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ABSTRACT

With the advent of the 4-th industrial revolution, manufacturing companies have increasing
interests in the realization of smart manufacturing by utilizing their accumulated facilities
data. However, most previous research dealt with the structured data such as sensor signals,
and only a little focused on the unstructured data such as text, which actually comprises
a large portion of the accumulated data. Therefore, we propose an association rule mining
based facility error pattern extraction framework, where text data written by operators are
analyzed. Specifically, phrases were extracted and utilized as a unit for text data analysis
since a word, which normally used as a unit for text data analysis, is unable to deliver
the technical meanings of facility errors. Performances of the proposed framework were
evaluated by addressing a real-world case, and it is expected that the productivity of
manufacturing companies will be enhanced by adopting the proposed framework.
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(Figure 1) Overview of the Proposed Facility Error Pattern Extraction Framework
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(Table 1) Examples of Facility Error Log
Facility| Facility Error Cause Error | Error . Start | End
code name phenomenon | of Error | location | site Igetiiyy el i Ugzrelior date | date
L Since the application amount
0z Gdb.k et . Unknown AIR . was not constant, the input 14.05.14(14.05.22
10091 | Neversize | Malfunction . Pipe Jo A . .
. cause | equipment value of the application part 836 | 1317
Applicator#3
controller was changed
Phenomenon: An abnormal
phenomenon occurred in the
07 Gasket application part. Cause: The
. . |Component| Electric product presence sensor of 14.08.19(14.08.19
10091 | Neversize | Malfunction . . Sensor . A . .
Applicators3 aging | equipment gasket detector did not 15:47 | 15:50
b operate smoothly. Action:
The product presence sensor
was replaced
tole dAE dANA = 7 WA Al 7} 3.2 78 F& &y
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(Table 2> Examples of the Facility Error Texts Utilized for Phrase Extraction
Number Facility error text
1 overload/overload/2 conveyor overload, center adjustment after action
569 malfunction/unknown cause/2 times rim cycle fault, stop, frequent occurrence,
cycle time fit sensor height detection value adjustment
1311 quality abnormality/quality abnormality/symptom: heater overload, cause: wiring No.3,
action: wiring No.3, temperature measurement
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(Table 3) Examples of the Phrases
Extracted from Facility
Error Texts

Number Phrase
1 2 conveyor overload
2 center adjustment
3 overload

706 2 abnormal cycle of rim cycle

707 cycle time alignment

708 malfunction

1589 above quality

1590 heater overload

1591 3 wiring error

1592 reconnect wiring 3

1593 temperature measurement
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(Table 4) Full List of the Error Types Extracted from the Case Study

Center error Position error Above slope Pressure error | Air abnormal Leakage
. Abnormal Open-close . .
Aging n A " Sensor error Alarm error Noise
cylinder error
Temperature . Forward and .
e . Cycle over Size Over speed | Not supplied
abnormality backward
. . Computer . Measurement
Foreign matter Malfunction . D Impossible Bad error
equipment error change
. Abnormal Connection Abnormal Component
Not working . . Human error
condition error behavior error
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(d)

{Figure 2) Overview of Facility Errors In Terms of (A) The Number of Facility

Errors Per Month, (B) The Number of Facility Errors Per Facility,

(©

Probability of Error Occurrences Per Error Type for March, and (D)
Probability of Error Occurrences Per Error Type for Facility A
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(Table 5) Input Data for Error Pattern Mining

Day of . Error

Number | Month week Weather Facility name location Operator | Error type
0Z ASSY Performance Electric

1 May Wed Sunny checker £ device S Bad error

0Z ASSY Performance Electric Connection

2 May Wed | Cloudy checker #2 device S error
OZ Straight type . Abnormal
b August Tue Sunny assembly machine #1 Machinery C behavior

(Table 6) Examples of the Extracted Error Patterns with High Confidences

Precedence rule Result rule Support | Confidence
[‘September’, “‘Wed', ‘Mechanics'] Abnormal behavior| 5 0.83
[‘August’, “Thu’, ‘AIR device'] Malfunction 4 1.00
[‘June’, ‘OZ ASSY Performance Checker #2', ‘Electric Device’] | Connection error 3 1.00
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