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SUMMARY

The tests of the various structural components of the XV-9A Hot Cycle
Research Aircraft have been accomplished in accordance with U. S.
Army Aviation Materiel Laboratories Contract DA 44-177-AMC-877(T).

These component tests included fatigue tests of the blade root-end and
constant section areas, hub gimbal system, spar-to-segment and root-
fitting-to-spar attachments, and material evaluation tests of the blade
spars. Sealing tests were conducted on the joint between the Y -duct
and triduct in the hub area, the joint area between the gas generator
and diverter valve, and the fixed-duct joint on the rotor blade. Blade
natural frequency tests were conducted to ensure that the natural fre-
quencies of the rotor blade would not be in a critical frequency range.
The instrumented flight blade was calibrated in a test fixture before
the flight test program.
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FOREWORD

This report was prepared in accordance with clause 1, paragraph

i (3c) of U.S. Army Contract DA 44-177-AMC-877(T), and summa-
rizes the component testing conducted under clause 1, paragraphd,
of subject contract and under clause 1, paragraph c, of Modification
No. 6 to subject contract.

This work was performed at the Hughes Tool Company, Aircraft
Division, Culver City, California, under the direction of Mr. H. O. Nay,
Program Manager, Hot Cycle Programs, and Mr. C. R. Smith, Engi-
neering Project Manager, Hot Cycle Research Aircraft; and under the
direct supervision of Mr. H. G. Smith, Chief, Structures Analysis and
Test, and Mr. G. D. Deveaux, Head, Structures Test.

The contract became effective on 29 September 1962. The component
test program was completed 15 March 1965.
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INTRODUCTION

This report covers the component testing conducted on various struc-
tural components of the XV-9A Hot Cycle Research Aircraft. The
testing has provided information necessary for design development of
the aircraft and has supplied data necessary for rotor system fatigue-
life calculations.

The blade root-end fatigue test was conducted to provide information
for rotor fatigue-life calculations. The blade constant-section fatigue
test and an additional blade root-end fatigue test provided additional
information for rotor fatigue-life calculations. Reduced scale spar-
to-segment and root-fitting-to-spar attachments fatigue tests provided
data for optimizing the attachment of the spars to the segments.

Three component tests were conducted involving sealing problems:
(1) sealing of the Y-duct to the triduct that forms a manifold for
ducting the gas generator exhaust to the rotor blades, (2) sealing of
the area between the gas generator exhaust section and the diverter
valve, and (3) sealing of the fixed-duct joint on the rotor blade.

A proof loading was performed on a pair of bonded spars to a 2. 5-g
loading condition to ensure the structural integrity of the laminated
rotor blade spars. In addition, preliminary developmental testing
was conducted on laminated spars to investigate potential local buck-
ling prcblems. Material evaluation tests were conducted to aid in
selection of proper static and fatigue strength materials for the rotor
blade spars. A structural integrity test was conducted on the lamina-
ted spars simulating a possible hot-gas duct rupturing with its gases
impinging upon the spar. A functional proof test was conducted on
the blade-tip closure valve to verify its reliability. A fatigue test was
conducted on the reinforced hub gimbal system assembly.

Blade natural frequency tests (nonrotating) were performed to obtain
information for comparison with the original titanium spar frequencies,
and to supply information to ensure that the natural frequencies of the
rotor blade would not be in a critical frequency range. The instru-
mented flight rotor blade was calibrated in a test fixture to permit re-
ducing data during the whirl test and flight test programs.
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HUB GIMBAL SYSTEM FATIGUE TEST

SUBJECT

This test constituted an endurance evaluation of the hub gimbal bear-
ing and adjacent rotor hub support structure under radial and axial
thruet loads with cscillating motion. It was conducted in the HTC-AD
structures test laboratory frorn December 1963 through February 1964,

PURPOSE

The purpose of this test was to substantiate the hub gimbal bearing
and surrounding hub support structure for a 100-hour life in support
of the XV-9A whirl and flight test programs.

SUMMARY OF RESULTS

The hub gimbal bearing successfully completed a 106. 3-hour endur-
ance test at the following load conditions:

Radial 11, 470 pounds steady
Axial thrust 0 to 417C pounds at 8 cps
Oscillation 1100 at 4 cps

Although inspection of the bearing revealed some fretting in the
heavily loaded radial zone, the bearing was serviceable at the comple-
tion of the test.

TEST SPECIMEN

The test specimen consisted of the hub gimbal bearing and the neces-
sary hub support structure to duplicate a typical bearing installation
(HTC-AD drawing 385-0511, Hub Assembly, modified for axial thrust
provisions by drawing 385-1203).

TEST SETUP

The bearing and hub gimbal support structure was tested in a fixture
that simulated the bearing installation and provided the necessary
steady radial load, cyclic axial thrust load, and oscillatory motion
(HTC-AD drawing 385-9613).
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A vari-drive unit was used to provide the oscillating motion to the
test fixture. Figure 2 shows the test sctup and actuating mechanism.

INSTRUMENTATION

The instrumentation used consisted of an integrally designed link to
measure the radial bearing loads. The axial thrust loads were meas-
ured by a bending bridge circuit installed on the arms of the thrust
spring system. Both the radial and axial thrust transducers were cali-
brated prior to testing for their respective use.

TEST PROCEDURE

The 11, 475 pounds of radial load applied to the bearing was previded
by a jack screw system reacting against the outer bearing housing.
The axial load, O to 4170 pounds at 8 cps, was 1pplied by a cantilever
spring system engaged on a cam surface and induced by the 110 de-
grees of oscillatory motion. The oscillation of the specimen was pro-
vided by a drive crank mechanism operating at 4 cps.

A greasing schedule of every four hours was performed throughcut the
test, using a MIL-G-25537 oscillating bearing grease to conform to

the planned XV-9A maintenance.

See Figure 3 for a general schematic of setup and load application.

TEST RESULTS

The hub gimbal bearing and hub support structure successfully com-
pleted a 106. 3-hour endurance test withcut failure. This included
1.531 x 106 cycles of oscillation and 3. 062 x 106 cycles of axial thrust
loading.

The hub gimbal bearing was submitted to the materials engineering
laboratory for inspection and analysis, with the following results:

1. Fifteen rollers showed evidence of fretting (heavily loaded
zone).

2. Seven rollers revealed slight evidence of fretting (slightly

loaded zone).

Eight rollers showed no evidence of fretting.

4. Mating surfaces on the bearing races also indicated areas of
fretting.

o
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Figure 2, Hub Gimbal System Fatigue Test Setup.
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o 5. The roller bearing cages showed slight signs of wear due to

axial thrust loadings.

Figures 4 and 5 show the bearing and hub support structure conditions

after the endurance test. The bearing was serviceable at the comple-
tion of the test.
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Figure 5. Hub Gimbal System Thrust Bearing After Completion of Test.
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Y-DUCT AND TRIDUCT PRESSURE AND TEMPERATURE TESTS

SUBJECT

These were a leakage test and a proof test of the reduced-weight
Y-duct and triduct under pressure and temperature conditicns. They
were conducted in the manufacturing facility and on the whirl test
tower between January and May 1964.

PURPOSE
The purpose of these tests was to demonstrate that the reduced-weight
Y-duct and triduct are structurally adequate to withstand the pressures

and temperatuvres anticipated during the XV-9A flight test program.

SUMMARY OF RESULTS

AMBIENT AIR PRESSURE TESTS

The Y-duct and triduct assemblies were pressurized separately to 36
psig and indicated zero leakage. When pressure of the two ducts was
checked, a leakage rate of less than 16 cfm at 26 psig was indicated.

HOT GAS PRESSURE AND TEMPERATURE TESTS

These tests, performed during the whirl test program, subjected the
duct assembly to maximum pressures and temperatures of the YT-64
gas generators. No appreciable leakage or damage was detected in
the duct assembly.

TEST SPECIMEN

The test specimen consisted of the Y-duct assembly (HTC-AD drawing
385-1603) and the triduct assembly (HTC-AD drawing 385-1605) with
the carbon seals (HTC-AD drawing 285-0509) installed. The Y-duct is
the stationary portion of the ducting system and the triduct is the ro-
tating portion of the ducting system.

iy




TEST SETUP AND PROCEDURE

AMBIENT AIR PRESSURE TESTS

The ducts were set up in the rotor hub and shaft assembly fixture for
these tests. All ports were blocked by bulkhead plates to form a com-
pletely sealed chamber. One of the lower Y-duct plates had a bulk-
head fitting to allow pressurization of the chamber. The opposite
bulkhead had a fitting for a pressure gage to read chamber pressure.
Figure 6 shows the general test setup. Figure 7 shows a general sche-
matic of the pressurization system. The instrumentation consisted of
a 0- to 60-cfm flowmeter, and a pressure gage for monitoring the
chamber pressure.

HOT GAS PRESSURE AND TEMFERATURE TESTS

The Y-duct/triduct assembly, installed on the rotor hub, was subjec-
ted to the maximum pressures and temperatures of the YT-64 gas
generators at intermediate and full power settings during the whirl test
program.

TEST RESULTS

AMBIENT AIR PRESSURE TESTS

The complete Y-duct/triduct assembly attained a leakage rate of less
than 16 cfm at 26 psig. For the individual Y-duct and triduct assem-
blies, no leakage was encountered up to 36 psig.

HOT GAS PRESSURE AND TEMPERATURE TESTS
Inspection of the Y-duct and triduct assemblies during and following

the whirl test program revealed no appreciable system leakage and no
damage to the duct assemblies.

10
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Figure 6. Y-Duct and Triduct Test Setup.
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Figure 7. Y-Duct and Triduct Schematic - Pressure Tect.
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FIXED-DUCT JOINT SEAL TEST

SUBJECT

This test was conducted to provide an adequate seal in the fixed-duct
joints of the root-end of the XV-9A rotor blade. It was conducted at
the HTC-AD structures test laboratory during October 1963.

PURPOSE

The purpose of this test was to provide a seal with minimum leakage
under high temperature and pressure conditions across load-carrying
fixed ducting in the XV-9A rotor blade.

SUMMARY OF RESULTS

The fixed-duct joint test specimen stccessfully completed a 100-hour
test under simulated pressure, temperature, and loading with no leak-
age of the seal throughout the test.

TEST SPECIMEN

The test specimen consisted of two duct segments joined together by a
clamp, duplicating the duct joint assembly found in {i.e XV-9A rotor
blade hot gas ducting syste n.

The seal used (HTC-AD drawing number 285-0507-33) was made from
0. 063~inch-thick A-286 corrosion-resistant steel AMS 5525. A high-
temperature joint sealing compound was used between the metal seal
and the two fixed-duct facings.

TEST SETUP AND INSTRUMENTATION

- e e — —— -

The test specimen was installed in a test fixture to duplicate flapping
bending moment, torsion, centrifugal force, hot gas temperatures,
and pressure. Shown in Figure 8 is a general schematic indicating
the loads applied and instrumentation locations.

Instrumentation required to monitor the test consisted of a pressure
transducer, two strain-gaged tension rods, a strain-gaged input load

cell, and four chromel-alumel thermocouples placed internally on the
duct wall. These electronic devices were recorded on a direct-writing
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Centrifugal force =580 1b (Cold) U .
Torque = 600 in -1b (+P x d) A A;r
Flapping moment = 228 1591 in -1b (1P x d32) Line Air  Regulator
(steady moment is produced by the weight Filter
of the end plate + additional weight necessary
to obtain desired n.oment)
Temperature = 12000F
P =:301b d) =4,62in dp =12.25 1
Tension in rods (each) = 503 1b
Centrifugal force produced by gas pressure = 1585 1b
] Figure 8. Fixed-Duct Joint Seal Test Loading Schematic.
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oscillograph at periodic intervals during the test. Additional visual ,
aid equipment included a calibrated flowmeter and a pressure gage.

A standard air regulator was used to control the line air input pres-
sure. A transformer was used to adjust the heaters to the desired
temperature level.

TEST PROCEDURE

Temperature and pressure were simultaneously increased in the fixed-

duct joint test chamber. The preload in the tension rods was then

checked to ensure that the clamp area was correctly loaded. Upon

reaching the test temperature and pressure, the cyclic input load was

applied by an eccentric vari-drive operating at 4 cps. Oscillograph

records were taken of the electronic monitoring devices and were re-

corded at periodic intervals throughout the test. 5

Presented in Figure 9 is 2 photograph of the fixed-duct seal test setup.

TEST RESULTS

The fixed-duct joint sea) test tuccessfully completed 100 hours of
running under the following conditions:

Temperature 1200°F

Pressure 27.5 psig

Centrifugal load 580 1b

Torsion 1600 in -1b

Flapping bending 1228 £1591 in -1b

Operating cyclic load speed 4 cps

Leakage rate nil
CONCLUSIONS

The fixed-duct joint with the reinforced duct clanips, the metal spacer,
and joint sealant compound produced a seal superior to that provided
by the previously used plain asbestos gasket. The asbestos gasket had
previously broken under loading and gas pressures, and had contribu-
ted to the overall leakage of the system. This condition was caused by
the inability of the soft gasket material to take the flexural motions
required in this area.




Figure 9.

Fixed-Duct Joint Test Sctup.
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GAS GENERATOR-DIVERTER VALVE SEAL TEST

SUBJECT

This test concerned functional adequacy of the seal between the gas
generator and the diverter valve. It was conducted in the ETC-AD
structures test laboratory during January and February 1964.

PURPOSE

The purpose of this test was to determine leakage rates under various
conditions and to prove the structural adequacy of the seal under simu-
lated operational conditions.

SUMMARY OF TEST RESULTS

The leakage flow of air past the gas generator-diverter seal was found
to be 13 pounds per minute at 800°F and 30 psig. The YT-64 gas gen-
erator develops a flow of approximately 1, 500 pounds per minute at 26
psig. This leakage by the seal represented a conservative loss of less
than 1 percent.

