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Abstract

The purpose of this study is to establish a measurement and evaluation method of dual
acoustic emission (AE) sensing that uses two AE sensors to simultaneously measure the
tribological characteristics of each two friction materials in real time. In this experiment, for in
situ measurement and evaluation of the wear process of silver plating, AE sensors were attached
to both silver plated pin and plate specimens, and the AE signals were measured simultaneously
in a pin-on-plate-type reciprocal sliding tester. As a result, it was found that the change of
AE signal can be classified into three phases. From surface observation and energy-dispersive
X-ray spectroscopy analysis, it was confirmed that the wear of the silver plating layer progressed
in Phase I, and the nickel intermediate layer was exposed and the wear of nickel progressed
in Phase II. Also, the contact electrical resistance increased and the copper underlayer was
exposed in Phase III. In summary, it was found that there is a possibility that the wear process
of the silver plating layer, which cannot be identified from the changes in frictional resistance
and contact electric resistance, can be recognized from the changes in AE signals. Furthermore,
it was found that the change in the wear state of both specimens can be identified from the
difference in the amplitude of the AE signals and the timing of their detection.

Key Words: tribology, acoustic emission (AE), metal plating, sliding friction,

wear mode analysis
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Fig. 1 Appearance of the experimental setup.

Table 1 Summary of the AE measuring condition

AE sensors
(Frequency band)

Wideband-type
(0.5-4.0 MHz)

AE amplification factor 90 dB

HPF: 50~100 kHz

AE band-pass filter LPF: Through
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Fig. 2 Schematic diagram of the experimental setup and the measuring system.

Table 2 Summary of the specimens and sliding
condition

Gloss silver plating
(R 1.5 mm embossed
sheet, t 0.64 mm)

Indent specimen

Gloss silver plating
(t 0.64 mm)

Base specimen 40 mm

20 mm

Composition of plating
layer

Normal load, W 2.0~3.0N
Sliding velocity, v 100~200 mm/min
Sliding stroke S mm

Number of

. . ~ 150 times (repeated)
reciprocating, n

at room temperature, in
open air, under
unlubricated condition

Atmosphere

EE5DAE N5 O N{ESD AE HIE
A9 dAB &L, /A XBREDHMTS50~100
kHz DN INA T 4 )V A B ZAT 5 2.

£ 213, SRR U 2B O R & B
thThHs. B OBRIT, ZEBIK R=15
mm) NI RAMTINSEA T2 MikrA
EWRDONR =2l TH D, WINHRE
0.64 mm T O, HFHM LICHIGR=v IV
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Sum) MEINTWD. 2B, —EHOFERKRIC
BT, ZERIKR =1.0 mm, H/E0.2 mm,
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7z.

3. RRERBLUHRE

3.1 RO->EEBO—EDEFIBIE

BANC, AEERBRICBIT2ED - ERED—
HOEREREZMEIT 5. K313, 50 EOE
HIRE R (R ->EEA 1 um 2H) T
SN EEMEBELIETIOZLTHS. =
2T, BB K OSSO E )
KEOFEEEEREBL, TNETNEREERT



HETRRPT

JOv L TWA. BEEINL, EERERERIC
—IFRYIHM L, ¥R CADOMEERETE T
LTw<. U, #EBEE 30 [AHEN S -
FLTW ZENDONS. BT 9
RUADEETEKFL TV, BEEANES
92 A1 OFEENEEL 25 BIAHENS ERLTNWS
ZENDINS.

B4 4 1%, 50 [EI7E1E B 12 O Wl Bk - D FERE
T DOUEMBEBIRE R TH 5. 2 OBIRHEEN S,

6
oy
E 4
& 2 -
‘E 0 i i i i
E o2

-4
14
E 2
El
08
gos6
§ 0.4 = g0ing
£02 == returning |
U 0 1 1 1 1

0 10 20 30 40 50

Number of reciprocating, times

Fig. 3 Changes in the friction force and the electrical
contact resistance (t 0.2 mm, Ag plating 1 um,
W=3.0 N, v=100 mm/min).
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Fig. 4 Micrographs of the worn surface for base (left)
and indent (right) specimens (t 0.2 mm, Ag
plating 1 um, W=3.0 N, v=100 mm/min, n=
50 times).

Fig. 5 Micrographs of the wear particles collected

after the experiment.
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Fig. 6 Changes in the friction force and the electrical
contact resistance (t 0.64 mm, Ag plating 5 pm,
W=3.0 N, v=200 mm/min).
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Fig. 7 Change in the AE mean amplitude value mea-
sured by the base side AE sensor corresponding
to the experimental data in Fig. 6 (HPF: 100
kHz).
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Fig. 8 Micrographs of the worn surface for base (left)
and indent (right) specimens (t 0.64 mm, Ag
plating 5 um, W=3.0 N, v=200 mm/min, n=
100 times).
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Fig. 9 Changes in the friction force and the electrical
contact resistance (t 0.2 mm, Ag plating 1 um,
W=3.0 N, v=200 mm/min).
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Fig. 10 Change in the AE mean amplitude value
measured by the base side AE sensor corre-
sponding to the experimental data in Fig. 9
(HPF: 100 kHz).
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Fig. 11 Micrographs of the worn surface for base (left)
and indent (right) specimens (t 0.2 mm, Ag
plating 1 um, W=3.0 N, v=200 mm/min, n=
50 times).
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Fig. 12 Change in the AE mean amplitude value
measured by the indent side AE sensor (t 0.2
mm, Ag plating 1 um, W=3.0 N, v=100
mm/min, n=50 times, HPF: 100 kHz).
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Fig. 13 Micrographs of the worn surface for indent
specimens corresponding to the experimental
data in Fig. 12(a) and (b).
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Fig. 14 Changes in the frictional force, contact electrical resistance and AE signals for the three phases of
wear (t 0.64 mm, Ag plating 5 pm, W =3.0 N, v =200 mm/min, HPF: 50 kHz).
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Fig. 15 Elemental mapping images by EDS analysis for the worn surfaces of the base specimens obtained at

(a) phase 1 and (b) phase 1.
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