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Surface Roughness Based Characterization of Slip Band for
Damage Initiation
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ABSTRACT: To investigate surface roughness resulting from damage initiation of a Ni-base superalloy, and find out a most re-
levant roughness parameter that can extract the salient features of slip bands. The specimens of Waspaloy™ nickel based supe-
ralloy are mechanically polished, then chemically-etched and electro-polished respectively using standard metallographic tech-
niques to obtain two different surface states. The fatigue life is obtained by performing low-cycle fatigue tests. The surface
morphology and topographical features of fatigue-induced slip bands are investigated by the transmission electron microscope
(TEM) and 3D surface profiler.The most relevant roughness parameter for describing the fatigue-induced surface damage is

searched using the variance analysis integrated with the bootstrap method. The surface roughness S, (Surface arithmetic mean
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deviation) of electrolytic polishing and chemical etching the is 0.72 nm and 13.3 nm respectively, and the fatigue life of the

sample is 800 and 700 after chemical etching and electrochemical polishing. The difference of the increment of the arithmetic

mean height (AS,=S,(N)—S.(No)) is very small for both surface states, and AS, is exhibited to be monotonically increasing with

the number of cycles (&), the rate at which AS, is increased is found to decrease gradually especially when N>100. The elec-

tro-polished surface is found to be smoother compared to the chemically-etched one,which offers a slightly greater fatigue crack

initiation life. AS, does not depend on the surface preparation method and the surface roughness is increasing with AS,. Based on

a variance analysis integrated with the bootstrap method, the maximum peak height (S,) is shown to be the most relevant para-

meter enabling the discrimination of damaged and undamaged grains in slip bands.

KEY WORDS: surface roughness; slip bands; plastic deformation; damage initiation; WaspaloyTM superalloy
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Tab.1 Surface roughness parameters

Amplitude parameters Means
Sa Arithmetic mean height
Sq Root mean square height
Sku Kurtosis
Sk Skewness
S, Maximum height
Sp Maximum peak height
Sy Maximum pit height
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Fig.1 Evolution ofthe increment of the arithmetic mean height (AS,) versus the number of cycles (V)
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Fig.2 Deformation bands with paired dislocations in fatigued
specimens( Bright-field TEM micrographs)
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Fig.3 Classification order of the relevance of a roughness parameter to describe the salient feature of slip band associated with

crack initiation

K- RIEH, S, BBIIG TR, 80l 4T b, 1]
VAT P S SR AR T BT S R, R N A7
AT AN BR A N IT — A A IB I ARTE , DA HT o Bty
AR Fl e Y 8 >0.11 pm B, WC Il WE %
TR AT B4 405 SboRE o A AT 4% BAH & 3R 03, 1t
A0 05 S RLIE SRR 5 R RS TE G . BT 3b BT s
503 RL I ABE SR BE A A AR B, X R S, HAA
AR I B AT AR, 33 A AT A2 2 SRS T UL AL i)
JRy BB WOULZE AL C AT H ) RS R B[] )RR (A
SR ) T RSOV 2 #) N R B A Sy 5 v % 57
PO A FEE R, WG R EAE R i LA AR T
WIS A R S AR BTN 2 A 1R

RETERSEL S HEEBNOL, B 3¢ Wi fs doke
FAAGA bR A AL 38 85 B2 A B AN B, BLRH I
ZHRCRRE D o C B S RL AR B ok, DL S, AN
1A RAE A O RHE o
3 %Kit
1) Xt RAE MRS TE SR E (1 7 A AR TF RS 4L
18 FH 5 22 43 BT I A Bl R S, S5 R R R
TR KW S, RRMSE, RRUS R FRAE M R
JRi RSB AR S B R AR

2) REYUIRE WML 57 H i, Zoid Hifig
e Ak B B RHIE 55 75 i Lo A2 E IO GIRRE 19 A

3) MEZHAE S YR R B2 i (AS, ) FHZEAR/DN,
BN R W IR AT AS,, AS, B, TR o

EESEE

[1]  SURESH S. Fatigue of Materials|[M]. Seconded. Cam-
bridge: Cambridge University Press, 1998: 232-233.
Ko, 5P, 8, % Cu BRI B e
SR 4854, 2004, 40(5): 467-470.

ZHU Rong, LI Shou-xin, LI Yong, et al. Formation and

Annihilation of Persistent Slip Bands in Fatigued

(2]

[10]

[11]

[12]

Copper Single Crystals[J]. ACTA Metallurgic SINICA,
2004, 40(5): 467-470.

ESSMANN U, GOSELE U, MUGHRABI H. A Model
of Extrusions and Intrusions in Fatigued Metals I.
Point-defect Production and the Growth of Extru-
sions[J]. Philos Mag A, 1981(44): 405-426.
BASINSKI Z S, PASCUAL R, BASINSKI S J. Low
Amplitude Fatigue of Copper Single Crystals-1. The
Role of the Surface in Fatigue Failure[J]. Acta Metall,
1983(31): 591-602.

XPT, PR, BRER. [E7 A508-3 YR J7
PEREWTFE(T]. LT BERHEHOR, 2014, 48(1): 127-133.
LIU Zhe, TONG Zhen-feng, LIANG Zheng-qgiang. In-
vestigation on Low-cycle Fatigue Property of Domestic
AS508-3 Steel[J]. Atomic Energy Science and Technol-
ogy, 2014, 48(1): 127-133.

2GR, SR ROWE SR I & 2 H R AE[D]. # K
K K2, 2006.