TEST SPECIMEN

The test specimen consisted of a gas generator-diverter valve seal
assembly (HTC-AD drawing 385-7106).

TEST SETUP AND INSTRUMENTATION

The gas generator-diverter valve seal was set up in a test fixture that
supported the seal similarly to the method used in the aircraft. A
dummy gas generator exhaust section was used to provide a heater
base and end cap for the heat chamber system. The general setup is
shown in the schematic diagram, Figure 10. Figure 11 shows the set-
up and instrumentation.

The instrumentation consisted of iron-constantan thermocouples
placed in the area of the gas generator-diverter valve seal in the free
air stream. These thermocouples were used to measure the repre-
sentative gas temperatures. A standard pressure gage was used to
measure the chamber air pressure. A 0- to 60-cfm flowmeter at-
tached to the plant air supply was used. It was controlled by a stand-
ard air pressure regulator.

17
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Gas Generator
Chamber Chamber

Diverter
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Transformer
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A
\w ﬁ

Filter

Figure 10. Gas Generator-Diverter Valve Seal Test Loading
Schematic.
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GAS GENERATOR-DIVERTER
VALVE SEAL—

Figure 11,

Gas Gencerator-Diverter Valve Secal Test Setup,
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= TEST RESULTS

Presented in Figure 12 is a plot of the leakage versus airflow test
data at various temperatures. The leakage flow of air past the gas
fienerator-diverter seal was found to be 13 pourds per minute at 800 F
and 30 psig. Due to support requirements in the test setup, the center
pipe or duct was not allowed to float. This condition resulted in some
eccentricity, which was cause for leakage in excess of that anticipated
for the aircraft.

r

20




-

o

SO S

D

‘arnjersadwa ] pue 2Inssalg Iaquiey’) SNSIDA [BIS 1SBJ MO[J SSBN I1y ‘21 21n3dig

NIsd - AYNSSFUd HEIWVHD

S¢ 01 g2 07 Sl 01 ] 0 3

\ UJ
—
\\ e
\\ -
~ — S o
U

<
\ ’ W
\ 5o
o Q
\\ \ o I8

\ s
\ > €
mooow \ i =

d,00
A ,00% =
d,007 \ S1 MW
\ 59
N ]
aanjeaadwa], o
Ecom M
Q)]
07? o)
-3
0|
DY)
1°K4

21

i«

e e g

e e T T




MATERIALS EVALUATION TESTS

TENSILE AND FATIGUE PROPERTIES

SUBJECT

o

These tests evaluated static tensile and tension-tension fatigue strength
properties of the rotor blade spar material, AM 355 CRT sheet. They

were performed in the HTC-AD structvres test laboratory from January
1963 through July 1963.

PURPOSE

The purpose of these tests was to provide static tensile and axial
tension-tension fatigue test data at room and elevated temperatures,
with subsequent fatigue data on performance of various manufacturing
firishes on the spar material.

SUMMARY OF RESULTS
The mate=rial selected for the spar material was AM 355 CRT sheet

strip with basic static tensile properties of 200, 000 psi yield stress
and 220, 000 psi ultimate stress.

The fatigue endurance limit for the unnotched specimen was 130, 000
psi maximum stress.

The fatigue endurance limit for the notched specimen with a central
unloaded 0. 25-inch-diameter hole was 90, 000 psi maximum stress.

TEST SPECIMENS

Tensiie Test Coupons

The tensile test coupons were machined from AM 355 CRT sheet to a
typical configuration according to Federal Test Method Standard 151a
and incorporated a reduced center section width of 0. 50 inch. The
longitudinal and transverse specimens were geometrically similar
except for the grain direction of the material. The specimens were
polished by hand and inspected prior to testing.
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Fatigue Test Coupons, Unnotched Specimens

These fatigue tcst coupons were machined from AM 355 CRT sheet to
a test section width of 0. 25 inch with a typical blend radius of 2. 25
inches. All surfaces were polished and inspected prior to testing.

Fatigue Test Coupons, Notched Specimens

The notcl.ed fatigue test specimens were machined to a constant width
of 0. 69 inch with a 0. 25-inch-diameter hole in the center. The holes
underwent various treatments and finishes, which are described in
detail in the Test Results section. The edges of the specimens were
polished to prevent the occurrence of failures at the outer edges of the
specimens.

Shown in Figure 13 are typical AM 355 CRT test specimens used
throughout the static and fatigue test evaluations.

TEST PROCEDURE AND INSTRUMENTATION

Static Tests

The static tensile tests were performed in a 5, 000-pound capacity

test inachine. This test machine utilized a recorder to automatically
plot load versus deflection. The heat source for the elevated tempera-
ture portion of the test was supplied by a radiant heat quartz lamp
oven. The temperature of the specimen was measured by a potenti-
ometer connected to the specimen by two iron-constantan thermo-
couples.

Fatigue Tests

The fatigue coupon tests were performed or. an axial tension fatigue
test machine. This test machine is a below-resonance type, operating
at 30 cycles per second, with the cycles recorded on a mechanical
counter. Steady and vibratory loads were monitored from a strain
gage load cell set up in series with the test specimen. This setup is
shown in Figure 14.

The heat source for the elevated temperature portion of the fatigue test
was supplied by a radiant heat quartz lamp oven. The temperature was
measured by a potentiometer connected to the specimen by an iron-
constanitan thermocouple. This setup is shown in Figure 15.
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Figure 14,

Materials Evaluation - Fatigue Test Setup.
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Figure 15. Materials Evaluation - High Temperature Fatigue Test Setup,
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TEST RESULTS

Presented in Table 1 are the static tensile properties of AM 355 CRT
longitudinal and transverse specimens.

TABLE 1
STATIC TENSILE PROPERTIES - AM 355 MAT ERIAL

500-Gram Knoop
Hardness Test

Fiy % Knoop
Specimen Thickness (0.2% Offset) Fiu Elonga- Hardness Rockwell
Number (in ) (ksi) {ksi) tion Number R

C

A. Longitudinal Coupons

83-5-33 0. 0493 201. 6 226.4 20.0 513.2 48. 2
X-7-9 0. 0507 201. 0 226.5 20.0 511. 6 48. 1
82-5-33 0. 0504 206.0 228.0 19.5 511. 6 48. 1
83-3-7-9 0. 0499 203.3 227.3 19.5 514.8 48. 3
82-3-7-9 0. 0499 202. 4 228.3 19.5 498. 0 47. 2
X-51-5355-57 0. 0500 $70.0 225.3 20.5 486. 0 46. 4
X-59-61-63-65 0. 0499 198. 3 225.0 20.5 498. 0 47.2
X-37 0. 0498 202.0 226.7 21.0 505.5 47.7
81-3-7-9 0. 0507 195. 0 225.0 20.5 505.5 47.7
80-5-33 0. 0506 187. 4 217.0 20.0 496.5 47. 1
83-5-35-37 0. 0258 185. 0 224.4 19.5 501. 0 47. 4
83-5-39-41 0. 0259 186. 4 221.6 19.5 507. 0 47. 8
83-5-43-45 0. 0260 186. 7 225.0 20.5 518.0 48.5
83-5-47-49 0. 0260 185. 6 223.7 19.5 505. 5 47.7
83-5-49-53 0. 0260 197.0 229.0 20.0 502.5 47.5
83-5-51-53 0. 0258 191. 7 223.0 18.0 495. 0 47. 0
83-5-53-51 0. 0259 187. 4 219.0 18.5 473. 0 45.5
83-5-55 0. 0259 193. 4 221.0 17.0 507. 0 47.8
83-5-55-57 0. 0258 184. 3 222.5 20.0 480. 0 46. 0
X-11-13 0. 0260 197. 7 237.3 20.0 484. 5 46.3
X-15-17 0. 0258 187. 4 224.4 20.0 496.5 47.1
X-19-21 0. 0252 193. 0 226.8 19.0 490. 5 46.7
X-23 0. 0255 196. 0 226.0 21.5 487. 5 46.5
X-25-27-29 0. 0256 193.3 224.0 20.0 490.5 46. 7
X-31-33-35 0. 0257 191. 3 223.6 20.0 490.5 46. 7
82-5-57 0. 0253 195.5 222.5 16.5 484.5 46. 3
82-5-51-53 0. 0257 190. 0 221.4 19.5 490. 5 46.7
82-5-47-49 0. 0257 190.0 221.4 18,0 487.5 46.5
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TABLE 1 (Continued)

500-Gram Knoop
Hardness Test

Fry Po Knoop
Specimen Thickness (0. 2% Offset) Fra Elonga- Hardness Rockwell
Number (in ) (ksi) (ksi) tion Number R,
82-5-47 0. 0260 195. 0 223. 6 18.0 507. 0 47. 8
82-5-45-55 0. 0254 190. 4 222. 4 19.5 478. 6 45. 9
§2-5-43 0. 0260 195. 0 215.5 17.5 492. 0 46. 8
82-5-39-41 0. 0260 191. 9 220. 2 21 487.5 46.5
82-5-35-37 0. 0256 190. 5 220. 2 19.5 486. 0 46. 4
81-3-17 0. 0257 185. 0 220. 8 20.5 474 4 45. 6
83-3-11-13 0. 0260 1¢5. 0 219. 7 17.5 499.5 47.3
83-3-15-17 0. 0257 190. 4 222. 4 20.0 486. 0 46. 4
83-3-19-21 0. 0250 193. 0 220. 5 20.0 483. 0 46. 2
83-3-23-25 0. 0257 195. 0 222.0 19.5 493.5 46.9
83-3-27-29 0. 0258 192. 8 225.6 20.0 484.5 46. 3
83-3-31 0. 0252 191.1 218. 7 19.0 490. 5 46.7
82-3-11-12 0. 0258 190. 4 221.5 19.0 484. 5 46. 3
82-3-15 C. 0260 190. 8 217.9 19.0 481.5 46. 1
82-3-17 0. 0250 189. 0 221.8 19.5 487.5 46.5
82-3-19-21 0. 0250 189. 7 217.5 17.0 458. 0 44 4
82-3-23-25 0. 6255 190. 7 222.5 19.5 492. 0 46.8
82-3-27 0. 0259 189. 2 221.5 18.0 486. 0 46. 4
82-3-27-29 0. 0260 188. 0 221. 4 19.5 477.2 45. 8
82-3-31 0. 0251 187. 2 218. 4 18. 0 467. 4 45. 1
X-39-41-43 0. 0254 192.0 225.0 21.0 504. 0 47. 6
X-45-47-49 0. 0255 192.5 225 6 19.0 469.0 45.2
80-285-0121-3-1A 0. 0255 186. 0 214. 3 19. 0 461. 0 44. 6
80-285-0121-3-2A 0. 0255 183. 0 214. 3 23.5 462. 5 44.7
80-285-0121-3-3A 0. 0255 185. 0 219.0 21. 0 467.5 45. 1
80-285-0121-5-1A 0. 0253 191. 4 219.3 17.5 469. 0 45. 2
80-285-0121-5-2A 0. 0254 185. 3 221.3 19.0 480. 0 46.0
80-285-0121-5-3A 0. 0254 187. 0 221.2 18. 0 481.5 46. 1
81-285-0121-3-1A 0. 0256 189. 0 217.7 17.5 463. 2 44. 8
31-285-0121-3-2A 0. 0256 188. 0 219. 6 20.0 466. 0 45. 90
81-285-0121-3-3A 0. 0252 187.5 218.0 20.0 457. 0 44. 4
81-285-0121-5-1A 0. 0253 197. 0 223. 8 19.0 478. 6 45.9
81-285-0121-5-2A 0. 0253 193. 0 223.0 19.0 478. 6 45.9
81-285-0121-5-3A 0. 0254 197. 0 224. 4 20.0 468. 8 45. 2
82-285-0121-5-1A 0. 0254 i93. 0 221.0 18.5 489. 0 46. 6
82-285-0121-5-2A 0. 0255 19i. 0 223.3 20.5 498. 0 47. 2
82-285-0121-5-3A 0. 0255 200.0 225. 0 21.0 492. 0 46. 8
82-285-0121-3-1A 0. 0254 191. 0 218. 0 18. 0 475.8 45. 7
§2-285-0121-3-2A 0. 0252 189. 8 221.9 19.5 461.8 44.7
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TABLE 1 (Continued)

