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Error-compensating Techniques in 3-Point Weighing Method
to Measure Unbalance Properties

Sun Pyo Lee’

ABSTRACT

In this paper error-compensating techniques in three-point weighing method to precisely measure unbalance
properties such as center of gravity and unbalance moment. In the conventional static methods, 1) fixture-errors,
2) effects of the contact between the fixture and the load scales, and 3) side effect due to the lateral frictional
forces acting on the contact points between the fixture and the load scales are the major factors that lead to
measurement errors.

The proposed error-compensating method perfectly eliminates both the fixture-error and the contact-error
simultaneously by manipulating the three measured reaction forces at three different angular locations. Also the
friction-error is calibrated by comparing the sum of three reactions with the actual mass of the specimen.

A set of measurement is performed using the same measuring system as Lee's, and a comparison of the
results from the convectional, Lee's, and the proposed method is provided. The results show that the proposed
method effectively compensates the errors listed above.

Key Words : Precise measurement (% Z74), Unbalance properties (%3 & &), Fixture-error (X357 £.3h),
Measurement-error (5% 2At), Contact-error (B3 23F), Side effect (53 &), Error-
compensation (2} BAH

71549 [AR] = matrix of fixture-error compensation
F = frictional force
M,; = unbalance moment (2:003 ycc) = gravitational center
8, = direction of unbalance moment (f:,»fy) = fixture-error
W,, W,, W, = measured reaction forces (6_,,96,,) = measurement-error

Ay, Af, = angles in fixture-error
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Schematic

Fig. 1 illustration of the three-point
static weighing method using three load

scales and a platform
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Fig. 2 Configuration of the platform and its
fixture-error
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Fig. 3 Calibration of the measured moment arm
with the true mass of the specimen
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Fig. 4 Graphical comparison of measurement results
from the conventional (without correction),
Lee, and the error-compensating methods



ol ME . ITAYFEIA A23A ANE

wto] A2 ZAETY NHFAAY AL WE
olty, 2 AAlel A1 T EFEF A A+ E
S ERYY A Ho B nHgolrz oy
g dgg NI 5 Qo

B =RAA AAG e 2 HE2A BA
He A YANA =AY volEE o] &3l A
ZREo] QA el AFoxd FELAE
Al BT FE F vt Table 19] SHHUSR
2(9b)e) st HE

~

1 [5.5242 5.4694 5.4866]
[W,,|= == |5.5304 5.4783 54715
164802 | £ 5199 5.4872 5.4808

g H@b)e) 38 HeHxgd
1 0 —80
1 80cos(30° + A8,) 80sin(30° +AF,)

[R]=
180cos (150 ° + Af,) 80sin(150° + A,)

2 45D o8 @) WU 1,(46,40,),
y( A6y, A8,), T4( A8y, AB,), y,(A8,, A6,), y,(46,,
26,), y,(A8,, A0,) 7t 46,9 A8,8] FFE The

gol 7% # Utk

(40, A8,)= F.iz?o? [437.552cos(30 " +A0,) ]

+438.928cos (150 * + Af,)

126\
/|

/]

. 165

0.4

Fig. 5 fixture-error

Relationship  between
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1 :
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1
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Table 2 Measurement results for a 3.5-inch hard
disk drive actuator (a) without and (b)
with the error-compensating method

me‘hod (CSt e(l: ey Tﬂl I/‘/tm
# | (mm) | mm) | (mm) (8)
1 -0.0025( -0.2035} 0.07283415 16.4802
2 0.0999! -0.1191] 0.07659507 16.4845
(a) 3 0.0665] -0.1337} 0.07029867 16.4766
4 | -0.0030} -0.2083} 0.07342137 16.4811
5 | -0.0086] -0.2223{ 0.07532557 16.4832
1 0 0] 0.07287228 16,4802
2 0 0 0.07659364 16.4845
(b) 3 0 0] 0.07033948 16.4766
4 0 01 0.07345204 16.4811
5 0 0] 0.07530212 16.4832
0.1 .
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Fig. 6 Graphical representation of the 5 test results
using the error-compensating method with
those using the conventional method without
error-correction
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