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ABSTRACT

The purpose of this study was to develop and verify a precision transmission error measurement system for a
gear pair. The transmission error measurement system of the gear pair was developed as a measurement unit,
signal processing unit, and signal analysis unit. The angular displacement for calculating the transmission error of
the gear pair was measured using an encoder. The signal amplification, interpolation, and transmission error
calculation of the measured angular displacement were conducted using a field-programmable gate array (FPGA)
and a real-time processor. A high-pass filter (HPF) was applied to the calculated transmission error from the
real-time processor. The transmission error measurement test was conducted using a gearbox, including the master
gear pair. The same test was repeated three times in the clockwise and counterclockwise directions, respectively,
according to the load conditions (0 - 200 N-m). The results of the gear transmission error tests showed similar
tendencies, thereby confirming the stability of the system. The measured transmission error was verified by
comparing it with the transmission error analyzed using commercial software. The verification showed a slight
difference in the transmission error between the methods. In a future study, the measurement and analysis
method of the developed precision transmission error measurement system in this study may possibly be used for
gear design.
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Fig. 3 Schematic diagram of Transmission error

measurement system
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Fig. 4 Transmission error measurement system
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Table 1 Specification of input motor
Specification Value
Type Servo motor
Con\fe I‘ter | DAQ Rated power (kW) 2.70 @ 500rpm
Rated torque (N-m) 51.0 @ 500rpm
Maximum power ( kW) 5.54
Fig. 2 Schematic diagram of transmission error Maximum speed (rpm) 3,000
measurement Maximum torque (N-m) 112.3
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Table 2 Specification of encoder
Encoder A
Specification Value Signal

Signal periods (pulse/rev) 10,000 P

. ” Encoder B B [k

Accuracy of graduation () 3 Signal L1l

o

Permissible speed (rpm) 6,250 e .

1
Maximum angular acceleration (rad/s?) 6,600 F"(‘fﬁﬂg";“ HENEREERENNNANERRNNNENE!
Z o 34 5 6 7 § 9 1011 12 13 14 15 16 17 18 19 20 21 B 23

Permissible axial movement (mm) +0.5
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Fig. 5 Signal processing for Transmission error
calculation
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Fig. 7 Interpolation of Input angular displacement
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Fig. 8 Transmission error calculation of real-time
signal processing
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Fig. 9 Interpolation to calculate final transmission error
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Table 3 Specification of test gear pair

Specification Value
Gear type Helical (15°)
Number of teeth 36
Module 3
Center distance (mm) 111
Profile coefficient -0.1314
Grade 1
Material SCM 420H

Table 4 Test condition to measure transmission
error of test gearbox

Case No. ROtagngln s)peed Lc;a}tl(i fc:(f I\c;.untgut
1 0
2 25
3 50
4 10 75
5 (Clockwise/Cou 100
6 nterclockwise) 125
7 150
8 175
9 200

3. 43 & 1F

3.1 MERX AHS d3

2 AFolA sMEgt AxES B3 ASS 7)o
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G A AH3telA ] HdEztol Hh‘sH A
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vs) A e % *th A 23H25-100 N-m) Al

oA At adte e AF 710 |
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Z7 EEA Aot ARE Aow AdHTh

Table. 63 Z°] Yelstom, Jj
A3 Ae} FFo] FH3fol| Ao He
slRT g3, ARstolA Rz Bt ol
TE AG A7} ﬁﬂé}% 7ol FYU3Al YERR
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Table 6 The transmission error result of commercial

software
Output load PPTE (um)
(N'm) Clockwise Counterclockwise

0 3.70 2.61
25 1.23 2.14
50 1.07 1.23
75 1.42 1.12
100 3.07 1.93
125 3.79 2.78
150 439 3.79
175 5.43 447
200 5.55 4.86

Table 5 The result of transmission error measurement

PPTE (um)

Counterclockwise

Output
load Clockwise

(N'm) 1 2 3 1 2 3

0 445 297 287 3.64 342 371
25 1.77 1.81 1.88 2.67 281 242
50 201 189 200 227 233 242
75 228 248 244 214 221 244
100 3.04 3.07 317 226 263 239
125 340 359 353 292 275 290
150 397 395 410 359 344 3.50
175 451 445 452 392 385 376
200 495 497 494 434 426 445
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Fig. 11 Result of clockwise transmission error test
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Fig. 12 Result of counterclockwise transmission

emror test
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