500- Gram Knoop
Hardness Test

Fty % Knoop
Specimen Thickness (0.2% Offset) Ftu Elonga- Hardness Rockwell
Number (in ) (ksi) (ksi) tion Number Rc
82-285-0121-3-3A 0. 0256 195. 0 223. 8 20.0 492. 0 46. 8
83-285-0121-3-1A 0. 0285 195.0 225.3 20.0 490.5 46. 7
83-285-0121-3-2A 0. 0258 195. 0 225.0 22.0 480.0 46.0
83-285-0121-3-3A 0. 0256 193. 0 221.5 20.0 464. 6 44.9
83-285-0121-5-1A 0. 0254 192. 0 225. 0 20.0 471. 6 45. 4
83-285-0121-5-2A 0. 0255 200.0 224.0 20.0 475. 8 45.7
83-285-0121-5-3A 0.0253 198. 0 225.0 20.0 477. 2 45. 8
81-3-11-13 0. 0255 192. 0 221.0 20.5 477..2 45. 8
81-3-15-17 0. 0255 187. 2 218 20.5 477. 2 45. 8
81-3-19-21 0. 0254 179. 0 217.5 23.0 454.8 44. 2
81-3-23-25 0.0253 189. 0 222.2 20.5 474. 4 45. 6
81-3-27-29 0. 0255 189.0 222.2 20.0 489. 0 46. 6
81-3-31 0. 0255 188. 0 218.5 20.0 475. 8 45.7
80-5-35-37 0. 0257 199. 0 227.0 19. 0 486. 0 46. 4
80-5-39-41 0. 0254 197. 6 225.5 19.0 492.0 46. 8
80-5-43-45 0. 0256 193.0 221.7 18. 0 487.5 46.5
80-5-47-49 0. 0256 192. 0 222.5 19.0 492.0 46. 8
80-5-F1-53 0. 0257 196. 0 226. 4 20.0 475. 8 45.7
80-5-55-57 0. 0256 200. 4 231. 0 18.0 507. 0 47. 8
37-39 0. 0255 197. ¢ 230. 6 17.5 478. 6 45. 9
33-59-61 0. 0495 200. 4 231. 0 20.0 496. 5 47.1
41-43 0. 0254 195. 6 226. 6 17.0 480.0 46. 0
45-47 0. 6«55 197.3 229.0 20.0 513.2 48.2
37-39 0. 0254 199. 2 226.8 17.5 529. 2 49. 2
33-59-61 0. 0500 201. 2 228.0 17.5 516. 4 48. 4
41-43 0. 0254 199. 0 227.0 16.5 475. 8 45.7
45-47 0. 0255 198. 0 228.0 17. 0 480. 0 46.0
37-39 0. 0254 195. 7 227.0 17.0 501.0 47.4
33-59-61 0. 0499 197. 8 231.0 21.0 492. 0 46. 8
41-43 0. 0254 199. 0 226. 0 17.0 495.0 47. 0
45-47 0. 0256 198. 0 224.0 17.0 502. 5 47.5
7-9 0. 0505 203.3 227.0 19.5 498. 0 47. 2
11-13 0. 0255 198. 4 230.0 20.5 493.5 46. 9
15-17 0. 0255 191.3 223.2 21.5 471. 6 45.4
19-21 0. 0256 190. 6 226.0 22 489.0 46. 6
23-25 0. 0252 194. 0 227. 4 19.0 486. 0 46. 4
27-29 0. 0254 193.7 226. 4 20.0 492.0 46. 8
31 0. 0252 189. 6 226. 0 19.5 486. 0 46.4
63-65 0. 0255 191. 2 226. 4 17.0 484. 5 46.3
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TABLE 1 (Continued)

500- Gram Knoop
Hardness Test

Fty % Knoop
Specimen Thickness (0.2% Offset) Ftu Elonga- Hardness Rockwell
Number (in ) (ksi) (ksi) tion Number R,
81-5-35-36-37 = = = = 477. 2 45.8
81-5-39-41 = = = = 484. 5 46. 3
81-5-43-45 - - = = 478. 6 45. G
81-5-47-49 = = S = 478. 6 45. 9
81-5-51-53 S = = = 493.5 46.9
81-5-55-57 - = = = 464. 6 44. 9
80-5-39-41 S S = = 499.5 47. 3
1-49-51 0. 0255 197.3 225.8 15.0 483. 0 46.2
2-49-51 0. 0256 198.8 227.0 15.0 513. 2 48. 2
3-49-51 0. 0256 197.0 225. 4 22.0 489. 0 46. 6
1-53-55 0. 0258 192.5 222.7 18. 0 490.5 46.7
2-53-57 0. 0257 197. 2 226. 8 18.0 496.5 47. 1
3-53-55 0. 0257 196. 0 223. 6 19.5 480. 0 46. 0
1-57 0. 0256 190.5 222. 6 18. 0 486. 0 46. 4
2-57 0. 0256 198. 8 226. 6 18. 0 507. 0 47.8
3-57 0. 0256 197.3 223. 4 17.5 470.2 45.3
80-5-33 - - - = 502.5 47.5
80-5-35-37 - - - - 477.2 45. 8
80-5-39-41 - - - - 508.5 47.9
80-5-43-45 - - - - 496.5 47. 1
80-5-47-49 - - - - 483. 0 46. 2
80-5-51-53 - - - - 504.0 47. 6
80-5-55-57 - - - - 498. 0 47. 2
80-3-7-9 0. 0497 199. 0 228.7 18.5 513.2 48.2
80-3-11-13 0. 0253 187.5 226.2 21.5 466. 0 45. 0
80-3-15-17 0. 0255 190. 6 219.0 18.0 481.5 46. 1
80-3-19-21 0. 0254 182. 0 219.5 22.5 460. 4 44. 6
80-3-23-25 0. 0250 193. 6 224.2 18. 0 477.2 45. 8
80-3-27-29 0. 0253 187.5 216. 4 20.0 477.2 45.8
80-3-31 0. 0253 190. 6 224.7 20.0 449.2 43.8
12-16-X - = = - 484.5 46. 3
B. Transverse Coupons

T-1 0. 041 209.0 240.5 14. 0 - -

T-2 0. 041 213.7 253.7 14. 0 - -

T-3 0. 041 224. 6 232.2 16. 0 - -

T-4 0. 041 209.0 240.5 14. 0 - -

T-6 0. 026 199. 0 232.0 12.5 = =
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TABLLE 1 (Continued)

500- Gram Knoop
Hardness Test

FtY P % Knoop

Specimen Thickness {0.2% Offset) tu Elonga- Hardness Rockwell

Number (in ) (ksi) (ksi) tion Number Rc
T-7 0. 026 205. G 233. 6 10.0 - -
T-8 0. 026 209. 6 233.7 12.0 - -
T-9 0. 026 206. 1 266. 6 13.5 - -

C. Elevated Temperature, 400°F, Coupons

L-4 0. 041 197.5 209.0 3. 0 (longitudinal) -
T-5 0. 041 187.5 215.5 3.5 (transverse) -

Fatigue test data are presented in Fijures 16 and 17 and in Tables 2
through 9 for the unnotched and notched specimens. A brief descrip-
tion of each specimen group and manufacturing process covered in the
tables is as follows:

Table 2, unnotched specimen completely polished prior to testing,
0. 041-inch-thick material.

Table 3, unnotched specimen polished prior to testing, 0. 026-
inch-thick material.

Table 4, notched specimen, 0.25-inch-diameter hole, glass bead
peening to the following specifications: Almen N intensity of 0. 004
to 0. 006.

Table 5, notched specimen, 0.25-inch-diameter reamed hole,
0. 026-inch-thick material.

Table 6, notched specimen 0. 25-inch-diameter hole, various
reamed holes, 0. 026-inch-thick material.

Table 7, notched specimen, bonded together as a laminated pack,
0. 25-inch-diameter hole, bored and honed, separated into speci-
mens and tested without additional surface treatments; 0. 026-
inch-thick material. Figure 17 con’ 1ins a comparison of fatigue
life in relation to lamination location in the bonded pack.
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Table 8, notched specimen, 0.25-inch-diameter honed hole.

Table 9, rotched specimen manufactured from material that had
been stretched to lspercent elongation to alleviate waviness and

camber present in the AM 355 CRT strip stock. The specimen

had a 0. 25-inch-diameter hole, bored and honed.

TABLE 2
FATIGUE TEST - PLAIN AM 355 MATERIAL (0. 041 INCH THICK)

Material Stress Total
Specimen Treatment Thickness Steady i Cyclic Cycles
Number or Configuration (in ) (psi) %10 Temp

P-1 Unnotched specimen 0. 041 80, 000 +78, 000 0.254 Room

polished completely
P-2 80, 900 +78, 000 3. 455
P-2 94, 500 +85,500 0. 055
P-3 94, 500 +85,500 0. 651
P-4 94,500 +85,500 0. 036
P-5 87,500 +82,500 6.194 Room
P-6 87,500 +82,500 0.051%* 400°F
P-7 87,500 +82,500 0.556 400°F
P-8 80, 000 +78, 000 0.231 400°F
P-9 v + 80, 000 +60, 000 9.353 4C0°F
P-10 Unnotched specimen 0. 041 87,500 +82,500 0.263 Room

polished completely

*Indicates invalid failure through thermocouple spotweld

TABLE 3
FATIGUE TEST - UNNOTCHED AM 355 MATERIAL (1/4-INCH-DIA HOLE)

Material Stress Total
Specimen Treatment Thickness Steady T Cyclic Cycles
Number or Configuration (in ) (psi) x 106 Temp
SP-1 Unnotched specimen 0. 025 80, 000 +60, 000 10.106 Room
polished completely
SP-1 80, 000 +70, 000 3. 384
SP-2 80, 000 +70, 000 9.936

SP-3 Unnotched specimen 0. 026 80, 000 +70, 000 11.242 Room
polished completely

|
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TABLE 4
FATIGUE TEST - NOTCHED AM 355 MATERIAL SHOT PEENED

Material Stress Total
Specimen Treatment Thickness PSI Cycles
Number  or Configuration (in ) Steady + Cyclic x 106 Temp

GP-1 Notched 0. 25 in.-dia 0. 041 80, 000 +20, 000 4.692 Room

hole, glass bead peen
GP-1 80, 000 +3J, 000 2. 441
GP-2 60, 000 +40, 000 10. 000
GP-2 80, 000 +40, 000 5. 364
GP-3 80, 000 +40, 000 0. 250
GP-4 80, 000 +40, 000 7.727 Room
GP-5 80, 000 +40,000 0.019 400°F
GP-6 80, 000 +30, 000 10.324 400°F
GP-6 80, 000 +40, 000 4.277 400°F
GP-7 80, 000 +40, 000 0. 235% 400°F
GP-8 80, 000 +40, 000 0.202 400°F
GP-9 v $ 80, 000 +40, 000 2.362 400°F
GP-10 Notched 0. 25-in -dia  0.041 80, 000 +40, 000 1.515 400°F

hole, glass bead peen

*Indicates invalid failure through alignment hole.

e

TABLE 5
FATIGUE TEST - NOTCHED AM 355 MATERIAL (0. 025 INCH THICK)

Material Stress Total
Specimen Treatment Thickness Steady } Cyclic Cyclzs
Number  or Configuration {(in ) (psi) x10° Temp

R-1 Notched 0. 25-in -dia 0. 026 80, 000 +25, 700 0. 082 Room

hole, reamed
R-2 0. 050
R-3 0. 050 I
R-4 0.131
R-5 0. 096
R-6 Notched 0. 25-in -dia 0. 026 80, 000 +25,000 0.136 Room

hole, reamed
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a_ TABLE 6
FATIGUE TEST - NOTCHED AM 355 MATERIAL
(1/4-INCH-DIA, 0. 025 THICKNESS)

Material Stress Total
Specimen Treatment Thickness Steady i Cyclic Cycles
Number or Configuration (in ) (psi) x106 Temp

M-1 Notched 0. 25 in -dia  0.026 80,000 +30, 000 0.355 Room
hole, mfg defects

80, 000 +40, 000 0. 056
80, 000 +40, 000 0. 073
80, 000 +25, 000 11. 090
10. 839

10. 696

1. 209

6. 918

v v 12.116

0  Notched 0.25-in -dia  0.026 30, 000 +25, 000 10.297 Room

hole, mfg defects

TLIZXZIZTEL
'—'\OG)QO‘\U\»F-LJN

TABLE 7
FATIGUE TEST - NOTCHED AM 355 MATERIAL
(1/4-INCH-DIA, REAMED)

Material Stress Total
Specimen Treatinent Thickness Steady * Cyclic Cycles
Number or Configuration (in ) (psi) x 106 Temp
B-1 Notched specimen, 0.026 80,000 +25,000 14.499 Room
bonded; 0. 25-in -dia
hole; bored, separa- -
ted into specimens '
B-2 1. 582
B-3 16.278
B-4 6. 874
B-5 13. 054
B-6 0.776
B-7 11. 164
B-8 8.874
. B-9 v v 4 1.123 ¢
' B-10 Notched specimen 0.026 80,000 +25, 000 2.838 Room

\ bonded; 0. 25 in -dia
hole; bored, separa-
ted into specimens
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TABLE 8
FATIGUE TEST - NOTCHED AM 35. MMATERIAL
(BONDED, SEPARATED)

Material Stress Total
Specimen Treatment Thickness Steady * Cyclic Cycles
Number or Configuration {in ) (psi) x 106 Temp
HH-1 Notched, 0. 25-in dia 0. 041 39,700 +38,800 C.060*% Room
hole, honed
HH-2 39,700 +38,800 10.951
HH-2 43,500 +41, 000 15. 351
HH-2 47,000 +42,500 5.77¢é
HH-3 80, 000 +78,000 0.060 Room
HH-4 80, 000 +78, 000 0.009 400°F
HH-5 80, 0G0 +40, 000 0.037 Room
HH-6 80, 000 +40, 000 0.028 400°F
HH-7 v v 10,000 +40, 000 10.267 Room
HH-7 Notched, 0. 25-in dia 0. 041 80, 000 +40,000 0.030 400°F
hole, honed
*Indicates invalid failure through retention pad.
TABLE 9
FATIGUE TEST - NOTCHED AM 355 MATERIAL
(1/4-INCH-DIA STRETCHED)
Material Stress Total
Specimen Treatment Thickness Steady 1 Cyclic CYCI%S
Number or Configuration (in ) (psi) x10° Temp

SM-1 Notched 0. 25-in -dia 0. 026 80, 000 +25,000 0.075 Room
hole, stretched mat'l
and honed
SM-2 0. 026 80, 000 +25,000 0.070 Room
SM-3 Notched 0. 25-in -dia 0. 026 80, 000 +25,000 0.234 Room
hole, stretched mat'l
and honed
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THERMAL CONDUCTIVITY

SUBJECT
This testing concerned limited medium to high temperature evaluation
of various structural materials used in the XV-9A roter blade spars.

Tests were conducted in the HTC-AD structures test laboratory in
June 1963.

PURPOSE

The purpose of this test was to establish heat transfer coefficients for
various materials used in the XV-9A rotor system.

