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ABSTRACT

Measurement for Surface Roughness of Circle
Holed Specimen by Digital Holography

Park, Jonghyun

Advisor Prof. Kim, Koungsuk Ph.D.
Department of Advanced Parts and
Materials Engineering

Graduate School of Chosun University

Holography was invented in 1948 as a method for recording and
reconstructing amplitude and phase of a wave field by Dennis Gabor.
Hologram image is recorded interference pattern between a wave field
scattered from the object and a coherent background named reference
wave. It is contains the information about the entire three-dimensional
wave field and the object wave can be reconstructed by illuminating the
hologram with the reference wave again. An observer recognizes a
three-dimensional image with all effects of perspective and depth of focus.
Holography was developed to Digital Holography with development of
Computer technology and CCD’s (Charged Coupled Devices). This method
enables full digital recording and processing of holograms, without any
photographic recording as intermediate step.
Hologram that was recorded by digital holography is reconstructed with
scalar diffraction theory. There are three main algorithms most widely

used for reconstruction of digital holograms (Fresnel transform method,
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Angular spectrum method, Convolution Method). Each method has
different properties with respect to available reconstruction distance,
resolution of reconstructed image and computational load. It is very
mmportant for reliable reconstruction to choose the appropriate method in a
given situation. In this thesis, measurement zone is very small and it need
a method can correctly reconstruct in near wavefields so, angular
spectrum method is choose for reconstruction algorithm.

Recently, Holography is used widely in several areas. For examples,
measure of height and movement in a cell, X-ray application,
measurement for the determination of material quantities, evaluation of the
refractive index, distance shape control. However, the application in the
mechanical industrial field is deficient.

Surface roughness means the degree of the minute unevenness happened
when processing the product. Generally it is the numerical value which
shows the precision of the structure surface. Surface roughness have
repercussions on abrasion, durability, precision of product and lifetime,
friction of machine parts and it is important to know the value of surface
roughness for safety and hygiene.

There are two methods for Surface roughness measurement. Firstly
comparative measurement method is compares the standard sample and
the objective surface to the naked eye. And the other is method to use
the surface roughness tester. Comparative measurement method’s precision
1s low because it depends upon individual eyesight and a sense of touch.
And the method using surface roughness tester has a demerit that is
contact the surface of material.

Therefore, in this thesis, Surface roughness is measured by Digital
holography that has merits of non-destructive and non-intrusive in order
to increase of digital holography’s application in industrial field. For this,

surface roughness of circle holed specimen that was stretched in fixed
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length 1s measured using digital holography and calculated a surface
roughness value and compared. As a result of conduct the experiment,
surface roughness can be measured by digital holography interferometry in
high resolution. Also the experiment proves that when the surface
roughness value closed to the closed circle holed area and the stretched
length had increased, the surface roughness had been roughed by external

conditions.
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Fig. 4-1 Shape of resolution target(USAF 1951)

Table 4-1 Specification of Resolution target

Description Technical data
1.5mm (0.06”) soda lime glass with
Substrate beveled edges
Flatness 0.0001" or better
Surface Quality 40-10
Coating Vacuum-deposited durable

chromium, density 3.0 or greater

for 38-256, 38-257, 55-622 &
58-198: Group 0, Element 1

for 36-408 & 36-275: Group -2,
Element 1

Minimum Resolution

for Standard: Group 7, Element 6

Maximum Resolution .
for High Res: Group 9, Element 3
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1. ¥ 2 A& 7] (fatigue testing machine)

AFANHA QFA AEE FRAP/E WS MTSAIA wE el

3
WMTS 793 series) 24 RHE atsol] o3k v 2 335 Asts oA J=AE

Ful o)W digital controlZ Ao Ht} o] FEAF7|E= FE AES} FE st
(dynamic) ¥ A& (static)A S Fd317] s Aujolx vt o8 71%] FE <
RIS AY AAdste] AL = A7) vl APdHY Al E AF
= Aojat AFAE = = 2H2dske] ALg3sklth Table 4-2%=
ol AHEE T ZAIR 7] MFALSES YERH Aot

offt o
lo n9L' &

2o
1=

2O

11
tlo

Table 4-2 Specification of fatigue testing machine

Description Technical data
Force capacity 100kN (Monotonic : 120kN)
Available actuator ratings 25kN
Dynamic stroke 100mm
Output voltage +10V (full scale)
Excitation frequency 10kHz(£100 mm)
Data sampling rate 122.88kHz
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Fig. 4-6 InfraRed Thermography

Table 4-3 Specification of InfraRed Thermography

Description Technical data
Detector Materials InSb(QHE] =3} Q1 H)
Cooling method W ~8 % =2 (Stirling)
Spectral Response 3.775.0um
Number of Pixels 320%256
Pitch 30um*30um
NETD 25mK@25% (20mK typical)
Temperature measure range -1572000%=
Frame rate 5HZz~380(400)Hz
Frame rate resolution 1Hz Step
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Table. 5-2 Reconstruction image of 10mm stretched specimen
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Table. 5-3 Reconstruction image of 15mm stretched specimen

—_
Y Axis(pixel)

1000

600

X Axis(pixel)

400 BO0 800

X Axis(pixel)

Y Axis(pixel)

1000

90
50 b \ I
70 . . ) i :
&0 A 7 | T
50 : et ! i
10 ‘ W i [
30 ‘ ;
20 Y Axis(pixel) ., s OH
- 200 400 L
X Axis(pixel)

400 BO0 800
X Axis(pixel)

Y Axis(pixel)

1000

g00

20 Y Axis(pixel) e

200

4EI e BO0 ] ) SEIEI XAXiS(pixe;)

X Axis(pixel)

Y Axis(pixel)

E00
£00
Y Axis(pixel) 40 3

1000

200 400
100 200 X Axis(pixel)

I 800
X Axis(pixel)

31 -



Table. 5-4 Reconstruction

image of 20mm

stretched specimen
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Table. 5-5 Reconstruction image of 25mm stretched specimen
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