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Output Behavior of Build-Up Force Measuring System
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Abstract

In order to reduce the systematic error of a build-up system, we have proposed a new test
procedure in which all force transducers in a build-up system are rotated by 90° with a base platen
fixed on a force standard machine. The setting positions of force transducers on the output of a

build-up system were investigated using an orthogonal array. The effects of the parallelism of a
build-up system and of the bending moment sensitivity of a force transducer were considered. The
experimental results show that the setting position of the base platen hardly affects the output of
the build-up system, but the setting positions of force transducers affects it strongly. It reveals
that the new test procedure reduces effectively the systematic error of a build-up system.
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Fig. 1 Schematic diagram of the 1.5 MN build-up
system

1 : Constantan 5 : Balco

2 : Resistor 6 : Constantan
3 : Copper 7 : Resistor

4 : Constantan 8 : Resistor

Fig. 2 Photograph of experimental set-up
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Table 1 Factors and their levels chosen in the experiment.
Level
¢ 1 2 3 4
Factor

A (Base platen) 0° 90° 180° 270°

B(Force transducer B) 0° 90° 180° 270°

C(Force transducer C) 0° 90° 180° 270°

D (Force transducer D) 0° 90° 180° 270°
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Table 2 Experimental layout of four factors and their levels in an L;; orthogonal array.

Column numbers and factor assignment*
Eﬁgt 1(A) 2(e) 3(B) 4(C) 5(D) Group
1 0° 1 0° 0° 0°
2 0° 2 90° 90° 90°
3 0° 3 180° 180° 180° !
4 0° 4 270° 270° 270°
5 90° 1 90° 180° 270°
6 90° 2z 0° 270° 180°
7 90° 3 270° 0° 90° :
8 90° 4 180° 90° 0°
9 180° 1 180° 270° 90°
10 180° 2 270° 180° 0°
1 180° -3 0° 90° 270° ’
12 180° 4 90° 0° 180°
13 270° 1 270° 90° 180°
14 270° 2 180° 0° 270°
15 270° 3 90° 270° 0° !
16 270° 4 0° 180° 90°
* Second column is identified by error (e)
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Table 3 Experimental results of the build-up system for three cases. * Unit: mV/V
Expt. No. Output (y)*
Case 1 Case 2 Case 3

1 616.645 612.565 ' 612.785
2 616.46 612.615 612.85
3 616.42 612.555 612.775
4 616.57 612.5 612.725
5 616.535 612.62 612.84
6 616.395 612.5 612.73
7 616.525 612.545 612.755
8 616.605 612.605 612.8
9 616.615 612.605 612.84
10 616.52 612.61 612.815
11 616.49 612.565 612.785
12 616.545 612.455 612.7
13 616.46 612.545 612,77
14 616.51 612.515 612.74
15 616.635 612.615 612.84
16 616.4 612.58 612,785

Table 4 Supplementary data for factors for the parallelism of 0.5 mm/m and force transducers without
bending moment compensation (BMC)

Total of levi?cmr A ¢ B ¢ D
T, 2466.095 2466.255 2465.93 2466.225 2466.405
T, 2466.06 2465.885 2466.175 2466.015 2466
T, 2466.17 2466.07 2466.15 2465.875 2465.82
T, 2466.005 2466.12 2466.075 2466.215 2466.105
2T, 9864.33
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Table 5 Analysis of variance of the build-up system for the parallelism of (.5 mm/m and force trans-

ducers without BMC

Factor S @ v F,

A 0.0032 3 0.0011(*)
B 0.0082 3 0.0027 0.75
C 0.0207 3 0.0069 1.92
D 0.0457 3 0.0152 4,22
e 0.0182 3 0.0061

(e)** (0.0214) (6) (0. 0036)
T 0.096 15

Note: Asterisk (*) indicates pooling

Double asterisk (**) indicates error after pooling.

Table 6 Analysis of variance of the build-up system for the parallelism of (.5 mm/m and force trans-

ducers with BMC

Factor S o) \Y F,

A 0 3 0(*)

B 0.112 3 0.0007 0. 88

C 0.0122 3 0.0041 5.13

D 0.018 3 0.006 7.5

e 0.005 3 0.0017

(e)** {0.005) 6) (0. 0008)

T 0.0372 15

Note : Asterisk (*) indicates pooling

Double asterisk (**) indicates error after pooling.
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Table 7 Analysis of variance of the build-up system for the parallelism of 0.05 mm/m and FT (force

transducers with BMC

Factor S @ \% F,
A 0 3 0™
B 0.00462 3 0.0015 1.36
C 0.00962 3 0.0032 2.9
D 0.01212 3 0.004 3.63
e 0.00662 3 0.0022
(e)** (0.00662) (6) (0. 0011)
T ‘ 0.03298 15
Note : Asterisk (*) indicates pooling
Double asterisk (**) indicates error after pooling.
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tem between the indirect calibration and the
direct calibration
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