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A Method for Measurement of Roughness of Ground Surfaces
by Using Fluxes of Scattered Lights

Seong-Wook Hong* and Hyun-Soo Kim™*

ABSTRACT

Thig paper presents a simple method for measurement of roughness of ground surfaces.
The present method utilizes fluxes of scattered lights condensed through lenses aligned along

the specular direction.

the possibility of the method as well as determining the experimental condition.

A theoretical analysis is preformed for the purpose of investigating

Experiments

are also performed to show the effectiveness and robustness of the proposed method. The the-
oretical and experimental results show that the proposed method is simple enough to imple-
ment and has a potential to identify a wide range of roughness of ground surfaces.
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: surface roughness(E® A&7]), ground surface(@AHEH), Gaussian surface (B3 TFEE

¥9), light scattering (348, flux of scattered light (F+&+%<), light flux ratio(%
€4)), light intensity (37%%), on-the-machine measurement (71°471%), specularly
reflected light (F%HA1E), diffusely reflected light (F¥HARE)
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Fig. 1 The conceptual diagram for measurement of
flux of scattered light
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Fig. 2 The Gaussian probability density function,
the probability density function of surface
slope, and effective angles of detection
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(simulation with data in the reference [8])
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#& AHAN A9 Y ALV FE57 AAS
BoZq vk agtol g ng THAAN FA
544 A A7e =4 A FALE o] Fo &
Azt Age 2A WA de A& 4 ¢ Yo 2
o} bkl dge T4 Wded ARHA 9%E
F19le AR vehda sith

2.4 ZHojppuisel 43
44 29 ALY 53 e BEE A7 A8
s Auth: J99 9% F J49 ¥% 899 &
3% 2o A FEuE 2FANSE Fatk A
o fABN. VY GAREE ZHe ARSI
Mg PO FREADAAS ol thes] FANE
£ % gt

v,

FR, m Co ®)

wEld 482 AR FHuE YARSd 5P
sA Bk Q@) 93 2= Beu)sl ZUw
Agoltt 2HAY B0 BARE C g9 FEFL A
go} B 59 Ay BAE FA WS o
weh Bl snz WE AN Agsed=
thae) BA7L 9ok 28y olge BHe §Y 33
o B3t BAEA gom 53 C go] Ed W}
g9 27 zFes A4Ewe ZadPel EHdAL
ot odd EAY 5 Yok FRE o431 Fig.
33 U o) 2AE 4 5 Yok

BW AW k] F9 S A2 e 7AL

50

11

Us = & 4 blog Fa

10

aedlls, be1B24

Uz, =1F

Flux Ratio
s 0b

2t

— T T T

0.6

0.5

A

Do 1) 1.0 15 240 25
Roughness(Ra: um)

- L

Fig. 6 Flux ratio FR; with respect to surface rough-
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(simulation with data in the reference [8])
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Fig. 7 Schematic diagram of the measurement system
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Fig. 9 Experimental setup for measurement of flux-~
es of scattered light (Photo)

Fig. 10 Close-up of the probe in the experimental
setup (Photo)
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Fig. 11 Measured and computed flux ratio FR; with
respect to surface roughness
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Fig. 12 Measured and computed flux ratio FR,
with respect to surface roughness



$EAYTHHA 129 A 45 (19959 44)

A7) &3el 715E AoR AAEd. &UjA AN
AdAe ¢ 48 (Fig. 1)1 dARA a, bgE o] &
gt A(9)2 FE A AN A¥EId) & B
FHIL Y& ¢ 4 Atk N 42 A3
W g uie] ¥EWAY W ARr¢e] B4
Mol A¥ATA & BT LS & F Uk 2F
ANdE o]24o] F& B B dEo K880 2
@- 98 &43 4% 54¢ 2= 3PAAE
AT & € Ao Pz},

2AFAM Aok 89 AAY) SHIEL Y
F&£g ZA37) d3 EHoE 2E £3dAz9 A
o] FREEE B vHA FAHolof A}, E
¥ SHIAY SYFR 7 £Fo] Holop g}, e}
2349 FFed Ee BH AAY A (wavi-
ness) 5o & SR 44 FHAUE fAEA
A ZHI PR 7o £33 & o|RA B U}
Aol vk BW ALY 23FAY AF exr) A
Sl 2 9L T 74 ASFARME FAFE
o o|Zg 71 AZAlY EARE on] FaEHY
A AAE Qg gom A 43T FHAEE
of haiAE 7= FEu) S AR S4E
Ho|m gith, b £ dfolA AAR F&u) 24
B x 714 A HFE Aoz Y4,

