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ARTICLE INFO ABSTRACT

Article history: In this study, calibration procedure of power assembly tools is suggested and
Received 2 October 2015 methods are developed for calculating measurement uncertainty. Fist of all, the
Revised 7 October 2015 calibration of joint simulator bench (JSB) was carried out for maintaining

Acoepted 14 October 2015 traceability and the uncertainty components of JSB were analyzed. The

influences of tool speed, tolerance, temperature and length of the adapter were
examined by the torque measurement values through experiments. From this
research, credibility for calibration results could be enhanced. This experimental
results, being used as an effective tool for calibration of power assembly tools,
will provide and improve the accuracy of the use of the power assembly tools.
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Table 1 Measurement values (N-m)
Number| Value |Number| Value |Number| Value |Number| Value
1 34.28 7 3348 13 34.04 19 33.70
2 34.18 8 33.37 14 33.99 20 34.15
3 34.13 9 34.09 15 33.53 21 33.78
4 33.87 10 34.20 16 33.92 22 33.50
5 33.81 11 33.73 17 34.06 23 33.70
6 33.78 12 33.46 18 34.05
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Table 2 Specifications of assembly tools

Type Horizontal type
Application range 14~80 N-m
Resolution 0.01 N'm
Spindle 50 rpm
Length of adaptor 28 mm

Table 3 Specifications of JSB

Uncertainty of relative
measurement

Sensitivity drift

0.14% (k=2)

0.06 %

22.8°C, temperature stability
coefficient 0.1 (%/°C)

Temperature (average value)

Angle of error +0.278%
Temperature of tool 23.45°C
(average value)
Measured velocity
48

(25th average) P

Tool rotative velocity sensitivity H: 0.038

coefficient (%o/rpm) S: 0.012

(1/2") Rotative velocity error of 0,052 %

adaptor allowance

Horizontal type.: 0.018
Vertical type.: 0.005

Sensitivity coefficient of adaptor
length (%/mm)
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Table 4 Values after applied for calibration curve

Calibration level 30% 80% 100%
Calibration torque | 33.80 N'm | 66.80 N-m 80.00 N-m E= T, = T, 40, 70,40, 0,19, )
Joint Hard (30°) Hard (30°) Hard (30°) 714 B % Qxe AN oF
No.1 © 34.28 65.74 79.25 T 29 447
2 34.18 66.52 79.02 L
3 34.13 65.91 78.39 T, : JSB A
4 33.87 66.51 79.56 5, » ZHET Bl o3 BAR
5 33.81 67.00 79.23 6, : JSBoll T RAg%
6 33.78 65.95 79.28 5, 1 TT JHET o3 BAG
7 33.48 66.03 79.35 5, oFRE] Al o3k BAzL
8 33.37 65.81 79.59 5, oFEE Zolol 93 BAg
9 34.09 66.77 79.69 EE?_]', 55_3_ o 2o RAPGES wae).
10 34.20 65.81 79.41 "111(531) JSB 28w nAgk
11 33.73 66.25 80.03
12 33.80 66.44 79.63 -u(652) ISB A== RE R
13 33.46 66.67 79.03 -u(dy) ¢ E5 QPR efsk B4
14 34.04 65.98 80.00 -u(by) @ A% Z=ol o7k HARL
15 33.99 66.36 78.53
16 33.53 65.58 7931 5.4 28T £%%
17 33.92 66.08 78.59 5.14¢] 7|12 AR E7 Table 49| 244 vlo|HE Ed2o] u}
18 33.61 65.78 79.55 g BIeE ANEE9a, 1 AEEY 9okt Table 53 2o
19 34.06 66.17 79.74 259t
20 34.05 66.41 78.65
21 33.70 66.33 78.49 5.5 A EMEET
2 3415 67.12 7842 2 29T AUSPEIE, Uk TR0 AT
23 33.78 66.09 79.71 A EFEST wE) Ho2A A (6)F o] YEeRIt
24 33.55 66.55 78.79
25 33.70 67.18 79.88 U=kxu(E,) (%) (6)
Table 5 Uncertainty budget
1 2 3 4 5 6
Estimation value Standa?rd Probability SensitiYity Unce.rtail.'nty Degree of
X (N'm) uncertainty distribution coefficient contribution freedom
T; U(JJ,;) Q U, (U) v
T, 33.85 0.154 % t-distribution -1 -0.154 % 24
0, 0 0.009 % Rectangle 1 0.009 % 0
d, 0 0.179 % Rectangle 1 0.179 % oo
J, 0 0.022 % Rectangle 1 0.022 % oo
0, 0 0.015 % Rectangle 1 0.015 % 0
) 0 0.145 % Rectangle 1 0.145 % oo
T, 33.80 - - - - -
E, -0.05 - - - 0.279 % 21
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Table 6 Relative measurement uncertainty of power assembly tool (Reliability level 95 %)

Calibration level 30 % 80 % 100 %
Calibration torque 33.80 N'm 66.80 N'm 80.00 N'm
Joint Hard (30°) Soft (360°) Hard (30°) Soft (360°) Hard (30°) Soft (360°)
Average 33.85 33.20 66.28 65.90 79.25 78.44
Relative measurement 0.59 0.78 0.56 0.57 0.55 0.52
uncertainty (%)
Coverage factor (k) 2.13 237 2.08 2.10 2.07 2.04
whEbA, k=2004 A EEEEEE u ) =0.279%% A5 References
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