a
th
 
a
o
d

el
 

o
f 

th
e 

C
ob

ra
 

H
e
li

c
o

p
te

r
. 

  
  
In

it
ia

l 
r
e
su

lt
«
 
o

f 
 t

h
e 

te
s
t 

 I
n

d
ic

a
te
 

go
od
 
«

g
r
is

n
m

t 
 b

et
w

ee
n
 

th
e 

e
x

p
e
r
im

e
n

ta
ll

y
 

a
ea

eu
re

d
 
d

e
fl

e
c
ti

o
n

*
 

an
d
 

th
e 

a
a

th
 
a

o
d

el
 

p
r
e
d

ic
te

d
 
d

e
fl

e
c
ti

o
n

«
. 

1.
 

II
. 

II
I.

 

la
va

js
sx

rx
n 

H
e
l
i
c
o
p
t
e
r
 
B
e
n
d
i
n
g
 

I
n
f
l
u
e
n
c
e
 
C
o
e
f
f
i
c
i
e
n
t
 

S
p
r
i
n
g
 
R
a
t
e
 

K
A
S
T
R
A
N
 
M
a
t
h
 
M
o
d
e
l
 

D
o
n
a
l
d
 
E.
 
F
r
e
r
l
c
k
s
,
 
R
o
b
e
r
t
 
A.
 
P
e
t
e
r
s
o
n
,
 

E
d
w
e
r
d
 
R.
 
L
i
n
d
q
u
l
s
t
.
 
a
n
d
 
R
o
b
e
r
t
 
J
.
 
R
a
d
k
l
e
w
l
c
z
 

R
o
c
k
 
I
s
l
a
n
d
 
A
r
s
e
n
a
l
 

R
s
e
e
s
r
c
h
 
D
i
r
e
c
t
o
r
a
t
e
 

G
e
n
e
r
a
l
 
T
h
o
a
a
«
 
J.
 
R
o
d
a
a
n
 
L
a
b
o
r
a
t
o
r
y
 

R
o
c
k
 
l
a
l
o
a
d
 
A
r
s
e
n
a
l
 

D
I
S
T
R
I
B
U
T
I
O
N
 

A
p
p
r
o
v
e
d
 
f
o
r
 
p
u
b
l
i
c
 
r
e
l
e
a
s
e
;
 

d
i
s
t
r
i
b
u
t
i
o
n
 

u
n
l
i
m
i
t
e
d
.
 


