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Fig. 1.1. Direction of stresses and strains.
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Fig. 2.2. Relation between E(NJ and principal
7 strains. - €; and €, are principal strains
& € parallel to the specimen surface and €3 is
¢ the strain normal to the surface.
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THb, COXEZHWT Table 2.1 OXBEOTTRADVTA L SE 45 2 CHITHREST

Table 2.1. Characteristic values on calculating diffraction profiles.

Characteristic X-ray . CrKy (A=0.229092 nm)
Diffraction plane Fe(002)

Lattice constant a = 0.28664 nm
Bragg angle 8o = 53.05685°
Linear absorption coefficient U = 905.05 cm !}

The number of unit cells along [004] N3 = 350

Diameter of coherent domain D = 100 nm
Thickness of sub-divided layer A = 100 nm

Young's modulus E = 206 GPa
Poisson's ratio v = 0.28
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L7
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Fig. 2.4. Total power distribution curve
without strain gradient.
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Fig. 2.5. Total power distribution curves
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.Fig. 2.6. Total power distribution curves
at angles Y=0°, 30° and 60° for a given
strain gradient.
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Table 2.2. Characteristic values on calculating resultant profiles.

Characteristic X-ray CrKg (A=0.208480 nm)
Diffraction plane Fe(211)
Bragg angle 8o = 62.96823°
Lattice spacing do = 0.117024 nm
" Linear absorption coefficient U= 647 cm !
Thickness of sub-divided layer A=10"°%cm
Young's modulus = 206 GPa
Poisson's ratio v = 0.28
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Diffraction angle (°28) Standard. deviation of sub-profile, s{deg)
Fig. 2.8. Resultant profiles with various Fig. 2.9. Peak and centroid positions of
s for Fe(211) CrKp line at y=0. the resultant profiles relating to the
breadth of sub-profile. In this case ¢
and o' are fixed at 0 MPa and 100 MPa/um,
respectively,
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Fig. 2.10, Three typical resultant profiles
at different values of sin?y.
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Fig. 2.12. Sin®y diagrams for various

stress gradients.
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Fig. 2.14. Inverse calculation of g, and Fig. 2.15. Inverse calculation of o, and
a' from the data shown in Fig. 2.12, o' from the data shown in Fig. 2.13.
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SR A/ CEME SISt 2 LT, TOESIBEEARIIRED & X, RETOE
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FANB L LB, E—7ik, FMBPRE, Bk k 3EIHEREEOBOEDEES
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& HBRE L7 '

3.2 BIRICHOBITE
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3, BIETRELLEAMT S PEMTEE AN RIREIE S 100,

FHIET TRED DERNICEIT 555 R (01 = 02 = 0y = 0y + a'2) B
203 = 0 AREL, BAMEPYOFS < € > LEAMATROT LMBKIHLT

<€w>=—-‘%)-00+1;\)0'05in2\()
AN (1+v)sin?y} sinb /1 - sin®Y
E- 2u , (3.2)

R CRIEICIE B05 03 = const. # 0 ARELTR (3.2) £EXHE 3 LRAAE

%,

> = %—(03 - 2v00) + = == (00 - 03)sin®Y

<E€

v

1 . 2 sinf _, — oin?
- E {2v - (1+v)sin®y} TR 1 - sin®y (3.3)

CTT Og REFMTOMS, O BRMEFOIEHCSE, 6 3 Bragg A, W SHRIRE,
EBXUOVEY VIR, 7Y vHThH B, K (3.2), (3.3) oL, IEH
Cim<VﬁﬁET5%éuEﬂ%3ﬁ®ﬁEKi@<ew:>mshﬁwmﬁbf#ﬁ%&
B, FRMAOHEED 03 3ALE 1 HELUB 2 HOAKEbNS M5, sin?) HK
DEHEICIHBEE sin®Y = 0 KB BT E sin®Y HROFEC > RicEBERIE
4T Etbi B
Wﬁfﬁﬁbt;ﬁmﬁ(az),(&3)@<:%J>tﬁm¢5®uﬁﬁﬁmibmﬁ
Ktihd 5 0 F% €¥ Th b, AFBROELMLE 0* £V Bragge ORBRFRREHOTHRTFEH
a* R, BOTAREOKTER ao 2HMET 5 &

<eq)>=e*=£;l—0ﬂ (3.4)
DHBFEDRITT 55 , Oo, 03 BEU a! ZRMKE LTRNTREEZEAT 5 C EMT
X3, R (3.3) 2CHOD=SORMUTELHTEIET &

_ 2V 1+v .o l_1+\).2
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+ (- —2\)+1+\)sin2lp) A sin6 v 1 - sinzq) (3.5)
E E 2u .

