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Abstract  The frequency dependency of the Rayleigh surface wave was investigated indirectly by measuring the angular
dependency of the backward radiation of the incident ultrasonic wave in the abrasion specimens, which was explained in
view of the residual stress distribution. The peak intensity of the backward radiation profile decreased and the right half
width of the profile increased with an increase of the variational rate of residual stress for the scuffing specimen. The
peak intensity was also affected by the surface wave scattering during the propagation around the micro-damages. The
peak angle might depend on not only the amount of residual stress but also the micro-structure. The result observed in
this study demonstrates the high potential of the backward radiated ultrasound as a tool for the nondestructive evaluation
of the subsurface gradients of materials.

Keywords: SAW, backward radiation, residual stress distribution, micro-defect

1. 2 EBAY BRs] FFE JFesiti23] 5 247
AEEH 2535 AATTE B dATCIA B2
#dda] EEEdve oo Wl AeHes Aadke JF REAR o) st 28E ®use] gt o
H9E Bold Bug we dsd. ®Este] 2R U ez dl AN Wk s gl T &
Avele & T Fxou(l] wiekd ®dse] A%SE gurt HEckes FHEAE AU HIT o] ¢
e BEAY & sPgoluld Hold wWE BAWE  EBAE o &3 AH EEXYY vATzd 9% 477t
(gradients)ll &l3f] BRE HFL Foped whlgizie i ub] Buide 2298 ARSI FEEAE 239
Z ool we 249ET gle A9 U §xt 0 9o dA gEHeasd REH 28T $29 F3
Fopel &J&dhn o] Fo & (dispersion) 227 H & 249 F7Pt A=s el

(HS 2001 10. 29) = T2 AA =} HEUista &2 83 (Department of Physics, Andong National University, Andong
760-749) sdkwon@andong.ackr ** RATANTRE I A TSR



47, o1 %A

194 A4Y, aM5
&2 Aol vnyEeg sk ZAesE YRR 2

A2 Boundary Lubrication) Z7904 Z-531A Fr}. o]
Hqgk 7)A QA FHES upged 93] HAHoF &4
gt olue} 2~ (scuffing)olel sh= dlAds7] of
Az A 2AE-E vug 299 743
AP g Foted, YW o nlaEe) Fibe}
o] AolA= 4L Fuksic7]. o]l FHnY
AEol7|(break-in) #-gel o5l AT 4 =
Eol7 (break-in) ¥ 7HEE 2L BTl F3A=5H

FIAIF17) 18l Aekgat Agola] 44 ARt vy
Fasks 0% HEo7|d ZHE w3sH sk
oM E FHo] A gha Frgo
H WHo| A& A3l HrtEs nskEg
FE = vhn7 “H-‘?—EJL #3L 20“}1

o

v o e

o B
rlo

N

Mo to
M oox rEorm r-[o il

ol
ol
m{o v

ey
°2i
i
T
o
- l r
=

N

2 AYelAE oy 133w 94E nng Agol
F3E AISI 1045 7 wtEAJHo| dis) $HEAL =294y
o Bz, A, E aga BAlse] 29
33 XA A ow 2Ry AE
ZAte] PhEAHe] AR BE uATE aea vl
Alddel Mg e BrkEE e HeEE vied A
He A =R

2. 4

1o

ufRAIH e R E AE 60mm, 4 9mme] AISI 1045
7 A¥Y=aE o)&Elem, ool FuAEAM Ho
6mm, AE 6mme] AISI 52100 2 9FF ARGt} o
Eo] F &l 3] 1 AdefolA “cyhnder—on*dlsk”
Hefo] gHE ﬂ}ﬂe”é’%’g Tt on ol il A
o] Qlo] &d mAH Al
tl(Fig. 1) wng A¥2AL Table 13 2u} XA 34

(Failed)ell ©]27] A&l F3= ulﬂ%.q t&%@f‘ﬂ—c’— *71%

= =4
o2} FET. FRAD Ao AR NBF AL Agol

7] & (with break-in) 1360 AlelZe] AA1FE 31 AR
ojn} By ZEc]7] 3 F(with break-in) 10880 Alo|&e]
27 o2 FERA(Faled)o] < A1 AlA J2]3 C

= 4Eo7)E 3x] ¥al(without break-in) 1360 AlelF
9] 7oz vERAY(Faled)o] A2 AJHo ),
HAMZ o) BAEER Wahe 229 A A2HE
ARESE] Edpo] @zl AR digk Al dAkzh
Q&AL 29} ATMHz T4 B 22t 9
AR QAL mlEAlE g4 vlRAAE FEEte] Sope
Bitgo] AHEEIUT Fig. 28 BEYH 289 54 A

ele] ol

Table 1 Normal load history used for scuffing test
and break-in process

) Normal Load
Rotating
. Increase )
speed Initial Final
rate
Break-in || 93 rpm 100N 50N/10min | 200N
Scuffing || 136 rom 730N

Normal Load

2

Disk
Rotation

Fig. 1 Cylinder-on—disk type friction test
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Fig. 2 Schematic measurement system of ultrasonic
backscattering by an averaging method
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ig. 3 Comparison of backward radiations of scuffing
specimens(A: After 1360 cycles with break-in, B:
After 10880 cycles with break-in) C: After 1360
cycles

S 99, Af B BRI} TAE AL 89, A0
A Fos % 7, L5 5} agyeler st 2 a7

N
dAE Fue ddEH A8 FFE Wol BE
F9lle AL vad JREA Fe 2%
2R 2717y 3Rarie] deine £ 2E8F
F(Half Width)& F9EAY o2 A8519H:

Fig. 4 o B3 XA 3FE o868 FAopggeze
AFeY EEE BH HolUFes [FRY WP} 7}
A% Ro] NE Coln AW B, AH A9 ¢£22 W

R

Y

7t Fth Fig. 5ol Z AlHdA 48 $38A AF
Residual stress, MPa
-320 =220 -120 -20
r —6 0
~ &
-{ 10 &
=
~| 15 é
~| 20 &
+1360 cydles | 2%
30
@
Residual stress, MPa
=320 ~220 -120 -20
- — & 0
- 5
- 10 §
— 15 -}’3
- 20 ©
* Fail ~10880 cycles —| 25
30
{b)
Residual siress, MPa
-320 -220 120 -20
r T & 0
- 5
—-| 10 &
- 15 §
(3
—| 20 O
* Fall +1360 cycles —| 2%
30

(c)

Fig. 4 Residual siress distribution, (@) Specimen 1360 cycles
with break-in, (b} Specimen B after 10880 cycles with
break-in, Failed, () Specimen C after 1360 cycles
without break-in, Failed
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Fig. 5 Comparison between the peak intensity and
half width of the backward radiation
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