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ABSTRACT

IThe effect of texture, (0002) poles in the transverse direction, on
the notched and fretting fatigue life of a Ti-4AI-4V alloy was examined.
Notched fatigue and pin-loaded flat fretting fatigue specimens were tested
at room temperature in the longitudinal and transverse directions and com-
pared to smooth bar fatigue results. Fractured fretting fatigue specimens
were examined with the scanning electron microscope. Indications are that
no fretting or notch fatigue anisotropy exists for the transverse type
texture and specimen orientations examined. However, as expected, a sig-
nificant reduction of the fatigue life is displayed for specimens subjected
to fretting fatigue.j
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INTRODUCTION

The anisotropic behavior of titanium and its alloys has been investigated and re-
ported in a state-of-the-art report.' One of the most important discoveries in this
area has been the significant improvement and control of fatigue life with proper
utilization of crystallographic preferred orientation.2 ,3 The transfusion of this
research discovery could produce commercial applications which may ultimately improve
helicopter reliability and efficiency.4 ,5 However, fretting, a wear phenomenon, is
brought about when two contacting surfaces experience small relative movement with
resultant surface interface deterioration. 6 The process involves plastic deformation
and the initiation of microcracks. The combined action of fretting and fatigue results
in decreased fatigue strength and can be found in air, sea, and land vehicles and
countless other engineering structures.

The National Materials Advisory Board has recommended that research studies be
conducted to improve the understanding of fretting-initiated fatigue process with vari-
ous material parameters including texture.7  Since fretting fatigue is such an obvious
problem, and it has been established that crystallographic preferred orientation or
texturing can affect many material properties, it was the major concern of this program
to determine if any fretting fatigue-texturing relationship existed. Titanium was se-
lected for examination because of its affinity to texturing and its increasing utiliza-
tion in rotary and fixed wing design applications.

MATERIAL AND TEST PROCEDURE

The material examined was a Ti-4A1-4V nominal composition alloy in 1.5-inch-thick
plate form with a hardness of 25 HRC. Tensile properties, averaged for two tests, for
the longitudinal and transverse specimen orientations8 are given in Table I along with

Table 1. TENSILE PROPERTIES

Yield Strength Tensile
(psi) Strength Elon. E

Orientation 0.1% 0.2% (psi) (%) (psi)

Longitudinal 96,550 99,950 113,150 20.3 16.4 x 106

Transverse 115,300 117,750 123,250 18.5 18.7 x 106

CHEMICAL ANALYSES
(Weight Percent)

Al V 0 H N

4.18 4.11 0.134 0.007 0.018

I. LARSON, F. R., and ZARKADES, A. Properties of Textured 71tanium Alloys. Metals and Ceramics Information Centei, MCIC 74-20,
June 1974.

2. ZARKADES, A., and LARSON, F. R. Effect of Texture on Some Properties of Titanium. Army Materials and Mechanics Research Center,
AMMRC TN 73-7, May 1973.

3. SPURR, W. F., et al. Standardization of 7I-6AI-4V Pocessing Conditions. Boeing Commercial Airplane Company, AF33615-75-C-5176,
December 1976.

, 4. LUDTKA, G. M. HLH/ATC 71tanium Alloy 6AI-4V Leading Edge Material. Boeing Vertol Company, Report 7301-10246-1, September 1973.
S. KESSLER, H. D. Technology Forecast. ASM Metal Progress, v. !11, no. 1, January 1977, p. 36.
6. WATERHOUSE, R. B. Fretting Corrosion. Pergamon Press, New York, 1972.

* 7. Control of Fretting Fatigue. National Materials Advisory Board Committee on Control of Fretting-Initiated Fatigue, NMAB-333, 1977.
8. ZARKADES, A., and LARSON, F. R. Effect of Texture on the Charpy Impact Energy of Some itanium Alloy Rate. Army Materials and

Mechanics Rearch Center, AMMRC TR 72-21, June 1972.



the chemical analyses. Variation of other important properties with specimen orienta-
tion was reported for the same material in previous reports. 2,8 It was established that
anisotropy relative to toughness, creep stress rupture, stress corrosion cracking, and
fatigue does exist. The texture is illustrated in Figure 1 and indicates a very high
intensity of the (0002) poles fifteen degrees from the transverse direction.

The fretting fatigue specimen geometry was identical to that used in a Boeing-
AMNRC cooperative study and simulates the fundamental and common pin-joint utilized in
many structures and vehicles. 9 The pin-loaded flat type specimen is shown in Figure 2.
Specimens were machined from the rolling and transverse directions as indicated in
Figure 3, and had a theoretical stress concentration factor of Kt = 2.28. AISI 4340
steel (40-42 HRC) shoulder screws, nominal 1/8" x 1-3/4", were utilized as pins. New
pins were used with each specimen.

