290 g & 77 M (1991) % 2 7

© 1991 1ISLJ
1111111111111

X
- ol
111111111111111111

Ti-6A1-4V 54D T L v 5 4 ¥ FIEFTREEC
KT RERBRIE O 25

Jull gt - fE HET? . iR B=T2

Effect of Testing Environments on Fretting Fatigue
Strength of Ti-6Al1-4V

Norio MARUYAMA, Masae SUMITA and Kozo NAKAZAWA

Synopsis :

The analysis of factors controlling fretting fatigue life has been tried using a Ti-6Al-4V alloy under a
number of environments. The failure mechanism of fretting fatigue was related to friction force and the
environments.

At a contact pressure of 50 MPa in air and argon, “elastic slip” arose between the pad and the contacting
surface and the main crack was initiated at the outer area of the contacting surface.

At a contact pressure of 50 MPa under liquid environments such as pure water, synthetic sea water,
CH,;O0H, and LiCl-CH;OH, and ‘at a contact pressure of 20 MPa in air, “macro slip” arose and the main
crack was initiated at the middle area of the contacting surface. The fretting fatigue life in synthetic sea
water or CH;OH from which the effect of friction force was eliminated was the same as that in air. The
life in pure water, however, was longer and the life in LiCl-CH30H was shorter, compared with the life in
air. It seemed that the former was caused by the removal of micro carcks due to wear particles in fretting
and the latter was caused by the stress concentration due to the adhesion of wear debris to the contacting
surface.

Key words : fretting fatigue ; Ti-6Al-4V ; in air; in pure water ; in LiCl-CH;0H ; elastic slip ; macro slip.
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Table 1. Mechanical properties.
0.2%P. S. (MPa) T.S.(MPa) EL (%) R A (%)
1006 1104 14.5 29.5

KB X BEIRABEAE R % Table 1 1R T.
2:2 LyFqs U EFER

(1)7Vv 54y 7ERFRBR BV FORKIE
WY I LD TEKT A,

(2)REBHE : £10t OBAMERE 5k BRI L H v
720 2%y KO I REBAEAR R O HIE B A 5 5 L
Joo Tl T4y SR RBIIIIEY LRKTH .

(3)ARABREREB LUy FEME I 0FT 2 1) —#K
THHEL 7% 7t b o TR L 72, RERFPIZBIT B¢y
F & SRERF R 0 BEHE S 1/ o B ARULEREINE B - 72 O F
AT =T XKDz %y PR L RERT oM~
D PRl LR 2 NEMB O 2 Vb CIlE L 7

(4 )% LIS T4R1IE : 200 MPa % B v 7z,
D IRIE 24 20 pm TH 5.

(5 )/ R=0.1 & L7-. (#fi®E)

(6 )48 L#RE - 1Hz 83X U 20Hz & L7,

(TSR : 4 v dex A7,

(8)/%y FHMETEIIT : 7L v 7 4 v ZERRERICB T
BEAFFIES pid 20 B X 50 MPa % 7=,

(9)RE

(HEAKER

Gi) NTEK (# 28°C, Ze/RBafl)

(iii) 4 A+ K (# 28°C, =& Maf)

(iv)CH3OH (#y 28°C, Z=4&ifafn)

(v)0.6 M LiCI-CH30H (%) 28°C, ZERfafl) +4 ~
BEORMIIABEBEE A ER L 2V EEZ SN DBE
THh 5o,

(vi)7 VT > (H,O 40~50 ppm)

(IO)BAEB LTV v 7 4 v FEEBIE ¥ FAMEE
B L OREIRAIE 25 % F V72,

3. &= R

3-1 EZERETOEREY
FEABIL TIARIE f K LB N & &b ic&mt

AH%, N=2000~3000 CTHBAIL, 3IT—FIlRBDT,
fid N=3000 TsROSR TV,

f=up THH00, fAOREOEE T u ~DOBEE
DEBLFEILTHA. 22T u IBEREHTHS.

(1)EEBRE & I HIRNE & DR

p EIRTIRNE o, £ OBfR% Fig. 1a) 8L U b) IR
T.ouid o, L EBIENTEY, BB o, T—FIIhD.

iSRS e BN

Relative Slip Amplitude , um
0 10 20 30
T T T —

=
[54]

!

