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Development of System for Measurement and Evaluation

for Machine tool Spindle
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ABSTRACT : The spindle is a very important parts of machine tools. The evaluation of spindle
motion is required for improving the performance of machine tools. The evaluation tools have been

developed for precision spindle by the reversal technique, and 3D error map motion of spindle is

proposed. This technique makes us understand the total movement of spindle more easily. The

proposed technique has been successfully applied to practical machine tools, giving high potentials

for the spindle performance measurement.
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SENSOR

77/ SPINDLE o Soser

/A MASTER
BALL

Fig.1 MEASUREMENT SETTING
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3.2.2 Rotating Sensitive Direction

AEWFe] EELAE BeAon FAH,
0

Jcos @ + Y(8)sind

W&

Analog Input (A/D convert)

A/D | Resolution: 16 bit
Board:] A/D sampling rate: 100 KHz Max.
ADva |Digital Input

ntec | Channel: 16 7}

PCL-| Level: TTL compatible

816 |Input load:0.5V@0.4Malmax.); 2.7 V @50
# A(min.)

4

Lion Precision: 10.000 Volts/mils

A A (Sensitivity Hi) standoff 4.000mils

Lion | 1v® 0.1 mils= 254 gm

precisi|3] 4= (20(Voltage® 3} 2)/65536(16bit=2"1
on [6)=0.305 mV 0305 * 254 = 0.775 nm )

Bandwidth Settings: 1 KHZ

Upper Ball: 1 in 2% 0.000004 in
v} ~E0.1016 #m
= Lower Ball: 1 in 232 0.0000025 in
0.0635 um
L

1l

il

Table 1. Measuring System Spec.
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r(0) = x(8)cos( @) + y(@)sin® => radial motion
in rotating sensitive direction

Z(0) = Zo(8) + rla(@)sind -B(8)cosd] =>
Face motion in rotating sensitive direction

r(8) = xi(B)cosf + yi(0)sind

o 8) = xo(8)cos@ + vo( 8)sin b
n(8), rl @)= ZF29 Zold wWg FAn urst
(rotating sensitive direction)g e}
A7 xi(6), x(0) = xo(8) + L- B(6)

vi{d), yo(8) = yo(B) - L - a(8)
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3.2.4 Reversal Technique
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4) Fig2st Zo] 180% DA F2 29E 2 Pl sensor | T sensor -
ig. 7o - A, F2 s 2 rx upskol ow - o = -
: 15 $EoAE
DA B Ag) A g meld Ay 4 L Los HUE T 336 nm, 410 nmet
: =45 Aok
o] Zt}.
5) dWolelg with oA ole] W fHAAAM #H

TS o] &3tk
6) olel g o]&dte] A2HAEYW wiAHES] F
s Tt

T(8)=S(0)+P(6)+ Acosb

To(8)=—S(0)+ P(6)+ Beost

Fig.5 Sensor 1 Fig.6 Sensor 2
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T\(6)— Tu(0)

S(e)=

2
Fig.7 X-AXIS Fig.8 Z-AXIS
S(O): FlaEl 2] &5 X% 4aFe]  29E $F A 540 nm. ZF W@
P(g) ~RES LEoAD o] 29E £F5 23 698 nm=E S FH A
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