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Abstract

This paper proposes an approach of building an expert system for designing gear drives. In
terms of gear drives the relationship between expert systems and data base systems is explained
and a data base system for design, failure detection, and trouble-shooting of gear drives is
biult on a personal computer by the data manipulation language of dBASE H. This paper
proposes a method how to build a data base system and what to consider to build a data base
system for gear drives and two kinds of data base systems of design and failure detection of
gear drives and trouble-shooting for noise and vibration of gear drives are built. The two data
base systems are very effective for the retrieval of information for the gear design, and they
will be considerably helpful for the gear design.
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L DATA BASE

—] 6

[select; specified gear or not]

Arrange each data in the order of magni-
tude of specified significance(i.e.,factor
of safety for bending strength of AGMA)

c [Evaluate each data as 'Good‘,
and 'No good'

'Critical',]

Arrange data in the order of rank which designed
D [best in past by comparison of number of 'Good',
accomplished design state for significance

List necessary data for design A
such as each gear dimension,mate-
rial,heat treatment,manufacturing—sinew design with ref-
accuracy,structure of unit,etc.
in the order of rank

Carry out necessary

erence to the list

Re~design by referring the list
when new design is not positioned
at_'Good' position

Simultaneously input
to data base

Calculate signifi-

Accom-
plish- lﬁéwrite in the samel

cance of index such
as factor of safety
in bending strength
of AGMA,vibration by

ment style as the list [
Operating
machine

simulation program

{Add calculated result to new data

Fig. 1 An example of -expert system for design of gear drives
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[Determine;files and attributes of data base]

[&:llect and determine;application examples of data bAsE]

¥
[Make order of answer for application examples]

|[programming for dialogue]

[Correction of files and attributes]

[Correction of dialogue program]

Input sample datal

[Operation of dialogue program]

[input various real datal

[unification of data]

Fig. 2 A method to build data base system for gear
drives
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Table 1 Files and attributes of a data base system for design of gear drives,

No. Filename Contents

1 DIM Gear dimension

2 TEHL Temperature and lubrication of tooth flank

3 STRR State of stress on rim

4 STRB State of bending stress of tooth

5 STRC State of contact stress of flank

6 VIB State of vibration and noise

7 VIBN Vibration characteristics of system

8 LUBT Lubricant '

9 HEAT Heat treatment

10 MAT Materials

11 LUBN State of lubrication

12 ENV Environmental state

13 MACHN Kind of machine

14 MATG Gear materials

15 MANU Manufacturing

16 ACC Accuracy

17 TRBL Troubles

18 BREAK Breakage of tooth

19 FLNKD Failure of flank; pitting, spalling, scoring, wear
20 BDYD Failure of gear body and rim

21 VIBTR Troubles of vibration and noise

Table 2 Attributes of a data base file of gear dimension

Record | Filename Item Symbol Unit Variables
1 DIM Gear code GC
2 DIM Gear type GT
3 DIM Module m mm AM
4 DIM Number of teeth z Z
5 DIM Helix angle deg. ' HA
6 DIM Coefficient of addendum modification X X
7 '| DIM Face width b mm FW
8 DIM Pressure angle deg. PA
9 DIM Whole depth h mm FwW
10 DIM Center distance . a mm CDh
1 DIM Chamfer; tip Ct mm CHT
12 DIM Chamfer; side; torque applied side Csl mm CHS1
13 DIM Chamfer; side; free end Cs2 mm CHS2
14 DIM Rim thickness trim mm TRIM
15 DIM Web thickness tweb mm TWEB
16 DIM Structure of gear body ‘ GBS
17 DIM Method of supporting internal gear IGSM
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[Decide gear unit]-------------—--—[Data base for unit,structure]

[Determine;gear dimension,materials,etc.) --[Data base for dimension,materials|

Performance estimation{strength
efficiency,vibration,etc.)

Evaluatiop

[Design shaft,bearing,casing,etc.j-----

--~{Data base for environment

- --dData base for strength,
reliability,vibration

- - JData

ase for gear simulation

-- - [pata base for manufacturing]

—J Determine ;manufacturing,assembling}----

L I Presumed troubles and probability]----------{Data base for failure]

Fig. 3 A data base system for design of gear drives
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Table 3 Data base files of a data base system for-
design and failure of gear drives

Name Contents

A-UNIT Gear drive unit; use, type of machine,
etc.

