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A Study on the Metallic Surface Roughness
Measurement by Laser Diode Beam
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ABSTRACT

A new technique for the measurement of surface roughness based on the intensity fluctuations of
laser light backscattered form a moving surface has been introduced.

The developed method will be quite useful for evaluating the surface quality under machining with
more detailed information by detecting the surface roughness along both directions simultaneously.
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LD  : Laser diod (GaAlAs)
CO . Collimetor lens

BS . Beam spliter

QW ! Quarter—wave plate
OB . Objective lens

PD . Photodetector

835  © 835 optical power meter
DM  : Digital multimeter

0 . Ocilloscope

300 : Surfcom 300B

A . Amplifier

R : Recorder

A/D : A/D converter

C 1 80386 30 MHz computer

S . Software (SCOPE, DADISP)
MO  : Monitor

P . Printer

X=Y : X-Y plotter

SS . Standard specimen

T . Test specimen

OPD : Optical magnetic disk drive

Fig. 1 Measurement system of surface roughness
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Photo. 1 Layout of experiment system
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Table 1 Working condition of
surface roughness (SM 45C)

Surface | Tracing |Beam spot ]
. Laser spot
roughness Speed diameter
(Rmax) | (mm/sec) (mm) (mm)
5.8
6.5
6.7 0.03
6.9 0.06 0.1
7.0 0.12 0.5
7.4 0.30 1.0 Optical stylus
7.5 0.60 2.0
7.7 1.5 4.0
8.5 3.0
10.8
11.4
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Fig. 3 Time domain surface roughness signal
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(1) 339 : Laser diode(GaAlAs), 3-8(A) 760nm,

(2) #A27] : Photovoltaic type BA%7), 37
W48, B3 Laser Pico-Watt Digital Meter
M835-SL-04.

(3) &9 ARy) 2A7] : Tokyo Semitsu Co. LTD
24 Surfcom 300B.

{4) A/D¥igl7] 2 Digital 1/0 : 12bit, 162d, i
WA&T 30 KHz, 16 A9 Digital /0, 4% +
1V ~ 210V, 2d PCL812.

(5) A&E} : IBM PC/AT 386

(6) Il 22 : 600Mb~4.8Gb

(7) DC Power supply

2 Agd AE AEe TR 847 (SM45C)
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Table 2 Mechanical properties and chemical

composition of specimen (SM45C)
a)Mechanical properties

Yielding | Tensile .
. Elongation| Hardness
Material | strength | strength (%) (Ho)
(kgf/mm?)(kgf/mm2)| ®
SM45C 42 56 21 91
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b)Chemical composition (% wt)

Material C|Si|{Mn| P |S Fe
SM45C  {0.45(0.25 | 0.78 | 0.03 |0.035| Balance
DY A5
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(Tracing speed : 0.03mm/sec)

Journal of KIS Vol. 7, No. 4, December '92



g 3olX u|YF ol82 IRTHL| MHAY| SFol| Bet A7

Azgel LommAns FAAL7)9) A7l
Aol A ete) WBE Kol MAE A
£ % 4 itk WA T ol YABEE

2 AT AL 7187 A3} A §X)H

=

12 FUAA7] FHA] o|FLEE Imm/secd
o JAbg£el 215 0.lmm~0.5mmPu7} 717 o]
AHoz geAAE A ¢ U S ¢ T A
th. Fig. 82 o[$4%7t 1.5mm/secu) YARL
o Aol 0.Imm7HA] Fellse] F 0.5mmojA=
ARl Mol Bolt AR 24 RS ¢ F
9t ImmoAl= 5.8Rmax~7.5Rmax7}x] k7t

A7 gl out 7.7Rmax~11.4Rmaxol A
= A A7t glol 9AEE Bol1 9t

2mm, dmmol X AE7F AXEE & 7 o8
2 ol42n 7l 1.5mm/secd = 0.lmmi A}Lo)
HeeE ¢ 7 Uk

Fig. 9 o]$4%7t 0.6mm/secduly BHAR7]
ZRo) A2E 7 e YA AEL 0.1mm,
0.5mm 7}58b, Fig10djAl= o]$4 %7k 0.3mm
[secul RHAAY] FHo) AHSE 7 Ak AR
£9] A5 0.Imm7} 7k56hH, FigllojAls olf
&7k 0.12mm/secduf AHEE = Qs YAREES]
A& 0.lmmYu] 5.6Rmax~7.8Rmax oA
7hsete, Fig. 12, 139] o]$&%27t 0.06mm/seco}
0.03mm/secoll A= QIAREES] A Boff Agglo] B
WA FHo] IS ¢ 7 UL