TEST SPECIMENS

Laminated Sample

This sample consisted of fifteen laminations of AM 355 CRT 0. 025-
inch sheet strip bonded together with a high temperature adhesive.
Dimensions oi the sample were as follows: width = 1. 56 in , length =
4.56 in , final thickness after bonding = 0.448 in (glue line average
thickness = 0.004 in ), area = 7.02 sq in , volume = 3. 145 cu in.

Composite Sample

This sample was manufactured from a high temperature adhesive that
is an epoxy-phenolic, aluminum filled, and fiber glass backed com-
posite material. This sample consisted of laminations of fiber glass
and filler laid up to an approximate 0. 30-inch thickness. Dimensions
of the sample were as follows: width = 1.59 in , length = 4. 55 in ,
thickness = 0.293 in , area = 7. 23 sq in., volume = 2. 118 cu in.

Titanium Sample (AMS 4928-6 A1-4V Ti)

This sample was cut from a previous fatigue test specimen blade spar.
Dimensions of the sample were as follows: width = 1. 60 in , length =
4. 36 in , thickness = 0,448 in , area = 6. 97 sq in , volume = 3. 123 cu
in.
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Solid AM 355 Sample (AMS 5743)

This sample was cut from an equalized and oven tempered AM 355
round bar stock. It was heat treated to the proper mechanical and
physical properties (R. hardness 38 - 43). Dimensions of the sample
were as follows: diameter = 2.25 in , thickness = 0.441 in , area =
3.974 sq in , volume = 1.753 cu in.

TEST SETUP AND INSTRUMENTATION

A 0. 375-inch-thick, 9-x 10-inch aluminum plate was set up to act as a
heat transfer media. One side was coated with lamp black to readily
absorb the radiated heat. Approximately 6 inches below the surface of
this aluminum plate, a 9-inch quartz lamp assembly was set up as the
primary heat source. The temperature of the plate was monitored by
two iron-constantan thermocouples spotwelded to the top surface of the
plate. The heat generated by the quartz lamps was controlled by a
transformer and monitored by the upper surface aluminum plate thermo-
couples.

Each specimen was set up in an asbestos block to prevent heat conduc-
tion through the edges.

Time was monitored by a second-counting electric clock that has an
independent start/stop system.

Temperatures were monitored through a galvanometer, with readings
recorded in millivelts.

Each sample had an iron-constantan thermocouple spotwelded at the
geometr.c center on both upper and lower surfaces, except the bond-
ing material sample, which had to depend on surface contact.

The aluminum plate was notched to allow the samples to maintain full
contact with the aluminum pl=te and provide access for the thermo-
couple lead wire on the bottom.

TEST PROCEDURE
The temperature of the plate was stabilized at the desired test level

and each specimen in turn was placed on the aluminum plate. The
timer was started at the instant of full contact of the specimen with

et ————— D
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the hot plate. Temperature readings were taken at 30-second intervals
until each specimen's temperature stabilized. The aluminum plate was
monitored at frequent intervals to ensure that the proper test tempera-
ture was maintained.

Each sample, in turn, was tested by the preceding method, with plate
temperatures statilized at 100°, 200°, 300°, 400, 500°, and 600° F
intervals.

TEST RESULTS

Heat transfer data were recorded, and are presented in time-versus-
temperature plots for each of the four materials tested. Figures 18
through 21 show these data.
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FATIGUE TEST OF SPAR ;. 1TERIAL
WITH HOT GAS IMPINGIMENT

SUBJECT

This test concerned high temperature fatigue strength cf the rotor blade
spa material subjected to hot gas impingement. 1t was conducted .n
the AD structures test laboratory in April 1964.

PU. | 9SE

The } mpose of this ' :st was tc substantiate that the rotor blade spar
desig: wil! withsimad hot gas impingeimert from a ruptured duct fer a
suffic "t perio. of time to ensure a safe landing of the aircraft.

SUMMaARY OF RESULTS

The test specimen successfully completed a 2. 3-hour test at 1050°F
for a total of 33, 130 load cycles, operating at 4 cps (design rotor rpm).

TEST SPECIMEN

The test specime simulated a section of the rear laminated rotor
blade spar, duplicating the thickness at blade station 169. 0. The ma-
teria! was AM 355 CRT sheet, bonded together with a high-temperat. :
adhesive.

A sketch of the laminated spar section is shown in Figure 22. Shield-
ing consisted of 0. 005-in aliron; 0. 012-in type 201 stainless steel,
duplicating the sheet metal blade segment construction; and 0. 010-in
teflon-impregnated fiber glass sheet used as an antifretting material.

TEST SETUP

The specimen and shield were set up in a simple hydraulic axial load-
ing system designed to apply steady and vibratory loads to the speci-
men. The loads were derived frora the centrifugal force, cyclic chord-
wise moment, and steady and cyclic flapwise moments encountered on
the spar at blade station 169. Based on the nominal thickness of the
spar lamina and the measured width of the machined specimen, the
steady and cyclic stresses applied to the test specimen were 72, 980

+17, 870 psi. Figures 23 and 24 show the specimen assembly and {
the general test setup. ;
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ment - Test Specimen Assembly.
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The heat source was provided by a 4. 0-inch-diameter blowtorch im-
pinging on the aliron shield.

INSTRUMENTA TION

LOAD MEASUREMENTS

The steady load was monitored by an SR-4 strain indicator from an
axial bridge circuit installed on a load cell link that had been calibrated
for known loads. The vibratory load was monitored through the same
link, but was connected to a dynagraph (oscillograph) to record the
dynamic loads. A cycle counter was piaced in series with the hydraulic
cylinder to record the load cycles.

TEMPERATURE MEASUREMENTS

The temperatures were recorded and monitored by two iron-constantan
thermoccuples. One thermocouple was placed in the geometric center
of the aliron shield, 0.25 inch from the shield in the stream of hot gas
and flame. This thermocouple was connected to a continuous recording
potentiometer. The second thermocouple was instailed on the outer-
most lamina of the pack, the side opposite the flame. This thermo-
cnhuple was connected to the dynagraph, and recorded continuously
throughout the test.

TEST PROCEDURE

The steady load on the specimen was hydraulically applied and recorded
with an SR-4 strain indicator. The cyclic load was monitored on the
dynagraph. The blowtorch was adjusted to bring the aliron shield
thermocouple to the operating temparature of 1050°F. A record was
maintained of both time and cycles from the counter, and the test was
monitored for 2 hours.

TEST RESULTS

The specimen successfully completed a 2. 3-hour fatigue test at 1050°F
gas temperature. Load cycles on the specimen totaled 33, 130. The
average temperature recorded on the outermost lamina of the bonded
pack was 385°F. The steady and cyclic loading maintained during the
test was +8210 £2010 pounds.
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The condition of the test spacimen after completion of the test was as

follows:

Aliron shield:

Armalon sheet:

Laminated spar section:

Discoloration and warpage of the *hin
sheet.

In the top area, teflon material dissi-
pated, leaving fiber glass support ma-
terial flaking and brittle.

No visible damage; the lamination still
remained as a unit. No visible damage
to the adhesive. The specimen was
disassembled after test.




STATIC TESTS OF MISCELLANEOUS FITTINGS

ROTOR BLADE SPAR BUCKLING TEST

SUBJECT

These tests concerned static uniform bending strength of 2 two-segment
portion of the XV-9A blade constant section. They were conducted at
the HTC-AD structures test laboratory between February and April 1963.

PURPOSE

The purpose of these tests was to determine the structural adequacy of
various unbonded and bonded laminated front and rear spar configura-
tions.

SUMMARY OF RESULTS

The bonded front and rear spar configuration utilizing adhesive success-
fully withstood 117, 000 inch-pounds of flapwise bending moment (2. 78 g)
without any visible signs cf buckling.

TEST SPECIMEN

Description

The specimen simulated a two-segment portion of the XV-9A blade
constant section at station 90 (HTC-AD drawing 385-9601). The front
and rear spars consisted of AM 355 CRT stainless steel laminations.
The adhesive used in the bonded spar configurations was a high tempera-
ture, aluminum filled, fiber glass reinforced, epoxy-phenolic resin.

Configuration

Specimen 1

This specimen consisted of unbonded spar laminations. The rear spar

was reinforced by a hat section that was riveted to the trailing edge i
segment and bore against the lower edge of the rear spar. The front i
spar was reinforced by a 0.25-inch steel plate and was secured to the i
face of the spar by the spar-to-segment attachment bolts. }
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Specimen 2

This specimen was similar to specimen 1, except that the rear spar
was reinforced by a channel and bracket clips that were secured to
the face of the spar by the apar-to-segment attachment bolts. The
frent spar was reinforced with 0. 44-inch steel plate with overlapping
channel brackets.

Specimen 3

The specimen was fabricated using bonded laminated spars and included
the reinforcing devices of specimen 2.

Specimen 4

This specimen was similar to specimen 3 with all reinforcing devices
removed.

TEST SETUP AND PROCEDURE

Each specimen configuration was installed in a test fixture designed
to apply a uniform flapwise bending moment to the specimen. A

400, 000-pound test machine was used to apply the loads. A schematic
of the test setup is shown in Figure 25.

lp Specimen

L ]

TR

P = vertical load produced by test machine; d| = dy;
therefore, M) = My; M = 1/2 Pd

M

T MZ
|

Figure 25. Spar Buckling Test Loading Schematic.
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Dial gages were mounted on the front and rear spars and measured
the deflections of the spars during each test. Locads were applied in
increments in order to observe the deflections of the front and rear
spars. Figure 26 shows the bending moment versus blade span for a
1-g load condition. Figure 27 shows the test setup.

TEST RESULTS
Specimen 1

The front and rear spar buckled at 37, 800-inch-pound bending moment,
0.90 g. Figure 28 shows the deflections of the front and rear spar.

Specimen 2

The front and rear spar buckled at 48, 000-inch-pound bending moment,
1.14 3. Figure 29 shows the deflections of the front and rear spar.

Specimen 3

This specimen was loaded to 102, 000-inch-pound bending momzent,

2. 42 g, without any visible signs of buckling. Figure 30 shows the de-
flections of the front and rear spar.

Specimen 4

This specimen was loaded to 117, 000-inch-pound bending moment,
2.78 g, without any visible signs of buckling. Figure 31 shows the

deflections of the front and rear spar.

ROTOR BLADE REAR SPAR PROOF LOAD TEST

SUBJECT
This test concerned a proof load test of the full length XV-9A bonded

laminated rotor-blade rear spars. This test was conducted in October
1963 at the manufacturing facility.

PURPOSE

The purpose of this tes’, was to ensure the structural integrity of the
bonded rear spar laminations under a simulated 2. 5-g bending moment.
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SUMMARY OF RESULTS

The bonded rear spars successfully withstood the 2. 5-g loadirg condi-
) ticn with no ill effects.

! é TEST SPECIMEN

The test specimen consisted of two laminated blade rear spars
H (HTC-AD drawing 385-1108) bolted to a wood beam shear web.

TEST SETUP AND PROCEDURE

The test specimen was mounted in a fixture at the inboard end of the
spars and at blade station 73. 0. The specimen was subjected to canti-
lever loading at three spanwise blade stations: 140, 240, and 300.

Test loads applied were for a 2. 5-g ground flapping condition, shown
in Figure 32. The loads were applied at the three stations by means
of weight pans and weight bars. Tip deflections were measured at
each incremental loading. The setup is shown in Figure 33.

Test Results

The bonded rear spar successfully withstood the 2. 5-g loading condi-
tion. The following table gives the tip deflections recorded.

TABLE 10
ROTOR BLADE SPAR PROOF TEST - TIP DEFLECTION

Station Station  Station

140 240 300 Spar
Load Load Load Moment Deflection
(1b) (1b) (1b) (in -1b) (in ) g
16 153 24 49, 000 23.0 1.11
59 253 57 73,600 37.0 1. 67
102 353 90 98, 000 50.0 2.22
124 402 107 110, 400 58.0 2.50
——%e
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5 Laminated Spar Buckling Configuration;
Unbonded Spar, Clips, Hat Section, and 0.25-Inch Block
. Test 1
40 1
o
=4
5% D
s8]
3
- 0)
=)
[
- —
E 20 /
p O Rear Spar
g A Front Spar
)
A
a)
2
2 /
%10 %
/
0
o 0 0. 02 0. 04 0.06 0.08 0.10 0.12
. DEFLECTION G SPECIMEN - IN
. Figure 28. Spar Buckling Test - Unbonded Spar - Deflection.
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Laminated Spar Buckling Configuration;
Unbonded Spar, Clips, Brackets, and 0.44-Inch Block

Test 2
60

I’y
(=]

-LLB X 1000

30

© Rear Spar
|
A Front Spar

BENDING MOMENT - IN

20

10

0 0,02 0. 04 0.06 0.08 0.10 0.12 0. 14
DEFLECTION G, SPECIMEN - IN

Figure 29. Spar Buckling Test - Unbonded Spar With
Mechanical Restraint - Deflection.
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BENDING MOMENT - IN-LB X 1000

Laminated Spar Buckling Confugiration;
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Figure 30. Spar Buckling Test - Bonded Spar W th
Mechanical Restraint - Deflection.
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ROTOR BLADE CHORDWISE SHEAR TEST

SUBJECT

Thas test corcerned chordwise shear stiffness of the rotor blade spar
and segment combination. It was conducted in the HTC-AD structures
test laboratory in January 1963.

PURPOSE

The parpose of this test was to obtain the proportion of chordwise
shear carried in the titanium spars to the chordwise shear carried in
the blace flexmre of the comstant section of the blade.

TEST SPECIMEN

The test specimen cozsisted of the XV-9A rotor tlade (HTC-AD draw-
ing 265-0100) withk the titamiaum spars installed as tested in the original
whir] test program. but withost the leading and trailing edge aerody-
za=mic fairings.