4. 2 B

2 doAe Agtdy) B34S 24l EW AR
718 AAste 19 g Agsign. =3 443
0.2 Abgo] 759 o4& Esidn Ay Wy
o 7lzg F2FAAES ek A4 EW ALY
Z3& A9 A P U FAY ME E @
25 B dolEQ AdFe FEuE PR F
= S Assgon] Yabgsa Fukal Wik ¥
Q 2o o3 A&Ele F&3t] v ZYde V&
9 Wi vlude 1 548 =3Hc o83 43¥
Aol 3% ol oy 28 2L dg 4 s

(1) B3¥ 239 9 ER AD) SHPHe 7
AR GUAFE TN LolEolnE Wad Yo
B9 A4 EW ALY EFe) b,

() =949 o124 AQ 94 BB AL 2%
N 2%e A3t Agem 254 Al

53

&34 E4E 5 Stk

(3) ARSI AR WE SRR &)
Y EW fAEe] 93E gorz IHdA AR &
Hole, N7 8 F dAF&zte vE AW AR
T2 9 B9 AA7] FF0 9 AFH o,

@) NEd 2PN E 24 AN eE A4si
9% 0,2mR, (0.8 mR,,, ) v2d nF A4t
EHAA 2k 2.3 m R, (F 12.5 m Ry, Hlza A
A AAFHAR] 57 WEEHE Bl

(5) ALE W A7) SFFH A 49 B
£ EHo] AZAAE G2 ZAE se] W A
A7l AF ARA] g FE e i 2
o] BEARL o &3 Ao Hast,

1k

F Y j=]
#AF

1. T.R. Thomas, “Surface roughness:The
next ten years’, Surface Topography,
Vol. 1, pp.3-9, 1988.

2. L Sherrington and E.H. Smith, “Modern
measurement techniques in surface
metrology:part Il:optical instruments’,
Wear, Vol. 125, pp.289-308, 1988,

3. E.C. Teague, T.V. Vorburger and D,
Maystre, “Light scattering from manufac-
tured surfaces’, Annals of the CIRP,
Vol. 30, No.2, pp.563-569, 1981

4, P, Beckmann and A. Spizzichino, “The
scattering of electromagnetic waves from
rough surfaces’, Pergamon press, Oxford,
1963.

5. L.H. Tanner and M. Fahoum, “A study of
the surface parameters of ground and
lapped metal surfaces using specular and
diffuse reflection of laser light”, Wear,
Vol. 36, pp.299-316, 1979.

6. D.Y. Yim and S. W, Kim, “Optical rough-
ness measurement of ground surfaces by
light scattering”, International Journal of
Machine Tools and Manufacture, Vol. 30,
No.2, pp.283-289, 1990.

7. G.N. Clarke and T.R. Thomas, ‘Rough-



3498 Ae%

10.

1L

12,

ness measurement with a lagser scanning

-analyser’, Wear, Vol.57, pp.107-116,

1979.

BHEX, BHHA, FEENC L 2HENLEE
DMERFEE, HANEMEe, 1985.

M. Shiraishi, “A consideration of surface
roughness measurement by optical
method”, Trans. ASME, Journal of Engi-
neerig for Industry, Vol.109, pp.100-105,
1987,

M. Shiraishi, “In-process measurement of
surface roughtness in turning by laser
beams’, Trans, ASME Journal of Engi-
neering for industry, Vol.103, No.2,
pp. 203-209, 1981.

H.E. Bennett, ‘Scattering characteristics
of optical materials’, Optics Engineering,
Vol. 17, pp.480-488, 1978.

T.V. Vorburger, et al., “Optical measure-

54

13.

14,

15,

16,

ment, of the roughness of sinusoidal sur-
faces’, Wear, Vol.109, pp.15-27, 1986.

R. Brodmann and G. Thurn, ‘Roughness
measurement of ground, turned and shot
peened surfaces by the light scattering
method’, Wear, Vol.109, pp.1-13, 1986.
D.Y. Yim and 8.W. Kim, ‘Light scatter-
ing patterns of simulated engineering sur-
faces when the surfaces have a sinusoidal
waviness , International Journal of
Machine Tools and Manufacture, Vol. 34,
No.1, pp.33-41, 1993,

AdF, 4%, V4 ASE 98 Ag4 329
AZ7) ER4AY AL, F=FLFEHA Al
A 6%, pp.168-178, 1994,

J.8. Bendat and A.G. Piersol, ‘Random
Data:Analysis and Measurement Proce-
dures’, 2nd Edition, John Wiley & Sons,
Inc., 1991.



