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Controlled microgrooving by in-process measurement

by
Takanori YAZAWA *, Shinya TANABE* *, Yousuke HATTORI** Yasuhiko OGIYA*

and Tatsuhiro KOJIMA'

Producing micro texture on surface, it's possible to give various characteristics of functions. In the
case of micro grooving using a diamond cutting tool, form accuracy is determined by the so-called
copy principle, where a copy is made of the accuracy of the machine tool. In this report, we try
improvement of grooving accuracy on an ordinary machine tool by in-process measurement and
control, though it is important to improve the accuracy and stiffness of machine tool and the machining
conditions. In this study, with aim of accuracy improvement, this method is applied to micro grooving
using single crystal diamond tool on an ordinary machine tool. First, we propose micro grooving
without environmental control and ultra-precision machine tool by CCRS. Second, in-process
measurement and control unit, which is composed of micro tool servo, optical gap sensor, control
computer and attachment jig for reference surface and workpiece, are designed and manufactured.
Third, characteristics of control system are evaluated. Finally, this unit and system were applied to an
ordinary lateral milling machine without NC control and a profile grinder with NC control, and
grooving surfaces are compared with and without in-process control.
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Fig.1 Principle of CCRS
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Fig2 Block diagram of CCRS
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Tablel Example of sine wave simulation results
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Fig.3 Effect of A/Ts on M
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Table2 Specifications of ordinary milling machine

Model name+ Strong mille

Companms HOUQA industrial KiKe
Setting date+ 1978,3,31
¥—directione T10Cmm) @
Feeding dimentione Y-dire ctione 300 mm) ¢
Z-directione M OCmm)
rﬁd direction
X-table- 7 .
_table 7 TR
Y-table ‘%‘ s
>~ U
Ztable—F SQOLP .
-table — >EE Support jig of
workpieace
Tool table
A Support jig of

straightedge
Fig.4 Schema of experimental setup for CCRS on
ordinary milling machine

3.2 MUNLAAEE &I

UINGA B2 MTS OEE A X 5 1ZRT . RlRO &
T, MTS i, MTSIZHE L CTWA T 7 F 22 —FTh
LZPITOEAT Y VARMEEMRIET 7= DICAL—
WL LTWS. LasL, PZT OdRiEEM 12 L % MTS
ORI, TAEEBE Y RBET D /) A XORBENRE
W72 D728, ABFECIER 2 1R T X911 2250 PLT
EFRHWTWS., 22T, BREEUHNZBWNTIHAET S
MTHE g AL EM/NTH Y, MTIZEHEM LA PZT
DOEMZRERLE LTHBER2WEEZOND. &
T, HOMMBOEEBIOKETICHE L 5 —FH0
PIT IZ K-> CEMEZFHIL, ZFnaflflds LT
A= I NV—T%FEK LT

HIE G E1X T-PD I & 2. 2o FE BEMAD
WL T8, SMELICH L CTIZ PD EhEE LTI <
728, BEM AN LTIEA 77y R4 L, SIS
KLU CHBICHIGT D ENTED. Lo, PID il
I~ EARME AR U T BIER I S v v

Head#f Baseif

Leaf spring

Tool Actuator

Fig.5 Schema of MTS



b, HIEEE N EL 225, 20, EOBREHIENIC I
MW TWRNA, BEEAICH LT —N— 2 —
FEMAZBDERBHICETBEL WL HETHD.
RERREANAE R 2 X 6 1T~ T.

3.3 FDEIDERESR

PN FHC T IR AL A3, HIPOSS, K-HIPOSS
EHEHL TS, AR 3ITRT.

FEEE X EE EE 63nm LT (150mm) O A b L— k=
v ERFEH L.

3.4 ERATFT—HIZLKEZVIal—Yay
ULOWREREZANT, AVAT LAOFNMEETH
B D720z, LIEBMZ EEROIM L4F i L
BRICHEAER 2 AN L TR LNEFE LIl Y
Ral—TarEfTor. MESLEEE 4, FOkE
REKTIORT. ZZCREMEIOBEL, %0 IHE
X, BRHLERE Y 94 AMOR KOS HE TIT-> T
W5, (a) iXFEHE, O)IXHEzIToBAO T HiE
ECH Y, M THBRICHLE T 5. ZO/REND,
FERIE TIZP-VA 11pm 72 - 72 3E 2558 Bh o0 8 23 H148 Tl
P-V & 3um 12D L TWADONRbNn5. £z, Kuze
M1 JE B 3R D FRZE A A AN L W fIE ST 523,
B 2 OFER L FRRICE OB E R OB ZERSICE L
TIFHIE N TETWARWY. o7 o ZREEE, %0
HENSFHE LA /Ts &, KERBLOERKE Y
2= gLV ROTEMOBEBRER 5 ITRT.

10
0 .
_ -10 \\
% -20 I
5 -30
S |
-40 &
-50
-60
1 10 100
Frequency[Hz]
(a)Frequency response
2
1.5 /

e

o
o

o

Output Displacement[V]

N

N\

|
o

-15 -1 -05 0 05 1 15 2
Input Voltage[V]

(b)Relationship between input voltage and

displacement

Fig. 6 Characteristics of MTS with control
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Table3d Specifications of HIPOSS and K-HIPOSS

HIPOSS | K-HIPOSS
Limit of resolution [nm] 0.2 0.3
Dynamic range [um] 2 5
Response frequency [kHz]| DC~10 DC~10
Working distance [mm] 0.6 8.1
Spot diameter [pum] 1.6 3
Size [mm)] 51 X38x86 |62 X45x132

Table 4 Measurement conditions of table motion

error

Feed rate [mm/min] | 195
sampling rate [kHz] 1

Feed direction
—_—

0.2mm

(a) Non-controlled

Spm 0.2mm
<«

st v Mo

(b) Controlled
Fig.7 Simulation results with / without control
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Tableb Composition of simulation results sine

wave on measurements

M
Position A /Ts
Sine wave Measurement
1 100 0.75 0. 65
2 20 0.21 0.19
Table6 Experimental condisions
Feed rate [mm/min] 800
Depth of cut [pum] 3
Lubricant Dry
Material Brass

Laser microscope

Measurement equipment (KEYENCE VK-8550)

10pm Rz=0.252pm 10pm
Tom MO 30 1pm M

e M,

(a)Controlled cutting

Rz=0.382pm

(b)Non-controlled cuttling
Fig. 8 Results of grooving with / without control





