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Abstract: On the basis of the industrial photography, a non-contact measurement method for dynamic
shaft power of a transmission shaft was proposed. Firstly, a measurement system of shaft power was
designed, and the measurement method of shaft rotational speed and shaft torque was put forward.
Then the shaft rotational speed and torque were measured by digital image correlation method and sub
pixel computation. Finally, the shaft power was figured out. To validate the accuracy of this
measurement method, a test system mounted on a vehicle was set up, and the actual test was carried
out on a chassis dynamometer. The test results show that the measurement results by proposed shaft

power measurement method and the chassis dynamometer have the same trend, and the average of
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relative error is 9. 37%. The measuring range of the shaft rotational speed covers the whole process,
and the fluctuation of measurement results is smaller. The measurement results are basically
consistent with that of the chassis dynamometer, and the average of relative error is 0. 73%, which
verifies its strong anti-noise ability. Moreover, the measuring range of the shaft torque covers the part
of the high torque, and the measurement results is in a larger fluctuation. The measurement results
have the same trend with that of the chassis dynamometer, and the average of relative error is
15.15%, the anti-noise ability is weaker. The method proposed in this paper overcomes shortcomings
of some traditional measurement methods, and provides a new way to solve the measurement problem
of dynamic shaft power.

Key words: digital image correlation; shaft power measurement; rotational speed measurement;

torque measurement; gradient method; industrial photography
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5 DICM T8 (5656 {6 M, 11 3E 2 Ffn 91.0 344.618 413.045( 108.5 76.706 128.445
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15.15% o B I i 2 S /N AR I L 7R R B 74,0 18.197 12.806 | 91.5 32.022 32.574
WARE AR AL, At . W 7 ok 5 52 i 58 K, it Mgk ik 74.5  21.676 17.719| 92.0  34.641 33.162

855, 1 EH L ShdL il A A Bt R 75.0  23.346 21.097 || 92.5  34.632 33.130
Wesh i), FLIE S R 5 S B R A O, K, B fE 75.5  22.559 23.756| 93.0  36.562 32.771

FERRE T 0L AL S G it 2 R B B iy . K4 76.0  32.009 25.933 || 93.5  35.452 32.343
I Ty BL 00 A5 B4 5 S R S Y9 AE L T DICM 45 1) % 76.5 31.197 29.576 | 94.0  37.519 32.967
S Ay Wi S P DICM 0 A5 {8 A 45 77 7E — 8 1l 77.0 40,291 35.784| 94.5  35.095 33.591
Bl P4 11 0 3 77.5  45.491 39.643 | 95.0  33.763 33.454
78.0  40.111 40.863 | 95.5  32.238 32.794

4ol — 78.5  40.891 41.369 | 96.0 37.212 32.803

~ j:.E N\qu M\f 79.0  44.383 40.864 | 96.5 33.481 33.174
_.E 300} 79.5 41.937 39.138 | 97.0  35.120 33.475
i 250} 80.0 43.170 36.999 | 97.5  36.489 33.623
g ?‘:2 80.5 39.708 34.602 | 98.0 33.371 32.896
100l :B‘I\mh dynamometer 81.0 37.372 32.928| 98.5  36.168 32.697

50 81.5 31.312 32.194| 99.0  35.293 32.951
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ils 82.0 31.861 32.587| 99.5 33.273 33.364
B 15 PR v A5 0 1% S L 4R 82.5 32.563 33.169 | 100.0  37.937 33.375
Fig. 15 Shaft torques measured by two methods 83.0 38.935 33.963 | 100.5 32.423 32.884

83.5  41.463 35.266 || 101.0  33.549 32.600

4.3 fEHMINERTE
AL DR M S5 o HRI L S L 0] A
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84.0  40.251 36.114 | 101.5  33.358 32.820
84.5  36.157 36.439 | 102.0  35.940 33.242
85.0  41.170 36.709 | 102.5  32.790 33.327

P= 3 . M- U’ (1) 85.5 36.884 37.343 || 103.0 34.706 32.937
955 T r
\ - 4 St 4 I Ve 24— Y . . 7.37 . . .57
Horp o RGBT Y 4 R P AT 86.0  36.976 37.372103.5  30. 143 30.571

86.5  41.028 37.283 | 104.0  29.360 29.759

BB RME R 3 pron, HrpURE P
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DICM A5 88 A, A 0 2 22 P 2 9. 37 %,
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XA 8l 7 Ge i T R BFE HEAT T 4N, Ik DICM
Ml T B R 25 /N TR AR R 2%

87.0  38.122 36.856 || 104.5  34.088 29.082
87.5  39.497 35.779 105.0  30.360 29.295
88.0  39.161 34.801 | 105.5  33.452 29.234
88.5  37.140 34.052 | 106.0  36.684 28.273
89.0  37.805 33.594 | 106.5  25.432 22.888
89.5  34.173 33.653 | 107.0  22.165 17.562
90.0  37.887 33.681 | 107.5 16.953 12.548
90.5 39.035 33.149 || 108.0  10.269  8.577

91.0  37.633 32.572 | 108.5 8.434  5.826
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Fig. 16 Shaft power measured by two methods
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