TEST SETUF

The et setmp 15 shown in Figere 3. A fixture was attached to the
excsting 3ot holes 1= the skia of & main rotor blade in order to apply a
shear Joad across a represertative bLlade flexure. This specimen was
used 1o 2itaim prelimimary sbear distribution information to be incor-
Prrated 1220 mew spar design studies. Because of the large percentage
of shear carmied by the flexures, tests utilizing stain >ss steel spars
were mot comsidered.

The fixiure was loaded usiry a turabuckle arrangement. The load was
read om 2 432] mmdicator load rimg.

Mz2e 2] méicalor was momnted mormal o the rear spar on the side of
the Slade Ascther &ial imdicator was mounted om the top of the blade.
Both il méicators measured shear deflections in the chordwise direc-

TEST PROCEDCURE

Wk the spars bolted 10 tme blade segments om eack side of the {iexure.
& Iza€ was applied 2o the fixture. Load and Ceflection were recorced
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With the spar attaching belts loosened, again an equivalent load was
applied to the fixture. Load and deflection were recorded.

TEST RESULTS

On Figures 35 and 36, load versus deflection curves are plotted for
the spars-bolted and spars-unbolted conditions.

Because of the friction hysteresis and high chordwise stiffness in the
blade specimen, only an approximate distribution of shear between the
spars and the flexures can be determined. The shear carried by the
flexure was between 90 and 98. 5 percent.
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BLADE SHAKE TEST

SUBJECT

This test concerned a survey of the nonrotating natural frequencies of
the XV-9A rotor blade supported in a horizontal leading-edge—down
position. It was conducted in the HTC-AD structures test laboratory
in November 1963.

PURPCSE

The purpose of this test was to determine the fundamental, second,
and third nonrotating flapwise bending natural frequencies and mode
shapes as set up in a horizontal position.

SUMMARY OF RESULTS

The flapwise natural frequencies and mode shapes for the first, second,
and third modes were determined, and are presented below. The mode
shapes for all three natural frequencies and their phase relationship
with a fixed accelerometer located at station 324 are presented in Figure
37. Also included in Figure 37 are the approximate observed nodal
points, which closely coincided with accelerometer indications.

Frequency
Mode (CPS)
First 2.5 - %(3,9 - 4. 3)
Second 7.7 -8.3
Third 18.0 - 18. 4
Torsion 22.8 - 23.0

TEST SPECIMEN

The test specimen consisted of a complete XV-9A rotor blade (HTC-AD
drawing 385-1100) less blade retention strags. This blade had both
leading-and-trailing-edge sections with pressure probes installed and was
complete except for the blade-tip closure valve and its functioning equip-
ment.

%*See Discussion df Test Results.
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TEST SETUP AND PROCEDURE

The test blade was set up in a fixture to accept the feathering bearing
portion of the biade. This fixture was then installed on the static test
jig that formed the major reacting structure.

The blade was rigged in a horizontal position, leading edge down, and
supported at blade station 245 by an elastic cord bungee and strap sys-
tem. Figures 38 and 39 show the test setup.

i
i
g‘

The blade was excited by an electromagnetic shaker system, console
model T-57, exciter unit model S-6A, and attached to the blade by a
vacuum linkage system. The system allows complete movement of the
exciter to any station along the blade span without mechanical attach-
ments.

Instrumentation required for testing was two accelerometers — one at
a fixed station and the other a roving pickup to investigate various
phase angles and mode shapes of the blade at various stations. Signals
from the accelerometers were simultaneously fed into a dynagraph
(oscillograph), and from these records phase relationships and mode
shapes were determined.

DISCUSSION OF TEST RESULTS

The frequency spread of the various resonances indicates that the
XV-9A rotor blade is a highly damped body in which no precise sharp
peaks were encountered. In the first mode, the blade, when excited

as a free body at 2.5 cps (no zxciter attachment), would completely
damp out its excitations within 3 to 4 cycles; whereas, when the exciter
was attached to the blade, resonance did occur at 2. 5 cps, but remazined
relatively flat in response until the 3. 9 to 4. 3 cps region, when the ac-
celerometer traces peak out.

The second and third modes again indicate the same trend: no sharp
resonant peaks, but relatively flat across the resonant frequency range.

During part of the frequency investigations, a torsional mode was dis-
covered at 22. 8 to 23. 0 cps.

The bungee support system was later changed to blade station 218

{first mode nodal point), where the natural frequencies were again
rechecked and were found to coincide with reported test results.
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Figure 38, Rotor Blade Shake Test - Bungee Support System.
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BLADE STATIC GEFLECTION AND CALIBRATION TEST

SUBJECT

This test concerned stztic deflection and calibration of the instrumen-
ted XV-9A rotor blade — color code identification, blue. The test was

conducted at the HTC-AD structures test laboratory during November
1963.

PURPOSE

The purpose of this test was to provide the flight test and whirl test
programs with calibration and static deflection data.

SUMMARY OF RESULTS

The instrumented blade of the rotor system was calibrated in flapwise
bending, chordwise bending, and torsion conditions. Tip deflections
were recorded, and a blade torsional spring rate was established for
the full length of the blade.

TEST SPECIMEN

The test specimen consisted of a flight rotor blade (HTC-AD drawing
385-1100) without the trailing edge sections installed.

TEST SETUP AND INSTRUMENTATION

The rotor blade was installed in a tes: fixture in the structures test
facility. This fixture accepts the feathering bearing housing in the root-
end portion of the blade. Located outboard at blade station 73. 44 was a
reacting ring, used to aid in calibration as a simple cantilever beam.

The instrumentation consisted of bending anw. axial bridge circuits to
measure the various whirl and flight loads. These bridges are shown
in Figure 40. All strain gage bridge systems were routed to a switch-
ing unit and data were read on an SR-4 strain indicator. Data were re-
corded for the appropriate calibration setups.

TEST PROCEDURE

The test was conducted in three phases: (1) flapwise bending in both
directions (Figure 41), (2) chordwise bending in both directions (Figure 42),
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and (3) torsion in clockwise and counterclockwise directions (Figure 43).
Simultaneously, while the above tests were being conducted, tip deflec-
tions were recorded for the flapwise and chordwise conditions, and
angular deflections for the torsion conditions.

The blade was loaded at the tip, station 320; for the flapwise condition,
up to 160 pounds in 20-pound increments, and for the chordwise condi-
tion up to 400 pounds in 50-pouna increments. The blade torsion condi-

tion was accomplished up to 10, 000 inch-pounds in 20-pound increments
on a 66-2/3-inch arm.

¢

L%

TEST RESULTS

The calibrations for the flapwise, chordwise, and torsion conditions,
shown in Figures 44 through 50, are presented in a plotted form of cali-
bration parameter versus strain output of the bridge. {

Tip deflections for the above conditions are presented in Figures 51
through 53.
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Figure 40. Blade Static Deflection Test - Instrumentation Location-
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Figure 43. Blade Static Deflection Test - Torsion Blade Setup.
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BLADE-TIP CLOSURE VALVE FUNCTIONAL TEST

SUBJECT

This was a functional test of the blade-tip closure valve and actuation
mechanism. It was conducted at the whirl test site during whirl test-
ing in May 1964.

PURPOSE

The purpose of this test was to substantiate the functional operation of
the blade-tip closure valve and its actuation system prior to installa-
tion on the aircraft.

SPECIMEN

The test specimen consisted of a blade-tip cascade assembly (HTC-AD
drawing 385-1124) with a cylinder assembly (HTC-AD drawing 385-1112}
attached to a transition duct (HTC-AD drawing 385-5629).

TEST SETUP AND INSTRUMENTATION

The test specimen and transition duct assembly was attached to the

yaw control supply duct (gas bled from the stationary Y-duct in the hot
gas transfer system) as installed on the whirl test stand (see Figure 54).
The necessary hot gas was supplied by the YT-64 gas generator engines
as installed in the power module. A butterfly valve in the transition
duct was used to control the hot gas supply to the blade-tip closure
valve.

Two springs, applying a 35-pound force, were attached to each of the
tip closure vanes to simulate the effects of centrifugal force.

A separate air system for cycling the blade-tip closure valve actuating
cylinder was supplied by a pressurized accumulator with a normal
operating range of 2800 psig. The instrumentation consisted of a posi-
tion light indicator to monitor the valve position and a linear potenti-
ometer rigged to the actuating mechanisms with its signal output
(indicating valve position) recorded on an oscillograph.
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TEST RESULTS

A total of 55 cycling functione was performed on the blade-tip closure
valve at operating temperatures and pressures. A rework after the
first few operating cycles was necessary as a result of insufficient
clearances in the high-temperature running condition. The rework con-
sisted of removing material from the ends of the movable vanes to pro-
vide 0. 010-inch cold clearance.

No other problems were encountered during the remaining portion of
the test. The tip closure valve cylinder operated satisfactorily with
accumulator pressure ranging from 28C0 psig to as low as 1000 psig.

During the testing of the blade-tip closure valve the rotor conditions
were as follows:

Collective pitch setting 7 degrees
Rotor speed (Ng) 243 rpm
Lift 15, 500 pounds
103
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BLADE ROOT-END FATICUE TESTS

SUBJECT

e N W

These tests concerned thLe fatigue strength of the XV-9A rotor blade
root-end area. They were conducted from February through April 1964
and in January 1965 at the HTC-AD whirl test site.

PURPOSE

The purpose of these tests was to substantiate the structural fatigue
capabilities of the blade root-end for the flight test program of the
XV-9A, for 100 flight hours.

SUMMARY OF RESULTS

Based on the following results for specimens 1 and 2, an S-N curve
was constructed and was used to calculate blade service life, which is
reported in Reference 1.

R T T A

SPECIMEN 1

A fatigue crack in the laminated spar was discovered at blade station

90 after 0.468 x 106 cycles of fatigue test loading under conditions de-
scribed under Test Procedure.

A TP TR

3
SPECIMEN 2 &

A fatigue crack in the laminated front spar was discovered at blade

station 94. 12 after 0. 413 x 106 cycles of the loads described under
Test Procedure.

TEST SPECIMENS

et

The fatigue test specimens basically duplicated the XV-9A rotor blade
root-end area, including the retention straps.

GENERAL DESGCRIPTION O

The rotor-blade srars consisted of 0. 025- and 0. 050-inch laminated
AM 355 CRT sheet strips bonded together with a high-temperature

+
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adhesive. The AM 355 spar rnaterial has a 200, 000- to 220, 000-psi
ultimate tensile strength after straightening.

The laminated spars in turn were bonded to root-end fittings that were
machined from AM 355 billet stock in an annealed condition. The root-
end fittings were then tempered and aged to within 10 percent of the
tensile properties of the AM 355 CRT sheet material.

The completed spars were bolted to the inboard blade segments per the
flight blade configuration.

DETAIL DRAWINGS OF TEST SPECIMEN
285-0113 Segment assembly

285-0121-3 Strap assembly, forward
285-0121-5 Strap assembly, aft

285-0138 Structural installation
285-0139 Structure installation
285-0165 Coupling assembly - flexure
285-0166 Structure installation
385-1100 Rotor blade assembly
385-1114 Fitting - front spar
385-1115 Fiiuting - rear spar

385-9617-3 Laminated front spar¥*
385-9617-5 Laminated rear spar¥
285-0326-9 Bearing (pitch control blade)**

TEST SETUP

The test specimen was set up in a test fixture (HTC-AD drawing
385-9602). This test fixture was capable of applying various types of
loading to the specimen. See Figure 55 for a general schematic show-
ing the specimen and types of loading applied. The root-end area front
spar with pitch arm link is shown in Figure 56. The station 159 torque
arrangement system and the flapwise drive system view from the leading

* These test spars duplicated the flight blade spars up to station 120.
The remaining portion of the spars preserved structural continuity and
provided load application provisions. The flight blade spar drawing
number is 385-1108.

**The bearing reacted all steady and vibratory torque applied to the
specimen in a manner similar to the flight ship.
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edge is shown in Figure 57. The station 63-73 torque device and a
view of the ront-end fitting rear spar are shown in Figure 58. The
centrifugal load application system is shown in Figure 59. The chord-
wise drive system linkage and the feed input system from the flapping
motion are shown in Figures 60 and 61.

INSTRUMENTATION

The instrumentation, which consisted of two 20-channel balance and
calibration units and a recording oscillograph with an integral developer,
served two functions: (1) to monitor the external load inputs statically
and dynamically, and {2) to monitor the moment distributions as applied
to the specimen.

EXTERNAL LOADING

Centrifugal force load cell - Set up in series with the specimen;
monitored centrifugal force loadings.

Torsion bars, station 159 - Measured steady and vibratory loads at
station 1589 in the form of steady and cyclic torsion.

Leaf spring, station 68 - Measured the vibratory torsion input at
station 68. 0.

Pitch arm link - Set up as a reaction member, it measured the
steady and vibratory torsion as applied to the specimen.

BLADE SPECIMEN

Presented in Figure 62 is a sketch showing the strain gage bridges in-
stalled on the test blade specimen, and duplicating the root-end area of
the XV-9A instrumented flight blade. Flapwise bending bridges were
located at:

Specimen 1

Station 53, front and rear root-end fitting
Station 63, front and rear root-end fitting
Station 7). 5, front and rear root-end fitting
Station 75. 4, front and rear root-end fitting
Station 85. 0, front and rear laminated spar
Station 112, front and rear laminated spar
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Torque Arrangement (Cyclic)
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Figure 55. Blade Root-End Fatigue Test - Loading
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Figure 57, Blade Root-End Fatigue Test Fixture - Drive System.

f 110




111




m *a191s Ag Suipeor] ednjrajunn - oamxig 189 1 ondried pus -3jooy apeld ‘66 oandrg




N S o

Ll &

ondie pur-iooy opeld

*09 oandty

113

G

e

X

e




KR Ll

. -
£
-
#
4
L
:
:
d
:
L’{
E
i
1
£
/
1
t
*

Figure 61,

Blade Root-End Fatigue Test Fixture -
Chordwise Actuating Mechanism,
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Specimen 2

Station 53. 5, front and rear root-end fitting
Station 63. ~. front and rear root-end fitting
Station 72. 27, front and rear root-end fitting
Station 76. 12, front and rear root-end fitting
Station 88. 75, front and rear laminated spar
Station 112.5, front and rear laminated spar

Chordwise axial bridges were located at:

Specimen 1

Station 75. 4, front and rear root-end fitting
Station 90. 4, front and rear root-end fitting

Specimen 2

Station 76. 12, front and rear root-end fitting
Station 79. 62, front and rear root-end fitting
Station 91. 00, front and rear laminated spar

All load cells and blade strain-gage bridge circuits were routed to a
calibration, balance, and switching unit prior to being fed into the
oscillograph.