A-OPE Operating situation; speed, lubrication,
etc.

A-GPAIR Gear pair; gear type, center distance,
ete.

A-GEAR Gear; dimension, size, etc.

A-DETAIL | Description; long data as detail of
design

Open;file A-UNIT

IRetrieval condition
determination and retrieve

|specify display data & display]

Open;file A-OPE

lﬁetrieval condition
deteimination and retrieve

|Specify display data & display]

[open; file A-GPAIR ]

Same manner for files A-GEAR,A-DETAIL

Fig. 4 The flow of operation of a data base system
for design and failure of gear drives



1020 T ABRFE=
Table 4 Structure of a data base, A-UNIT.dbf, for design of gear drives
Record Field Type | Width ‘Decimal‘ Input data
1 Data-no Character 8 A001
2 Use Character 30 Iron manufacturing machine
3 Machine-type Character 40 Pipe manufacturing
4 Manufacture-co Character 20
5 Unit-type Character 40 First stage(differential gear output)
6 Driver Character 30 Motor
7 Rating-power-kW Numeric 11 5 350. 00000
8 Rating-speed-RPM Numeric 9 3 1200. 000
9 Driven-machine Character 40 Pipe manufacturing
10 Manufacture-data Date 8
11 User Character 20
12 Operation-term Character 10 i 1 year
13 Operation-time-d Numeric 6
14 Gear-type Character 16 Cylindrical gear
15 Trouble-data Data 8 64.1,12
16 | Same-trouble-no Character 4 Many
17 Detection-begin Character 40 Increase of noise and input power
18 | Failure-position Character 30 Pinion, gear
19 Failure-1 Character 16 Tooth crack
20 Failure-2 Character 16 Pitting
21 Failure-3 Character 30 Plastic flow, scoring
22 Cause-1 Character 50 Lack of tooth flank hardeness
23 Cause-2 Character 50
24 Cause-3 Character 50
25 Countermeasure Character 80‘ g‘;’f&:ﬁ;g heat treatment to case
26 result Character 20 OK

Note: Length of field in dBASE K is within 10 letters but here longer description is written for the

reader’s comprehension
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Table 5 An example of output data (retrieval) of a data base system for design and failure of gear drives

Retrieval of content: Failure-1
Retrieve: Keyword Breakage

There are M in specified condition
Retrieval of content: Rating-power-kW
Range of retrieval: upper 350 lower (
There are 5 data in specified condition

Dada-no Use Machine-type

A0007 Construction machine Tracter shovel

A0009 Machine tool Lathe

A0015 Material handling machine Conveyer belt for ore carrier

A0017 Material handling machine Conveyer belt for ore carrier

A0022 rail road Power transmission gear for electric train
Data-no Cause-1 Result
A0007

A0009 Unsuitable heat treatment of induction hardening of tooth OK
A0015 Alignment error OK
A0017 Unsuitable heat treatment of induction hardening OK
A0022 Alignment error OK
Data-no Countermeasure

A0007

A0009 Change of material; SCM4—SCM21, change of heat treatment; to case hardening
A0015 Increase module and face width

A0017 Hardened to tooth fillet

A0022  Crowning, changing of material and heat treatment(to induction hardening)
Data-no Continuous-oper?  Lubricant

A0007 Intermittent Gear oil SAE90

A0009 Continuous "Mechanical oil 52

A0015 Unkown

A0017 Unkown

A0022 Intermittent Gear Compound No. 9
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[start;trouble-shooting]

|Grasp appearance]
4

[Specify range of reference data]

{Retrieve factors of cause]

r'LExamine factors of cause]

[Be termine expected countermeasure|

- Examine expected countermeasure}

| Take countermeasure]

no

yes
1End of trouble-shooting}

Fig. 5 A data base system for trouble-shooting of
vibration and noise of gear drives
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Table ¢ Data base files and attributes for trouble-shooting of vibration and noise of gear drives

Name Contents
V-UNIT Gear drive unit specification, trouble name, etc.
V-OPE Operating and using situation of gear drives, etc.
V-STATE Contents of vibration and noise, etc.
V-GPAIR Gear pair specification, measured values, etc.
V-GEAR Gear, shaft, bearing, etc.
V-GACC Gear accuracy
V-DETAIL Detailed description as state of vibration, etc.

