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Study of indirect torque measurement using vibration characteristics of screw motor
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Abstract

One of the most commonly used methods for assembling components for the industry factories is by using screws.
This is because of its convenience, fast and ease for de-assembling which could be done later. However, screwing
the components must be performed carefully; otherwise, the components may ease to loosen or break. The Torque
is the most popular parameter to control the optimum screwing by using the electric motor screwdriver. Unfortunately,
most screwdrivers do not have the torque measurement function. This research presents a study of indirect torque
measurement by using vibration characteristics of a screw motor, which could be an alternative solution for related
applications. The experimental test-rig consists of 2 parts: an electric screwdriver for vibration generation and
measurement and an analysis unit for data collection and analysis. There are 2 experimental test scenarios: torque
measurement from generated vibration voltage levels in rms and vibration ripples. These measured values of torque were
compared with values measured by the standard torque-speed measurement. The test results showed that the torque

values measured from vibration voltage levels in rms had values between 7.70-23.47 N.m compared to 13.38-29.30
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N.m of standard values, which had R2 of 0.7672 and accuracy of 84.27%. Alternatively, the torque values measured
from vibration ripples had values between 13.82-29.30 N.m, which had R2 of 0.9786 and an accuracy of 99.34%.

These results revealed that measurement torque indirectly from motor’s vibration is feasible and effective. The

proposed measurement by using vibration ripple provides better accuracy and precision than using vibration voltage level.

Keywords: Torque measurement, indirect torque, vibration, screw driver
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Table 1 Experimental variable data

Test Ripples Speed Voltage Current Torque standard Torque V Torque Ripples

No. (Hz) (rpm) v ) (A ) (N.m) (N.m) " (N.m)

1 7.14 345 1.29 0.90 29.30 16.52 23.67
2 7.14 441.7 1.63 0.86 21.85 12.48 22.59
3 8.33 496.9 1.65 0.83 18.72 11.88 18.67
4 7.14 463.3 1.64 0.84 20.34 12.11 22.07
5 7.14 416.4 1.72 0.85 22.90 11.69 22.33
6 7.02 430.3 1.61 0.85 22.27 12.55 22.84
7 18.18 664.1 2.95 0.96 16.24 7.70 9.92
8 20.00 678.3 2.52 0.94 15.55 8.82 8.82
9 7.14 616.8 1.44 0.90 16.32 14.73 23.56
10 7.14 666.8 1.74 0.91 15.35 12.40 23.96
11 12.50 708.4 2.03 0.92 14.63 10.77 13.87
12 714 457.3 1.35 0.90 22.01 15.71 23.56
13 7.69 429 1.64 0.92 23.98 13.22 22.37
14 7.14 256.2 1.3 0.94 21.08 17.06 24.64
15 11.11 635.8 2.14 0.95 16.76 10.50 16.04
16 7.14 772.3 2.23 0.98 14.30 10.44 25.85
17 8.33 576 1.25 0.93 18.17 17.65 21.01
18 5.88 349 0.95 0.89 28.71 22.23 28.49
19 5.88 347.8 0.909 0.89 28.71 23.16 28.39
20 8.33 497.3 1.44 1.03 23.33 16.98 23.28
21 6.06 366.3 0.938 0.89 27.32 22.49 27.62
22 10.53 659.1 1.32 0.88 15.00 15.79 15.71
23 714 417.3 1.19 0.83 22.42 16.58 21.91
24 7.14 430.6 1.21 0.89 23.14 17.36 23.33
25 7.14 408.3 1.09 0.88 24.04 18.99 22.99
26 6.90 399.5 0.9 0.89 25.08 23.47 24.30
27 6.67 406.2 1.06 0.83 23.04 18.61 23.47
28 6.67 399 1.05 0.86 24.30 19.46 24.32
29 6.67 385.7 1 0.86 25.05 20.36 24.23
30 6.67 399.3 1.14 0.84 23.52 17.36 23.56
31 6.67 404.4 1.1 0.83 22.97 17.64 23.31
32 7.02 363 1.16 0.88 27.32 18.02 23.64
33 6.67 400.1 1.1 0.87 24.40 18.54 24.49
34 6.67 400.3 1.07 0.84 23.40 18.46 23.50
35 6.67 398.6 1.14 0.83 23.34 17.20 23.33

36 5.88 361 0.99 0.88 27.41 21.07 28.14
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Table 1 Experimental variable data (cont.)