' p=50 MPa {=20Hz (a)

(=]
|
£
Q
-
1]
=

'V CH40H o
ALICI-CHOH _~ g ——o—"0
I/S/O"'"—O
%7“‘9/ —
I | 1 1 !
50 100 150 200 250 300
Stress Amplitude , MPa

o
o

) N S N OO O T (S T T Y

1T rrrrr

Friction Coefficient, pu

o
o

Relative Slip Amplitude , um
0 : 10 20 30
T ]

T

bt
(3

- O Ar
[ @ Air
- O0S.S.W.
| mWater
L VCH30H
- A LiCl-CH30H

" p=150MPa f=20Hz (b)

=)

o
o

I T U Y YO T T S U1

T 1T 7T T 11

Friction Coefficient , p

o
o

B
—
,/ﬂ§é§$::%L~f

L
50 100 150 200 250 300
Stress Amplitude , MPa

a) At a contact pressure of 50 MPa
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Fig. 1. Friction coefficient as a function of stress
amplitude in various environments.
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Fig. 2. Friction coefficient as a function of con- Fig. 3. Friction coefficient as a function of con-
tact pressure at a frequency of 20 Hz. tact pressure in various environments.
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Fig. 4. The fretting fatigue life in various en-
vironments.
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Photo. 1. Fretted surface.
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Fig. 6. Fretted surface.
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Fig. 7. Stress amplitude and friction stress am-

plitude as a function of cycles to failure in air.
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Fig. 8. Stress amplitude and friction stress am-
plitude as a function of cycles to failure in various
environments.
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BTOI7V T4 2 ZEFHGOEIEETLLEEZD
na5.

()R LA ANLEKRSD da/dN & KEH D da/dN
DHE L do/dN PEBVHEBTOAH SN LD THER
BETD7 VT 4 v FEFHFMICERLTVS LIIER
Sy, EEGEHK (Fig la) 8) 83X MR O
MYk (Fig. 6a) 8 XU Fig. 9b)) B WBEHET CH
PLTVSE., CHHOBRICIYWEETOIL » 7 4
v ESFHIBERCICZ 20D EBbRA.

5 & E

Ti-6Al-4V &4+ HWC 6 EEOBETT7 L v

4 Y TERREY T, BEOTL v T4 v UERR

WICRIFTEEIIDVWTHKRE L., fREXRDELDT
Hb.

(1 )I5/73R0E 200 MPa, (A3~ 4R0E 20 um) /¢ »
FHAIFH SOMPa i2BIFA 7L v 714 ¥ RS Hen
&, KR, 7 v Ty, ANL#K, #iK, LiCl-CH;0H #
TAELAHERAS LV, LA L CH;OH fiCidflio
EE R THE@GREY.

(2)3F xWREEMPTIE Macro slip ¥4 L5546, /%
NI 9 ER A &, Elastic slip # 4 L A%4, /%y
FHERMEARESTdH B. % LT Macro slip 1 p 29K\
FEF L TRARREL D RARRET TAEL LT V.

(3)BEH (BIBARK) wMikd, ATHEKPBXLY
K&AH, 7NV T i, CH;OH, %0 LiCl-CH;0H
DWEIZNE L 2 B, '

(AR HOEBE BRI LTV vy T 14 v PSS He
(BEEEBABLTOREDO 7 Ly 7 1 ¥ VEH B~
DEBLHIBRESNTVDL T L v 74 ¥ I FHE) &
ANTHAFBLOT VT v TRAT LEIBIZALTH
A, L2L, Cho0HFMFIIENTHATTREL,
LiCl-CH,OH # ¢34\, 2 O 20 Hz 1o~ T
1Hz ICBVWTHEETH D,
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(5 A)ZBWTHARTIV v 57 4 ¥ FEHFHGH

Bty FEMEICAELS I 7 a0 S8PEFEICXY
Ml shs7-0TH%b. —F, LiICI-CH;OH T7 L v
T4 ¥ PEHEGVEGDIR, FBET T A RBEEE
EAMMOBETEDZNICHNTEN S & B L BN
DEFICIDIZubIRECLBBIENEFD DL
EZbNB.
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