Table 7 Structure of a data base, V-STATE.dbf, for trouble-shooting of vibration and noise of gear drives

Record Field Type Width Decimal Input data
1 Trouble-no Character 10 Vo4
2 Vibration-measure? Logic 1 T
3 Vib-measure-position | Character 60
4 Vib-measure-instrume | Character 60
5 Vib-measure-method Character 60
6 Vib-freq-analysis-co Character 10
7 Vib-level Character 60 Over regulation revolution
8 Vib-meas-no-load-sp Numeric 4 38.0
9 Vib-meas-load-sp Numeric 4 1 38.0
10 Vib-meas-no-load Numeric 4 1 0.0
11 Vib-meas-no-load-rev | Numeric 5 0
12 Vib-meas-load Numeric 4 1 46.0
13 Vib-meas-load-% Numeric 3 100
14 Vib-meas-rev-% Numeric 3 100
15 Vib-position Character 60 Shaft




RO BEEHE Lo § MRER B das= ALl MEFR(]) 1023

Record Field Type Width |Decimal Inputdata

16 Vib-characteristics Character 60 Vibrate at definite féi?olutibn

17 Noise-measure? Logic 1 T

18 Noise-meas-position Character 60

19 Noise-meas-instrument] Character 60

20 Noise-meas-method Character 60

21 Noise-freq-anal-code Character 10

22 Noise-level Character 60

23 Noise-meas-no-load-sp| Numeric 5 1 0.0

24 Noise-meas-load-sp Numeric 5 1 0.0

25 Noise-meas-no-load Numeric 5 1 0.0

26 Noise-meas-no-load-re| Numeric 5 0

27 Noise-meas-load Numeric 5 1 0.0

28 Noise-meas-load-% Numeric 3 0

29 Noise-meas-rev-% Numeric 3 0

30 Noise-character Character 60

31 Coincident-component | Character 60 Shaft rpm, meshing freq.: 28620rpm,

32 Alignment-code Character 10 477Hz

33 Alignment-descript Character 60

34 Unit Character 60

Note: Length of field in dBASE ¥ is within 10 letters but here longer description is written for the

reader’s comprehension
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Fig. 6 The flow of opration of a data base system
for trouble-shooting of vibration and noise
of gear drives
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Table § An example of output data (retrieval) of a data base system for trouble-shooting of vibration
and noise of gear drives

Retrieval of content:

Use.

Retrieve: Keyword Automobile

There are 8 gear units in specified condition.

Retrieval of conent:

Retrieve: Keyword 1

Stage

There are 16 gears in specified condition

Retrieveal of content: Pinion-gear?
Retrieve: Keyword 1

There are 8§ gears in specified condition

Retrieval of content: Rating-power-kW
Retrieve: upper; 1000

lower; 0

There are 7 gears in specified condition

No

[T- BN IS BN N & I

B DY et b ek ek et bt b bk ek el
O O NS WY O

: Content

: Trouble-no

: Use

¢ Unit-type

: Rating-power-kW
: Rating-speed-RPM
: Vib-characteristic

: Vib-level

: Vib-position

: Noise-character

: Noise-level

: Noise-meas-load

: stage

: Gear-type

: Module

: Helix-angle

: Backlash

: Pinion-gear?

: Tooth-number

: Prof-modification?
: Qty-prof-modify

: Cause-1

22 :

Countermeasure

: V0006

: Automobile

: 4 stage transmission
: 93, 75000

: 6500, 000

: Unpleasant noise of high frequency, abnormal noise at acceleration

:0,0

:1

: Helical gear
: 2.250

: 36. 400000
:0.07

01

1 18

:F

: 0 ,

: Design: torsional vibration of driving shaft system
: Change of vibration characteristics of shaft
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