During testing operations, the critical bending stations 63 and 73
(determined by whirl test to be the critical bending locations) and the
axial load at station 90.43, were set up for constant monitoring on a
separate direct-writing oscillograph.

A pair of accelerometers, located at station 159, measured horizontal
and vertical accelerations and aided in maintaining proper load levels
on the direct-writing oscillograph.

TEST PROCEDURE

Prior to setting the specimen in the test fixture, all the external load
cells were calibrated in a test machine.

The test specimen was installed in the test fixture and all gages on the
specimen were calibrated versus known moments or loads and appro-
priate constants were derived from this information. Checks were
made to see if data were repeatable and linear.
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On setting up the test, all external load cells were recorded on a strain
indicator in a null load condition. The pitch arm link was connected
from the fixture to the specimen. The centrifugal force was applied
through the hydraulic cylinder and monitored by the centrifugal force
load cell. The torsion bars at station 159 were hooked up to apply a
steady torsion in the system. This was cross-checked by the pitch
arm link readings.

The leaf spring torque system at station 68 applied vibratory torsion,
and its reading was monitcred on the recording oscillograph.

All ¢xze2vnal bridges were monitored, and the following steady loads
were appliod to the specimens:

Centrifug:1 force = 116, 000 1b
Steady tc.sion, station 159 = +413,000in -1b
Pitch srm link = 800 1b (reaction load between

the link and the vertical reac-
tion flexure at station 19)

The dynamic loads applied to the specimen were as follows:

Specimen 1

Flapwise bending moment, +14,000 in -1b
station 73

Chordwise bending moment,  +85,000 — 90,000 in -1b
station 90. 43

Torsion at station 159. 0 47,300 in -1lb
Torsion at station 68. 0 418,000 in -1b
Pitch arm link, torsion +25,500 in -1b

at station 19. 0

Specimen 2 )
Phase 1 Phase 2

Flapwise bending moment, +13,300 in-1b +13,000 in -1b
station 76. 12

Chordwise bending moment, +92,000 in -1b  +84,300in -lb
station 91. 0

Torsion at station 159, 0 16, 000 in -1lb +3,000 in -1b
Torsion at station 68.0 +15,900 in -1b j_-_8, 000 in -lb
Pitch arm link, torsion 121,900 in -lb +11, 000 in =-1b

at station 19.0
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For the dynamic loadings, the flapping bending moments were excited
by the crank-type drive system approaching the flapwise natural fre-
quencies. The chordwise loading was excited by a coupling system
utilizing the flapping drive system displacement.

The chordwise bending system had a longer effective length, hence a
lower natural resonant frequency. For this testing, the magnitude of
the chordwire loads required that the chordwise natural frequency be
the determining factor in selecting the speed requirements of the test.
Both flapping and chordwise moments are monitored on the specimen.

The cyclic torsion moment at station 159 was determined by the deflec-
tion and frequency at that station in conjunction with a cantilevered
mass. The torsion bar system gives the differential torsion moment
superimposed over the steady torsion moment.

The cyclic torsion moment at station 68 was determined by the deflec- .

tion and frequency of the cantilevered mass at that station, which was
reacted by the leaf spring on the other side, thus setting up the vibra-
tory couple.

The pitch arm link was relatively stationary in the root-end system,
but reacted the torsion inputs as a couple with the vertical flexure
system.

Presented in Figure 63 is a typical oszillographic trace of the dynamic
loadings as recorded during the fatigue test of the root-end specimen.

TEST RESULTS

SPECIMEN 1

A total of 468, 152 cycles was applied before a crack was noted in the
front spar through the bolt hole at approximately station 90. Testing
was terminated at this point. Of these cycles, 32, 100 were accurnula-

ted during preliminary runs, some of which were at a higher load level.
See Table 11 for a breakdown of this test.

Upon removal and inspection of the spars, the following faiiures were
noted:

1.  On the rear spar, at station 90, one outboard lamination was
cracked. See Figure 64.
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On the front spar, at station 90, the five most outboard lamina-
tions were cracked. See Figure 65.

3. Cracks were found in the laminations next to the segments at
several of the attaching bolt holes. See Figure 66.

4. Holes for the bolts attaching the spars to the segments were
cocked as much as 4 degrees, due to the lamination slipping
during the bonding operation. (This manufacturing discrepancy
was corrected and does not exist on the flight blade spars. )

5. Holes in the segments were also found to be oversize on the
test specimen.

6. Failure of the bond between the root-end fitting and the spar
at the first bolt was noted (at approximately station 90).

The most serious failure on the root-end fatigue test was the crack

in the spar at station 90. At this point, the bond failure indicated the
probability that the bond strength wae insufficient to allow the required
local load transfer from the laminated spar to the root fitting. There

is also the possibility that the bolt had picked up a disproportionate
share of the load, as is the tendency for the first bolt in a bolted connec-
tion.

The other failures occurring during the fatigue test can be attributed
to the following:

1. Cracked flexures, because of the fact that they had been used
in the previous fatigue test and possibly damaged.

2. Segment attach bolt failures, because of the cocked holes in
the spar plus tht nversize noles in the segment causing the
bolt to fail in bending across the minor thread diameter.

3. Cracks in the spar lamination next to the segment, attributed
to the cocked and oversize holes.

SPECIMEN 2

~a A total of 413, 000 cycles was applied before a crack through the bolt
hole at station 94. 12 was detected, at which time the test was termi-
nated. Of this total, 256,000 cycles were at the Phase 1 loads and the
4 124
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Figure 66,

Blade Root-End Fatigue Test,
Fatigue Crack.
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remaining 157, 000 cycles were at Phase 2 loads previously shown
under Test Procedures.

Flexure failures at 257, 000 cycles, stations 73 and 79, prompted a
closer look at the flight strain data. The actual flight data revealed
the flapwise and chordwise bending loads peaked in phase. However,
the phasing that gives the maximum torsion loading in combination

with peak chordwise moments occurs when one peak of the torsion
loading coincides with the peak chordwise bending, while, due to a non-
sinusoidal torsion loading, at the other end of the cycle the torsion is
90 degrees out of phase with the chordwise bending and is zero magni-
tude. Therefore, a reduction of the torsion to 50 percent of its former
value, since the test machine applies all loads exactly in phase, was
appropriate. These loads were based on a normal flight composed of %
takeoff, transition forward flight, turns, hovers, flares, and landings.

The chordwise bending lcads were reduced from<“t92, 000 inch-pounds
to £84, 300 inch-pounds based on flight test data.

The following tabulation gives the number and magnitude of the chord-
wise bending moment cycles to which the second specimen was inad-
vertently subjected when an attempt was made to adjust the spring and
mass loading systems during the setup runs above the nominal + 92, 000
inch-pounds.

Magnitude

Number of Cycles (In -Lb)
510 +125, 700

225 +115, 400

510 +107, 800

The foliowing is a discussion of the condition of the spars after their
removal subsequent to testing:

1. The most serious failure was in the first two
laminations on the segment side of the front
spar at station 94. 12, which failed completely
across their width. They are shown in Figure 67.

2. Other minor cracks in the first lamination on the
segment side of the forward epar were located
through holes at stations 106. 68 and 131. 68. A
typical crack is shown in Figure 68. Figure 69 =
shows the condition of the segment side of the
forward spar and its mating area on the segments.
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Figure 67,

Cracked Laminations in Front Spar
at Station 94. 12, Specimen 2.
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Figure 68, Typical Crack Found on the Segment Side of the Froat and
Rear Spars, Specimen 2,
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3. Cracks in the first lamination on the segment side .
of the rear spar were minor, --d were located at
stations 74. 62, 94. 12, 119, 1z, and 144, 12, They

are not shown in detail, because Figure 68 is typical
of their appearance. ‘

4. Several spar-to-segment bolts (NAS 464, 1/4-inch dia)
broke during the initial 250, 000 cycles. They failed in
different areas — ou= at the head, others at the root
of the last imperfect thread. Conditions of typical
bolts after test are shown in Figures 70 and 71.
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Figure 70.

Appearance of Bolt Removed From Station 94. 12,
Forward Spar, Where Major Cracks Occurred,
Specimen 2.
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Figure 71. Appearance of Typical Bolt Removed From Segment Holes
Where No Cracks Had Occurred, Specimen 2,
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BLADE CONSTANT SECTION FATIGUE TESTS

SUBJECT

2 o e——.

These tests concerned the fatigue strength of a typical XV-9A rotor
blade constant section. The Phase 1 test was conducted at the whirl
test site facility of HTC-AD during August 1964. The Phase 2 test
was conducted at the same location during January 1965.

PURPOSE

PHASE 1 TEST

The purpose of this test was to substantiate the fatigue strength integ-
rity of the XV-9A blade constant section for 100 flight hours, simulat-
ing conditions of loading, temperature, and pressure.

PHASE 2 TEST

The purpose of this test was to substantiate the blade section for the
transient peak stresses encountered during transition and flares that
were measured during flight test.

SUMMARY OF RESULTS

PHASE 1 TEST

The blade constant section specimen completed the equivalent of 160
flight hours. Inspection of the front and rear spars after the test re-
vealed a fatigue crack propagated 0. 15 inch vertically from a spar-to-
segment 0. 25-inch-diameter hole on the inner face 0. 050-inch lamina
of the rear spar at station 237. 8.

PHASE 2 TEST
The specimen completed 25, 000 additional cycles of load, in which the

chordwise moment was increased 25 percent. The crack condition that
already existed did not propagate.
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TEST SPECIMENS

PHASE 1 TEST

The specimen consisted of three segments of a production blade,
HTC-AD drawing 385-1100, from station 203. 5 to station 241, with
laminated spars extending several feet bevond the end o! the specimen.
The ends of the specimen were capped by bulkheads tha: provided a
closed, pressurized, internal duct system, and also supported internal
banks of electric resistance wire heaters installed in each duct. The
heaters did not contact the duct walls. The test bla:l: assembly is
shown on HTC-AD drawing 385-9608.

PIIASE 2 TEST
The specimen for this test was identical with that of the Phase 1 test.

TEST SETUP

The specimen was installed in a test fixture designed to apply centrifu-
gal force and flapwise and chordwise moments. The centrifugal force
was simulated by a tension load applied through flexures attached to
the ends of the specimen. The specimen was feathered relative to a
pinned support axis that gave the correct ratio of cyclic chordwise to
flapwise bending moments.

The specimen was vibrated as a beam under axial tension loading. A
spring loaded exciter, driven by a vari-drive motor connected to one
of the bulkheads, induced the cyclic flapwise and chordwise bending
moments.

The ducis were pressurized by air from an externai source through a
bulkhead connection and monitored by a pressure gage.

The heaters installed inside the ducts simulated the 1200°F gas tem-
perature. The heated length of the test blade included the ceuer seg-
ment and two flexure couplings. An air blower lccated in front of the
specimen controlled the outer skin temperat. "es and provided cooling
air over the front and rear spars. The setup details are shown ir
Figures 72 through 75.
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Figure 74. Blade Constant Section Fatigue Test-Specimen and
Exciter Mechanism.,
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INSTRUMENTATION

Electrical resistance strain gages were bonded to the front and rear
3 spars. These gages were wired tc sense bending or axial strains and
; calibrated by externally applied loads to measure axial loads and bend-~
2 ; ing moments. Figure 76 shows the location of these strain-gage bridges.
The output signals from these bridges were supplied to a recording
oscillograph and a direct-writing oscillograph.

Chromel-alumel thermocouples were installed on the outer surfaces

of the duct walls, the flexure couplings, the outer skin, and the front
and rear spars. Figures 76 and 77 show the locations of thermocouples
on the center segment area and spars. Additional thermocouples that
were installed on the adjacent segments for control purposes are not
shown in Figures 76 and 77. All thermocouples were monitored and
recorded on a temperature recorder.

TEST LOADS

The specimen was tested to the following loads, based on the computed
design loads reported in Reference 1 and the whirl test results re-
ported in References 2 and 3:

Phase 1 Test Phase 2 Test

Centrifugal force 76, 600 1b 76, 60C 1b
Cyclic flapwise moment 416,000 in -1b 410,000 in -lb
Cyclic chordwise moment +34,000 in -I1b  +42,500 in -1b
Internal duct pressure 27. 5 psig 27. 5 psig
Simulated gas temperature 1200°F 1200°F

Test operating frequency 10 cps 10 cps

TEST RESULTS

PHASE 1 TEST

The specimen completed the equivalent of 100 flight hours, which was
based on the cyclic stress occurring at one cycle per revolution at
243 rpm for a total of 1, 458, 000 test cycles. The average tempera-
tures maintained during the test on the center segment, adjacent flex-
ure couplings, and spars are shown in Figures 76 and 77.
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Figure 76. Flexure and Segment Thermocouple Locations,
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Inspection of the front and rear spars revealed a fatigue crack propa-
gated 0. 15 inch vertically from a spar-to-cegment 0. 25-inch-diameter
hole on the inner face 0. 050-inch lamina of the rear spar ai station
237.8. It was noted that this station is close to the end of the test
area, station 241, and may have been affected by local loading fixture
constraints. Figures 78 and 79 show the fatigue crack. Fretted areas
were also visible inside the bolt holes at station 225. 3, rear spar, and
station 200. 5, front spar. All other holes in the spars were in satis-
factory condition. No evidence of fatigue damage was found in the flex-
ure couplings, ducts, or segment areas.

