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Abstract

All the failure in fatigue of torsion, bending and rolling contact, and in sliding wear begins mostly from
surface. So much efforts have been invested to the surface technology which deal these problems during past
decades, but the industrial demand keeps growing and more significant requirements are added to researchers
and engineers. Nano crystal surface modification technology which makes the surface layers into nano
crystalline, induces big and deep compressive residual stress, increases surface hardness, improves surface
hardness, and make micro dimples structure on surface is an emerging technology which can break limits of
current surface technology and relieve the burden of researchers and engineers. In this study, a nano crystal
surface modification technology which is calling UNSM(UItrasonic nano crystal surface modification)
technology, is introduced and how it has been applied to industry to solve these failure problems is explained.

>

_t

i)
M2 B

=

Jr

frt

Al A2 Ul A 737sto]
o] o]&rh 4HEFFEHES HWT FUtshs
Shot Peening”]=o] o]23 5ol o|3t d=rgs 3
AN e 2 avE FEE Qs 4, Ak, i
AAdu] GollA AHgEe] ok mrg el FE
g Zlo] W} 2 45R-eE Y xS vAsEhRs
Zlo] FRIEHA o]F T3] A B 7|EE]
s giek 52Ue] Deep Rolling,® 1=-2] Laser

[o] =& 20089%= B4 2 HAFIFE EA%=
t)3](2008.6. 4.-5. AFEdE3E) FEE=F]
t A, 89, AEhsta /) A g
E-mail : pyoun@sunmoon.ac.kr
TEL : (041)530-2333 FAX : (041)530-2307
* ARt 7] AE s, 39, 930352
s (F)C AL 7L 7)) kel
S ke )

Shot Peening®#} Low Plasticity Burnishing,¥ %
2~2] Ultrasonic Shot Peening,(S) 9] Micro Shot
Peening® Sol MEA MiEE &Stk &
A v ol 53] e vlsEokdA 3
A7)1EAEe] G wipol 7 e &uhO

Hlojg, Adulold 3 Zo] Aess o
Ag-ee nEAITE Fole 3lo] Ve F
3oty RWAHY] PR HFE9
Hydrodynamic ©.2 ZthA]7]= Aol 2
Holdeh, eyt FHol= o &A54Q &
A7)l B E2WZF2 Surface Topography
5 WSAA AdAQl SE9FoA mtZ2ATE
=ol= Zlzol JNdEAL vk A AR}
t]AelZl  Cylinder Linero] 4-83%}= Surface
Texturing 7]%=0]al Z o= Laser 7]&2S o] &3
Texturing 71%¢] 7%= gict®

hdE FEY xS Yxegx2 JidE

2,



7 7

Pi=Pg+ Pay, P; : total contact load

Ps @ static load, Pgy : dynamic load (=Psin2xft)
Fig. 1 Mechanism of UNSM
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Fig. 3 Residual stress change with depth of SKD61
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Fig. 4 Residual stress change with depth of SUJ2
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Fig. 5 Residual stress change with depth of Ti(Grade5)
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Fig. 6 Residual stress of SUS304 after different
mechanical surface treatment
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Fig. 7 FWHM of SUS304 after different mechanical
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(a) Before UNSM (b) Micro dimples after UNSM
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Fig. 8 Surface topology of SUJ2
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Fig. 9 Sub-surface structure of SUJ2

Fig. 10 Near-surface hardness vs. depth profile of
SUJ2 after UNSM treatment
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Fig. 11 Vickers hardness depth profile of SUS304
after different mechanical surface treatment
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Table 1 Friction coefficient and Wear amount before
and after UNSM

UNSM Wear amount Friction
(mg) coefficient

Before 1.179 0.42

After

0.039 0.21-0.24
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Fig. 12 Friction coefficient before and after UNSM
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Fig. 13 Wear test (Pin-On-Disc: Dry)
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(a) Before UNSM (b) After UNSM

Fig. 14 Micro structure of severe plastic deformation

Fig. 15 Grain size miniaturization of the UNSM
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Fig. 18 S/N plot of SUS304 specimens fatigued at room
temperature in different surface treatment
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Table 2 Results of 6 ball type RCF testing

Test condition
Rotation
Load 5,400N 1,000rpm
speed
Ball size 3/8 inch, Lubrication Automatic
and No. 6pcs oil Transmission
Cycles to failure [Rev.(x200)]
Before After
31,903 128,446
UNSM UNSM
| 1=A4A=<5 J<LAL10 A= it
—— P - 1
== , == bt (61 +6)°

B;* Roughness of part

17 Minimum clearance

Friction Coefficient ()
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Bearing Characteristic
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Table 3 The effects of UNSM treatment

Effects of UNSM treatment Anticipated benefits

1) Improved LCF and HCF endurance limit
2) Improved rolling contact fatigue strength
3) Improved stress corrosion cracking
resistance

Deep compressive residual
stresses (Greater than 1000MPa
into depths of more than 2000 zm )

Micro dimples surface
(Area: 1-2 /m? Depth : sub
micron, Pattern pitch: few /m)

1) Reduced surface roughness
2) Decreased friction coefficient
3) Reduced wear rate

Increased hardness (into depths
of morethan 1500 /m )

1) Reduced wear rate
2) Improved LCF and HCF endurance limit

Nanocrystalline structure (Grain | 1) Increased tensile strength and hardness,
Sizes of 50-200 nm into depths of | 2) Increased fatigue strength,
100 /m) 3) Increased wear resistance
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