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Real-Time Measurement Technology for Bi-directional Diameter

in Ground Spindles

Man Hyung Lee,

Young Il Jung“

, Jong 11 Bae

ABSTRACT

This paper presents an in-process measurement system for shaft radius measurement during grinding
process. This system does not require to stop the grinding process, which can enhance productivity and
quality. In order to measure the radius, the system employs an eddy current sensor that can measure without
any contact with the shaft. This type of sensor is very appropriate because it is insensitive to interference such
as cutting fluid, coolant, contact pressure, and wear. For data analysis, the measurement system is modeled as

a linearized discrete form where the states with noise are estimated by an extended Kalman filter. This system

has been validated through simulations and experiments.
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Fig. 1(a) Typical real ground spindle

Fig. 1(b) Jig frame and eddy current sensor model
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Fig. 3 Real angular velocity

Table 1 The measurement of height gauge

A} oA 4
ck:kl 2.2
0.08000 |-0.080000
0.126800 |-0.026800
0.262400 |-0.062400
0.315040 |-0.015040
0.418280 |-0.018280
0.517080 |-0.017080
0.621100 {-0.021100
0.728840 {-0.028340
0.822620 |-0.022620

F win 4g
494 | e

0.002040 | -0.00204
0.068800 | 0.031200
0.241720 |-0.041720
0.324700 |-0.024700
0.404860 |-0.004860
0.512880 |-0.012880
0.607340 |-0.007340
0.698000 | 0.002000
0.804980 | -0.004980
0.954720 |-0.054720| 0.902600 |-0.002600
1.024900 |-0.024900] 1.024880 |-0.024880

* 9lo] FolA W= Height gauge[nn}e] WS

H 2] (+0.1mm)
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Fig. 7 The view of sensor attachment
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Table 2 Specification of overall control system

g 2% fFHE M ATTACHMENT
ik X-AXIS Y-AXIS VI-AXIS | V2-AXIS
o E 23 S35 wrRgs
olFrERI 75mm 600mm 7mm j 4mm

Hgol$4 % 250mm/s 500mm/s 200mm/s

AC SERVO MOTOR(YASKAWA)

- &2 1 SGM-02A312(b) *YZ BRAKE
TEREH - HAAEE 200W

- A3 A5 : 3000rpm

AIR CYLINDER(LG
- JAE QA : 64%g - cm 5

- ACM-10LR-15
- ¥B7 : 10mm

BALL SCREW BALL SCREW
2 BNFN-1605 BSE1510
° - LEAD : 5mm - LEAD : 10mm
- 917 :16mm -974d  :15mm
HSRI15ACO SR20V2UUC0O RSROW
i Fhej = - C : 8.33KN - C : 7.16KN - C 1 245KN
- CA 1 135KN - CO 1 144KN - CO : 3.9KN
=gy 18] Setting & ¥HE AL &% o AP WHE BT I
e (Ag g dF2 Ae)
CYCLE TIME 10 sec (13] o5 s ALY, ©F 53 A A7 A9))
35.010 =4 0.0030
’a;sa S 3 0,0028
g ' go.nao
,‘E 33,000 3 , ,.‘WWW’\A//V NL\[N,'!'\/ \'W\,‘N/\"’\rf,\‘ (PN ~
g Zalt S o.cora
E 34,995 o a
‘; E| & 0.00'0 ,
% 34.990 j g
o 0.0008
¢ = mostec‘éc B o.0000 & 00 'éo".pvlo 260 230
Fig. 10 Estimated radius in the simulation Fig. 12 Error of estimated angle
0.00) 0.008
0 603 ] m ©0.009
E o.aan nJ\J 0.00¢ J
§ -0.000 E 0003
s { %-o o000
‘3 -6 00 ‘H’ VA' >
g ‘1 -0.002
-0 002
=-0.004
-0.003 Yy ,60.!.0 80 1do 1he . ~0.000 - T 5 55 o
step
Fig. 11 Error of estimated radius in the simulation Fig. 13 Error of estimated angular velocity
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