EHB, TCT



1 Y i .
A1= _-ZEV-+ 1EVsinzwi
B, = fli- - sin%y (3.6)
c =(-3\‘)'+1+v51n2¢1)%3_9m)

LB E Oy, O3 BLU o' BT 28 HER
Y = Aj00 + B;o5 + Cia (3.7)

%2185, Ai" Bi’ Ciciiﬂﬂﬁ%ﬁ:ac; DBZONBETHS, 7= Yi BHEIEETHY , IF
HAHOBELZH > TEDBEERITRTRILTHEEKET S, LN FEZE2HANT

Go, 03 BLY o' DREFELEMXMERDLENTES (168) ,

3.3 EBRAE

RERBEICNERESESLCEAAMELTSU ] 2 2RRBITGRA, RIZEAE30m,
E&E10mDMIIRTH D, 1123K, 304 HEE P oL £ L TRIBIMTIC X 3 BF /1% K%k
Lo IROTZOEBDORAIHEIC Table 3.1 OFKLETS » €V MIAERKL 7, BEKE
2HTAFmT v 7BER

WT, ABRIRmEICT v 4 Table 3.1. Lapping conditions.
LTRLDEFREM T AT X 720
MIORE L &8 & £ & Lapping method Plane lapping

L Lapping compound GC#600
DOFENCEAW I ZED L5 .

Lapping speed 0.44 m/sec

BHRHEML TS 505, # Lapping pressure 0.015 MPa
EHREREIC X > TE AN Lapping time 30 min
FOVERIZ TSR0 i Lapping fluid Machine oil

BBEEZOND, T 7
FHEDOH LS 2.4 um
Ryax)» FRERBEHEERDOSSSE 1 pm(R ) AT TH-7,

XHHAESRMIE Table3. 2iCRT EBD TH B, AMEEERA LERHEIZIE (211) H4A

Wieo %7z K, ZEEHBMOFR S OBM S EERY 270, MITRBEESDEBIIC LT



CrKB B4RV, PFixed time it & D back ground 5 E— 2 A& TEHTEREIE %

Table 3.2. Conditions of X-ray measurement.

Characteristic X-ray Crkg

Tube voltage and current 35 kVP, 9 mA
Diffraction plane Fe(211)
Diffraction angle 20 ~ 126°
Measuring method Side inclination,

para-focusing
Counting method 1 min fixed time

Irradiated area ~1.5 x 3 mm? -

X, MEEEo—LVYyYyhlkXDRFTHIELRE ., B¥E— 2 Oiflld back ground 5HEE
DS A B EFA KD T back ground BEAZE L[V, Fig. 3.2 FEFRAERED
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Diffraction angle, 20

Pig. 3.2. Three methods of diffraction line

location.
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BRONIZDT, TOZEhOEGEEE-T

WO T HREOHFER a0 & L Table3. 3 EQ””F .

RLTe R (3. 1) © sin®p &ickD g o.zessgr R
HESUENBRBENEIERCRINS §o’28651 e e, 0
EHED RGN TH S Ebbh b, Bl é o Peak

&< bbn’of;mbs‘CrKB;@,CJ;é (211) B 0.2864 | : :;;I;n;::cewmid)
EHf AR I BES & LIRIBIC 30 T3 TSR o 0.4 08

sin'y
KA R L, SEHTRALEREEOEICED
Booht, LOLYVAKSELLTEZNS

' Fig. 3.3. Sin%y diagram obtained from annealed SUJ2.

Table 3.3. Initial lattice constants and stresses.

