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Residual Stress Measurement in Hard Turned Workpiece

Jong-Hyuk Kim", Tae-Hong Lee”", Dong-Young Jang” and Dong-Chul Han™"

ABSTRACT

Most manufacturing processes such as welding, cutting and molding generate residual stresses on the surface of
manufactured parts. Between compressive and tensile residual stresses, the tensile residual stress is harmful to the
surface integrity, which results in reduced fatigue life and causes other structural failures when the service stresses are

superimposed on the residual stresses.

In the research, the residual stresses in the hardened tool steel (SKD11) were measured using hole-drilling method.
The specimens were prepared through hard turning. Most of residual stresses in the machined surface were compressive.
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Fig. 1 Uniformly distributed stresses around the hole
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Table 1 Ingredients of Workpiece[%]

C Si Mn Cr Mo A"
1.55 0.3 0.3 12.0 0.8 0.8
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Specimens

Fig. 3 Rockwell hardness of specimens
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Fig. 4 Set up and assemble Kit

ZREY 3L AP 2 AoRN2E &
F54&4d dE& AojAldd Vishay Al Measurement
Group 9 CEA-06-062UL-120 & At&3lgon, 5
AF2] System 5000 & o] 83l9 x4 AFEHE F
A doj"E ANt =F HFAANH AFS
$84A Rs-200 Air Milling F9)| & A183lG00, o]
e F3 100,000 rpm 7HA] A = Qo] X
& AFYPeZ HAFTY FAYPl &L Fuojr},
39 PIEL Yoz WHIHE TP
A3ty P oo W JFILH WP



AEE ol g - 359 -3454 : F3HYFHAA A20H As53%
< ZAMFAY. Fig. 4 &= 7HF 3?: FHE 2EY Factor B c D
A AolRE Bas mHojn, JFLHL A3 Test .
7] 93 FHES %;‘*3] 3 %L T Ade AT} 1 Level 1 Levell Levell Levell
FIIFAE =9 Folth. =3 HFsie=
2 Level 1 12 Level2 Level2
Milling cutter = 27 1.6 mm 7}ilo]= ET7Z A} evel 1 Level2 Leve eve
-g—fs}?\iﬂ} HAE Al FYF HLE Alo]x] 489 3 Level 1 Level3 Level3 Level3
q )= 5 = 7]
B3 d3 O]_ gletek @tk Holth. Rendler o} 4 Level2 Levell Level2 Level3
Vigness®loll )8}, 062UL Ao 2} 2] 7%l Alo|A|
o] 243 ol FAo] 0001 in ©Jo] AL 5 Level2 Level2 Level3 Levell
olFd FAH2A} 3% IHE AT 6 Level2 Level3 Levell Level2
Table 2 Mechanical Propertics 7 Level3 Levell Level3 Level2
Young’s Modulus Doisson's maic Yield Strength 8 Level 3 Level2 Levell Level3
[Kg/mm’] [Kg/mm®] 9 Level 3 Level3 Level2 Level 1
2.04x10° 0.29 210
2= © S S} O, 1. Installing three-element strain gage on the specimen
} =1 o] Y AF S g’ l 1’1] Z] = = 2. Wiring and connecting the three gage grids to a static strain
shetalz] 915k Table 3 3 2ol ThTA AY ol indicator
o3 Lo-AuuIdEE A3 71E 2HE A '
5}93\1:} cz]] = Eo'] test-1 -’] 7}0 ’1%‘ ?‘g_é}—é',‘—E

50m/min, 14 0.1lmm/rev, 2AFz1 0] 0.05mm o]t}

ARoHL =437 93t 7,<_:]_;'<}“ Fig 5 o} #oh

T3 ol Rs-200 o FaAH e YAl Al
oA & o] &3td Yste Ho|7A %ﬂos}ﬂl k=3
T Aol Az 50 melA l%}é}@l 500 m7}
A 14 AR o] AFE FYsidlen, 2 &
A A oleEE WY ES S &% o}%v}.
oJBHoBE, %7‘3% W E] Fig. 2 oA 9
2EgQl AelA AA divl Y] Z/iD = 0.4 7}

A gEAAw, 2Es% A28 sKon & Awo)
obF E7] Wl WA HFPel ¥ zolm 3l
£ Fhutels grEE oY W AYE AW, 3T
o B4 whwst 743 20 BAe HAE o
Fo] 250 meolstol B2, oF 250 mAAY BHE
gol ¥5E BIAT

Table 3 Cutting Condition

Variable Factor Level1 Level2 Level3
(A) cutting speed [m/min] 50 90 130
(B) feed rate [mm/rev] 0.1 0.15 0.2

(C) depth of cut [mm]  0.05 0.1 0.2
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3. Installing the milling guide to the specimen and accurately
centering over a drilling target on the gage

4. After zero-balancing the gage circuits, hole is drilled through

the center of the gage

5. Measuring the relaxed strains
6. Calculating the residual stresses from measured strains

Fig. 5 Procedures for measuring residual stresses

Fig. 6 The position of strain gage
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Fig. 7 Maximum principal residual stress in SKD11
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