Fig. l4= YAEEY M55 0.lmmzZ 31%-& of
ol$&%o] e THARY] 5.6Rmaxy] TP o2 H
W,9 o]&£% = 0.03mm/sec, W= 0.06mm/sec,
W,= 0.12mm/sec, W= 0.3mm/sec, W;= 0.
6mm/sec, Wy= 1.5mm/sec, W;2 3.0mm/sec&
olF & o] 1o}

Optical scanning methodolA1& beam spot size
7t AETE FoRIAT FUS HrHold thal
sampling step?] F7} Wol 02 Qape] o] 7
A o aHnE 7 2L QALY A gL
JEZA| A AZ) Y 4FE & 5 U

o 30

BN rMEtE|X] HITH ®4g 923 12

2 A A2 Euf dAES 8ol 4.0~0.
ImmZ 255 A4 o7t AW =A veiA
EAAA7 ] tig A4S B Fu ik

QL&A E 1.0mmo)A s o]44E 3.0mm/sec
ol o] sHolop FHAAZ] FHo) HLo] 7153t
JARFEZE 0.5mm, 0.lmmojAE ol4E% 0.
6mm/seco|gold A4 FH AR7) ZHo] Aol
Vs & F Atk

Fao & 1.0mmoME o)44EE 3.0mm/sec
7} AFAQ HalE Ho|1 glew 0.5, 0.1mmojA
€ o4 L.5mm/sectt AYHY S & T U

a8 B2 JAREE 220] 2.0~4.0mme} o|EL
% 0.03~0.3mm/secT7He BHAA7]0) ©r& AY
o) W57} Mg HEPAE HolA] Pty Bekd &
o2 FUAH7] Z4o 2HEE & F AL YA
£9) 2)&0| ZolAFE FHAITM U3 e
HHEE Holi 9loug QAMEEAEL 1.0mmo]s}
olAgt FHAA7] F40 2 go| V53T o|FEE
£ 0.6mm/seco]4o] EHojok HHAAY| ZHo) F
o] 7h5ste ZAHoR JAEERE 0.5mme}
$4% LSmm/sec7t 7MY AHE HEHAY S

T AT

[e}

12

Hi: Tracing speed : 8.83nm/sec
9.375
8.175
-0.825 -
02258 et

pe 82 B4 886 08

H2: Tracing speed @ @.86nn/sec

I3 Tracing speed : 0.12 mn/sec
8.30

-8.203 et

g0 9.2 8.4 865 9.8

79



i, AYS, UYA), Yy

N4: Tracing speed . 0.3mn/sec

0.30

a2

g8 02 904 86 8.8

H5: Tracing speed : @.6mn/sec

:
°-’i\fv\n/\./\/-«/\/\..f\/\u

-0.21 — ’
04 86 0.8

pe 8.2

II6: tracing speed © 1.5mn/sec

‘”iw\/wbv/wvww

-8.21__ et
pe 82 984 06 0.8

17 Tracing speed . 3.Bnn/sec

e Mwwmw

9.2 0.4 0.6 88

Voltage[v]

Time [sec]

Fig. 14 Surface roughness for tracing speed

3.2 QARES A Fol

A gk

E9A27) 230 v

UNBEY Ag wad] G2 FRAD) EH9
WSS Polrr] 3t ALY AES 0.1, 0.
5 1, 2, dmmZ WIAA FoH olEY éﬂrg
Fig. 15~Fig. 200 YRR}
ojmf AHY] o]H&EE 0.03, 0.06, 0.12, 0.3, 0.6,
1.5, 3.0mm/sec?] 77}X 2 3}9t).

Fig. 15% QA4 218l 0lmmdn) o154
T 3mm/sec~0.6mm/secd = FHAZA7] 5.
8Rmax~7.7RmaxdA& Hél5o] £ou3 FAZ
A9 wgzt Vel 3HAA7] 8.5Rmax~11.

