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Dual-rotary fretting wear behavior of 7075 aluminium alloy under
VG46 oil-lubricated condition
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Abstract: The dual-rotary fretting wear behaviors of 7075 aluminium alloy flats against GCr15 steel ball in VG46 oil
were studied under various tilt angles and angular displacement amplitudes. The kinetic behaviors of the dual-rotary
fretting of 7075A1/GCr15 contact pairs were analyzed. The fretting scars surface damages, cross-section morphologies
and wear mechanisms were characterized through optical microscope (OM) and scanning electrical microscope (SEM),
and the wear volume was measured by dual mode surface profilometer. The results show that the oil has significant effect
on the fretting running characteristics and the damage mechanisms, the fretting running condition can be obviously
changed by oil media. With the increase of the tilt angles, the mixed fretting regime gradually decreases or even
disappears completely. In addition, the lubricating properties are also strongly dependent upon the fretting running
regimes. In partial slip regime (PSR), the micro-slip only occurs in the contact edge, and the lubricating oil has a very
small influence on the fretting damage. In mixed fretting regime (MFR), the oil can easily penetrate into the micro-cracks
on the surface and promote the propagation of cracks. In slip regime (SR), the lubricating oil can effectively mitigate
DRF damage, because the oil can penetrate into the contact interface and form a lubricant film.
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Table 1 Chemical compositions and mechanical properties of test materials
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Fig. 1 Schematic diagram of dual-rotary fretting test rig: 1—
Base platform; 2—Sleeve of motor system; 3—Rotation axis;
4—Lower holder; 5—Ball specimen; 6—6-D sensor; 7—
Vertical positioning system; 8—Lateral positioning system; 9—
Upper holder; 10— Flat specimen; 11 — Lubricant; 12—
Container; 13—Low-speed reciprocating rotary motor system;
14—Locating screw
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Mass fraction/%

Mechanical property

Material

Si C Fe Mn Mg Cr Zn Cu o/MPa o,/MPa  E/GPa  Hardness, HV
7075Al 0.4 - 0.5 0.3 2.2 0.26 6.7 1.8 502 524 72 60
GCrl5 0.25 1.00 - 0.30 - 1.50 - - 1 700 2 000 210 870




360 A G A R 2014 42 J
16 16 16 16

Z Cl@n= < lo)N=10 < T©N-100 < " [@n=1000

g2 8 2 8r 2 8 2 8r

o ] =] ]

= o = o;ﬁjj;;;7 2 0;45;;;57 < 0;4¢£;;77

S 8 S S

S -8t S -8 S -8F S 87

- — - —

-16 SR ~-16 ' ~-16 ' =-16 :
-04-02 0 02 04 0402 0 02 04 0402 0 02 04 0402 0 02 04
Angular displacement/(*) Angular displacement/(°) Angular displacement/(*) Angular displacement/(°)
16 16 16 16

Z e N1 Z [ N=10 Z °l(@ N=100 Z "°(h) N=1000

S 8r S 8 S 8r S 8r

< < S =

g Or = Or = Or = Or

2 2 2 g

S -8 S -8 S -8 S -8r

~-16 : elel— il [/ I (il (/| LA —
“08-04 0 04 08 -0.8-04 0 04 038 -08-04 0 04 08 -08-04 0 04 038
Angular displacement/(°) Angular displacement/(°) Angular displacement/(°) Angular displacement/(°)
16 16— 16 16

< [ < lGn=10 Z T N=100 Z T N=1000

2 8r o 8 o 8 S 8t

< < < <

= of = of = of s o~

2 2 = 2

S -8 S -8 S -8 S -8r

= = _16 = =

6 L L L L L
-1.0-0.5 0 0.5 1.0

Angular displacement/(°)
2 AFEEA BN AR IR T K F—
Fig.2 F—

), (g), (h) 6=0.75% (1), (j), (k), (1) 6=1.0°

0 11k (a=20°)

TEPR IR AR IR F—6 #hk.

ME 2 FTRUEH, 4 6=0.375°1F, ARG RS
N F—0 2ty AL G RO B, s I fid
T AR E 3h 12 22 s VAR TE DR SE G, BlshisqT
T #4315 X (Partial slip regime, PSR). 24 6=0.75°HY,
FEZ 100 RS IE F—6 ek 14T LI
L R e 1R Bl S B N A K T 67 e e
£ X (Mixed fretting regime, MFR),

W& AR A 0=1.0°5, Jifi F—6 ith
ety B AT YA TR Y, % fid ST AL T 58 A T AR
A, BEWsEhIE T iR X (Slip regime, SR). {HEET
AT, MERSHCF e TR G X, &
AW TE I e W] B SR B IS A T X e

2.2 fWEhiEiTLRE

HAE 3R A4 ] AAS B WIS T S A1
BisAT LOLHE (LK 3). Wil 3 P, 5T
T TR AN T B G X AN AR}
)%, PSR/MFR Al MFR/SR ({3 %3] i) MFR {2
) R A N, PSR/MFR Al MFR/SR (i1
SN IR T M) . X EEIE TR
(R BTRHA BERTA AL RS IRAE 1, 1Eh 228 o wi
il TP VEh A DUASE N Ak DX P LA A X LT

-16L: n . . .
-1.0-05 0 0.5 1.0
Angular displacement/(°)

(] ——
-1.0-05 0 0.5 1.0
Angular displacement/(°)

[ E ——
-1.0-05 0 0.5 1.0
Angular displacement/(°)

0 curves under different cycle numbers (&) and angular displacement amplitudes at a=20°: (a), (b), (c), (d) 6=0.375°; (e),

BB P> T AR R R R, AT 5
T ERMRE . T R R R,
DU ) BT 2 S K. T R 8 R R £ kA
PRI, ) FEZ ) sy, — il
TS ST 5025 2 T PR (R e i s, AT A 2
AR TR IBY N F7, AHXTIE B BN oy N e A
WA AEAFIR IS, 9Ms) E B2 3 i i,
RA X B ERN, L2 IR a=60°LL F 7
T 2 R IR X SEA T K

90+ o
60 o

)

%)
[}
©]

20+ o

Tilt angle/(°

10

T
O

025 | 05 075101520 30 5.0
0.375 0.625 1.25
Angular displacement/(°)
3 S S HEha T Lol E
Fig. 3 Running condition fretting map under dual-rotary
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Fig. 4 Evolution curves of Fi/F, as function of cycle number

under varied angular displacement amplitudes
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Fig. 5 Optical micrographs of wear scar in PSR at a=20°,
6=0.5° and N=1 000
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Fig. 6 SEM images of wear scar in MFR at a=10°, =0.5° and N=100 000

Bl7 a=40°, 6=0.5°H1 N=100 000 &} ik D B SR 1M Al ifi SEM &
Fig. 7 SEM images of wear scar in MFR at a=40°, =0.5° and N=100 000
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Fig. 8 Evolutions of wear volume as function of tilt angle at
6=2.0° and N=1 000
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