Inspection of the test segments revealed slight fretting at the outer
skin and leading edge fairing faying surfaces of the center segment
adjacent to the front spar. v

A leakage test of the duct and flexure coupling area was conducted.
This test revealed leakage of less than one cubic foot per minute.

PHASE 2 TEST

The specimen completed an additional 25, 000 cycles at chordwise bend-
ing loads equivalent to 125 percent of the chordwise moment used in

the Phase 1 test. Post-test inspection, with the spars remcved, indi-
cated no change in the specimen, or in the 0. 15-inch-long crack at
station 237. 8.

CONCLUSIONS

PHASE 1 TEST

The detection of a tiny crack at the bolt hole, as noted above under Test
Results, page 140, resulted from a post-test examination. The crack
had no detectable effect on test loads or stresses. Also, as noted,
higher than intended local stresses probably occurred at this particu-
lar bolt hole, because of the immediate proximity of the loading fixture
and its attending restraints. However, should a similar crack ever
appear in the blade spars, it would progress slowly, as proven in re-
duced scale specimen tests. For example, as mentioned in the follow-
ing section of this report, a crack discovered at 184, 000 cycles did

not fail completely until 2, 590, 000 cycles.

PHASE 2 TEST

The specimen satisfactorily sustained the applied loads with no further
indications of distress.
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Figure 78. View of Rear Spar Fatigue Crack and Inside Bolt Hole.
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Figure 79. View of Rear Spar Fatigue Crack.
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ki REDUCED SCALE SPAR-TO-SEGMENT AND ROOT -
FITTING-TO-SPAR ATTACHMENTS FATIGUE TESTS
; SUBJECT

e

This section concerns tension-tension axial fatigue tests oi reduced
scale specimens of the rotor blade spars. These tests were conducted
in the HTC-AD structures test laboratory from May through June 1964.

PURPOSE
The purpose of these tests was to determine the fatigue life of reduced
scaie specimens representing the spar-to-segment and root-fitting-to-

spar attachments.

SUMMARY OF RESULTS

SEGMENT-TC-SPAR (TWO-HOLE) SPECIMENS

Tests showed that the countersunk clamp up bushing installation through
a clearance hole in the spar resulted in a large immprovement in fatigue
life.

ROOT-FITTING-TO-SPAR (FOUR-HOLE) SPECIMENS

Tests indicated that thinning down the doubler at the first hole, loosen-
ing the fit on this bolt, and reducing bolt spacing by adding another bolt
gave an approximate infinite life at 70, 000 +10, 000 psi fatigue strength.

TEST SPECIMENS

The test specimens were designed to simulate two areas of the blade
spar: the segment-to-spar constant section area and the root-fitting-
to-spar area, blade station 90. The hasic configuration is shown in
Figures 80 and 81. The doubler was attached to the specimen to simu-
late the restraint of the segment on the spar bolt holes when centrifugal
force was applied. Various modifications of flanged and countersunk
bushings were installed in the bolt holes for all configurations, as shown
in Figures 82 and 83,
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Figure 82. Typical Countersunk Threaded Bushing, Specimren 17. .
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SEGMENT-TO-SPAR (TWO-HOLE) SPECIMENS

These specimens simulated the constant section area of the spar, and
were fabricated in two configurations: laminated and solid.

The laminated specimens consisted of two types: (1) eighteen lamina-
tions of 0. 007-inch-thick AM 355 steel, and (2) one 0. 025-inch, one

0. 009-inch, and thirteen 0. 007-inch-thick laminations of AM 355 steel.
Both configurations were bonded together.

The type 1 specimers consisted of the following:

Number of

Configuration Specimens b
Loose fit doubler, no bushing 2
Tight fit doubler, no bushing 2
Press fit bushing, 0.25-inch diameter 4
Press fit, threaded flange clamp up bushing, N
0. 25-inch diameter 4
Press fit, threaded flange clampup bushing,
,! 0. 313-inch diameter 3 ;
' Press fit, threaded, 100-degree countersunk
clamp up bushing, 0.25-inch diameter 2
Press fit, threaded, 100-degree countersunk
clamp up bushing, 0. 313-inch diameter 6

The type 2 specimens consisted of the following:

Number of

i
Configuration Specimens i

i

Uncercut, threaded, 82-degree countersunk }
clamp up bushing, 0. 313-inch diameter 3 1
Undercut, threaded, 100-degree countersunk 3
clamp up bushing, 0. 313-inch diameter 4 3

The solid specimens were divided into separate tests of two materials:
(1) 4130 steel, ht 125, 000 psi minimum, 0. 130-inch thick; and (2) titani-
um, 6AL-4V, 130, 000 psi ultimate tensile strength (minimum), 0. 157-
inch thick. The steel tests utilized four specimens without bushings.
The titanium tests utilized two specimens without bushings and two
specimens with 0. 25-inch-diameter press fit bushings.

s
%
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ROOT-FITTING-TO-SPAR (FOUR-HOLE) SPECIMENS

These specimens simulated the area around blade station 90. They
were fabricated in two laminated configurations: (1) eighteen lamina-
tions of 0. 007-incbh-thick AM 355 steel, and (2) one 0. 025-inch, one

0. 009-inch, and thirteen 0. 007-inch-thick laminations of AM 355 steel.
Both configurations were bonded together.

The type 1 tests utilized two specimens without bushings. The type 2
tests utilized five specimenrs with no bushings and three specimens
with double countersunk holes (82-degree and 100-degree), and under-

cut threaded-clamp up 0. 25-inch-diameter bushings with countersunk
washers.

TEST SETUP AND PROCEDURE

All specimen tests were performed on an axial tension fatiguc test
machine. This test machine is a below-resonance type operating
at 30 cycles per second, with the cycles recorded on a mechanical
counter. Steady and vibratory loads were monitored from a strain-
gaged load cell set up in series with the test specimen. Figures 84
and 85 show the setup for the two configurations tested.

RESULTS
SEGMENT-TO-SPAR (TWO-HOLE) SPECIMENS

Table 12 gives the results of the test performed on the laminated speci-
mens. Table 13 gives the results of the solid steel and titanium speci-
mens. Graphs of cycles to failure of these specimens are shown in

Figures 86 and 87. Typical failures are shown in Figures 88, 89, and
90.

ROOT-FITTING-TO-SPAR (FOUR-HOLE) SPECIMENS
The results of the laminated sy cimens tests are given in Table 14. A
cycles-to-failure graph shows these results in Figure 91. Some typical

failures of these specimens are shown in Figures 92 and 93.

CONCI.USIONS

SEGMENT-TO-SPAR (TWO-HOLE) SPECIMENS

The undercut shank, threaded, countersunk bushing installation wes
found to be superior in fatigue strength. This superiority was the
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Figure 84.

Two-Hole Specimen Test Setup.
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Figure 85.

Four-Hole Specimen Test Setup.
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Figure 89.

Typical Titanium Specimen Failures.
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result of the clamping action of the bolt-bushing arrangement, which
preloaded the spar bolt hole. Also, careful deburring of the bolt hole
was a contributing factor in increasing the fatigue strength. In addi-
tion, fretting was practically eliminated. The spar bolt holes without
bushings and the holes with press fit bushings indicated excessive fret-
ting, and an examination of the spar holes revealed the presence of
burrs on the interlaminate edges of the hole in the bond layers. This
conditicn produced a noticeable reduction in fatigue strength when com-
pared with the undercut clampup bushing installation.

ROOT-FITTING-TO-SPAR (FOUR-HOLE) SPECIMENS

The results of these tests indicated that thinning down the doubler at
the first hole and loosening the fit at this hole gave an approximate
infinite life of 70, 000 *10, 000 psi fatigue strength. The addition of
another bolt to reduce the bolt spacing also contributed to the increase
in fatigue strength.
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FLIGHT CONTROLS EYDRAULIC SERVO ASSEMBLY
ENDURANCE TESTS

SUBJECT

This section concerns the endurance testing of the hydraulic servo
assembly used in the flight control system of the XV-YA. These tests
were conducted during the months of Sepiember and October at the
HTT-AD hydraulic laboratory.

PURPCSE

The purpose of these tests was to exsure the reliability of the hydrau-
lic servo assembly used in the flight control system of the XV-9A
helicopter.

SUMMARY OF RESULTS

The results indicate that the hydraulic servo assembly is adequate
for use in the XV-9A,.

TEST SPECIMEN

The specimen consisted of a hydraulic servo assembly manufactured
to HTC-AD specifications.

TEST SETUP AND PRCCEDURE

Servo assembly serial number 101 was mounted in a harness structure
in such a manner that it could be loaded or driven with another power
servo assembly. All general conditions were held throughout the en-
tire test program as follows:

System pressure, 3200 1100 psi

Return pressure, 60 15 psi

Cil, MIL-H-6083B

Maximum temperature, 160°F

Sine wave input, except as noted

All loads monitored by means of calibrated load
cell and oscillograph

The test setup is shown in Figures 94 and 95.
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Figure 94. Hydraulic Servo Assembly Endurance Test Apparatus.
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TEST RESULTS

1. With the servo vaive input stationary and the cylinder in mid posi-
tion, a cyclic load of 1000 pounds (2000 pounds peak to peak) was
applied at 240 cycles per minute, with the following results:

a. With both systems operating for 850, 000 cycles

(1) No malfunction

(2) Force required to hold valve stationary at input
shaft = 4 pounds

(3} First leakage appeared at center vent hole at
36, 000 cycles

{4) Measured leakage at completion of 850, 000
cycies = 3 milliliters

b. Syatem 1 only operating for 50, 000 cycles

(1) No malfunction
(2) Leakage less than 1 milliliter for the 50, 000 cycles

c. System 2 only operating fcr 50, 000 cycles

(1) No malfunction
(2) l.eakage less than 1 milliliter for this 50, 000 cycles

2. With the servo driving and load applied by the test stand cylinder
acting as a pump exhausting through a relief valve, the following
tests were conducted:

a. Load, both airections, 5000 pounds; stroke 3. 4 inches; both
systems operating for 15, 000 cycles. The test request called
for a rate between 5.2 and 5. 9 inches per second. However,
with sine wave input, in order to even hit peaks of 5. 2 inches
per second a cyclic rate of 29 cycles per minute is required.
The servo would not carry the 5000-pound load at cyclic rates
above 19 cycles per minute. On the recommendations of the
Design Engineering Group, this phase of the test was run at
19 cycles per minute, which gives a cylinder travel peak rate
of 3. 4 inches per second.

(1) The 15, 000 cycles were completed with no malfunction

(2) Force required to operate valve = 7 pounds

(3) Total measurable leakage for this phase of test = 60
milliliters
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Same as 2a, except rate asked for was 1. 6 inch per second
minimum with System 1 only operating. To reach peaks of
1. 6 inch per second with sine wave input requires 9 cycles
per minute, at which rate the servo would not carry the load.
It did handle the load at 8-1/2 cycles per minute by allowing
it to flatten out the peaks. (The servo valve was held wide
open against it3s stops for 50 percent of the stroke in both
directions. ) The 2500 cycles were run under this condition.

(1) No malfunction
(2) Leakage 5-milliliters total for the 2500 cycles

Same as 2b, except with System 2 only vperating. Even though
the same 1. 6 inch per second was called for, the highest rate
at which Systern 2 would handle the load was 7-1/2 cycles per
minute, and this by allowing the valve to be held against the
stops for 50 percent of each stroke, as in 2b.

(1) No malfunction occurred during this condition
(2)  Total leakage for this 2500 cycles = 5 milliliters

Load, both directions, 2500 pounds; both systems operating
for 15,000 cycles. The test request was corrected to call

for a 6. 5-inch stroke rather than 6. 9-inch. The test request
called for 5. 2-inch per second maximum, so even though both
systems would carry this lcad at 18 cycles per minute, this
phase was run at 15 cyclz2s per minute to keep the peaks below
5. 2 inches per second.

(1)  Oil started dripping from the vent hole in the side
of the housing at the end opposite the exposed shaft
as soon as this phase of the test was started. (This
probably means that the tailstock was gradually filling
up during the short-stroke phases of the test. )

(2) No malfunction

(3) Total leakage for the 15, 000 cycies (both vent holes
and exposed shafi seal) = 240 milliliters

Load, 2500 pounds; full stroke; System 2 only operating.
The test request called for a minimum rate of 5. 9 inches
per second, but the highest rate at which System 2 would
handle the 2509-pound load was 6 cycles per minute, and
the servo valve was bottomed 80 percent of each stroke to
reach this rate.
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The test was stopped after 600 cycles of this phase, and the
servo assembly was removed from the test structure. The
unit was taken to the manufacturer, where it was disassem-
bled. It was found that the teflon piston-ring seals had man-
aged to work themselves around until their slots lined up,
thus providing a flow path for the fluid. This seal consists
of two teflon rings in one groove with a corrugated spring
under their inside diameter to exert a slight outward force.
The rings are split for instaliation purposes, and are assem-
bled with the cuts (or slots) 180 degrees apart.

An effort was made to use the same seals by realigning the
slots so as not to have a through flow passage, but, because
of wear on the outside diameter of the rings, it was impos-
sible to get the seal to perform satisfactorily. A new seal
assembly was installed.

It was also found that the teflon cap strip on the tailstock rod
seal (System 1) was wora completely thrcugh. This was
probably caused by a faulty installation that left a wrinkle in
the thin teflon strip. This seal was alsc replaced.

