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Relationship of Three Types of Internal Stresses and Their Effects on Fatigue
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Abstract: The classification and internal relations of the three types of internal stresses were systematically

described. It is pointed out that in addition to the well-known residual stresses in the industry,

the microscopic

stress, especially the second type of internal stress, also has important engineering application value. A possible

method
was given. Finally.

analyzed and elaborated in detail.

~the focused ion beam (FIB) minimally invasive method for measuring the second type of internal stress

the effects of the three types of internal stresses on the fatigue properties of the materials were

Keywords: internal stress; resudial stress; microstress; focused ion beam (FIB); fatigue
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Fig.1 Schematic diagram of three types of internal stresses
defined by MACHERAUCH E:
a) distribution of the internal stresses; b) crystal model with three grains
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Fig.2 Schematic diagram of three types of internal stresses in polycrystals
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Fig.3 The distribution curve relationship of three types of internal stresses
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Fig.4 Schematic diagram of composition of o1 and g
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Fig.5 Schematic diagram of strain dispersity
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Fig.6 Ring core method with FIB:
a) FIB ring core position: b) FIB ring core process;

¢) FIB ring core finish
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Fig.7 Hole drilling method with FIB:
a) 430 nm depth: b) 1 100 nm depth
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Fig.8 The relationship between shot peening intensity and FWHM
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Fig.9 The change curves of FWHM and yield strength
of the peened surface:

a) FWHM decreasing: b) yield strength increasing
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Fig. 10 The change curves of hardness and FWHM of the rolled surface: a) hardness increasing: b) FWHM decreasing

TS R R ARG LB AR
—SEBERT ¥ A AN R{A
R F L LM, #rnJ/uZ\HbF'\fhE'jﬁf FAH G
YR E T O 7 53 U
1.5 HIERAH
m*ﬁh%%?ﬁ%¥@ﬁ%%ﬁ%ﬁm
t T B R R L A U R R R R L N RERRZ
ﬁmhoAWﬁmmmhumﬁﬁﬁimﬁim
R A7 A N RE ) A S e R R AL
TEN .
B B U M T R B R I WA R R R

DL XTI 0% F1 . HS 7E 20 fibag 40 RN

o TSR B X B i 250 e 2 B o L FEE R A By
”%mebbﬁﬁwjimﬁw':%ﬂﬁﬁm

1954 4 ’T LTU\%MFJ\ {Lf_'f“&EJﬁLf l,féjxmliuﬁ 'Hf\/
HEgh ASTIVEIS IE, (A ESIREE 2278 2 i

B fE B 22, B 20 fib4g 90 AR TR L BT
MmmhFWMF&meﬁ&mmﬁﬁﬁ¥B~
F 11a) R AR p ) S P S Ad /d 18] 11b) s
o) K SEBRAFAE (9 70437 4 FRR A . T L & I I A
[, IR 4047 I8 FH A ok /N T 100 nm . G fikL
N fER FIAS IR IS AT 4R AL B e REE L (BRI )
1 G5 12b) .o ﬁﬁﬂ(ﬂ']]?.HHE&X\H%:KE‘J(\/_

Ad

a) Ad/diER!

>
[

\(/\ e
fff.
"J\ £y LN

‘(

W"‘_\/

Soanss

a) iﬁ.“éaaaﬁ

236

[001]

{10()‘]—(5’%% g 9 & ®
> DY G O&O®
D P IO @ ©

DD D
56858

> 686899

b) 7{isE

Bl AMEERAEER

Fig.11 The lattice distortion and dislocation model:
a) Ad/d model: b) edge dislocation: ¢) screw dislocation
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Fig.12 The ideal grains and actual distortion structure:

a) ideal crystalline: b) tangled dislocation: ¢) dislocation cell

D

G

>

©

> O

G

b
-0
)&

-9~

>
5

L

c) BB{IsE

c) fi$ERa

0.5 um




"V mrise-mEom

A FZEXAEAZAHXERAESAFOEA

A, S 122) i B ERAE SR TR KA X5

SR G @ . T ) AR R S S PR A Y B
FERE AN K R B 4 807 Ak 2R R RE G [R) 22 A
U m R A TE T R M P BB Zr A |
R T A BEBAS BLUF O RCR

2 ZRANAFEFHIER

2.1 I ENAEFHIER
R A SCERIA R T 2816 47 B2 007 ) sk 5% 4% i
3 0] LRSI ENE F7 B BRI, B R ) BT 9%
S50 TT . ABERAR A1 SR ST % 95 R 1 R B
71 P Z 8] ) 56 2R AP 13 whSEX 07 ) FIsg A8 1y
IR . TR 0T LA R 30 1 . 9% 55 1 1
SEACAR N S R sh N 78] 6 3% ] Goodman % &
iR nE 14 B, HECE AT RN
Om =0 ' —mon @D

R0 AEXIN S 0. XS H% 57 BR 0 ' S

IV

i [a]

B13 XENAEFHMANXRELE

Fig.13  The relationship curves of alternating stress and mean stress
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Fig. 15 The distribution curves of a) residual stress and

b) local fatigue strength along deepth direction
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Fig. 16 Schematic diagram of fatigue crack growth
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Fig.17 Velocity variation curve of fatigue crack growth
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Fig. 18 Stress distribution close to the inclusion
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Fig.19 The stress distribution of single phase nickel-base alloy:
a) microstress distribution: b) grain morphology
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Tab.1 Comparison of three types of internal stresses
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