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High Precision Planetary Gear for Photo-Conductor Drum and Life Estimation Method with

Quality Engineering
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ABSTRACT

This article proposes a life prediction method using the functional evaluation of the quality

engineering for a new photo-conductor drive unit of plastic planetary gear. A conventional durability
evaluation needs a long term and it causes development period longer. In this method, a field-proven
drive unit is adopted as a benchmark. A degradation test is conducted in market environmental and
operating conditions and SN ratio that indicates functional variation of the drive units are caluculated
by characteristic of startup motor current. A life is predicted from the defference of the SN ratio
between the benchmark and the planetary gear. This method shortens the evaluation period from a

half year to two weeks.
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Table 1 Comparison of photo-conductor drive systems.

Direct

Drive Drive Gear & Trac.tion Precision
System Motor Flywheel Drive PG
Accuracy © © © ©
Durability © A © ?
Efficiency VAN © © ©
Cost X © X ©
Compact AN X © ©
Weight X X A ©
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Fig.3 Schematic diagram of a life prediction approach.
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Fig.4 Schematic diagram of a life prediction method.
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Fig.6  Schematic diagram of quality evaluations.

Table 2 List of degradation tests.

Temperature Humidity g&zﬁgg’;
NI High Low Intermittent
N2 Low Low Stop
N3 High High Continuous
N4 High High CW and CCW
NS5 High Low Continuous
N6 HC HC Intermittent
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Table 3 List form of sample data of the motor current
during startup.

Load torque 100% Load torque 120%

Speed 100% 50% 100% 50%

Initial ~ yio11, Y1012, Yio21, Y1022 Y031, Y1032, Yio41, Y1042,

N1 YirrnYiriz, o Yii2n Yoz, Yiizn Yiis, Yiran Yirao,

N2 Y211, Y1212, Y1221, Y1222, Y1231, Y1232, Y1241, Y1242,
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Table 4 SN ratio [db] of the startup motor current in the
each tests.

Precision PG~ Benchmark 1 ~ Benchmark 2

Initial 0, 25.6 29.8 14.4
LN 26.4 32.6 12.0
NNz 27.2 31.3 12.4
M 26.9 31.0 11.1
N4 27.3 31.3 7.6
s 26.7 30.1 5.6
e 26.4 29.6 8.9

Late 1, 25.1 28.2 18.3

Total n 23.7 27.9 10.2
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Fig.7 Predicted values of the startup current evaluation.
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Fig.10 Predicted values of the startup velocity
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60 4. Stationary velocity
55 ‘ b
Bench k1
. Precision PG ! 1;850|Tar
£5 1 6400H ‘ ‘
o I | ‘
® 4 ‘ ' Benchmark2
Z 40 ‘ — 7500H
7 - o ‘
35 l L l
| | | |
30
100 1000 10000 100000

Estimated life [H]

Fig.11 Predicted values of the stationary velocity
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