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Cross slide unit Operation average speed [m/min)

+ Y
i + X-axis {Y-axis | Z-axis
_/ CondiionA | 3.1 | 58 | 3.8
Z Column unit CondiionB | 2.7 | 6.4 | 4.2
ConditionC | 1.8 | 5.2 | 44

x ':j' Machine running condition :

Spindlehead || & = | [50min running] + [10 min stop]
' ' 2 cvcles repetition
Bapid Traverse Rate
Jig fixture X: 60 [m/min]
T 60 [mmm]
Z: 60 [m/min]
Travel
X500 [mm]
T 450 [mm]
Z: 3500 [mm]
Touch probe  Master plate for measurement
« - r S
Spinde Ori gin Measurement interval : 10 [min]
an :
S 1 w1 A (D~ Measuring holes for
@ ) @ XY repeatabilitv
l’8—(#)1'3.'3 holes on platg@ Y .
(@~ Measuring surface for
@ ® ® Z repeatability
e Nl BN

oA Do

Ian side
WMaster plate detail (viewfrom spinde)
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gk A IR E ORDVICRE L, £ OENE A IR E LA BRSOV CREA
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X Z-axis servo motor v
o — ) | Spindle motor — ) |

X-a:lnshm?a.r X-axis Z-axis linear
motion guide servo motor motion guide Cross slide unit

Spindle head

=

.E —-‘I 1 Y-axis ball screw

| :; e . Y-axis servo

] 1} X-axis II motor

ball screw ¥ 1 Column unit
1 . ’..I I

Y-axis linear
motion guide

- - T Spindle head

center line .
Workpiece

Workpiece

Tig fixture Tig fixture Machine base

_A A A A

X2 -1 S~ =27 X O

X2 -1 FEEEEmRAAR *2 -2 FERERBIOHE
Primary machine specifications Experiment condition and measuring equipment
X-axis 500 Ai ditoned
Travel [mm] Voaxis 450 Factory temperature state r-conditione
Z-axis 500 Environmental temperature .
- Temperature rise
X-axis 60 control (common for all)
Rapid traverse rate  [m/min]| Y-axis 60 . C-A thermocouple
- Thermometry device . .
Z-axis 60 (6 points on machine)
Forwarding drive system Ball screw drive system Displacement measuring Precision dial indicator

equipment

Semi-closed loop
control system

NC positioning system
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C-Athermocouples

Ball-Screw Nut (X)

Qar

N Prox

T CR-lower

%

: Frictional Heat

T CL-uppet

Ball-Screw Nut (Y) . Tep s

. T, CL-lower

Datum Plane

Spiﬂdle Head Center

X2 -2 WHEAJEONE

h
Spindle Head Center / | \

Oy« Frictional Heat

!L'mear Guide (Z-axis)

B L O E RS DB E

Y
) -+

— D

+ | - v Dy
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! ! \ ADY-E! - DY-lnwer - DY-upper

o ] | \

LA} K":( D‘,

L ..:.. h‘\ DY -lower
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K2 -3 HRIREREZRME

Machine Operation Pattern

Mark Driving Compornents Average Velocity
(A) No Running Not Applicable
(B) Y-axis Running only 16/8 /12 [m/min]

(€) X-axis Running only 20/10/15 [m/min]
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18 |- The environmental Cross slide unit
16 temperature rise more
E 14 than 10 [*C]
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_—':ﬂ 10 TCR—uppaf
5 gt
T Ter.ES
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D 1 1 1 1 1 i 1 1 i
0:00 2:00 4:00 6:00 8:00 10:00
Time [H]
20
18 [ The environmental Column unit
16 L temperature rise more
— than 10 [°C]
D14
512 F Tt upper
210 ——
g_ g - ICL-].D‘.TEI
56t
4 r Tt1Bs
2 -
D 1 1 i 1 i 1
0-00 2:00 4-00 6:00 2:00 10:00

Time [H]

X3 -1 BRESICX S EEREZOEEL
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1 110 E
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2 0.5 153 2
=
= =
=N : 0 5
5 =]
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1 f 4 -10=
-1.5 15
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43 - 3 RERMET—2 & FuiivIMERI ZEE O ik (S A)
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=-100 \\ V\\
2-200 N
5 s5um |\ N AN
= -300 .
2 Current of spindle \
= head gradient N
5 -400
) D"f-lu:-ww e b
-500

10 -8 -6 -4

-2 0 2 4 ] 2

Thermal deformation [um]

X3 - 4 EEUIMEREZEE OHER GRIE A)
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20 20
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16 | 4 16 5
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512 | 1128
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Time [H]
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