T8 AT=E3 A299 A1E pp. 159~180, T4
Journal of Engineering Research Vol. 29, No. 1, pp. 159180, 1998
University of Ulsan.

A Study on the Improvement of Measuring the
Residual Stresses in Weldment using Blind-hole
Drilling Technique

Ham, won-kuk
School of Naval Architecture and Ocean Engineering

<Abstrect>>

This study tried out the improvement of the blind-hole drilling technigue to measure
residual stresses in weldments where stress fields are not uniform by application of the
modified calibration function to the current method.

The stress fields in welded structure are very complex, but those in butt jointed weld
specimen are simplified by two different stress fields-uniform and linearly varying. The
current method is used for calibraion of the uniform stress field and gives the correction
factor which is the ratio of released strains due to drilling to the strains from FEM
caculations.

The strain fields of linearly varying stress fields obtained by FEM calculations are
adjusted by the correction factor from calibration of the uniform stress field. By considering
the effects of distances of the hole from the interface of compressive and tensile stresses,
the curves for calibration constants as a function of this distance are constructed by
calibration.

Final stress fields of weldments are mesured accurately by using calibration curves in
conjunction with the iteration schemes.
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Fig. 2 Strain gage rosette arrangement for determining residual stress.
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eg;= A (0,+0,)+ B(0o,—0a,)cos2a (4a)
e,= A (0,+0,) +B(06,—0,)cos2(a+45 ) (4b)
53=Z(ox+o,,)+§(0x—0y)c052(a+90° ) (4c)
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Oin = 6111—4-63 -+ 4%\/ (ES - & )2 + (63“"‘51 _262 )2
_ & — 2&‘2+E3
tan 2« =T e (5¢)

ol 714
€32 €1 a refers to Oy
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Fig. 4 Typical distributions of residual stresses in butt weld.
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Fig. 8(a)., Numerical Model for FEM Calculations for Tensile Loads.
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Fig. 8(b). Numerical Model for FEM Calculations for Bending Load.
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Table 1. Calibration Constants of Aluminium and Steel Specimens for Uniform Stress Fields

Constant FEM Experimental Calibration
Specimen Calibration Calibration Factor
A=-7467%107
ALUMINIUM 746
B=-2.060x10"
A=-2.855%10" A=-2444x 10
STEEL 0.85586
B=-8570% 10" B=-7.337x10"

b. AgHoz Wi §¥
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Blind-hole Drilling 71'-8 o] &% £H 79 AFLEHER el gk A 17

AR &Y FYAHEY FAF 9P Y 129 ASTM-ES37(Table 2.)9] 2727
A B AdEgint

AlHe) = 2 in
SEAze Ad 11 in(VFAIH)

3 in(FHAIH)
A 57 05 in

EE AEE Az, 281 AJH E¥E Y JIANE HE BFEHES Zu U
BT ATo2 A A 2EUUS Hdtd ol& IFEHL AAs o gt €u3 =3
of ¥Eet ZiAH Ad sk AdH FAA A BARlol AHe] AFHEFHE A ol gAY
71 18l 7t B2 e 259 2 ARE A HlaF 21 Alzbo] A=t (Table 3)

Table 2. Requirements for the Calibration Specimen by ASTM E - 837

Dimension Requirements of a Calibration Bar
by ASTM - E 837

The Width Dimension, W =10 D ( Gage Circle )

The Length between Grips = 5 W

The Thickness, T = 4 Dy ( Hole Diameter )

Table 3. Stress Reliving Heat Treatment Date

VATERIAL SOAKING COOLING
TEMPERATURE TIME METHOD
ALUMINUM 650°F - IN THE AIR
STEEL 1700°F . 5 Hr. IN THE FURN.
STAINLESS 1900°F 5 Hr. IN THE FURN.
STEEL

2) 2E#S Alelx]

o] ATolAlE Strain Gage 062RE7} AH&-E 1t EA A H(Calibration Specimen)ell 7Fsi2
+8E& FAs7] Askd st =5 F 719 Control Gage® U3 @ AW Zhzho] By
o AZAEA Control Gaget: W 382 A&37] 9lsted ¥y Fobo) 223t} Strain
Rosette Gage o€ MZ tb& @3kl A 719 Element’} 1t} Element 1, 39 #&e A3 o)
T8 g 2tz AXF o] Gaged) W€ TE oW Gaged) WIGRY O 917F A2
g AlFd
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Table 4. Variation of Machining Strains of the Aluminium Specimen due to Changes of

Drilling Parameters.

19

AArggo] wAHe) T o M4t

. Air Cooling/Water Cooling
Drilling Parameter Released Strain (z &)
a~—d
£ £2 £3

a -46.0/-40.5 -74,0/-315 -30.0/- 5.0
b - 86/- 36 13.6/-31.8 3.0/-235
c -43.6/- 6.0 -56.0/1.8 ~12.0/13.8
d ~11.0/10.8 -18.0/8.1 9.0/13.5

a : 5-10 RPM, Med. Drilling Pressure,

b : 5~10 RPM, Light Drilling Pressure.

c : 150-200 RPM, Med. Drilling Pressure.

d : 150-200 RPM, Light Drilling Pressure.

Hole Dia.

(re)

Released Strain

1st

Released Strain( w &)

0.07155”
2ed

lst

Fig. 17 Variation of Machining Strains of Steel Specimen due to Change of Diameter of

Cutter.
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Fig. 18 Change of Machining Strains of Steel Specimen by Drilling Hole using One

Cuttre.
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Fig. 19 Change of Machining Strains of Stainless Steel Specimen by Drilling Hole using
One Cutter.
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2) End-mill Cutter® &FulyE Al¥e] 9L £ w|, RPMe] wWale HAs=d 28 2
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