80

4Rmaxd M &2 &
th ol 349 BY 7'1"17]7} 7‘1%‘-’% Abdel @
402 Boil5e) B4 982 2 4 AUk ol% 4%
7} 0.3mm/sec@uj= FH AZA77} 58Rmax~ll
4Rmaxol A= A9 43l Walr} »oln, o4
27} 0.12mm/secdu= ¥HAZI7 7} 58Rmax~
7.7Rmax7 A= Y Wit 7k Ao 8.
5Rmax~11.4Rmaxdl|A= THAA7|o] wet A¢
o 710 g ¢ F Atk olFEE} O
03mm/sec®} 0.06mm/secoliAls AA712] W3l
FARlel Aol A9 Wlglo]l AAFS U T AN
123

Fig. 162 AHe] o]FEEE 3.0mm/sec2 3t
Y YAMEEY] Aol thet W AF7] 5.8Rmax
of 2gogA W(1)& YAbEEe Age] 0.lmm
du) W(2)= 0.5mm¥u], W(3)& 1.0mm, W(4)
= 2.0mmojn W(5)= 4.0mmYmo} 2ot}

Fig. 1794 dAbg£9 A g0l 0.5mmed) &
wAL7] EFo AHEE 7 e olFEEE 3, 1.5,
0.6mm/seco]d, Fig. 180\ YAPEES] 2 E9]
LOmmYu] ARES Qe o]$E£E= 3mm/seco|
o, Fig. 19~Fig. 200412} JA}g&9] =] 20] 2
Omm~4.0mm¥W = o]FEE9] Rl HARl]
A9 e Walyl glom AZ YATE ¢ 7 A
o}

Tracing speed {mm/sec]
S0 A0 —Sam -Spa s Ny Mgy

[

Voltage [V]
o
-
’

o4 R
. TV ——— &
[ ) J SECTTTTERCTO NPT PR ety .
" e ———
° ry e -
&6

7.6 LX) ne

Surface roughness{Rmax)
0.9nm

Fig. 15 Digital voltage vs. surface roughness
(Beam spot diameter : 0.1mm)

Journal of KiIS Vol. 7, No. 4, December "92



Hi. Bean spot dianeter . 0.imn

2 hwitbeth Al
8.6 8.5

8.8 92 0.4 '

W2: Bean spot dianeter . 0.5mn/sec

NIV TV

B 82 04

[Ty

- ™=
= N e

t t t t

86 6.8

W3: Bean spot diameter : 1.0mn

9.30
-8.20F
8.0 8.2 €4 0.6 88

H4. Beam spot diameter . 2.0mn

9.28
8.04 —

020
8.0 02

"84 85 0.8

I5: Bean spot dianeter : 4.8

"84 06 0.8

Voltage[v]

Time [sec]

Fig. 16 Surface roughness for beam
spot diameter

Tracing speed [mm/sec]
~X-g08 -Agae S-om -S-ex o Ay 4

1
> o8
&
)
5’ s
=
G D
< o4 “ e
. e it :
02} WY a N
- m—— e 8
N==="C" —
56 7.6 %6 ne

Surface roughness(Rmax)
O.8mm

Fig. 17 Digital voltage vs. surface roughness
(Beam spot diameter . 0.5mm)

SisiigleMEs|X] M7 AM4Z 924 12

Alci2l RENE gy einu=o] st 37

Tracing speed [mm/sec)
—2-pps 008 -0 03 o8 A1 Mg

bbb DA &

v M - ——
¢ 7.6 .6 e
Surface roughness(Rmax)

10

Fig. 18 Digital voltage vs. surface roughness
(Beam spot diameter : 1.0mm)

Tracing speed [mm/sec)
—x-gp3 008 —-3u -S-03 o0 -1y -M-33

Voltage [V]
o
»

8 76 0.0 ne
Surface roughness(Rmax)

a0

L0mm

Surface roughness(Rmax)
Fig. 19 Digital voltage vs. surface roughness
(Beam spot diameter . 2.0mm)

12 Tracing speed [mm/sec)
~S-008 —A-008 o —S-08 08 Mg Ay

Voltage [v]
S

[
>

X 7.8 0.8 ne
Surface roughness(Rmax)}

4omm

Surface roughness{Rmax)
Fig. 20 Digital voitage vs. surface roughness
(Beam spot diameter . 4.0mm)

81



2y, Aeks, A, #Nd

Fig. 212 58427 30 g 220!
Hol ggo) 2%E T + U

, 4

Sampling interval 4x

Ao

Heght

34

Evalusiuion length L

Fig. 21 Surface roughness profile
M =L/(n-1) = L/n
7|4 ke AEY 744, L BUAEY £39
H7AAZ, ne AES AFe|s], Table 3& H4o)
AN FER o)L we ABe ATy 7+A A&
o} 7o) Lol tigt Foltt.

Table 3 Sampling interval 4x and evaluation

length L of specimen(SM45C)

Tracing speed | Evaluation | Sampling inter-
(mm/sec) |lengthL (mm}| val 2x(mm)
0.03 0.12288 0.00003
0.06 0.24567 0.00006
0.012 0.49152 0.00012
0.3 1.22880 0.00030
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