Test Ripples Speed Voltage Current Torque standard Torque V Torque Ripples
No. (Hz) (rpm) (v ) (A ) (N.m) (N.m) " (N.m)
37 7.02 408.3 1.09 0.86 23.52 18.57 22.89
38 6.67 401.5 1.07 0.85 23.81 18.83 23.98
39 714 427.5 1.19 0.88 23.07 17.47 23.09
40 7.14 419.3 1.18 0.88 23.65 17.72 23.22
41 7.14 418 1.13 0.89 23.94 18.67 23.43
42 6.67 405.7 1.14 0.85 23.40 17.55 23.81
43 7.14 389.2 1.02 0.89 25.57 20.57 23.30
44 6.67 399.9 1.14 0.84 23.68 17.51 23.76
45 6.67 400.9 1.14 0.85 23.68 17.55 23.81
46 6.45 385.4 1.07 0.87 25.21 19.14 25.19
47 6.45 389.4 1.02 0.87 25.04 20.15 25.28
48 6.25 373.4 0.96 0.89 26.83 22.00 26.81
49 6.90 428.3 0.993 0.88 22.97 20.89 23.86
50 714 422 1.14 0.86 22.97 17.92 22.70
51 7.14 435.7 1.03 0.89 22.94 20.46 23.41
52 714 440.4 1.1 0.94 24.02 20.09 24.77
53 7.69 464.4 1.19 0.92 22.20 18.26 22.42
54 7.14 444.4 1.09 0.87 21.97 18.88 22.86
55 7.14 4441 1.1 0.90 22.61 19.07 23.51
56 11.11 640 1.35 0.86 15.15 15.14 14.59
57 11.11 661.3 1.38 0.86 14.52 14.67 14.46
58 1.1 688.6 1.54 0.84 13.75 12.96 14.25
59 12.50 689 1.6 0.85 13.91 12.62 12.82
60 1.1 691 1.51 0.84 13.57 13.09 14.12
61 11.11 690.5 1.43 0.83 13.55 13.79 14.08
62 11.76 394.1 1.16 0.84 23.91 17.13 13.40
63 1.1 680.5 1.66 0.84 13.80 11.93 14.14
64 11.11 693.7 1.68 0.83 13.41 11.67 14.00
65 1.1 670 1.51 0.84 14.08 13.17 14.20
66 1.1 638.5 1.79 0.83 14.57 10.95 14.00
67 10.53 663.4 1.59 0.86 14.46 12.72 15.24
68 11.11 693.3 1.87 0.83 13.38 10.46 13.97
69 8.33 492.2 1.08 0.88 19.99 19.21 19.75
70 8.33 520.5 1.17 0.81 17.44 16.35 18.22
4l 8.00 483.9 1.1 0.82 18.92 17.39 19.14

72 8.00 480.6 1.07 0.82 19.24 18.21 19.33
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Table 1 Experimental variable data (cont.)

Test Ripples Speed Voltage Current Torque standard Torque V Torque Ripples
No. (Hz) (rpm) (v ) (A ) (N.m) (N.m) " (N.m)
73 7.14 432 0.997 0.81 21.12 19.29 21.36
74 11.11 683.4 1.68 0.84 13.84 11.87 14.24
75 11.11 671 1.6 0.87 14.46 12.79 14.61
76 11.11 686.4 1.81 0.83 13.53 10.82 13.98
7 8.33 515 1.05 0.85 18.56 19.19 19.19
78 7.14 435.2 1.15 0.84 21.53 17.17 21.94
79 11.11 648.9 1.7 0.84 14.54 11.70 14.20
80 10.00 639.3 1.18 0.82 14.46 16.52 15.46
81 8.33 489.5 1.04 0.85 19.53 19.38 19.19
82 8.33 515.7 1.05 0.85 18.43 19.08 19.07
83 8.00 487.6 1.06 0.90 20.80 2017 21.20
84 9.09 544.4 1.1 0.83 17.00 17.58 17.03
85 9.09 539.7 1.09 0.82 17.07 17.81 16.95
86 10.00 576.3 1.12 0.79 15.44 16.75 14.88
87 8.00 520.5 1.05 0.85 18.37 19.19 19.98
88 8.70 530.8 0.964 0.83 17.59 20.41 17.95
89 9.52 563.6 1.18 0.80 16.01 16.11 15.84
90 9.09 548.5 1.1 0.83 16.94 17.80 17.09
91 7.69 637.7 1.06 0.87 15.25 19.34 21.15
92 10.00 593.1 1.27 0.81 15.23 14.99 15.11
93 10.00 582.5 1.26 0.82 15.81 15.41 15.41
94 10.00 591.9 1.22 0.73 13.78 14.09 13.64
95 10.00 512 1.2 0.72 15.87 14.27 13.59
96 11.11 649.3 1.36 0.80 13.89 13.98 13.58
97 6.67 399.5 0.837 0.74 20.81 20.94 20.86
98 11.11 667.3 1.5 0.80 13.47 12.63 13.53
99 11.11 655.3 1.43 0.81 13.80 13.33 13.61
100 11.11 653.1 1.46 0.81 13.90 13.11 13.66
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Figure 3 Torque results obtained from indirect
measurements with the Ripple and Vrrns values
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Table 2  The results of statistical analysis data obtained from the experiment
Torque (N.m) Maximum Minimum Mean Median Standard Deviation
Standard 29.30 13.38 19.72 20.17 457
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Figure 4 Shows the regression relationship between
the torque obtained from the voltage measurement (Vrms)
versus the standard torque

Torque calculated from frequency (N.m)

Figure 5 Shows the regression relationship between
the torque obtained from Vibration frequency value

measurement (f

ripple) versus the standard torque
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