Determining method of Mean lattice constant Initial stress

diffraction line .

position ag (nm) (MPa)

Peak (Parabola) 0.286642 -12 + 12

HVB® (1/2 1) 0.286629 J18 + 15
max

Centroid (1/5 Imax) 0.286557 4 + 15

* HVB is the half-value breadth method.

DEDERBE—EICRINE L&D, UBRFRNEEE LTREL T,

3.4.2 SoEVIICLBEPUBRLGHROER
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=
o \
© °
® 40 ©
L
bod 02864 90"( : 270° Fig. 3.4. Sin?p diagram obtained from lapped
3 ’ ~ Sg::;’::: surface for four different orientations
180° illustrated in the insert. Each lattice
constant was converted from the peak posi-
o 0.4 . o8 tion of diffraction line.
sin g
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HRELD, BMLLAEFLIcEBR (3.2) 530VRR (3.3) HBEATEXEC Ebhbrs,

3.43 Sy EVI/MIRATOBRZCHAE

Fig.3.5 @A UEBIZBOT 2 umBLY 11 um ERHEL EIKB0 3 sin?y BRI
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0.2868
s
E
o
~ 02866
-
5
g Fig. 3.5. Examples of sin®y diagram obtained
o from electro-polished surfaces showing dif-
k4
202864 ferences among determining methods of dif-
E @ 172 lmax fraction position. (a) 2 um polished sur-
® /5 Tmox face; (b) 11 um polished surface. Dotted
: line is a mean lattice constant of annealed

.
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sin'y sin‘y state corresponding to the centroid position.
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CTRELBRWZ ENHFER S,

EHM S THBFEOR (3.2) 530ER (3.3) 2EAT 388, METLRNES
RO B 5 0 REFEOELEICHIET 5055 TH 555 » UFOHEICAT ~THEL
HCHTE L7, Table3.4 3 03 = 0 L{R5ELAESH S FHRIEOR (3.2) IKkbK
Wiz-0p & o', Table3.5 F=ES/MKEOBFRR (3.3) KLkl 0, O3 BLY
o' DET, TNHDEHERBIINNS TH S, LNoLDFERE2EEDT Fig. 3.7 KERT %,

Table 3.4. Values of 0o and a' analysed by the weighted averaging

method assuming oo = 0. Confidence limit is 50 -per cent.
Distance from oo (MPa) o' (MPa/pm)
surface (um)
0 -1010 * 150 160 * 30
2 -840 % 160 110 = 30
4 -820 = 180 120 = 30
6 -360 * 100 20 * 20
8 -160 + 130 -10 * 20
11 -420 = 90 70 £ 20
14 » -90 = 70 0% 10
16.5 -150 £ 90 20 = 20
19.5 -110 £ 50 10 * 10

Table 3.5. Values of 0y, 03 and o' analysed by the weighted averaging

method in consideration of g3. Confidence limit is 50 per cent.
Distance from Go (MPa) o3 (MPa) a' (MPa/um)
surface (um)
0 -850 £ 170 -40 * 30 110 = 30
2 -600 * 110 -60 * 20 40 + 20
4 -580 % 170 -60 * 30 40 = 30
6 -200 £ 70 -40 + 10 -30 * 10
8 80 + 80 260 * 10 90 % 20
11 -290 £ 80 -30 = 10 30 * 20
14 -150 £+ 90 10 £ 10 20 £ 20
16.5 -120 * 120 -10 * 20 0t20
19.5 -40 + 60 -20 * 10 -10 * 10
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Fig. 3.8. Simulations of weighted-averaging strains when the stress
gradients exist.
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ial
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Table 3.6. Comparison of the weighted averaging method and the sin®y method

for exponential stress distributions.

Stress (MPa) Stress gradient (MPa/um)
n
- *
) Model WaM" siny method Model WAM
A
o (00), o (9,0 (do/dz),_, @), g
10 1000 995 947 - 10 - 8
50 1000 961 783 ~ 50 -31
100 1000 888 645 ~100 -43
200 1000 748 478 ~200 -47
500 1000 490 270 ~500 -39
* WAM means the weighted averaging method.
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Fig. 4.3. Sinusoidally distributed shear force acting on a surface along y-axis.
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VA VERITBILENTE S, Free surface
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Fig. 4.6. Influence of the free surface.
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