Notch fatigue specimen geometry with a theoretical stress concentration of Kt =
4.50, which is approximately twice that of the fretting sample, is shown in Figure 4.
Both longitudinal and transverse specimens were tested at room temperature at a fre-
quencY of 1800 rpm and a stress ratio, R 0.10.
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0 .so TO ' I

Figure 1. (0002) Pole figuve of 4AI-4V-H8839. Figure 2. Pin-ended fretting fatigue specimen.
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Figure 3. Schematic of specimen orientation. Figure 4. Notch fatigue specimen.

9. WI.IATC Titonium Materials E'aluation Program. Boeing Company. Vertol Division, Test Results Report T301-10168-1, March 1973.
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DISCUSSION

Fatigue results are plotted as conventional stress-cycles, SIN, curves. The trans-
verse results, Figure 5a, show a significant decrease in fretting fatigue strength when
compared to the smooth, or unfretted, strength of the material as previously reported.

1 ,2

The strength reduction ranges from 55 percent at the high stress-low life area to 75
percent at 10 7 cycles. In Figure 5b the longitudinal fretting specimens show a 75
percent degradation of fatigue life along the entire curve. In fact, the reduction
0f fatigue life due to fretting is even more severe than that imposed by the notched
specimens with twice the stress concentration. Further examination of data reveals no
anisotropy with regard to LT, LS, or TS, TL orientation. The isotropic behavior of the
notched and fretting fatigue life is clearly established and is especially evident when
compared to the anisotropic behavior of the smooth fatigue results.1, 2 This insensi-
tivity of the notched and fretting fatigue life to texture indicates, as previously
reported, that the effect of texture is demonstrated as an influence upon crack nuclea-
tion rather than crack propagation.
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Fractured test specimens representative of those examined are shown in Figure 6a.
Without exception, fracture occurred at one hole in the reduced area section. One reli-
able method of determining if failure is initiated by fretting is the observation of
tongue and chip of the material on the fractured surface. 6 This feature, enlarged in
Figure 6b is a result of fatigue cracks which initially run obliquely to the fretting
area and then continue to propagate at right angles to the stress directions.

6

Examination of the pin, pinhole, and fracture surface was conducted on the scan-
ning electron microscope (SEM). Fracture origin sites were found to be inside the pin-
hole and occur at either one site, Figure 7a, or multiple sites as in Figure 7b. Closer
examination of the pinhole area revealed characteristic fretting fatigue surface damage.
Cavities or scars, as shown in Figure 8, were found with fatigue cracks emanating or
passing through the damaged area.

The typical condition of the steel pins taken from the fractured specimens is

shown in Figure 9a. Examination of the damaged area revealed fretting debris and mate-
rial in plate form as shown in Figure 9b. This exfoliation is characteristic of fret-
ting, especially for a sphere on a flat.

'I

Tongue

Chip

2 3

(b)

(a)

Figure 6. LT fretting fatigue specimens (a) showing enlargement of fracture surface (b).
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Figure 7. 0 Fracture origin sites. Mag. 8.5X

Fracture

Surface

Pinhole

a. Mag. 650X

Fracture

Surface

Pinhole

b. Mag. 1300X

Figure 8. Fatigue cracks emanating or passing through fretting damage in pinhole.
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(b) Mag. 750X

INCHES.

(a)

Figure 9. Steel shoulder screw pin.

CONCLUS IONS

Results have indicated that the effect of crystallographic preferred orientation

on the notched specimens and fretting fatigue life is minimal. Round notched fatigue
and flat titanium specimens, steel pin loaded, were tested in the longitudinal and

transverse directions. No anisotropy was observed. However, comparison of fretted
with unfretted samples indicated a significant strength reduction factor of four or a

75 percent reduction of the smooth fatigue life. It is clear there is a serious re-

duction of strength of titanium from fretting when combined with fatigue, and appropri-

ate action needs to be taken to minimize the deleterious condition by improved design,
lubrication, surface treatments, etc.

6

d- . W* -- A.'~- -



DISTRIBUTION LIST

No. of
Copies To

I Office of the Under Secretary of Defense for Research and Engineering,
The Pentagon, Washington, D. C. 20301

12 Commander, Defense Technical Information Center, Cameron Station,
Building 5, 5010 Duke Street, Alexandria, Virginia 22314

1 Metals and Ceramics Information Center, Battelle Columbus Laboratories,
SOS King Avenue, Columbus, Ohio 43201

Deputy Chief of Staff, Research, Development, and Acquisition,
Headquarters, Department of the Army, Washington, D. C. 20310

1 ATFN: DAMA-ARZ

Commander, Army Research Office, P. 0. Box 12211, Research
Triangle Park, North Carolina 27709

1 ATFN: Information Processing Office

Commander, U. S. Army Materiel Development and Readiness Command,
5001 Eisenhower Avenue, Alexandria, Virginia 22333

1 ATTN: DRCLDC

Commander, U. S. Army Materiel Systems Analysis Activity,
Aberdeen Proving Ground, Maryland 21005