LI Zhi-qiang. Measurement and Characterization of
Surface Morphology[D]. Chongqing: Chongqing Uni-
versity, 2006.

MUGHRABI H. Cyclic Slip Irreversibilities and the
Evolution of Fatigue Damage[J]. Metall Mater Trans
B, 2009(40): 431-453.

ANTOLOVICH S D, ARMSTRONG R W P. Lastic
Strain Localization in Metals: Origins and Conse-
quences[J]. Prog Mater Sci, 2014(59): 1-160.
VILLECHAISE P, SABATIER L, GIRARDJ C. On
Slip Band Eeatures and Crack Initiation in Fatigued
316L Austenitic Stainless Steel: Part 1: Analysis by
Electron Back-scattered Diffraction and Atomic Force
Microscopy [J]. Mater Sci Eng A, 2002(323): 377-385.
MAN J, PETRENEC M, OBRTLIK K, et al. AFM and
TEM Study of Cyclic Slip Localization in Fatigued
Ferritic X10CrAl24 Stainless Steel[J]. Acta Mater,
2004(52): 5551-5561.

RISBET M, FEAUGAS X. Some Comments about
Fatigue Crack Initiation in Relation to Cyclic Slip Ir-
reversibility[J]. Eng Fract Mech, 2008(75): 3511-3519.
WANG Y, MELETIS E I, HUANG H. Quantitative



- 244 -

Fom f

&

2017 429 H

[15]

[16]

Study of Surface Roughness Evolution during Low-
cycle Fatigue of 316L Stainless Steel Using Scanning
Whitelight Interferometric (SWLI) Microscopy[J]. Int
J Fatigue, 2013 (48): 280-288.

GADELMAWL A E S, KOURA M M, MAKSOUD T
M A, et al. Roughness Parameters[J]. J Mater Process
Technol, 2002(123): 133-145.

Wside, ZEHEM, Whee Rk, S N TR THDRDRS B2 b H
X GH4169 = li& & 97 7 ey S (0], s T2
AR, 1997, 6(3): 11-13.

YANG Mao-kui, LI Ya-qing, FENG Xue-lian, et al.
Surface Roughness and Its Effect on Fatigue Life of
Superalloy GH4169[J]. Aviation Technology, 1997, 6
(3): 11-13.

1SO25178-2, Geometrical Product Specifications (GPS)—
Surface Texture: Areal—Part 2: Terms, Definitions and Sur-
face Texture Parameters[S].

HURER, XIINE, Tk, 55 2 RERmE SR D6
W 5GI[D]. A8 ATk K2, 2009.

HU Zhao-wen, LIU Xiao-jun, WANG Jing, et al. Func-
tional Assessment and Manufacturing Control of Mul-
ti-scale Surfaces[D]. Hefei: Hefei University of Tech-
nology, 2009.

/NG, UL, WRARVL, SF. AU AR g 97 3K
OB SRR AL 32 B0 20 07 (0], HLARARE 2 5 5OR
2015, 34(9): 1446-1450.

TONG Xiao-yan, LI Hong-xu, YAO Lei-jiang, et al.
Feature Extraction and Analysis of Surface Micro-
scopic Image of Pure Copper Subjecting Low Cycle
Fatigue[J]. Mechanical Science and Technology for
Aerospace Engineering, 2015, 34(9): 1446-1450.
e, PRI, phaite, S5 SRIHDHDRE B2 X [
316LN SNARJE % 55 VERE RS2 [J]. J5FRERLF#HOR,

(23]

[24]

[25]

2015, 49(9): 1660-1665.

YU Bin-tao, TONG Zhen-feng, ZHONG Wei-hua, et
al. Effect of Surface Roughness on Low Cycle Fatigue
Behavior of 316LN Steel[J]. Atomic Energy Science
and Technology, 2015, 49(9): 1660-1665.

KEPPE L G, SAUFFLEY W H. Introduction to Design
and Analysis[M]. New York: W H Freeman and Com-
pany, 1980: 199-201.

EFRON B, TIBSHIRANI R. An Introduction to the
Bootstrap[M]. New York: Chapman and Hill, 1993:
41-45.

MUGHRAB I H. Introduction to the Viewpoint Set on:
Surface Effects in Cyclic Deformation and Fatigue[J].
Scr Metall Mater, 1992(26): 1499-1504.

TRECH, WRA. SRR BT E S B R RS o
Hrid]. B S5hRiELL, 2001(3): 52-53.

ZHANG Hui-jun, GUO Xin-bao. Development and
Analysis of Surface Roughness Parameters[J]. Quality
and Standardization, 2001(3): 52-53.

R, AEME, ZE4kSC. A356 A 4 AR R R 5517 R
KRR AR RE[T]. A (04 8 F )k, 2006, 16(2):
260-267.

LIU Zhong-xia, SONG Mou-sheng, LI Ji-wen. Low-
cycle Fatigue Behavior and Plastic Strain Energy of
A356 Alloys[J]. The Chinese Journal of Nonferrous
Metals, 2006, 16(2): 260-267.

CHAN K S. Roles of Microstructure in Fatigue Crack
Initiation[J]. Int J Fatigue, 2010(32): 1428-1447.
SRIRAM T S, FINE M E, CHUNG Y W. TM and Sur-
face Analytical Study of the Effect of Environment on
Fatigue Crack Initiation in Silver Single Crystals II:
Effects of Oxygen Partial Pressure[J]. Scr Metall Ma-
ter, 1990(24): 279-284.



