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Today, many manufacturing companies realize that collaboration is crucial for their survival. Especially, in
the perspective of quality, the importance of collaboration is emphasized because economic loss increases
exponentially while defective parts go through the process in supply chain. However, the manufacturing
companies are facing two main difficulties in implementing collaborative relationships with their suppliers.
First, it is difficult for the suppliers to produce reliable products due to their obsolete facilities. The problem
gets worse for second- or third-tire vendors. Second, the companies experience the lack of universally
understandable set of terminology and effective methodologies for knowledge representation. Ontology is
one of the best approaches to expressing and processing a domain knowledge. In this paper, we propose
the manufacturing ontology-based quality prediction framework to represent and share the knowledge of
industrial environment and to predict product quality in manufacturing processes. In addition, we develop
the ontology-based quality prediction system based on the proposed framework. We carried out a series of
experiments for an injection molding process at an automotive part supplier. The experimental results
demonstrated that the proposed framework and system can be successfully applicable in manufacturing
industry.
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| ExperimentProduct(?x) ™ injectionPressure(’x, ?y) " switchOverPoint(?x, ?z) ™ coolantTemperature(?x, ?t) " swrlb :
equal?y, 3) “swrlb : equal(?z, 1.5)" swrlb : equal(’t, 10) — hasQaulity(?x, Non-defective)

) ExperimentProduct(?x) ™ injectionPressure(?x, ?y) " switchOverPoint(?x, ?z) ™ coolantTemperature(?x, ?t) " swrlb :
equal(?y, 4) " swrlb : equal(?z, 2) " swrlb : equal(’t, 10) — hasQaulity(?x, Non-defective)

3 ExperimentProduct(?x) ™ injectionPressure(’x, ?y) " switchOverPoint(?x, ?z) " coolantTemperature(?x, ?t) " swrlb :
equal?y, 5) " swrlb : equal(?z, 2.5) " swrlb : equal(’t, 10) — hasQaulity(’x, ShortShot)

4 ExperimentProduct(?x) ™ injectionPressure(?x, ?y) " switchOverPoint(?x, ?z) ™ coolantTemperature(?x, ?t) " swrlb :
equal(?y, 4) " swrlb : equal(?z, 2) " swrlb : equal(’t, 30) — hasQaulity(?x, ShortShot)

5 ExperimentProduct(?x) ™ injectionPressure(?x, ?y) " switchOverPoint(?x, ?z) ™ coolantTemperature(?x, ?t) " swrlb :
equal(?y, 4) " swrlb : equal(?z, 2.5) " swrlb : equal(?t, 30) — hasQaulity(’x, ShortShot)

¢ ExperimentProduct(?x) ™ injectionPressure(?x, ?y) " switchOverPoint(?x, ?z) ™ coolantTemperature(?x, ?t) " swrlb :
equal?y, 5) " swrlb : equal(?z, 1.5) " swrlb : equal(’t, 30) — hasQaulity(’x, Non-defective)

. ExperimentProduct(?x) ™ injectionPressure(?x, ?y) " switchOverPoint(?x, ?z) ™ coolantTemperature(?x, ?t) " swrlb :
equal(?y, 3) " swrlb : equal(?z, 2.5) " swrlb : equal(?t, 50) — hasQaulity(’x, Non-defective)

8 ExperimentProduct(?x) ™ injectionPressure(?x, ?y) " switchOverPoint(?x, ?z) ™ coolantTemperature(?x, ?t) " swrlb :
equal(?y, 4) " swrlb : equal(?z, 1.5) " swrlb : equal(?t, 50) — hasQaulity(’x, Non-defective)

9 ExperimentProduct(?x) ™ injectionPressure(?x, ?y) " switchOverPoint(?x, ?z) ™ coolantTemperature(?x, ?t) " swrlb :
equal?y, 5) " swrlb : equal(?z, 2) " swrlb : equal(’t, 50) — hasQaulity(?x, Non-defective)
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"

ExperimentProduct(?x) " maxPressureValue(’x, ?y)”™
1 swelb : greaterThan(?y, 97.96816)
— hasQaulity(’x, Non-defective)

ExperimentProduct(?x) ~ maxPressureValue(?x,
2y) ™ maxMoldTemperature(?x, ?z) " swrlb :

2 lessThanOrEqual(?y, 97.96816) ™ swrlb :
greaterThan(?z, 69.59974)

— hasQaulity(?x, Non-defective)

ExperimentProduct(?x) ™ maxPressureValue(?x, ?y)
" maxMoldTemperature(?x, ?z) " swrlb :

3 lessThanOrEqual(?y, 97.96816) ™ swrlb :
lessThanOrEqual(?z, 69.59974)

— hasQaulity(’x, ShortShot)

F29 713 38 o & So] A std A3 A F(Experiment
Product) E2 9] od QA2 2~ 7} 7HA = AN FAY R &
A A 708 E] &= ZH(maxPressureValue)©] 97.968161.TF 2HA L}
23, A EYWE2E Fh(maxMoldTemperature)©] 69.59974
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Borgo, S. and Leitao, P. (2004), The role of foundational ontologies in manu-

# 8. A AHGE AF A2t 2ol i3 AATTARES gh3t 1 o S 2}

Quality
L switch | coolant | minPre max integral | integral total timeTo | timeTo maxMold | (Non- | Prediction
Instan | injection . cycle .
Over | Tempera | ssure | Pressure | Pressure | Pressure | Integral Max Min g Tempe | defective- | Result
celD Pressure i K Time
Point ture Value Value ToMax | ToMin | Pressure | Pressure | Pressure rature | N, Short (0, x)
Shot-S)
1 5 25 10 0.954 96.94 346.06 | 340.11 | 686.16 3.221 12.795 | 16.016 | 26.409 S 0
2 5 2.5 10 0.664 106.26 | 296.99 | 305.34 | 602.33 4 12.617 | 16.617 | 26.684 0
3 5 2.5 10 0.551 105.43 344.51 273.98 | 618.50 5.383 12.434 | 17.817 | 26.645 N o
4 5 25 10 0.401 96.61 338.32 | 246.44 | 584.75 5.566 14.054 | 19.62 | 26.605 S 0
5 5 25 10 0.396 92.23 317.98 | 262.62 | 580.60 3.946 13.872 | 17.818 | 26.176 S 0
6 5 2.5 10 0.358 105.79 | 308.25 | 361.74 | 669.99 3.128 14.69 | 17.818 | 26.596 N 0
7 5 25 10 0.356 102.34 | 313.19 | 335.99 | 649.19 3.31 14.508 | 17.818 | 26.987 N 0
8 5 2.5 10 0.412 95.71 305.31 | 289.64 | 594.95 3.492 14.325 | 17.817 | 26.973 S 0
9 5 2.5 10 0.017 97.50 339.13 | 292.19 | 631.32 3.675 14.143 | 17.818 | 26.966 S 0
10 5 25 10 0.244 94.52 336.59 | 243.95 | 580.54 3.857 13.961 | 17.818 | 26.575 S 0
11 5 2.5 10 0.210 93.45 27835 | 32093 | 599.28 4.038 13.779 | 17.818 | 26.507 S 0
12 5 2.5 10 0.101 110.66 | 360.06 | 31145 | 671.51 3.221 14.597 | 17.818 | 27.171 N o
13 4 2 10 1.277 104.53 | 386.85 | 216.10 | 602.95 7.618 17.618 | 24.738 | 24.739 N 0
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