1 ATTN: DRXSY-MP, H. Cohen

Commander, U. S. Army Electronics Research and Development Command,
Fort Monmouth, New Jersey 07703

1 ATfN: DELSD-L
1 DELSD-E

Commander, U. S. Army Missile Command, Redstone Arsenal, Alabama 35809
1 ATTN: DRSMI-RKP, J. Wright, Bldg. 7574
4 DRSMI-TB, Redstone Scientific Information Center
1 Technical Library

Commander, U. S. Army Armament Research and Development Command,
Dover, New Jersey 07801

2 AI N: Technical Library
1 DRDAR-SCM, J. D. Corrie
I DRDAR-QAC-E
I DRDAR-LCA, Mr. Harry E. Pebly, Jr., PLASTEC, Director

Commander, U. S. Army Natick Research and Development Command,
Natick, Massachusetts 01760

1 ATT'N: Technical Library

Commander, U. S. Army Satellite Communications Agency,
Fort Monmouth, New Jersey 07703

1 ATTN: Technical Document Center



No. of
Copies To

Commander, U. S. Army Tank-Automotive Research and Development Command,
Warren, Michigan 48090

2 ATTN: DRDTA-UL, Technical Library

Commander, White Sands Missile Range, New Mexico 88002
1 ATrN: STEWS-WS-VT

Commander, Dugway Proving Ground, Dugway, Utah 84022
1 ATTN: Technical Library, Technical Information Division

Commander, Harry Diamond Laboratories, 2800 Powder Mill Road,
Adelphi, Maryland 20783

1 ATN: Technical Information Office

Director, U. S. Army Ballistic Research Laboratory, Aberdeen Proving Ground,
Maryland 21005

1 ATTN: DRDAR-TSB-S (STINFO)

Commander, U. S. Army Foreign Science and Technology Center,
220 7th Street, N. E., Charlottesville, Virginia 22901

1 ATTN: Military Tech, Mr. Marley

Director, Eustis Directorate, U. S. Army Air Mobility Research and
Development Laboratory, Fort Eustis, Virginia 23604

1 ATTN: Mr. J. Robinson, DAVDL-E-MOS (AVRADCOM)

U. S. Army Aviation Training Library, Fort Rucker, Alabama 36360
1 ATTN: Building 5906-5907

Commander, U. S. Army Environmental Hygiene Agency, Edgewood Arsenal,
Maryland 21010

1 ATTN: Chief, Library Branch

Commandant, U. S. Army Quartermaster School, Fort Lee, Virginia 23801
1 ATTN: Quartermaster School Library

Naval Research Laboratory, Washington, D. C. 20375
1 ATTN: Dr. J. M. Krafft - Code 5830
2 Dr. G. R. Yoder - Code 6384

Chief of Naval Research, Arlington, Virginia 22217
1 ATTN: Code 471

Commander, U. S. Air Force Wright Aeronautical Laboratories, Wright-
Patterson Air Force Base, Ohio 45433

2 ATTN: AFWAL/MLSE, E. Morrissey
1 AFWAL/MLC
1 AFWAL/MLLP, D. M. Forney, Jr.
1 AFWAL/MLBC, Mr. Stanley Schulman



No. of
Copies To

National Aeronautics and Space Administration, Washington, D. C. 20546
1 ATTN: Mr. B. G. Achhammer
1 Mr. G. C. Deutsch - Code RW

National Aeronautics and Space Administration, Marshall Space Flight
Center, Huntsville, Alabama 35812

1 ATTN: R. J. Schwinghammer, EHO1, Dir, M&P Lab
1 Mr. W. A. Wilson, EH41, Bldg. 4612

1 Ship Research Committee, Maritime Transportation Research Board, National
Research Council, 2101 Constitution Ave., N. W., Washington, D. C. 20418

1 Librarian, Materials Sciences Corporation, Blue Bell Campus, Merion Towle
House, Blue Bell, Pennsylvania 19422

Wyman-Gordon Company, Worcester, Massachusetts 01601

1 AT'N: Technical Library

Lockheed-Georgia Company, 86 South Cobb Drive, Marietta, Georgia 30063
1 ATTN: Materials and Processes Engineering Dept. 71-11, Zone 54

General Dynamics, Convair Aerospace Division, P.O. Box 748,
Fort Worth, Texas 76101

1 ATTN: Mfg. Engineering Technical Library

1 Mechanical Properties Data Center, Belfour Stulen Inc.,
13917 W. Bay Shore Drive, Traverse City, Michigan 49684

I Dr. Robert S. Shane, Shane Associates, Inc., 7821 Carrleigh Parkway,
Springfield, Virginia 22152

1 Mr. R. J. Zentner, EAI Corporation, 198 Thomas Johnson Drive, Suite 16,
Frederick, Maryland 21701

Director, Army Materials and Mechanics Research Center,
Watertown, Massachusetts 02172

2 ATTN: DRXMR-PL
1 Author