No other seals or parts were charniged. The unit was reassem-

bled, checked out, and installed on the cycler for continuation
of the life test.

The servo was remounted on the test bed and the rate was set
2t 16 cycles per minuie (with sine wave input), and the 2500
cycles were run with no further problem except for leakage.

f. Same conditions as 2e, except System 1 only operating

(1) No malfunction
(21 Total lezkage for 5000 cycles (2e and 2f) = 30 milliliters

3. The servo valve input was held stationary and force was applied
by the test stand cylinder to move the tailstock end of the cylinder
the required 20. 200 inch (0. 2 inch on both sides of neutrai or the
no load position — making a total travel of 0.4 inch): rate 240
cycles per minute.

a. With both systems operating (that is 3200 psi on System 1 and
System 2 of the servo), the load went to more than 7500 pounds
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in each direction. The stroke was cut down to £C.062, giving
a total stroke of 1/8 inch. This change produced a load of
6000 pounds in each direction at 240 cycles per minute. This
condition was maintained for 40, 000 cycles.

(1) One malfunction occurred at 4000 cycles. This con-
sisted of the failure of the brazed joint in the System 1
stainless steel transfer tube. It was removed, rebrazed,
reinstalled, and gave no more trouble. "

b. Same condition as 3a, except that only System 1 was operating
for 5000 cycles.

(1) No malfunction, but stroke had to be increased to 10.078,
making a total stroke of 0. 156, to bring the load up to
6000 pounds.

c. Same as 3b, except System 2 only operating.

(1) No malfunction

(2) Total leakage for the last 50, 000 cycles (3a, 3b, 3c)
= 23 milliliters plus the amount that may be trapped in
the tailstock {vent hole is on the side, so the cavity
must be approximately one-half full before any leakage
from the shaft seal at this end can be measured).

After completion of the endurance tests, the servo was removed from
the test bed and both systerns were subjected to proof pressure of 5250
psi. There was no failure and no permanent distortion.

CONCLUSIONS

Although some leakage was experienced past the piston rod seals
throughout the test, this leakage never reached a value that wouid cause
concern under normal ship operation. In most cases, the leakage
appeared to decrease as the test progressed.

The assembly was removed from the test fixture (Figure 94) and partially
disassembled after approximately 1, 000, 000 cycles, becuuse of a loss in
speed while operating on System 2 only. It was found that the teflon
piston ring seals had worked themselves around in the groove until their
slots lined up, thus providing a flow path for the fluid past the main
piston. This occurrence would not be considered as a cylinder failure,
because its only effect on the servo was to slow its rate when operating
against a large load.
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While the unit was disassembled, the seals on the System 1 piston and
the piston rod were closely inspected. It was found that the teflon cap
strip on the tailstock rod seal (System 1) was worn completely through.
This was probably caused by a faulty installation that left a wrinkle

in the thin teflon strip. This seal and the seals on the System 2 main
piston were replaced. No other seals or parts were changed. The
unit was reassembled, checked out, reinstalled on the cycler, and the
test was continued (see Figure 96).

During the overcoming load portion of the test, a furnace-brazed con-
nection in the tube leading from the servo valve to the outer end of the
actuating cylinder (System 1) failed. Although this tube is subjected to
comparatively high internal pressures during single~system operation,
a: the time of the rupture the pressure was probably not more than
2200 psi. However, the load being put into the test unit by the loading
cylinder was greater than desired. It is believed that this high load
caused an elongatinn between the valve body and the outboard cylinder
head, thus pulling the tube from its housing.

The tube assembly was rebrazed, and the test was continued to
its conclusion without further trouble.

Upon completion of the tests, the unit was partially disassembled in
the following manner: The cylinder section was completely dismantled
and all seals and rubbing surfaces were closely inspected. It was
found that the piston ring seals on the main pistons had moved from the
position they were in when the unit had been disassembled for repair.
The slots were not lined up on either piston, but the fact that they had
moved during the 50, 000 cycles of the overcoming load tests indicates
that this ceal is not the best for this application.

It was also found that the steel pin holding the piston tc the piston rod
on the tailstock end of the cylinder had broken during the 50, 000-cycle
overcoming load test. This pin had been observed to be in satisfactory
condition during the previous disassembly at the manufacturer's facil-
ity. Functionally, this pin passes through holes in the piston and
piston rod, and is held in place by a lock screw, which is threaded

into the piston 90 degrees from the pin and rests against a necked-down
portion at the center of the pin (see Figure 97). Ordirarily, only shear
loads are carried by the pin, and those loads would be at the intersec-
tion of the piston rod and the piston.
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Damaged Seals.
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Figure 97.

Broken Fin.
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A visual examination of the broken pin resulted in the conclusion that
the failure was caused by fatigue from a low-overstress, high-cycle
reverse-bending load. A dimensional check of the pin outside diameter
and the holes in the piston and the piston rod showed the maximum
clearance between the pin and the rod to be C. 004 inch. The maximum
clearance between the pin and the piston was 0. 002 inch. This adds up
to a clearance of 0. 006 inch between the piston and the piston rod. The
detail drawings allow for pin-to-piston and pin-to-rod clearance of 0. 0007
inch maximum.

Only one end of this pin had been chamfered, and, after breaking, the
unchamfered end had worked out and grooved the inside diameter of
the cylinder barrel (see Figure 98).

With the above exceptions, all parts of the cylinder showed only the
normal wear that would result from the more than 1, 000, 000 cycles
to which the unit was subjected.

The disassembly of the valve section of the servo also showed only
normal wear, with the exception of the low-pressure relief valve seats.
There are four of these relief valve assemblies in the unit — two for
each system. The function of these valves is to relieve the pressure
from one side of the main piston to the other during dual system opera-
tion. These valves operated during the dual system overcoeming load
test, a total of 40, 000 cycles.

Upon examination, it was found that the valve seats had been peened

in by the pounding of the valve poppets, making it impossible to re-
move the poppets from the cartridge. However, the poppets have
adequate free moveranent for proper operation, and a close examination
of the poppet face and the seal showed no evidence of wear thxt would
affect their operatior.

RECOMMENDATIONS

None of the aforemcentioned faults or failures requires an immediate
change in existing hardware. However, it additional units are manu-
factured, the following changes are recommended:

1. Use of a different seal on the main pistons. A rubber-backed

teflon slipper ring, such as used for the piston rod seal, is
recommended.
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Figure 98.

Cylinder Wall.
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Use of a method other than a brazed tube as plumbing
between the servo valve and the outer cylinder heads.

A free-floating connection unaffected by the shortening
or lengthening of the cylinder 1ssembly is recommended.

Use of a better method of securing the main piston to the
piston rod. The detail drawings of the piston, rod, and
pin call for zero to 0. 0007-inch clearance between the

pin and its mating parts. The detail drawings also require
that the centerline of the holes in the piston and the piston
rod intersect the centerline of the respective parts within
0. 001 inch. This could result in a 0. 001-inch misalign-
ment between the parts through which the pin must pass.

If a maximum misalignment occurs with a zero-clearance
pin, the pin must be forced into place. If this type of con-
nection is used, it could be better to call for match driil
and reaming of the piston and piston rod, so as to obtain
perfect alignment.
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_ROTOR-SPEED FEEDBACK SYSTEM EVALUATION TESTS

SUBJECT

These tests constituted an evaluation of the rotor-speed feedback sys- £
tem (Ng system) designed to drive the YT-64 gas generator turbine
speed governor shaft. The tests were conducted to determine signal
transmission error, system natural frequency, and YT-64 governor
drive torque. The tests were conducted in the HTC-AD equipment
test laboratory in April 1964.

PURPOSE

The purpose of these tests was to substantiate that the rotor-speed : ™
feedback system will drive the gas generator governor at a speed )

proportional to the rotor speed, and will do so without speed oscil-

lations that would cause gas-generator power oscillations. 1

SUMMARY OF RESULTS

The N¢ system was found to have a natural frequency of approximately ;
15 cycles per second. Analyses conducted by HTC-AD and by the en- .
gine manufacturer indicated that the gas generator will be stable when
the signal transfer system has a natural frequency above approximately
5 cycles per second. In addition, for the expected operational condi-
tions, the Ng system is nearly critically damped. Thus, the Nf system
tested is considered satisfactory from these standpoints.

When the Ng system was operated as a simple hydrostatic transmission,
with no fluid extraction between pump output and motor input, the
transmission error was found to be unmeasurably small over the

tested range of 3270 to 4970 rpm.

The governor motor input torque was found to vary from 0. 99 pound-
inch at 2000 rpm to 1. 72 pound-inch a: 5000 rpm. This is approxi-
mately one-half the expected torque and far smaller than the capability
of the smallest available piston-type hydraulic pumps and motors

(15. 7 pound-inch rated).

TEST SYSTEM (Figure 99)

The system tested consisted of a hydraulic pump (0. 049-cubic-inch dis-
placement) and a hydraulic motor. The high-pressure ports were
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connected by a signal transfer tube, 21 feet long, of 0. é: )-inch diame-
ter by 0. 065-inch-wall corrosion-resistant steel tubing The low-
pressure ports were bo*h connected by 0. 375-inch-dia:..zter tube and
hose to an accumulator that rnaintained sysiem return pressure at

60 psi. The high-pressure signal transfer line ard the return line
were connected by a bypass tube. The bypass flow was controlled by

a needle valve and solenoid valve in series. This system, except for
the solenoid valve, effectively duplicates the systems that have been
installed on the XV-9A. The solenoid valve does not change the dynamic
or static characteristics of the test-system, since it is installed on the
low-pressure side of the bypass needle valve.

TEST APPARATUS AND INSTRUMENTATION

The test apparatus shown in Figure 100 consisted of the Ng system
described above, an electric aircraft starter-generator of effectively
infinite inertia, a specially prepared YT-64 fuel control, and an electric
load bank to control the starter-generator speed.

The engine manufacturer prepared a YT -64 fuel control for use in these
tests by locking the governor flyball servo spool to a nominal position

that represents its position during normal gas generator operation. The
fuel control was filled with fuel to obtain proper flyball damping and torque.

The starter-gencrator and fuel control were connected to the pump and
motor by suitable adapter flanges and quill shafts.

The sy<tem instrumentation consists of two magnetic pickups energized
by two icbes on the pump and motor quill shafts. The pickup signals
were recorded by a direct-writing oscillograph. The speeds »f the
driving and driven members were counted by hand from the cscillograph
trace. Hydraulic system return pressure was measured by a gage.
Transfer line pressure was not measured during studies of dynamic
characteristics, since the additional pressure system volume would
compromise the test results. For test of signal accuracy, pressure
gages were installed at the pump and motor high-pressure ports to
determine motor torque and line losses.

PROCEDURES

DETERMINATION OF SYSTEM FREQUENCY RESPONSE

The electric starter-generator was driven by the electric load bank
at a speed of approximately 3200 rpm. This speed was measured
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directly by a tachometer held against the exposed starter-generator
shaft. The bypass needle valve was adjusted to obtain a governor
speed of approximately 2500 rpm. The bypass solenoid valve was
then closed, and the system allowed to stabilize. The bypass solenoid
valve was then opened for approximately 5 seconds, and then closed.
During this sequence, the oscillograph was operated at high speed to
record the pump and motor speed simultaneously.

The above procedure was followed for three consecutive trials; how-
ever, the last was discarf.ed because of an instrumentation malfunc-
iiom.

The pump and motor spceds were next altered to approximately 4300
and 3900 rpm, r=spectively, and three trials were conducted as
described above.

The pump a»d motor speeds were determined by measuring the

time interval between consecutive pips on the oscillograph trace prior
to and subsequent to the time of solenoid valve actuation. The approxi-
mate instant of system excitation was obvious from .xamination of the
plotted speed traces.

DETERMINATION OF SPEED ACCURACY

For these tests, the bypass solenoid valve was removed and pressure
gages added at the pump and motor high-pressure ports.

The pump speed was adjusted to approximately 3300 rpm. The system
was then allowed to stabilize with the bypass needle valve closed, and
pressure data were recorded. The oscillograph was run for not less

than 5 seconds to obtain motor and pump speeds.

The bypass valve was opened to obtain a motor speed of approximately
3250 rpm, and the above procedure was repeated.

The bypass valve was opened further, in arbitrary steps, to produce
motor speeds as low as 2100 rpm.

The pump speed was raised to approximately 4350 rpm and the above
procedure repeated. A third test was conducted at a pump speed of
approximntely 5000 rpm.
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TEST RESULTS

FREQUENCY RESPONSE

The time-speed traces of the governor drive motor are shown in
Figures 101 through 105, The pump speed was essentially constant

during each trial, verifying the assumption of effectively infinite
pump-starter inertia.

The speed traces of trials 1 and 2, conducted at a pump speed of

3200 rpm, definitely show the system natural frequency to be approxi-
mately 15 to 15. 5 cycles per second. The damping that exists when
the bypass valve is open is nearly critical. A first harmonic may be
present, but data in this regard are inconclusive.

Trials 4, 5, and 6 were conducted at a pump speed of approximately
4300 rpm with the bypass valve adjuated for a motor speed of 3900

rpm. The natural frequency is seen to be 12. 5 to 14. 5 cycles per
second.

The dashed curves indicate the possible existence of a strong first
harmonic at approximately 28 cycles per second, but the instrumenta-
tion produced only two pips per revclution and has insufficient reso-
lution to show this high frequency oscillation with any accuracy.

SPEED ACCURACY TESTS

At punip speeds ranging from 3300 to 5000 rpm, and with no bypass
flow, the motor speed was the same as the pump speed with an error
of less than instrumentation accuracy (0.5 percent error).

Figure 106 presents the pump and motor power for the range of speeds
tested. The difference between pump and motor power represents
the transfer line pressure drop. Figure 107 presents the governor

drive input torque (computed by measurement of hydraulic input and
output pressure).
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